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Instant Gratification. We 


What's new? The "V" serie · liorderless, 

energy-saving 111011ilors. 1 And Soft 
Sclee(l'M pl'l·installcd software. 

fou want it all. right now. (That';; U.K.. 
peo ple cxpl'<'I rnnr<' frorn IR\I.) Fur i1151a11cc. 
you wan111t.. lalc5t clazzling monitor;;. 

So \\ ' neatcd the Ile '\\' .. , ... ,;(' ri t':' mon itors 

wi th a sharp. hnrde •rle -,:,: imal!"· :\nd 1hry'n• 
so 1·11 .. rgy-..fli cic.: nt tlwy\·c qual ificcl fnr ;111 

l::P1\ l ~n cr;:y Star 1111i11~' 

) i11 1,:aid. " 111,:tallinl! soft wan' 1akr;; up Ion 
111udr time-." Sn now"'" "an do ii for yuu al 
th<' 1:1l'lory wit It 'uh Sdecl. \V" 11':'1 and 
op1i111izr t'ad1 applil'aliun lu work on yom 
particular l'C. And w1· ;,:i\'c you t:u:; ­
lomizt·d e1111lil!u1111iu115. pl11 ;; tlw <(U a li1~ 

and supporl ~ ·011 <' Xl'""l l'ru111 tilt' 11·orltl':; 
large·,;t conqu11er compan~'. 

'o 1-'.Uahead . lw rk111a11di 11g; " ;:n. read~ lill' 
a11y1lti11~ Cal l 11:; nuw. 

IBM PC Direct 


Va l11 cPoi 11t Si. 


Conser ve space and mo ney. 

• :{ .-xpan:;ion slot>.:{ l1ay;; 
• \ 'ES..\ Lo!'a l Bu:• \'id.-o 
• Pt:11tiu111 '-upgradahl1· (<'XC'1 ·p1 ·12.JS\ / Si) 
• 	113\I Ba;; ic 101-K.-v K1·vhuanl and 

IR\I \luu::e 
• DOS and Wimltm ,; prcin. tallecl 
• S12 KR \'icleo ~ l emon· 

• Choo><' \'Olli' IRi\ I Color ~lonilor: 1-1-1. B. 
M.V(add $ 100 lo ba,;e 111nde ·l price). 

IS\ ' (add $2.50). 17\ ' (add $670) 


,t.25SX/ Si 

i4B6SX/25i\1 1k120i\ IR llDAi\ 113 H.:\ J\I 
1-1·1.B (11!\I Cn,dit I, ·a, ..: S.io;..,,,.'• l $13f1•J* 

11.:3:3 DX/Si 

.J.86D\/13\l ll 7_: 120 \IB llrHi\IB ll:\\I 
J ,~ 1 .8 (111\I Cn,cli1 1.. ·a·•' :$ 11~ / 11111.) :ii l.711J * 

· ~:tmX/Si 

-18<>1lV:tnl 117.: 212'113 111 )..J \I B HA \I 
141.8 (111\I ! :.,., Ji1I,,.,.,..: $1>1>/ 111,,,) $1.82!)* 

-~660\2/Si 

i·IH(11lX:UC16\ll ldlDIB IIll li\lll H.\ \I 
J.1.(.8 ( IB~ I Cn·di1 l .. ·a· •·: $Bll/i 11 u.) S:L2:!<J * 

priced right an 

Valuelbint Dcsk'fop. 

The modcrn-<lay workhorse. 

• 5 expan>ion :;lot ,:. 5 bays 
• \ 'ES:\ Loea I Bu:; \ idt·o 

• l'enti11111 1-upgr:.1dahl1 · 
• IB'1 Enhanced Hll -KI'\' K1 ·vl1oanl and 


113'1 ~1011 ,:c 


• DO and \\ 'indow,: prcin,:tallt ·cl 
• I \113 Video \l l'ntorv 
• Chon>e \'our IB~ I Color \lonilor: 14 L8. 

L1i\' (add S 100 to ha~c 11111tl..I pric1•). 
15\ . (add $250). 17\' (add $(>70) 

4.25SX/D 
i486SX /2S.\ ll·h_ :!WIH 11 ll. <I ~IB H:\ \I 
J.1. 1.8 (ll l\I Cn·di1 I, .......: S:i7/ 11u".. ) S l..'iH<J * 


4330 X/D 

11160\ /:H ~ l l-h.t 212.\IB 111 l.4.\IR H·\ \I 
1 -~L8 (ll l \11 :.,.,1;1 1.. -:i,..:Sill / 1110.) $ 1.lJ:\•I* 

·1·50DX2/D 
i.J.86D:\U50i\l l l7_ :\-W.\IB Ilf). .J\ll! ll ,\ .\I 


14L8 (111\I Cn·di1 I""'" ': ::;1111nu1.) $2.2:i9* 


-~660\2/D 


i -~86D\2/(1(Ji\l IJ7_:l.J.ll .\113 11 IJ. 8\l ll lt \.\I 

1 -~l.8 (1 1!\I Cn·di11.. -.1.-.•: S lllll/111n) $2.769* 


11/P're putting th e personal 
in personal computing. 



mal<.e it easy to get the PC you want, 

d ready to go to worl<.. 


1Va lucPoi nt 1ini-Towcr . 

Wit h roo m to grow. 
• 8 l'Xpa n; ion ;(01::. 6 bay; 
• \"F.S-\ I .onil Bu,- \ "idf'o 

• P.·utiu111 '-upgradahlc 
• 	113~ 1 Enham:'-'d IOI-Kev Kedmarrl 

and I IH I 1\l oi 1,;1· 
• DOS and Wi ndows prci11;>1a llc•rl 
• I \ Ill Vicic «• \k111ory 
• Chuus" your I In! Color i\ lonitor: MI .H. 

1 -~V (add $ 100 tn hasc 111ncl1 ·l pri ....). 
1.j \ (add S2SO). n · (a rid SCiiO) 

4. :~:~ 0X/T 

4860\/;53 ,\ll lz.t :3'10\'IB I ID.4i\11 1 HA\1 
141.!I (ll l\ I ( :n .. li t l.c·a-• ·: $fl0/ 111 11.** ) $2.211) * 

450DX2/T 
i4~1@X2/:)0\ ll ld40\1B I ll l.Hl\ IB HA \I 
HL8 (IU\I Crrdi1 1., .,,,..: $1!:1 / 11111.) $2.S(il) * 

,~66 ll X2/T 

i4861>X:U6<iM I 1 ~. · 1 2,J.\ lll I ll l. lli\ 111 H,\\I 

14.l.8 (111,\1 1:n·di1 ' """"' $ 1111\/ 11111.) $2.9111) * 

'Ui6D X2/T 
i,1861JX21<>61\ ll l ~.527\'IJ3 l ll J.81\lll ll,\ \I 
1 -~1.8 (lll \I 1:n·di1 l.o ·aw: $ JJ:l/111u.) $:3.ll'J * 

Soft Sl' ll'<"I prci nsta lled softwm·1· ll' ts 

you hit the g round running. 
\\;, 1·an prc ·i n,;tall 1nan~ uf your boritc· 
appl i1 ·a1illll>- tIH'n I h11roughl~ ll'> I and 
op1i111iz1· 1111'111 - all li1r only a$ Ill Ila! r, .,._ 
\~ · 111 · 11 v1111r """ \ aluc· l'ninl arrin·,;.j11,;t 
plug it in an cl gn. Of 1·1111r,:1._ Wt' al;u give · 
v11 11 1111' di ,:k,.111». 1rn1111ia l,; and cl111·1111 w11 ­
1ati1111 . ln,;1all ing :'11f1wan· d1w; 1i°1 g•·t any 
1·a~ i t ·r - or fo:.:t1·r. 

Here's just a sampling of 

IBM Soft Select applications. 

CfJl!far our kuc·sl atlt!itio11s 

Microsof Office (WIN} 

lnluit Quicken™ (WIN} 

Borland Ouallro Pro (WIN) 

Microsoft PowerPolnt (WIN) 

WinFax'M Pro (WIN) 

WordPerfect• (DOS) 

IBM VoiceType™Conlrol (WIN} 


Add a CD-ROi\I dri ve nml fi nd out 

what )·ou' n• lwc n mi~si n g. 


f' ra('li('ally all 1mrhi111c ·di a applica tion,; ­
ancl 111orc and more · ,.,.g11lar ;oft ware title:; 

-arl' m·aila l1l1· in CD-HOl\I formal. This 

i11tc ·mal ISA i11 1erfan · wr,;ion ha> a 


:mo Kll /S,, '" 111 ax i­

n11 1111 ; 11 ; tai11ed 

data 1ra11,;f,·r rail' 


with 1mrlti-:>1':':> iu11 

( :1 l-HO~ l lcTlr nnlogy. 

i11d11di111! full l\ncl ak C: D 

rnrnpa tihi lity. \\;. 1·a11 i11,;ta ll it furyuu al 

llH · fat.:tury :;u it's n·arly In go wlwn yo11r 

111 ~ 1 \ ':rl tl<' l'11 i11 1 ar ri" '"· 


ISA Internal CD-HOM Drive 

(32 C2%1 ) ............. ..... .. ... ... ..... ... ....... $245* 




Multimedia without the mumbo jumbo. 


John Craig 
PCCorwi/10111 

about putting multinwdia to Get the right nns .. ·crs. 
Rightnwuy. work right away. That°;• wh~· 
Wh en you ca ll //I,\/ l'C vou should call 11,; about 
Direct nr. ynu'II f!''' thi:: eyc·poppi nl! uffl'r. 
expert 111/rice tu h..Jp 
you /JUI toµ<'thcr f•.rt1c1/y 

the riµht nudtimt•din It's our Hefcrenec 
.li)-S l('lll . 1d1eth er i(:./1Jr Packal!c· a wan·house of 
busit1t '.\ ,( prescnwtiuns. 

information lo hr lp you 
your home office or 

your fiuuil): work s111ar1t·r and more pro­


du f' t i,·cly. lnteracti\'c ; ight and 

And we'll deliver it loaded, tested 

and ready to run. 
Yo LI\ 'C heard enough cylwri;peak. ' (111 want 

stra ight. answr. r,;. f'rom an expert. 

sound are built in and rt'arly to ;,:u. 

Its a multi media - and l11 1sinc. s - l'C 
you ean use today. It's prccnnfig11 n·d al 
a price that's hard lo IH'al. :\ nrl it';: un i ~ 

a phone """ away. 

T he IBM i\l ult imed ia Reference Pac kage 
• i4.86TMSX / ::! 5 ~ 1 I lz l'rocess11r 
• \E\\ 113\1 14\1 bonl1 · rle;: ,:. 1•1wrg~·-

erricienl Color \lonitur 
• 170 \113 I lard Drive 
• -n!B Il\\I 
• L\IB \ 'irlco \lemon· 
• 	IA4\ill Diskcuc llri,·c 
• Doublc-sp<'cd. muhi-,;e;;,;io11­

rnmpatiLle CD-RO\I drive 
• Sound 131a term 16-bit audio Pard 
• External ;pcakcr:• a11J minoplione 
• Il3M 101-Kcy 13w•il' Kc·yboard and 
IB~ I ~ l ow•<' 

• Conforms with \111l tirncdia l'C \l ark1·ting 
Council's Level 2 ·pcc.: ifi<'alinn for 
maximum compatibi lity 

• 	Kodak® Photo C: l)TM Acces8 Sofl\\'an' 
and Photo Sampler 

• Software 'lbolwork >T\t Enryclupl'clia 
• ~l i crosuft ® Booksli l' lfTM 
• 11 C Int ·r:\cti,·c Pn·;cntation 'lool'rM 
• \licrosuft \\'ork;T\I fur \\ 'indows 
• IB~I DO.· 6. 1and ~ l it'l'J~n ft Window~nt 

We'll configw· - any of ow· newest ValuePoinf" PCIBM PC Direct the way you like. Se the next page now! 
We're putting the personal 
in personal computing. 
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With HelpWare, you're covered by the 

You won't enter the world of multimedia 
alone. Becau e IBM Hclp\Vare is behind you 
every step of the way. 

HelpWare goe beyond Value Points one-year 
warranty and our ~0-iluy, hassle-free money­
back guarantee.' HelpWarc i tech support 
people who are always there when you nc .,1 
them, 24 hours a clay, 7 clay a week. They'r 
trained to answer practi ·a lly any quest.ion, 
from how to set up your sysl ·m to solving 
hardware problems that may occur. 

Our newest monitors arc even easier 
on your eyes. Not to mention your 
electric bill. 

Who ays you can't have it both way-? These 
advan d high-re olution monitors cl !iv r u 

brighter, bolcle~ cri pc~ borderless image 
thats Oi -ker free. 

But when you're not using them they' ll 
automatically power down ' to miserly energy 
consumption levels. Wh n you re umc work 
just touch a key or the mouse and they II 
power up in tantly, right where you left off. 

best support people in the business. 

Our automated fax line i ah ays ava ilable nli/ Muma, 

I lelpCe111er 
and if you have a modem, you can acces 

. prrinlist 
our 24-hour on line bulletin board. 

Help\Varc also include one year of free 

on itc ervice, provided by thousands 

of clcclicutcd IBM service rep al hun­

clr •11 of locations nationwide. They 

muke house call s anywhere in the U.S., 

no mutter how remote.' And we have the 

largest parts inventory in t.he business, to 

help reduce downtime even further. 


In hort l lelp\Varc i I.he most comprehen­

sive support you can get. 


The"\ 'series: for new systems and Complimentary! 

upgrades, too. It tir e Latest editio11 of 

Cro s-platfo rm compatibility i built in. th e IBM PC /Jirect 

You ca n plug it right into al mo t any IBM ­ catalog. llciluePoi11ts, 

eompatibl sy tem and run mo t popular oft­ TlrirrkfJads , printers, 

warc. The c monitors are ava ilable in 14', 15' 
 monitors, 11111/timedia, software, 
and 17' scr ·en s i ze~ . a11d more. To get. your cop)~ 

call IBM PC DlllECI' todayo ee the light. And save energy. 

Ca ll IBM PC Direct today. 


IBM PC 0111<1 ls ava1lalllo IO Ml<••..IS In '"' uS. l!'<l F\Je<1o Rico CO!y, Fa Mlome!S ..... 
s<Je ol u.,. ''"'·p,.,,. Cl)rUd YfXJI local IBM S.l!S l\!!lf""'311..., IOI ""'e infom1111on 

"IBM PC DIRECI "'""'oily Theollel1119'. ""'"' nl j:tOdu;lsareSLl>jeeltoclmgea 
-I•·"11>!A "'"Olla Plodutts yoo q.olro ~/rd be auttd 1l1de! 1'11 o.>llnQ 
Volul>!P\Wa2A!1"""'1. lheS¥ne~'lel1119'nlll<odutts""1beMilable11rooi11 
ISM"""""""-·R<rnall.el!f "'""'""I "13<) SluflPOlo nl hrdir9 dw!IOS 
ate e11ra ""IBM Credil lcr.e prices are Q'JCled lof 36-nunttl ltnns. t.ease rtes iµited n 
0000 l!vou;ih 3131"34, alltt •illcll IU1'! rafts ale SUll)!d 10 ctmgelliltoJ nolico. l ... 
""la!Jle to Q1.0hl<d """1"<fdaJ Ml"1l<IS on~ 1Some 4660XJ33MHl I>""'''"" nuy be 
manutacl\Jfed by IBM. I. tlm all V-serie3 mool1ors a111 corT'C).111ble witfl an ValuePoift PCs. 
P""' call yoo1IBMl'C OIRECl !Oles <C1> lor lurthe1 lnl0111\1llOn. 2. llequlies VESA·DPMS 
ttrnoaltble system lwct~re and SOftNilfe 10 engaoe 3 UJIOfad.lblll with lntel*"s tutu1e 
OvtrDfl~ "' pux:esS01"bilxdonPenl1t1T1~ 4 Cop4esolwatrDyilldl)-day 
moreybad!IJWl"'" lnlolmal""mlablellwou;ih IBM Ind IBMAWOOzedo.ateis. 
PloucaJlllKXJ~26-19£BloldoU<b1eoaidJ1;1BM"s~-amlimilcd 
""'""Y· ~ I< "'><l<l.llOr.ll dWOO !UlnQ WJIOOly l)efiod. Dnslbo ....... Ml"lable 
Moola)·fridi!y 8:rn·5om In JOU!""'° iono.18M. lhil*Pod. M nl-l-. liel!>C<ru< nl 
HelpVMa1e1!9<11aod1radl!moll3.""'YWel'oottlf'dSollSeledn"""""rtao1 
'""""IO!lill au.nm Mlcllnes Co!J>oOOon. .111-l:flf'ds ond ll<OCUI"""' '" 
fl91$1~edlladem3113, IJalimOl13aRIV!cetn1111Solltci1 1espect1'ohol!len.PCOi1e<1 
~a lraOem.>k 01 Zlh Conmllicallons C0!1W!Y lf'd b ul«l i>'/ IBM 1l1de! r<er0e. 

~19'l4 lttHn.tionll 8usi1"5S -Co<pol)lion 

Call 1 800 426•7950 
Barn-midnight M-F.EST 
Bam-7pm Sat., EST 
Purchase order available for qualifying customers. 

Circle 100 on Inquiry Card. 

http:l<l.llOr.ll


Canyou y

looktis intheface and 


sayyoudorit need 
Dettercode · 

rnanagenient? 
SPARCworks Manager­ Parallel Make­ FileMerge- CheckPoinr-
Coordinare your development Dmmarically accelerare Graphically compare and Caprure complete project 
sessions and cools. User extensible. project builds by leveraging merge source code. releases for lacer retrieval . 

rhe power ofyour compute Auromarical 1 y merge con­
server. currently modified files. 

VerslonTool 

. rops ~J . Tools '?') 

aamWtn/81ockst .M._Fbte 

[) hand.cc 

Cl hand.h 

[) pol ntcc 

li!l oolnt h 

Q wlndow.cc 

[:tw lndow.cc ­

() wlnd ow.h 

CJworld.h 

9. 
~~ 

Blocks 1.0 81ocks2.0 81ockJ3.0 

~ ~ ~ 
~mai n.cc 

.a-----•VtrslonTool: nle History m1ln.cc 

Bloc.ks 1.1 l n ttgr~tlon Ch lp_Prototypu 

~ ~~ 
81 ksl.x _f ll<es tntegrat lon _OOS lntegra tlon_Sf O 

Code Manager­

('­
~. - rh.'1l 
Chi p Bl tf 

Tools 

( A"•l)IZ lf 
ChtckP~nt 

Codtf4a.nag.­
C>tbug~ 

llltHt<;• 

1 . 1--1.2~.3 1.'1--1.S 

1.2. 1.1 

1.2.2.1 1.'2.2...2 

Compatibte­

D- 10128/93 
Time: 14' ::22:1 5 

VersionTool-
Easily organize and inregrare work from Begin using wirhour any special Accelerare version control. 
mulriple developers, sires, and platforms . preparation or administrative Graphically view source file hisrory 
Auromarically track and inform ofcon­ requirements . as well as concurrent modifications. 
flicting source code changes. 



Because this is the new face of software develop­

ment-integrated, organized, productive, and very, 

very easy to use. 

It's called SPARCworks'"/TeamWare for che Solaris'"' 

operating environment. 

And ic's from SunPro: che software development 

arm ofSun Microsystems, Inc~ 

What makes our SPARCworks/TeamWare 

products so great? Lee us answer char question 

wich a few ofour own. 

How would you like to have 

multiple developers working on 

the same source base without 

getting in each other's way? 

Or how about doing 

source code development, 

qualiry assurance and resting, and 

It's also customizable to each developer's or ream's . 

way of working, right clown to specific operations . 

Which brings us to the next point. 

SPARCworks/TeamWare builds on standards your 

developers already know and use: the UNIX'"' SCCS 

utilities, NFS, and X window system utilities. So there's 

no ramp-up time, no new system administration, 

no conversion, and no special databases. 

You're ready ro run as soon as you load it. 

What's more, because 

developmenc environmenc SPARCworks/TeamWare uses a 
• Comparible wirh C, C + +, 

graphical approach, developers Pascal, FORTRAN, and Ada • Suppons 
borh Solnris 1 and Solaris 2 operaring environments 


• Graphi ca l rracki ng of mulciple re leases for easy 

inregmrion nnd release managemenc • Graphical inspecrion and 


manipularion of mulr iple source file versions • Caprures complere 

projecr source file configurarion • Compares and merges con­


currenr source file modificarions • Accelerares projecr 

builds • Coordinates and manages individual 


session casks • ProWorks '"/TeamWare 


can work in parallel, and 

actually see what they­

and everybody else-are 

doing, all at the same time. 

And what would you 
available for Solaris developmenc on 

release engineering at the same time? expect to pay for all chis? 
x86 plarforms • Manages 

Regardless ofwhether they' re in the 

same country, or even on the same network? 

And manage more than one release 

at a time, with code coming from 

different locations? 

Perhaps building project 

components in parallel and inte­

lf/itlJfJJltSPARCuorksrr1anWart. grating them later appeals to you? 
rftf)'body 011 )'Oii" team might a.J 

urllbtlorktrl intlxir ou·aroonu. We thought SO. 

You see, SPARCworks/TeamWare can do all that 

and more. Because ic was specifically designed co solve 

the problems of today's complex, multi-developer, 

multi-site, multi-platform development projects. 

No matter how big or small those projects are. 

SPARCworks/TeamWare works wich the 

SPARC works developmenr environment to be totally 

scalable and extensible-from small groups to large 

ones, across geographically distribuced sites, and 

disparate platforms. 

A lot less than you'd guess. 

Under $1,000 a seat. 

To get a copy ofour 30-day Try and Buy 

CD so you can cry SPARCworks/TeamWare 

before you buy it, or a copy of the 

SPARCworks/TeamWare Solutions 

Guide including success stories 

from SPARCworks/TeamWare 

users, call l-800-2SUNPRO, 

(+l) 4 L5-336-6848 oucside che U.S. 

So why choose between crude version control 

cools on one end or overly complex (and expensive) 

configuration management systems on rhe ocher? 

Especially now rhac you've come face co face with 

something becrer. 

+sunPro 

ASun Microsystem~ Inc. Business 

Sr>it.10,;;:;·~\\!''~,!
Gui<t. . 
i: 

.....
• 

Sun Pro. 2~~0 Garci.:a AW"., M(llW1t:1in VK"W, CA 9'10:t)· 1 IOO. Sun. t~ Sun I~. Sun M1ct0Jymnu, Sun Pm. the SunPro logo. Pro\Xt>rks. NFS and Sobris. att 1tx!cm:ub or ttgistcmJ tDdnn:uks o(Sun Mic:rosym·rru, lnc. 

All SPARC c r-~nurks . including thr SCO Complwu J~o. :u-c u;admu.rks or tt8•Hrr-td cr ....~m..1.rla ofS'PARC lntnn:uion:t.l, Inc. SPA.RCompiler. :a.ndSPARC•~ att licrrucd cu:llllivdy U>Sun Microsysr nru, Inc . 


Prodi.w:rs bc-.tirang 1~SPARC t~k :uT b,;isaJ on :an :arrhit«tutt ~i:h>pnl by Sun MKnnysrcnu, Inc. UNIX is 11 rcgistttrd 1radcmuk rXUNIX Syttffll Uhor.itories. 

/\ II CK hcr proo.:luctsork'f''icts mt"01 1()(\('(I hnt-1n :arc tradenurks of their f'tjpecti'~ ov.•nen . C 1994 Sun MicnK)'Stcnu, Jnc . 
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News&Views 
WINDOWS 

Chicago: An Ambitious 
Compromise.... .. .. .......... .. ..... 22 
Windows NT it 's not, but Microsoft' s 
next version of Windows will play well 
on low-end. Inte l-based PCs. 

POWERPC MAC I NTOS H 

Low-End PowerPC Leaves 68040 
Macs in the Dust.. .......... ... ... .. 23 
Preliminary test results have the least 
expensi ve PowerPC Mac completing 
compute-intensive tasks at least three to 
four times faster than a Mac Quadra 900. 

PDAS 

Teutonizing the Newton ..... ... .. . .26 
In working on the Gcm1an vers ion of the 
Newton PDA, Apple di scovered that 
handwriting-recognition systems add a 
whole new set of fac tors in locali zing a 
product. 

NETWORK I NG 

Tut's 10-Mbps Telephone Cord Network 
Could Be Small-Office King .. . .. .... . . 28 
A new development brings JO-Mbps net­
worki ng to companies that are put off by 
the complex ities of network wiring. 

NEURAL NETWORKS 

Intel and Nestor to Commercialize 
Neural-Net Chip..... ... ............. 32 
An agreement between Inte l and Nestor to 
commercialize a neural processor could 
affect applications ranging from hand­
writing recognition to ai r-traffic contro l. 

coMMUN1CAT10Ns 

Fax Gets a Face-Lift . ....... ...... .. 34 

TI1i s spring and summer. a new wave of 
producls will give fax a face-lift by add ing 
binary-file-trnnsfcr capabilities. 

OBJ ECT OPEnATI NG SYSTEMS 

Alliances Could Mean Better 
Integration ..... .. . . .. .... ... .. . . . . . . 38 
Microsoft and DEC will integrate DEC's 
Object Broker distributed-object system 
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I~~mIDennis Allen 


The State of Computing 

We are in for 

some big changes 

in power and 

portability, 

and they are for 

the better 

Now lhat you've heard all the " State of the ..." addresses 
from various world leade rs, it ' s time to foc us our atten­
tion on the computer industry. Throughout the next 12 
momhs, three primary aspects of computing will be well 
worth watching: power, portability, and the enterprise­
wide application of computer technology. 

We will find increased power in hardware systems . 
Not on ly will we see a hefty number of Pentium-based 
systems this year, but RISC-based alternatives will gar­
ner more attention than ever before. The RISC move­
ment will be led by the PowerPC, which Apple and IBM 
will promote heavily. No, 1994 won't be the final show­
down year for lntel's 80x86 architecture against the RISC 
gang of Alpha, Mips, SPARC, and PowerPC CPUs. How­
ever, the stage will be set this year, and we will have to 
await Inte l's next announcement to see just how well it 
can hold onto its advantage. 

One thing we know for sure: Performance is being 
boosted big time. While some industry pundits have 
pooh-poohed the relatively minor gains of the Pentium 
over the 486, we should expect a lot more from the next 
generation of 80x86-compatible chips from Intel , as well 
as those from Cyrix and AMD. 

On one side of the fence, you have the RISC gang try­
ing lo shift the CPU paradigm by offering big perfor­
mance gains, and, because some of the RISC ch ips are fast 
enough to take on tasks usually clone by support chip 
sets, they a lso offer simplified (i.e., fewer chips) c ircuit­
boa rd design. Apple's new PowerPC Macs, for exam­
ple, promise to be three to four times faster than a 25-MHz 
68040-based Mac Quadra 900 (see page 23). And on the 
other side of the fence, Cyrix and AMO are going head­
to-head with Intel with thei r supersca lar CPUs. 

The CPU competition is hotter than it's ever been. 
The resulting performance boost in hardware wi ll make 
system replacement attractive, create an installed base 
of more powerful platforms that software deve lopers can 
write for , and-at long last-give 32-bi t operating sys­
tems a place to ex ist. 

The portability aspect of computing that will change i. 
wireless technology. During the next 12 months, most 

folks will hear the wireless-technology alarm be ll ring 
loudly. While we won't see a massive adoption of wire­
less dev ices-like PDAs ( personal digital assistants)­
this year, we will sec a mind-set change. The awareness 
of wireless technology and its impact on corporate com­
puting wi ll reach critical mass as many hardware makers 
and service providers ro ll out their answers to mobile 
computing. Aided by software like General Magic 's Tele­
script, even people who do not use a portable computer to­
day will consider using one of the new compact devices . 

The rea l cha llenge will be developing plans that show 
companies how to deal with all those wireless computers. 
Right now, some information managers don ' t even know 
what a PDA is; the problem is that very soon many of 
thei1· employees will be demanding access to company 
data with their wireless dev ices. And once they get that , 
these people using wireless computers wi ll want to ac­
tually update that data. That notion ought to scare the 
living daylights out of any information manager who 
isn' t already making plans accordingly. 

That di lemma leads right into the third aspect to watch 
this year-the enterpri se-wide application of computer 
technology. Desktop computing has come a long way, and 
basic computing is at an acceptable leve l for single users 
in most applications. But moving any of those applications 
to the whole enterprise has been extremely difficult. 

llie problem is not new. However, this year will be dif­
ferent because many large companies are so confident 
in their abi lity to solve the enterprise computing problem 
that they are restructuring their companies based on tech­
nology solutions. 

So, the focu s of computing in the workplace will 
change, and personal computers may become a little less, 
well , personal. It wi ll also open opportunities for soft­
ware man ufacturers to exploit this new work environ­
ment. We wi ll see the document-centered view of com­
puting become more dominant as software developers 
strive to make whole organizations work together. We 
will also sec LANs in organi zations become linked into 
WANs (wide-a rea networks), so that workgroups can 
share data- the whole idea behind the empowerment­
based restructuring that many companies are doing. • 

D ENNIS ALLEN. EDITOR IN CHIEF 
(tfalle11 @/1ix.com) 
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l.l..-~~~I easiest way to access, 
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your information . Its unique 

object-oriented technology makes 
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future built in' 

SQL ready 
Instant plug-in connectivity to 
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base that 's easy to use, fast , powerful, 

and gives you complete connectivity, 
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At the corporate network 
PowerTape Serles 4000 
• QIC compa1ible 

:i • 2 Gigabyte native/4 GB compressed capacity 
!~~~~~~~ • Up to '18 MB/minute backup speed 

• Includes software, daia ca rtridge and more 
• Optional Cheyenne· ARCserve- for PowerTape' 

PowerDAT Series 6000 
• Digital Daia Storage (DDS) 1echnology 

-----~~~~ 
• 2Gigaby1e native/4 GB compressed capacity 

• Backs up 300 MB as fast as 30 minutes 
• Includes software, data cartridge and more 
• Optional Cheyenne· ARCserve· for PowerDAT' 

PowerTape Serles 2400 
• Quarter Inch Cartridge (QIC) compa1ible 
• 2Gigab)1e muive/4 GB compressed capacity 
• Up to 18 ~IB/minute backup speed 
• Includes software and more 
• Optional Cheyenne· ARCserve- for PowerTape' 

At the workgroup network 
PowerTape Serles 1100 
• QICcompatible 
• 525 MB native/ 1.05 GBcompressed capacity 
• Up to 12 MB/minute backup speed 
• Includes sofiware and more 

Jumbo 500 AVAILABLE EARLY 1994 
• QICcompatible 
• 255 MB native/500 MB compressed capacity 
• Up to 9.3 MB/minute backup speed 
• Includes software, minicartridge and more 

At the workstation 
Jumbo250 
• QIC compaiible 
• 125 MB naiive/250 MB compressed capacity 
• Up to 9.3 MB/minute backup speed 
• Includes software and more 

Jumbo 120 
• QICcompatible 
• 60 MB native/ 120 MB compressed capacity 
• Up to 4.7 MB/minute backup speed 
• Includes software and more 

On the move 
Jumbo Trakker 250 
• Parallel port inierface 
• QIC compatible 
• 125 MB naiive/250 MB compressed capacity 
• Up 10 8 MB/minute backup peed 
• Includes software and more 

Jumbo Trakker 120 
• Parallel port interface 
• QICcompatible 
• 60 MB native/ 120 MB compressed capacity 
• Up 10 4 MB/minute lrJckup speed 
• Includes oftware and more 

Optional Accessories 
• Colorado' Brand !apes 
• Colorado Backup for Windows software 
• Support for UNIX', 05/2" and Windows NT" 
• Controllers IO optimize backups 
• Compatibility kiis 



C
olorado Memory Systems, the Number One name in 
tape backup, has a solution for most any backup need. 
• Beyond all the Megabytes and Megahertz that you 

get out of your system, it's the data in it that's ultimately 
your most valuable asset. Whether it's on an 80 MB 
notebook or a 4 GB server, the data needs to be protected 
every step of the way. • Colorado tape backup is the 
easiest and most reliable way to do it. And Colorado is 
recommended by resellers, editors and end users more t~an 
all other backup systems combined,earning dozens of 
industry awards. • Colorado Tape Backup is also the best 
backed backup in the business, offering unlimited technical 
support. Explore Colorado Tape Backup Solutions today 
and see what you've been missing. 
Call 1-800-451-0897, extension 800 
today for more information 
or free literature. 

C 1993 C.Oloodo Mmtary Systems, Inc. All rights rcscl'\·cd. Colorado and Jumbo an: registcn.-d tr.idem.irks of Colorado ~kmory Systems Inc. 
Tr:ikkcr, PowerT:ipc :rnd l'nwcrDAT are lrJdcmarks of Colorado Memory Systems lnc. All other tradt'fJl.'.lrks arc 1ropc.'fly of their rcspccclvc romp:mies. l'IF.-121393 
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Tue Apple Report 


NUMBER 2 ­

Many of the most popular 

applications have been or are 

being optimized to take 

advantage of the high-perfor­

mance PowerPC processor. 

PowerPC chips are faster and 

less expensive than Pentium 

chips - so are the personal 

computers they will run. 

A complete Macintosh 

system with PowerPC will 

cost well under $2,500, but 

will offer better performance 

than higher-priced Pentium­

based systems. 

With SoftWindows, Macintosh 

with PowerPC will have 

the ability to run DOS and 

·Windows applications, 

unmodified. 

For more Information about 

Macintosh with PowerPC, 

call 1-800-732-3131, ext.150, 

in the U.S. We'll send you a 

copy of our informative, free 

booklet, PowerPC Technol­

ogy: The Power Behind the 

Next Generation ofMacintosh 

Systems. In Canada, call 

1-800-665-2775, ext. 910. 

OnPowerPC 
RISC PER FORMANCE AND CRO SS -PL ATF ORM CO MPATIBILITY 

In tl1e first half of 1994, Apple will introduce a 
new family of computers tilat already has the entire com­
puter industry standing on end. 

They will offer better performance tl1an com­
puters based on the X86 microprocessors. They will be 
extremely competitive on a price basis. And theywill be 
compatible witil Windows and DOS applications, by using 
Soft\Vindows software. 

They will be based on the revolutionary new 
PowerPC microprocessor, created jointly by Apple, IBM 
and Motorola. 

For the first time,desktop personal computers 
will take advantage of RISC chip architecture previously 
found only in high-performance workstations.This ad­
vance will make possible quantum improvements in the 
way we manage and work witil information. 

RISC vs.. CISC. 
11"emendous advances have been made in CISC 

architecture over the years. However, tile physical liinita­
tions of tl1e new, high-performance CISC design mean that 
CISC chips must be significantly bigger and more complex, 
and must run at hotter temperatures to perform the same 
tasks as comparable RISC chips.Consequently, the newer 

Figure 1. CISC vs. RISC Performance Evolution 

generation of CISC chips, like tile Pentium, are much more 
expensive to manufacture. Which means that personal 
computers powered by PowerPC chips can offer a signifi­
cant advantage in price as well as in performance. 

As youcan see on tl1e chart, RISC 
microprocessors offer dramatically greater 
potential for growth, leading us well into tile 
next century and increasing tl1e practicality of 
features like voice recognition,videoconferencing, object­
oriented software and multimedia capabilities - functions 
tilat will be integral to doing business in tile 21st century. 

.... ............................... ...... ... .......... 

More compatible personal computers. 

Apple's new generation of Macintosh· personal 
computers built around the PowerPC chip offer tile abil­
ityto run MS-DOS and Windows applications, as well as 
Macintosh software. Moving from one environment to 
the next will be sean1less and, even more importantly, it 
will be effortless. 

PC users who move to Macintosh witil PowerPC 
will gain access to the large number of new applications 
which take advantage of tl1e incredible performance of the 
new PowerPC chip. 

Higher-performance optimized applications. 
\~·~~· · P~~~~Pc·· ~;~~~P·~~·~~~·~~r-equipped 

Macintosh computers begin shipping, software developers 
including Microsoft, WordPerfect, Adobe,Aldus and Claris 
will begin shipping new versions of their most popular soft­
ware, specifically rewritten to take full advantage of the 
new processor's capabilities. 

These optimized, sometimes called "native," 
applications will offer significantly faster performance ilian 
ilieir MS-DOS,Windows or current Macintosh counterparts. 

························ ········ ··········· ··········· 

Unprecedented value. 
Because RlSC-based personal computers cost 

less to manufacture than equivalent systems based on CISC 
chips,we will be able to make tilis technologyavailable for 
well under $2,500 for a complete mainstream desktop sys­
tem: Competitivewitl1 a lower-perfor­
mance, Pentium-based PC Watch Ap 1 
for Apple Report #3, coming soon. pie 

'A ro11~WMatir1toshsy.t1t•111 u·1lb lbu.1.,/t' fr1d111'41com{mtrr. N) 'bciml, mo11i10r111u/Madt1rosb0i Pri-cs sub)A·I Jo dxmgtu#bor:l 1wtia. ' 'Jftm'l/1111 c11rrtt1f IJ/p/ictilioru fwrl ltslmgtuef }tmuurJ' 1994. ~199-1 tf((J/1Co11f)Ui:r, Ille. All rfRbtJ mm«i. ,fp/t, Jb4A/rlklo~a11d il!acituosbt11i rtg· 
tittml trt1dn11arl:s oftWXcCm1(111h•r. hic. l'mmPCuml tho lt>uv-rl'C lago urttn:klmiarb of!n!mwhcrml /J11si11ess MocbmnCorp«r11*m. ,J.JS.IX)Slsa mi'1li.'m'I trtllk'lltari tfNi<rosoftCorpori'tfim. l\'t1tfum tr" tm<kn111rlc(hllcl Corf¥Jrallon Soj1\Jf111/out L111 frriikmario/frt.rf,gt1ia .~!utimu Im:. 



Give your power-hungry soft 

The OverDrive™ processor. 


The single-chip upgrade that maxi­

mizes your PC's performance. 


Want to see a 
spectacular per­
fonnance? Then 
add an lntel486'"' 
DX.2 OverDrive 

processor to your Intel486 SX or DX 
CPU-based system. And watch all 
your power-hungry software take off. 

The OverDrive processor 
improves the perfonnance of all your 
applications. So you can fly through 
your overwhelming workload with 
the greatest of ease. 

How does the Intel486 DX2 
OverDrive processor do it? Using 
Intel's innovative DX.2 "speed doubl­
ing" technology, it runs internally at 
twice the speed of the rest of your sys­
tem. So if you had a 33 MHz SX or 
DX Intel processor, you would now 
have a 66 MHz DX.2 Intel processor. 

' fu r Eu ropean im1uirln, u ll + .&.& (0) 793 4311 .55, and usk ror lnfopack IOU?. 
() 1994 Intel Corponu ioo . 1\otoCAD ts ll ~g1s1rrcd 1mdcm11L of AutoJcsl . IUu~r.uor 1.'i a r"f'gl\ttrcd tradcmart of Atk}bc Sys1en1s Incorporated . Lutu~ 1-'2 ·3 ha rcgist~nl tr.adern:uk ot 

Lotus Ocvclopmcm Corpomiion. Qunmo Pro ii a regb1cnxl lt'll.km:uk of Dorland lnlcm:11ion11 I. Inc. ;\ ccn.5 is :1 1r.ukm11rl. of Micmwn Corporation , WonH'c:'t' fctl is 3 l"('gi$tcred 1.radL•m:u k of WordPcrf'r'C't Corpor.uion. 




ware up to70% more ka-boom. 

Software Performance Increase 

50% 
Wordl'ortoct" 

54% 
Access" 

56% 
l.Dtus"1-2~ 

72% 
Ouat1n> Pro"-==---.... 74% 

81% 

To install the Intel486 DX2 mance of your software, call 
OverDrive processor, you can either 1-800-354-3 L1 2, Ext 5719,* for a free 

plug it into the OverDrive socket or demo disk. It could be the greatest 
swap it with your original micro­ show on earth. 
proces or, depending on your system 
design. 

To get a better idea of how the 
OverD1ive processor boosts perfor­ intel. 
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WANs in aLAN Society 

I want to congratulate you on your cover 
story "Linking LANs" in the December 
1993 issue. The article was outstanding. I 
have been a professional in 
the WAN (wide-area net­
work) arena for quite some 
time, and I thought that I 

• It's newest modtls ~Regarding your cover sto­
ry "Linking LANs": The article implies 
division of IP address space on organiza­
tional boundaries . No, no, no! Domain 
names reflect organizational boundaries. 
IP address assignment and subnetting are 
only related to network topology and ad­
dress assignment authority (stand-alone 
or delegated from the NIC [network inter­
face card]). Mismanagement of IP address 
space as described in this article is proba­
bly the prime cause for the rapid decrease 
in available addresses from the NIC. 

James Cutler 
Troy, Ml 

We can see how a reader might miscon­
strue the design ofour examples in the 
text box "TCP/IP Addressing" on page 
84 (December 1993). The confusion 
comes from the often strong relationship 
between the operational organization 
and its geographic organization. A few 
words spec~fically about network topolo­
gy were called.for and would have pre­
vented anyone from being misled. Right 
you are about the mismanagement ofIP 
address space being a major problem. 
Thank you for your insightful comment. 

- Eds. 

I read.your article on LANsf\VANs ("Link­
ing LANs"), and I want to thank you for 
what was for me a very timely piece. We 
are just now grappling with these issues 
as we prepare to issue an RFP (Request 
For Proposal) for global X.25 and value­
added data services. Your article cleared up 
a number of hazy areas. Thanks. 

D. Dion 
Rome. Italy 

State of the Art or Mainstream? 

I am often impressed with the thorough­
ness and accuracy of the article's in BYTE. 
However, I have some questions about 

knew it all. Your approach 
has really made me look at 
my area from the other side 
of the fence, the LAN­
something that I'd thought 
I had done before, but, just 
as you said, in a "cultural­
ly hampered" way. 

Paul Liesenberg 
Frankfurt, Germany 

I 
I 

Linking LANs 
I llOll'I be hn [xpect calllrt dalles, bnlwtdlli 
CGlll!Qlllses, prutocol lleadacbes, llNI poltlca1 bit win. 

,... 
Printers Become MoreIntelligent 

~a CD-ROM on JDll' nttworll ~ . i 1m rn 
. .-==:: 

"Printers in Transition" and 
"The Printers Talk Back," 
both in your December 
1993 issue. I am alarmed 
that your magazine would 
have its readers believe that 
dumb printers and bidirec­
tional printer communica­
tion protocols are "state of 
the art" when the truth is 
that they have been in wide 
use for the better part of a 
decade. 

The fact that these things 
are new to DOS does not 
mean that they are new to 

the computing world. I can only conclude 
that no one involved with the production of 
these articles had any knowledge of the 
Macintosh. If you aim to describe the state 
of the art, you should make sure that you 
understand current mainstream practice 
first. 

Alex Lewin 
Cambridge, MA 

Lying with Statistics 

Your November 1993 review of subnote­

books ("Windows Under 4 Pounds" ) 

dido 't say how the "overall" performance 

numbers were calculated, but the method 

that you used seems to have arrived at the 

arithmetic mean of the indi­

vidual test results. Those re­

sults were normalized num­

bers, whose arithmetic mean 

is not meaningful. The article 

"How Not to Lie with Statis­

tics: The Correct Way to 

Summarize Benchmark Re­

sults" by P. J. Fleming and 

J. J. Wallace (Communica­
1ions of the ACM, March 
1986) describes why the geo­
metric mean, not the arithmetic mean, is 
the only proper average for normalized 
numbers. 

Applying the arithmetic mean can give 
some pretty silly answers. Benchmark 
testers commonly misuse the arithmetic 
mean, but I hope that BYTE will not do 
so in the future. 

Clem Dickey 
San Jose. CA 

In the article that you cite, we used the 
geometric means to compute individual 
subtest results, bur the overall perfor­
mance value was computed using an 
arithmetic mean. If we had used a geo­
nzetric mean to compute the overall val­
ues with this particular data set, the rel­
ative rankings ofsystems would have 
remained unchanged, and magnitudes 
would have decreased only slightly. 
However, you are correct in your criti­
cism. We are currently revising our 
benchmark tests, and future test suites 
will nor use arithmetic means to 
com pure overall pe1formance scores. 

-Eds. 

Looks Like Creek ••• 

As a conclusion to his Commentary "How 
Are You at Interfacing?" (December 
1993), Edward R. Swart states that, "In 
the end, the distinction between natural 
languages and computer languages will 
fade away." Then you give Swart's In­
ternet address: "Tswart@snowhite.cis 
.uoguelph.ca." 

Limpidly clear! I was sure that evolu­
tion would go the other way, but I was 
wrong. 

Jean-Pierre Frankenhuis 
Paris, France 

Refocus Response 

I would like to commend you and the 
BYTE staff for refocusing your publication 

to speak more to technical issues. 
Not too long ago, I was con­

sidering canceling my subscrip­
tion to BYTE. Let's face it, I can 
get DOS and Windows coverage 
nearly anywhere. But the last 
several issues have been so good 
that I have kept them around for 
reference. 

And BYTE just keeps on get ­
ting better. The Advanced Oper­
ating Systems issue (Windows 

vs. OS/2 Special Report, November 1993) 
was the best one yet. 

Fred Cantwell 
Tre111011, NJ 

We want to hear from you. Address correspon­
dence to Letters Editor, BYTE, One Phoenix 
Mill la11e, Peterborough, NH 03458; send BIX­
mail d o "editors"; or send l11temet Mail to let· 
ters@bytepb.byte.com. Leuers may be edited. 
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Introducing Project 
Scheduler 6for Wmdows:M 

Easy-to-use pr~ject 
management software 

with the advanced featmes 
you've been missing. 

Now you can easily analyze and 
report rapidly changing schedules 
and resource availability with 
greater accuracy and speed. 

Sophisticated model­
ing features like the 
Advanced Resource 
Tracking Spreadsheet 
(ARTS'") make Project 
Scheduler 6the only 
Windows-based 
product to let you 
enter and evaluate 

resource costs and usage on a 
period by period basis. Performing 
multiple "what-if" scenarios is 
also abreeze with its ability to do 
multiple undo/rectos in seconds. 

You can manage multiple 
projects from asingle resourcebase 
and rearrange activity information 
by function (WBS).organization 
(OBS)or resource (skill codes) ­
making it easy to view and present 
data in the most meaningful way. 
And with Project Scheduler 6's 

uniqueability to build 
an ODBC project 
repository, 

spreadsheet and 
databaseusers from 
other departments 

can access and 
updateproject data 
for added efficiency. 

Project Scheduler 6 the project management 
lets you build standard­ experts who developed 
ized screens and reports the entire Project 
for consistency across Scheduler series of 
your entireorganization, multi-platform 
or create custom formats software.Scitor also 
on thefly for ultimate offers the most 
flexibility and impact. comprehensive 

Our object-oriented Before you make eproject training and consult-
report writer offers out­ management software ing programs in the 

decision, call for this freestanding layout versatility executive summary. industry. 
not usually found in Call 415-570-nOO Ifyou're looking for 
project management project management 
software. It allows you to select software that offers both powerful 
and precisely placedata fields, features and trueease-of-use. then 
change fonts on-screen. and even take acloser look at the new Project 
incorporate colorful logos for Scheduler 6 for Windows today! 
sensational-looking reports. 

All of our softwarecomes with 
free telephonesupport that won't 
keep you waiting in an electronic 
queue and includes access to 

© 1993, Seil()( Corporalk>n. 39J Vintage Parle Drive, Suite 140, Foster City, CA 94404. Tel. 415-510-1700. In Csnada, en/I 9(1j-IJ40-5493. In France. call (I) 43 29 4,13~ In Geml8ny, call 0 69- 6 66 80 25. 
Project Scheduler 6, ARTS, and the Seit"' name are trademarks of Seil()( C()(poration. Windows is a lrademark of Microsoft C()(p. 



EASY ADIMINS: 
PCMCIA cards YOUR NAME HERE: 

make addlog LAii Yo1 can order 
connectlYlty, a afree ID plate 

modem or additional that personalizes 
memory easyl your ThlnkPad. 

IBM~ PC OireotiM has ThinKPads with more'of what youwant, and less of what you don't: More features 
and power. Less size and weight! The ThinkPadi& 500 is asleek 3.4 pounds. Yet, it packs enough high-speed 
horsepower to let you take your most sophisticated desktop applications on the road. 
Now-want to carry off color with ease? Then call us about the ThinkPad 350C. You get a 9.2' backlit, 
256-color, passive-matrix LCD display. There's plenty of power for your current needs. And ample space to 
upgrade for more. All in an easy-to-take 5.7-pound package. Both of these lightweights get the heavyweight 
backing of IBM's HelpWare~. including a30-day moneyback guarantee' and around-the-clock telephone 
assistance! You'll find them at IBM PC Direct. To order these, or any of our other critically acclaimed IBM 
ThinkPads. call now. 

ore 

ThinkPad 500 

• 486SLC2, 50/25MHz processor 
with 16KB internal cache 

• 4MB RAM/85MB hard drive 
• 10.1'w x 7.5'd x 1.6'h/3.4 lbs. with battery pack 

• 7.4' monochrome passive-matrix 
LCD display, 64 grey scales 

• 81-key keyboard w/integrated TrackPoint II 
• PCMCIA slot 

• IBM DOS preinstalled 
• 1-year international traveler's warranty2 

Sl 999* (IBM Credit Lease 
$72/mo." ) 1 

1'11'ClliRcl1l11COSIWJ l1>eftr115.prlassllllflmlU<2S:W•Uloa loC!langlcw--prlor-P!oW<ISyau~ 1181,... DeCOUlll!ll llldel ll1Y ealSlllJIVokmo PurtlmtAgr""""11. Tllo smo oilerlll!ISand IJIDlll<n ITT>/ De""'latlle il>'ll"1 IBM Aiiho<ind-s. 
......,p(cesna,nir ~IRl-.i~ema ·· laMCledc lml&l'!Usquaed lor JG.manlh lmrO. I.mo ra!l!SQUOedce 00odllrll"1 J/31/9-1.a~er wtliCh ilme ""5arcsubjed loct..rge-.ilh<M ,....._ l ..,.miloble 10 ~111..i C01ITJeltiaJ ""'""""on~ TAI no addiiional 
d>JgJIUlr1J-r,"1iro\Pod50Q.~350CandflliliPI03Ml11tmnrllduled lnU.S. 18M,ThinlP:ldandf~ait1!0'5lelcdl-kSr.lEasy5eivnll11C!poi;U"'!radem3lkSoll01e<l\1110t1'181JslnessMacliinesC-Orp. PCOl1"'ba11aderrolkoTZ~ CDllmllllc3iionsCIJITll3llY 



ThinkPad 350C (color) 
• 486SL, 25MHz processor • 486SL, 25MHz processor 


with 8KB internal cache with 8KB internal cache 

• 4MB RAM/250MB hard drive, • 4MB RAM/125MB hard drive, We re putting the p ersonal 

3.5' 1.44MB diskette drive 3.5' 1.44MB diskette drive 
in per onal computing. • 11. ?'w x 8.3'd x 2.0'h/5.7 lbs. with battery pack • 11 .?'w x 8.3'd x 1.9'h/5.2 lbs with battery pack 

• 9.2' STN backlit LCD. 256-color display • 9.5' monochrome STNbacklit LCD display, 64 grey scales Order Now!• Full-size keyboard w/integrated TrackPoint II • Full-size keyboard w/integrated TrackPoint II 
• PCMCIA slot • PCM CIA slot 1 800 426·7860

• IBM DOS preinstalled • IBM DOS preinstalled 
Barn-midnight M-F, EST; Bam-7pm Sat., EST.

• 1-year international traveler's warranty2 • 1-year international traveler's warranty2 


S2 999* (IBM Credit Lease Sl 999* (IBM Credit Lease 

$108/mo.") $72/mo.")1 1 

and rs used Dy 181.tunder license it:i 1994 lnlern1flooat Business Machines Corporallon ' Wananry and 30-dly 9uaran1ee VllonTWion .rnltab!e lhrough IBM and ftJM Aulh0f111!<1 Dealers. Please call 
1800 426-2968 tci delillts reg.1rt1mo IBM's moneybackguaran:ee and hrmted wal'ranty Copies o! the t~rms ol lBM's monEyb.lck guararroe ano l11?111cd wananty avallable ~ rl'Quest. i ln:einauooal Purchase orders available for 
travele.r's wauantyscrviee avallable 1ncountries wnere Tti inkPaa IS sold Cairy In HcrJ;llrand lhinkPad EasyScrt"ava!lable m U S qualifying cu.stomers. 
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WIND O WS 

Chicago •• 

An Ambitious 

Compromise 

A4-MB RAM budget and a strict compatibility mandate 

forced hard choices with Chicago 

JON UDELL 

M icrosoft hopes Lhat Windows 4.0 (also known 
as Chicago) wi ll upgrade many of the world 's 40 
mi llion existing Windows 3.x PCs and will ship on 
most new PCs in 1995. For users, Chicago's mis­
sion is threefold. It must match or exceed the per­
formance of Windows 3.x when running on a 4-MB 
386. It has to work more intuitively than Windows 
3.x. It must cram as much of Windows NT's ro­
bustness and multitasking muscle as will fit into 
4 MB. For developers, it must also propel the 
Win32 API that Chicago shares with NT to the 
forefront of Windows programming, while in­
troducing new messaging, telephony, and P lug 
and Play APis. 

Chicago s ease of use will be judged initial ly on 
the strength of a completely new (but sti ll unfi n­
ished) shell that unifies the fu nctions performed in 
Windows 3.x by Program Manager, File Manag­
er, and Task Manager. What isn' t completely new, 
especi ally if you ' ve u ed Wi ndows for Work­
groups 3. 11 , are many of the technologies under 
Chicago 's hood, such as virtual device dri ver­
based disk, file , and network support. 

22 HYT E M A R C H 1994 

If you' ve used NT , you ' ll 
find Chicago 's threaded pre­
emptive multitas lcing, layered 
device-driver model, desyn­
chronized input queue, event­
drivcn schedu ling, and long 
fi lenames also familiar. In the 
latter cases, Chicago mimics 
NT fea tures without sharing 

T 's code; there 's no NTFS 
(NT File System) in Chicago, 
for example. The new long file­
names are shoehorned into 
mult iple directory entries. 

Does Chicago do away with 
DOS? Yes and no. Chicago's 
boot process beg ins with a 
modified version of real-mode 
MS-DOS that processes AU­
TOEXEC.BAT and CONFIG 
.SYS if present (they're op­
tio nal) and loads real-mode 

TSR programs and device driv­
ers. But when protected-mode 
components like the VFAT 
(Virtual FAT) and CD-ROM 
file systems, network redirec­
tor, and 32-bit DoubleSpace 
driver load, they can, in many 
cases, unload their correspond­
ing rea l-mode compone nts 
from memory. DOS will then 
be history, unless you depend 
on a real-mode device driver or 
TSR for which you have no 
protected-mode replacement. 

Novell 's Btrieve requester 
and Eicon's NABIOS redirector 
are examples of the kinds of 
services that, until rewritten as 
DLLs or YxDs (virtual device 
dri vers), will perpetuate DOS 
dependencies in Chicago. You 
also incur DOS dependencies 

Ring 3 Ring 3 
(MS·DOS (MS·DOS 

virtual machine) virtual machine) 

~~~~~~~~~~R~ O~~~~~~~~~--,inrg_
Installable file system manager 11 Virtual machine manager 

Ring 0 Components 

Installable file system manager 

ISO 9660 Network 
CD-ROM redirectors 'I~ 

Memory manager 

Scheduler 

DPMI services 

MS-DOS-based manager 

110 subsystem Virtual 8086 manager 
1/0 subsystem manager 

Configuration manager 

Other layers Communications ,, 
Keyboard and display 

SCSI translation layer Port Other devices 
driver 

SCSI miniport driver Dynamic VxD loader 

While Chicago's VO subsystem mirrors that of Windows NT, a number of device drivers will be 
written as 80x86-specHic VxDs. 



when you launch a DOS box to 
run a character-mode applica­
tion. But if you run only 16- and 
32-bi t Wi ndows-based dri vers 
and applications, you II never 
invoke any of Chicago 's MS­
DOS components. 

Chicago ' s virtua l machine 
manager, li ke that of Windows 
3.x, can create multiple virtual 
8086- mode sess ion s. These 
share a common MS-DOS con­
text in low memory, and their 
separate mapped address spaces 
are also visib le to ring 0 com­
ponents. notably VxDs (see Be­
yo nd DOS, September 1993 
BYTE). Like OS!2 2.x and un­
li ke NT, Chicago's DOS-box 
architecture favors compatibil­
ity (performance) over system 
robustness (pro tection from 
crashes), because Chicago wi ll 
have to run DOS-based games 
without excuses. 

Microsoft's design retains a 
large amount of 16-bit code, 
also for compati bility. When 
Win32-based applications call 
a 32-bit API that ' s implement­
ed by a 16-bit co mponent of 
the system, the function ca ll is 
"thun ked " or translated to its 
16-bit cgui valent, a process that 
incurs ove rhead. Chicago's 
three main modules-KER­
NEL. GDI. and USER-are di­
vided into 16- and 32-bit parts. 
Win32 programs on Chicago 
wi ll thunk down to 16 bit to 
access many GDI and USER 
service , much as Win32s pro­
grams do today. Win32 pro­
grams will image into the same 
16-b it coordi nate space that 
Win 16 and Win32s programs 
do today, not the vastly larger 
32-bit grid available to NT pro­
gram . 

Chicago's Wini 6 support is 
a potentia l Achilles heel. Chi­
cago' 16-bit system compo­
nents are not reentrant, which 
means they can' t be safely ac­
cessed by Win32 application or 
system threads. Every multi­
threaded operating system, in­
cluding NT, uses some form of 
AP! erialization. The problem 
with Chicago's scheme is that a 
Win 16 application that dawdles 
when processi ng mes. ages 
can lock out other Win 16 and 
Win32 applications. In this con­
text, a single 16-bit Windows 
appl ication is the weak link in 

the chai n. In an environment like Windows 3.x with a few tributed its second preliminary 
with only Win32 programs run­ improvements. As in Windows developer kits, progra mmers 
ning, programs won't be nearly 3. 1. DOS applications still mul­ who had n't worked yet with 
as vulnerable. ti task preemptively, whi le NT were. in general , more im­

If you use Chi cago to run Win 16 appli cati ons multitask pre sed with Chi cago than 
Win32 applicat ions on ly, it wi ll cooperatively. To better track those already fam iliar wi th NT. 
more closely approximate an resource ownership and sim­ Microsoft still lacks an op­
"NT lite." whi ch lacks NT's plify cleanup when applications erating system for the midrange 
security, ponability, scalability, fai l, Chicago runs each DOS RISC (i.e., $3000 8-MB Pow­
asy nchronous 1/0, Unicode, and Win 16 app li cat ion on a erPC-based) systems that wi ll 
and event logging. Chicago ap­ separa te th read . As a resu lt , hit the streets this year . But 
plications run in p1ivate address Chicago should handle DOS or Chicago represents an ambi­
spaces, just as they do in NT. Wi n 16 crashes mo re clean ly tious Windows upgrade for the 
However. Chicago's memory than Windows 3.x. huge installed base of 4-M B 
management , scheduling, and Even at it s bes t, though, PCs. If the result of Chicago's 
110 services are modeled on­ Chicago is not the pure 32-bi t com promises is an operating 
but not ported from-NT. operating system that NT is. sys tem that is easier to u e, 

Chicago. when run·ning a Instead, it is a 16- to 32-bit hy­ more powerful , but not fatter 
mi xture of DOS and Win 16 brid. At the December confer­ than Windows 3. 1, the payoff 
applications, will behave much ence in which Microsoft dis- wi ll be huge. 

POWERPC MACINTOSH 

Low-End. PowerPC Leaves 
68040 Macs in the Dust 
A s Apple nears the re lease of its lirst wave of PowerPC-based Macs, preliminary test results 
show the least expensive PowerPC Mac completing compute-intensive tasks at least three to fo ur 
times faster than a 25-MHz 68040-based Mac Quadra 900. Two separate tests usi ng a preliminary 
nati ve PowerPC vers ion of ln fini- D, Specular International's (Amherst. MA) 3-D modeling, ren­
dering, and animation pac kage, indicate that even the low-end PowerPC Mac-which sources 

say wi ll sell for about $2000-will offer a signi fica nt 
performance improvement over the fastest current Macs. 

All nati ve PowerPC Mac applicati ons will get a speed 
boo t over their 68000-ba ed cousi ns, but professionals 
who use applications that tradi ti onally tax a processor, 
such as fou r-color desktop pub lishing, CAD, and video­
ed iting programs, will see the greatest time saving in 
switching over to native PowerPC Mac applications. 
Specular ((413) 253-3 100) stresses that the test results for 
the PowerPC Mac shown in the chart renect performance 
of beta software running on a preli minary version of the 

lnlini·D lets you quickly create l·D wireframe models Mac system software and prototype hardware. A the
and render them using a variety of surface patterns 
like marble, wave, and corrosion. Once they're products near commercial re lease and are further refined, 
rendered, you can easily create professional performance should impro ve even more. -Dave Andrews 
animations. 

lnfini-0 Benchmark Results 
..,. Better Worse,.. 

Test 1 

Test2 

Minutes o 1 0 20 30 40 5 0 60 

• Mac llci with fast cache (25 MHz) 

All machines bad tnflnl·D running under a 12-MB partition. lnfinl·D 2.5.2 is the current shipping version and the version used on 
the llcl and the Quadra. The Powerf'C Mac is prototype hardware, with beta system software and a beta version of lnfinl-D. Test 1 
(shown In the screen shotl was rendered using ray tracing and low antialiasing and with reflections, transparency, and shadows 
turned on. Test 2 (not shownl was rendered using phong shading with shadows turned on. Lower numbers are better. 
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. THIS IS THE QNX 

REALTIME OPERAT\NG )YJ5~Eir 


Embedded Window 
Manager 

THE OS OF CHOICE 

FOR EMBEDDED SYSTEMS. 




•.• AND SO IS THIS • 


• 

Process Manager 
Pl 003. 1 Pl 003.4 

THE OS OF CHOICE FOR ANY SYSTEM. 

THE CHOICE IS YOURS, MODULE BY MODULE. 


See us at CeBIT, 

Hannover, Ciennany, Hall 12, 


WE WORK IN REAL T IM E."' Stand 858, Booth I 0 
1-800-363-9001 

( EXT. 20 1) 

QN X SOFTWARE SYSTEMS LTD . 175 TERENCE MATTHEWS C RESCENT, KANATA, O NTARIO, CANADA K 2 M 1W8 T EL: 6 13 · 591·0 93t • FAX : 613·591·3579 

0 QNX Softw.trc SyMctm ltd. 1994. QNX Is d registered u.\dcm.ut o( QNX Softw..trc Systems Lfd. All other tradcmt1r1ts Md rrgistm:d ttddcrn.uils bdoog to !heir rcsp«tlvt ownctS. 
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News&Views 

THE GE R MAN NEWT ON PD A 

Teutonizing the Newton 

H AMBURG- When deve loping soft­
ware for today' global market, develop­
ers must contend wi th variou fac tors, in­
cludi ng addi ng support for non-Engli sh 
characters, translating tex t . lling. , and sup­
po1ting varying time and date format . But 
in working on the German version of the 
Newton PDA (personal digi tal as istant), 
which was released in mid-December, Ap­
ple's Newton localization team, headed by 
Cindy Roberts, fo und that handwriti ng­
recognition ystems add a new set of factors 
to consider in locali zing a product. Apple's 
programmers had to contend with major 
differences between Ame1ican and German 
handwriting and the languages themselves. 

When you use the Newton's dictionary­
based recognition system, you get a mixture 
of surprisingly good- and eonfounding­
results. The dictionary-ba ed approach, 
which con iders only words that you have 
stored or added to the system dictionary, 
works well for languages li ke English. But 
this system doesn' t account for innections, 
which are characters that change a root 
word 's tense, case, or number (e.g ., the 
Ameri can version of the Newton needs 
separate di ctionary entries for house and 
houses). Consider the following: 

1he green house/1he green houses 
das griine Haw/die griinen Hauser 
la maison ver1e//es maisons ver1es 

The two phrases in three languages have 
equivalent meani ngs, bu t the German and 

French versions show more changes to the 
words. Newton would cover the English 
ver ion with four dictionary entries, but it 
would need ix entries for each of the other 
versions. Verbs have many more innec­
tional forms in German and French, so the 
system wouldn ' t require you to make as 
many correc tions if the German version 
provided uppon for inflection rules. 

But what the Newton localization team 
found even more haunting were those fa­
mous long German words. In English, com­
pound nouns are written as separate words, 
but in Gem1an, they are written as one word. 
House door key would requi re three dictio­
nary entrie in English, but the German lan­
guage needs a separate entry for Haus1iir­
sch/iissel, as well as for other permutations, 
including Haus, Tiir, Sch/iissel, Hm1s1iir, 
Tiirschliisse/, and all their plural forms. 

Geiman-speaking Newton team member 
Peri Allan refi ned these word lists and 
came up with a dictionary of 17,000words, 
almost twice a many as the U.S. version 
(the Japanese ewton, which was due to 
ship in January, needs 8 MB of ROM­
twice the ROM capacity as that of the U.S. 
version). Other changes that the ewton 
localization team had to add to the Ger­
man ver ion are li sted in the tex t box 
"From English to German ." 

Localizing systems that rely heavi ly on 
handwriti ng recognition requires much 
more than the simple translation of text 
strings, but the same is true for systems 

FROM ENGLISH TO GERMAN 

The following are but a few of the changes that 
Apple's localization team made in modifying the 
U.S. Newton to work for German-speaking users. 

• The cues for Newton's Intelligent Assistant, which 
interprets natural-language commands like "Fax 
Bob," required language changes. 

• Date formats had to be changed. One of the less 
obvious ones was the calendar overview, which 
starts the week on Sunday In the U.S. but on a 
Monday in the Gennan version. 

• nme formats had to be changed to 24-hour mode 
and to handle the various ways you input time. 
Consider this partial list of valid time fonnats 
for handwritten entries in the date-book appli· 
cation (Uhr means o'clock!: 3, 3 Uhr, O, 0.00 
Uhr, 0 Uhr, 22.32, 22.32 Uhr, 07, 07 Uhr, 1.lS 
Uhr, 6:30, 6:30 Uhr, 6:6, 6:6 Uhr, 08.03, 08.03 
Uhr, 0:23, 0:23 Uhr, 13 Uhr S7, 2 Uhr SS, 02 Uhr 
09, 02 Uhr 1, 02 Uhr 14, 02 Uhr O, 1 Uhr 1. 

• 	Phone numbers, which are fonnatted as (000) 
000-0000 in the U.S., needed a more flexible 
fonnat that accounts for the varying lengths of 
phone numbers in Gennany. 

• ZIP codes and cummcy symbol fields also needed 
to support fonnats of varying length. 

that rely on speech recognition. For de­
velopers who are worryi ng about the work 
involved in localizing their ewton appli­
cations, Apple 's Roberts says !hat many 
German and other international users will 
be happy with a U.S. version of an other­
wise sat isfac tory program, provided the 
program does not force constraints (e.g., an 
inflex ible phone number. ZIP code. time. 
date, and other formats) on the user. 

-Udo Flohr 

Newton Recognition Architecture 
The recognition system in the American Newton 
uses a multiple recognizer architecture, with dis· 
tinct recognizers for words, shapes (graphics), 
and editing and command gestures. The word 
recognizer uses built-in dictionaries to choose 
words that, with sufficient probabllity, match 
what you write. 

The recognition process involves a hierarchy of 
recognizers that take specific types of recognition 
units and produce more complex units as output. 
Each recognizer processes its input according 
to a set of rules, adds interpretations to the in· 
put, and combines this more refined infonna­
tion in an output recognition unit that is then 
passed on to higher-level recognizers. To rec­
ognize a word that is made up of printed, sepa· 
rate characters, the strokes that make up the 

word are interpreted as character parts, then separate recognizers as for the American ver· 
the parts as characters, and then the charac­ sion. Apple declined to disclose any other modi­
ters as a word. fied elements. -U. F. 

This structure lets developers add new 
recognizers at different levels of the hi· 
erarchy. This part of the Newton operat­
ing system is only accessible through the 
CIC++ interface. At this point, the New· 
tonScript programming language and the 
NTK (Newton Tool Kit) don't offer tools 
to add recognizers to the system. 

Because Americans and Gennans are 
taught different handwriting styles at an 
early age, certain elements of the New· 
ton recognition code were modified for 
the Gennan version. These modifications 
Include a combined printed and cursive 
handwriting recognizer, instead of two 

Strokes 

recognizer 
Gtstures 

Cursive· 
word recognlZer 
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Power. Unleash the 32-bit power of Intel's 386, 486 and Pentium Porting. Toease _ 
processors on your most demanding FORTRAN applications wi th 
WATCOM's 32-bit FORTRAN. F7731 delivers 32-bit performance. The 
32-bit fiat memory model simplifies memory management and lets 
applications efiiciently address large amounts of memory. Powerful 32-bit 
instruction processing delivers a significant speed advantage; typically a 
minimum 2x processing speedup. Together, the power of F77" and these 32­
bit processors provide adesktop platform that is capable of handling 
mainframe FORTRAN applications. 

Performance. The hot, new F77" code generator advances 
the performance envelope. New superscalar optimization strategy uses 
"riscification" and instruction scheduling to deliver improved performance 
on 486 and Pentium processors. The compiler can create a single, high­
performance executable which runs on 386, 486 and Pentium processors. 

PlaHorms. In a single package, F77" supports a wide range of 
32-bit Intel x86 host and target platforms. F7731 applications can fully 
exploit the graphical user interfaces of Windows 3.x and OS/2 2.x. 
~ 32-bit DOS host and target support; incl udes the DOS/4GW 32-bit 

DOS extender by Rational Systems with royalty-free run-time and 
virtual memory support up to 32Mb. 

~ OS/2 2.x host and target support; enables development of OS/2 2.x 
applications and DLLs. 32-bit Windows 3.x applications can exploit 
WIN-OS/2 using WATCOM's 32-bit Windows Supervisor technology. 

~ NetWare NLM 3.11 and 4.0 target support; includes licensed 
components of the NetWare 4.0 SDK. 

~ Windows NT host and carget support; includes a Windows NT-hosted 
debugger for 16-bit Windows 3.x, Win32s and Windows NT 
debugging; also includes Win32s target support. 

~ 32-bit Windows 3.x target support; includes WATCOM's 32-bit 
Windows Supervisor, and enables development and debugging of true 
32-bit Windows 3.x applications and DLL's. 

other platfom1s, F77i1 has ·been enhanced wi th VAX, FORTRAN 
90, Microsoft and IBM VS language extensions. F7731 supports the full 
FORTRAN 77 ANS Istandard and is compatible with IBM's SAA 
FORTRAN language definition. 

cand C++ Compatibility. Run-timecompatibility 
with WATCOM CIC++" allows you to combine C, C++ and FORTRAN 
modules in a ingle application. Seamless debugging eases development 
of mixed-language applications. 

Professional. The comprehensive proressiona1 tooiset 
includes a full-screen source level debugger, profiler, linker, librarian, object 
code disassembler, make utility, 32-bit royalty-free DOS extender, licensed 
components of the IBM OS/2 2.1 Toolkit, Microsoft Windows 3. 1SDK and 

etWare 4.0 SDK and much more. 

Price. WATCOM FORTRA 77" v9.S has a sug~ested retail price 
of $599*. Dealers may sell for less. For additional informationor to order 
direct call 1-800-265-4555. You can also call our FAX Back system 
S19-747-2693 from your fax machine for immediate product information. 

Promise. 
You can try F77" risk-free. If for 
any reason you are not completely 
satisfied with the product, simply 
return it within 60 days to the place 
jf purchase for a refund.** 

1-800-265-4555 

The Leader in 32-bit Development Tools 
415 Phillip Street. Waterloo, Ontario, Canada Telephone: (519) 886-3700, Fax: (519) 747-4971 

' Price in US dollars. Does not include lreight and taxes where applicable. · 'Some resellers rnay charge restocking fee and llmlt time period lor refund. Consult rese ller prior to purchase. WATCOM and the Lightning 
Deviceare trademarks of WATCOM International Corp. 80486 processor photo courtesy of Intel Corp. DOS/4Gand DOSltGM arc trademarks ol Rational Systems Inc. Other trademarks are the properties of their 
respective owners. Copyright 1993 WATCOM International Corp. 
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News&Views 

SILVER STREAK PRODUCTS 


NETWORKING 

Tut's 10-Mbps Telephone Cord 
Network Could Be Small-Office King 

• AUVAAUI connectors that 
attach to a network-ready 
computer: $99 each. 

• Complete Ethernet solution 
for IBM PC, Mac II, or Mac LC 
that includes NIC and Silver 
Streak Connector: 
ISA package, $199; 
Mac solutions, $249 each. 

• lOBase·T Converter: $199. 

• Single UTP Converter for 
Tut's MH series hubs: $99. 

Tut Systems, (800) 998-4888 
or (5 10) 682-65 /0; 
fax (5 10) 682-4 125. 

means it can be used in home 
offices. 

"Small offices employ over 
half the workers in the U.S.," 
says Taylor, citing U.S. De­
partment of Labor stati stics. 
"The power of networking is 
well recognized in the corpo­
rate market, yet small offices 
ha ve been very underne~ 
worked." According to Taylor, 
one of the majo r barriers to 
small -office ne t working has 
been the cost of installing a net­
work. This cost includes time 
needed to install the network 
or the ac tual expenses in hir­
ing an expert to install the net­
work. "With Silver Streak," he 
says, "we dec ided to slash that 
cost by creating a whole new 
class of installers-the users." 
Taylor added that with Silver 
Streak, you simply need to con­
nect a $99 Silver Streak Con­
nector to a network-ready com­
puter and th en co nnect the 
computers with telephone wire 
(the product a lso works wi th 
any level of unshielded twisted­
pair cable). 

"What PhoneNet did for Ap­
pleTalk, Silver Streak does for 
Ethe rnet," says Don Preuss, a 
section chief at the National In­
stitut es of Hea lth (Bethesda, 
MD) and a beta tester of Sil­
ver Streak. "It 's easy to set up; 
there 's no need to look at the 
manual. And there's not much 
more to say about it. It works 
the way they say it works." 

-D.A. 

Peer-to-peer network oper­
ating systems and network ­
ready computers can help re­
duce the aggravation that often 
comes with networking a work­
group or small office, but if you 
want to run your network at I 0 
Mbps, chances are you' ll have 
to rewire your office building. 
Most offices today that are not 
yet networked do not have suf­
ficient quality cable installed 
to support standard 10-Mbps 
networks. 

Small-office users who don't 
want to pull data-grade wire 
have turned to solu tions like 
Farallon's PhoneNet, which 
uses a regular telephone cord 
to transmit at LocalTalk (230 
Kbps) speed, but this can of­
ten prove too slow a solution 
for any office with significant 

network tra ffic . Attempts to 
push data across standard tele­
phone cable at lO Mbps were 
sidelined by numerou prob­
lems, such as common-mode 
noi se (electronic interference 
fro m other electrical devices) 
and signal distortion , which is 
why net work ing compani es 
(e.g ., Synoptics) had to con­
vi nce users that the power of 
networks was worth the incon­
venience and cost of pulling 
extra data-grade cable through 
their office walls. 

But new developments by 
Tut Sys tems (Pleasant Hill , 
CA) bring th e power of I0­
Mbps networking to compa­
ni es that prev ious ly couldn ' t 
be bothered by the complexi­
ti es of ne twork w iring. The 
company ' s Silver Streak prod­

uct line provides an off-the­
shelf 10-Mbps Ethernet imple­
mentation over plain old tele­
phone (si lver sati n) cords. The 
product's ease of instal lation 
should bring a wide variety of 
network applications to small 
workgroups and home offices 
that have shied away from in­
stalling a 10-Mbps network . 

The secret to Tut Systems' 
success is the company' s pa­
tented new balun , a device that 
puts the data signals on the net­
work wire. Tut Systems' balun 
attenuates noi e by a ra ti o of 
10,000 to 1 (typical baluns 
used in 1 OBase-T ne tworks 
achieve a ratio of about 100 to 
1), which increases network 
throughput and reliability. The 
product also meets FCC Class B 
emi ssion requirements, which 

Networked Multimedia's Business Opportunity 
25,000....----~--------~--------.--------~ 

• Europe meetings U.S. desktop 20,000 

II U.S. meetings • Europe consumer 
!!?i!! 15,000 

• Europe desktop D U.S. consumer :g 
en 10,000 
3 

1994 1995 1996 1997 199B 1999 2000 

Revenues from video-based PCs will exceed those of conventional vldeoco!Jfe{enclng equipment starting in 1996, 
according to consultancy Ovum (London). Companies lille Apple and SGI have already released video-capable com­
puters, and others wi11 soon follow. Acer America expects to release a videoconferencing PC for less than $6000 
in the first half of this year. Networb are the weakest link In the chain, but the situation Is Improving. Companies 
like Staitlght Networb (Mountain View, CAI and ProtoComm (Trevose, PAI have developed video-server products 
that Integrate video traffic Into lANs. More recently, NoveU released NetWare Video, an NLM INetWare loadable 
module) for NetWare 3.x and 4.x, and IBM delivered Its LAN Server Ultlmedla, which adds multimedia to IBM's 
OSl2 LAN Server 3.0 advanced network. Work Is also under way to pump up standard 10·Mbps networks to 
lOO Mbps. In tbe chart, meetitJgS equals conventional videoconferencing equipment; desktop equals video PCs, 
file serv.ers, and software; and consumerequals TVJCD.ROM players and TV set-top boxes. 
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WinBench"' 3.11 by Ziff-Davis Labs 

200, 

Communicate 
Faster &Easier 
Close-Up' lets you 
communicate faster & 
easier with five 

exciting tech-
nology first~. 

Close-Up IS 

c.ommumca-
tions software 
that won both 
PC Magazine's coveted 
"Editors Choice" and PC 
World's 
awards. 
has a new faster & easier 
version that allows you 
to view and control 
another PC by modem 
as if you were there! 

New Remote Software gets

Windows Speed Record 


Tests Remote Windows™Speed 
Tlris graplr slrows thespeed of tirethree leading remotecontrol 
programswlren transferring Windmus screens. As you can see, 
Close-Up /randies more pixels, faster, meaningyou spend 
less timeuxiiting for Windows screens. 

Theindustry standard test, WinBenclr 3.11, is perfect for 
testing the speedof remotes. It is au accuratemeasure of video 
t/rrouglrput. Video throug/1p11t is thelimiting factor in remote 
operations, because remoteprograms must transmit Windows 
video ftmctions from one PC to tire ollrer. 

1. AI Video Compression Close-Up uses its 
2. Photographic Memory revolutionary Photo-

the only ~emote 3. Non-Intrusive Technology graphic Memory,. 
504. Expert System

5. Video Translation that once Close-Up 
~-------~ has seen all or part of 

"Best Buy" 
Now Close-Up 

Win&mch scores 
(averageof10nms): 
C~Up 1,613,118 
/.(Anywlu:re 194,093 
CartxmCopy168,397 

Why Is Close-Up So Fast? 
Close-Up learns as it works. It uses AI 
(Artificial Intelligence) to compress all 
Windows video function calls. That's why 
Close-Up does so well in Windows 

Benchmark tests (see
WinBench 3.11 chart). 

a Windows screen, it's memorized. Then 
as screens change, Close-Up only transmits 
new unmemorized data. Incredibly, with 
this technology Close-Up gets faster & 
faster the longer you use it. 

What Remote Companies 
Haven't Told You 
Other remote programs permanentlv slow 
Windows and usually reduce your video 
resolution and depth of color, even when 
they are not in memory. That's because 
they permanently change your system.ini 
file. Close-Up's breakthrough Non­
Intrusive Technology does not modify any 
of your sensitive Windows files including 
the system.ini. Close-Up is tl1e only remote 
that when not in use, allows Windows and 
your PC to run at normal optimal levels. 

•ea ,;; 


~ert System Makes 
Communications Easy 
You don't have to be a communications 
expert to get the results of one. Close-Up 
has an Expert System that automatically 
analyzes system components and config­
ures your system for optimal speed. 

Video Transl~tion 
With Close-Up, dissimilar PCs can easily 
connect, because Close-Up senses the 
video capabilities of both PCs and 
automatically displays Windows 
in a video mode compatible 
with both sides. ~J(\~ 

Risk-Free Offer! ~ rn 
Try Close-Up. If you're ~-r. ~ 
not absolutely convinced that ~NO 
Close-Up 5.0 is the fastest remote 
program, we'll give you your money back!* 
Order Close-Up Host &Remote, a 
complete system, for only $199.95 

Upgrade your current or competitive 
remote program to new Close-Up 5.0. Get 
both sides, Host & Remote, for only $69.95 

Order Today 805-964-6767 

Norton-Lambert· 
We invilt you In rei>roduct thi5 i.st. We W<d two identical Gateway 4DXUi6V's with lif>.MHz Intcl 4860X2.(i6 O'Us, 16 MB RAM, 256KB RAM cache, 3111 MB HD, IDE controller, no lwdware disk cochc. Video: Loal 


~us ATI Ultn Pro with 2MB \IRAM,641lby 4110pixels. l6color>, VGA.ORV dated 3/10/92. Monitnr72 Hz. M5·0055.0.SMAR1DRV 2 MBc:ach<. Modems: two 14.~b.aud V.32bis. 

Test performed without milication by Ziff. All products ue shipping vmions. Winllench t:ademark ol Zill Coolmuniations Co. Windom trademark of Mlcroooft Corp. 


'60 day money-hack guan.nltt il pun:lwed dim:tly from Norton·Lambert. Offer expire 6/YJ/94. All priC<S in US Dollars. Prices exclude shipping. 
0 1991 Norion-Lambert Corp., P.O. Box 4QIS, Santa Barbara, CA 93140 USA Phone (llffi) 961-6767 Fax (llffi) oo.;679 
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Ren ering. Visualization and jlythrougbs - at )'Ollrjingerlips! Windows. II walks and talks lflindows. Behind MicroStalion 
MicroStalion offers photo-realistic rendering to every desig11e1; right in lies !be user-responsive programming you look for in good lflindows 
thesoftware. It 's easy lo makeyour image reflect your imagination. software. Version 5 gives you !be ultimate in integration ofCAD, 

engineering, and business applications. 

Modeling. Model C/11)1 swface you can imagine 
in Mil1'oStation. NURBS swface modeling combined with 
JD Boolean operationsgivesyou astounding flexibility in 
creating and modffyingfreeform models. 

Read & write 
AutoCAD .dwg 

Drafting. MicroStation 
gives youfirst-rate drafting powe1 
- without tbe limitations of old 
technology. Enjoy theadvantages 
ofcontemporaryfeatures likeassl 
ciativepallerninglbatcbing,plot 
/>review, standard text editing ani 
font.~, and conte\'t-sensitive 
Hype1·tert help. 

WorksDaces. G'lJoose the design environment 
that matct es yourprofession or your CAD e\jJertise ­
even AutoCAD. Complete with custom i11/e1faces, draft­
ing styles, and design e11viro11ment 111a11age111ent. 
CAD bas never been so streamlined! Oj 

mass
lntergr.iph® is a rrgistelt'd tr:idcmork of Intergraph Corporation. MicmStat1011® Is a reglstcn.'\I tr:idemark of llcnt!t')'S)' tcr11S Inc., :111 Intergraph :lffiliatc. 

Other br:1nd1and pro<!uct 110111cs are tr.ulemarkS of their ""Jll'Clll '0\11H?rs. Co)lyrlght 19'13 lntergr:iph Co~x1r.1lion , ll1111tsvillc. AL 3589-i-OOOI. DDAD l371l0. Moc 
point. 1 

fnr f11t11n 
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Usability. What does computer-aided 
drafting have to do witb tbe waJ1you think? 
Eve1ytbing. MicroSlalion software works.for 

·ll!J!!!l!!!--d 	you. II understands thedrafting process so 
well Iba/ it i1?fers whatyou 'II do nerl. 

Graphical

User Infe1face. MicroStation 's easy­


to-use interface includes pull-down menus, dialog boxes, tear-­
off tool palettes, and tool settings window. Choose your interface ­

Windows or lolif - on any platform. Transparent Modeless 

Operation. The software supports the way you naturallywork, maintain­


ing command execution while you fine tune: change element attributes or com­
mand parameters, manipu_late views, change the dimensioning system, and more. 


Powerful View Manipulation . MicroStation supports up to eight 

active views that can be moved, sized, and overlapped to fit your design. Zoom and area at MicroStation VS. 

any scale . Move around yo ur design fast with built-in dynamic panning. CAD software thatWork~pace Edz'tor. Tailor pull-down menus, dialog boxes, and tool palettes ­
even disable commands - with a graphically oriented toolset for customizing your chosen 
 puts you in charge. 
interface. Text Capabilities. Aconvenient text editor lets you easily edit single­
1ine or paragraph text. Choose from TrueType, Postscript AutoCAD SHX, and Call 800-345-4856 for a free 

MicroStation fonts. ASCII text files can be imported and exported. /vfultzple 
 brochure on MicroStationUndo/Redo Commands. Undo mistakes and perform "what-if' 

Version 5and the name of andesigns in a flash with unlimited undo and redo. Plotting. Plot raster and ~r 
infonnation by view or defined areas, at any scale. Visually preview the plot before Intergraph representative in 

plotting, saving time and materials. Online HELP MicroStation 's your area. 
HELP remains active, tracking the command you 're currently using, 
so there 's no searching through manua ls for assistance. 
Associative Patterning and Hatching. MicroStationAssociate patterning with graphics. Change graphics and the 


patterning updates. Flood-fi ll hatching/patterning 
 INTErG?/\?Hintelligently fills an area, detecting boundaries 
and holes with a single pick.Associative 

Circle 105 on Inquiry Card (RESELLERS: 106).Di1nensioning. Dimensions are associated 
with the geometry, not with a point in space, so that when you change 


tl1e geometry, tlie dimensions automatically update. Custom Line Styks. 

Create space-saving custom linestyles and place railroad tracks, trees, isobars- anything- just as you would place a line. 


Multi-lines. Define line string elements comprising up to 16 parallel lines of vaiying symbology and store them in a style library 
isy recall . Architects can use multi-lines for fast and easy placement and intersection cleanup of walls and partitions. 2D Boolean 
tions.Quickly modify, measure, and hatch multiple 2D shapes with integrated Boolean operations.ll1ass Properties. Calculate area and 
ies of your model: surface area, volume, mass, centroid, moments and products of inertia, principal moments and directions, and radii of gyration. 
'S. D~fine relati?nships among gra~hic entities with intuitive drawing modes such as tangent, parallel, perpendicula~ midpoint, intersection, and end 
mszon-drzverz Symbols. Based on established relationships, you can assign variables to dimensioned graphics and save the graphics as cells 
nil' nl ~rPmPnl r.h~noP<; in rlimPnsinns ;i11tn111;itir;illv rlrivP r.h;in11rs tn 11rnnhics. Dinwnsinn-rlrivrn rlrsi1111 s:ivr v:i l11 :ihlr timr in thr rlrsi1111 nf fami lirs nf 

POWeJ: TakeJ'Our pick of popular environ­
ments:DOS, Mac, Windows, Windows NT, or 
UNIX. Have a look at MicroStation on Intergraph :S 
Technical Desktop Series personal workstations. 



News&Views 
THE INTERNET 

The Importance 
of N etiquette 
S o what 's a data highway 
without billboards? Call it i"n ­
ev it able; ad verti s ing is now 
part of the Internet. 

But don · t ex pect to wade 
throu gh junk mail and com­
mercials on your computer. ln­
te rn e t use rs are divided re­
garding the idea of ads on-line. 
Even though many users enjoy 
(or at least don't mind) read­
ing in formation about products 
and services, in-your-face ad­
verti sing is destined to bac k­
fire severely, according to Eliz ­
abeth Lane Lawley of lntemel 
Training & Consul ting Services. 

Lawley says that as federal 
regulations on the Internet use 
drop away, adverti sing's main 
baJTier is users who believe that 
advertising is out o f place on 
the Internet. Adverti sers who 
don' t observe the Internet' s so­
c ia l mores, parti cularly those 
who carpet-bomb discussions 
wi th ads or se nd unsolic ited 
Uunk) mail , risk annoy ing the 
people they meant to entice. 

Adverti sers with an under­
standing of "ne tiquette" fare 
much belier. Judith Axler Turn­
er is an Internet veteran and di­
rec tor o f Chron ic le Informa­
ti on Services, the on-l ine arm 
of The Chronicle of Higher Ed­
ucation . Turner's on-line pub­
licati on, Academe This Week, 
publi shes 600- 1200 want ad 
weekly . Most o f the ads lis t 
jobs that are ava il able or de­
sired at co lleges and uni versi­
ti e . She's neve r rece ived a 
complaint ; moreover, advertis­
ers have been pleased with the 
quality of appli cati ons the ser­
vice has brought in. 

"Passive" advertising of this 
type, where information is avail­
able to those interested, works. 
So does participation in usenets 
or mailing groups: Individuals 
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affili ated with a company an­
swer questions as knowledge­
able resources on a topic (while 
including the name of their busi­
ness in their signalllre). 

The terms of the AU P (Ac­
ceptable Use Policy) formulat­
ed by th e Na ti o na l Sc ie nce 
Foundation, which oversaw the 
Internet' s backbone, excluded 

all adverti sing except fo r an­
nouncements of new products 
and services fo r research and 
educati on. But a second. par­
allel backbone run by the C lX 
(Commercial In fo rmation Ex­
change) cooperative venture is 
now in place, and it ha~ no such 
restrictions. Most Internet pub­
lic-access providers and on-line 

services offe r service over CIX 
in addition to or instead of the 
NSFNET bac kbo ne. As th e 
regul ati ons change, the fi nal 
word on adverti si ng will come 
from its users, who will dictate 
acceptable tactics for reaching 
the thousands of mi c rocom­
munities on the Internet. 

-Angela Gunn 

NEURAL NETWORKS 

Intel and Nestor o Commercialize 
Neural-Net Chip 
N eural networks, which all ow com­
puters to perform pauern-recognition func­
tions, have so far remained on the fringe of 
mai nstream computing. But an agreement 
between Intel and Nestor to commercialize 
the Nestor-des igned Ni !000 neural chip 
could change that. The Ni I 000, which con­
tai ns over 3 million transistors, can per­
form high-speed pauern recognition, from 
handprinted characters to fingerprints to 
images of targets in military applications. 

Nes tor (Provide nce, RI ) s pec iali zes in 
OCR and massively paraI le l-process i ng shown In this conceptual illustration. 

applicati ons and i headed by Nobel prize 
laureate Dr. Leon Cooper. wide variety of industries making use o f neural­

According to Mark Holler, director of Inte l's network techno logy (see the fi gure). 
neural-network group, the Ni I000 chip performs Intel is working on reducing the cost of the si 1­
I 0 billion operati ons per second and is capable icon for the Ni I 000, says Holler (p1icing at press 
of recogni zing 40,000 patterns per second , al­ time was unavail able), and eve ntu all y, it wi ll 
though other computer system bottlenecks re­ re lease an add-in card for PCs sim il ar in cost to 
duce that number substantially. Holler says that a " typical hi gh-end graphics accelerator." Inte l 
some prototype syste ms using the chip and is supporting the chip with a C library and oth­
Nestor' s OCR software, NestorReader, can rec­ er soft ware deve lopment tools. in additi on to 
ogni ze up to a few hundred handprinted char­ the NestorReader OCR soft ware. 
ac ters per ·econd. While neural networks are still a speciali zed 

Dr. Don Spec ht , consulting scientist at the segment of computing, commercial efforts such 
Lockheed Research Laboratory a beta site for a~ Intel's and Nestor's are bound to make their ap­
the Ni 1000, says that Lockheed is working on plication more widespread. The chip is expected 
target-recognition applications using four Ni I000 to ship sometime in the first quarter of this year. 
chips running on a VME board and has plans -Nicholas Baran 
fo r additi ona l space-based and commercial ap­
plications. Intel's Holler says that there are eight For more i11for111m io11, cal/ l111el 's Neura l Ne1­

beta s ite. worki ng with the Ni 1000. He sees a 1vork /-/01 /i11 e al (408) 765-9235. 

Mainstream Neural-Network Applications 

Business 
(sales forecasting. stock· 
markol prediction) 

Character 
recognition 
(lax, forms routing) 

Air-traffic control 
(olrcra ll recognition) 

Security 
(flngerprinl 
recognition) 

Finance 
(chock and slgnoturo 
recognition) 

Medicine 
(image and $ignal 
processing) 

lnteland Nestor's NllOOO chip could support a range of applications, as 



Must a 16-bit state-of-the-art sound card cost an arm, a leg and several other appendages? Must you raid 

your children's college fund to get the CD-quality audio supplied by 32 Operator Wavetable Synthesis? Must you 

fork out a sum equal to the GNP of a small European nation for Sound Blaster™ compatibility and a MIDI interface? 

In a word, no. The new ARIA 16 offers all of this, plus easy installation and a Digital Signal Processor that allows 

you to upgrade to speech recognition, for the oddly level-headed price of ~ 99 . Or, for 

a bit more, there's the ARIA 16se, featuring a SCSl-2 interface, a m ic/headset, and Inter­

play's Star Trek®: 25th Anniversary™: 3 Episode Edition with ARIA speech recognition. 

To learn more, call us at 1-800-477-3473. And give your 

ears the sound they want. Without ticking off your wallet Prometheus 
Circle 133 on Inquiry Card. 

0 1994 Prometheus Products Inc. All trademarks are proi>erty or thefr rospecUvo c.ompanier. &C. O 19g3 Patamount Pictures All Rights Resserved.. 

STAR TREK ts aReo_isterecl Trademark.of Paramount Pictures. Prome1heus Authorfzed User. 
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I n t e I ,, P e n t i u m ., + 
• Superscalar architecture 

• 	100 MIPS 

• 64-bit CPU-memory-cache data path 

• Burst mode data. transfer 

• High-performance floating-point unit 

• 132MB/sec throughput 

• Multiplexing 32-bit CPU-peripheral data path 

• Buffered expansion architecture 

• Busmastering and concurrent option support 

• Autoconfiguration of PCI options 

Add to this powerful platform high-capacity, high-speed storage- like a 1GB {8.5ms) hard disk! 

And, for high-resolution graphics, rely on a PCl-based, 64-bit MATROX MGA-11+ ACCELERATOR. 

We're talkif)g 50 MHz clock speed. Ultra-high, flicker-free 120 Hz refresh rates l Real-time CAD 
power drivers. Fast, full-screen video for Windows'." And morel 

Clock-doubling 486DX2 with 
optimized design! 

Intel's DX2 processor provides 66 MHz internal clocking, 

which pays off in enhanced Windows performance for you. 

And that's just the beginning . Every computer in 

AMBRA's latest DX2-based series comes with these 

built-in performance-boosting features: 

• 256KB direct-mapped WriteBack L2 cache 
for better hit ratio 

• Local bus IDE controller (IDE cycles concurrent 
with CPU) 

90 ml/I/on WlnMarks1. 

: 

~ 
,... 

•·· 

With these DX2 
systems. you 
ean Improve 
performan~e 
tomprrowt 

•Upgrade to 
Pentium 
OverDrlve"' 

•Move from 
VESA to PCI 
local bus 

• 	Expand memory 

It all sums up to 
workstation­
class 
performance. 

Yours, from 
AMBRA:" ata 
PC-class price! 

AMBRA 

• Integrated 32-bit, high-performance local bus 	 up to 128MB 

graphics accelerator •Add high­
• Buffered serial ports for improved modem performance capacity drives: 

under Windows greater than 
• Multimode bidirectional 528MB IDE 

parallel port 1-800-200-1468 
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PENTIUM AND 
PCITECHNOLOGV 

0DP60/PCI 
• Pentium processor, 60 MHz 
• 64-bit CPU-memory-cache data path 
• 256KB L2 cache 
• 8MB RAM, max: 128MB 
• 4 ISA, 2 PCI, 1 ISA/PCI slot 
• 540MB (12ms) IDE hard disk 
• 6 drive bays 
• Fast PCI IDE controller 
• PCI graphics accelerator, 2MB 
• 14" SVGA color monitor, LR 
• 3.5' 1.44MB diskette drive 
• Lexmark"' PSl2®-style 101 -key keyboard 
• MS-DOS® 6.2, Wind<Yws™ 3.1 , mouse 

$2,669 

f.) w/ Diamond Viper video 
plus ... 

• 16MBRAM 
• 	PCI Diamond Viper graphics 

accelerator, 2MB VRAM 
• 15• FST-NI color monitor, LR 

$3,449 

9 w/ Matrox graphics 
and more! 

• 16MB RAM 
• 1GB (8.5ms) IDE hard disk 
• 	PCI Matrox MGA II+ graphics 

accelerator, 2MB VRAM 
• 2X CD-ROM drive 
• 15" FST-NI color monitor, LR 

$4,349 

Optional onsite 
warranty from IBM: 

Just $29! 

In Canada,3 call 1·800·353·0066. Ext. 1468 

PENTIUM PROCESSOR 
WI EISA/VESA 

0DP60ENL 
• Pentium processor, 60 MHz 
• 64-bit CPU-memory-cache data path 
• 256KB L2 cache 
• 8MB RAM, max: 64MB 
• 6 EISA, 2 EISAIVESA slots 
• 540MB (12 ms) IDE hard disk 
• 6 drive bays 
• Integrated 32-bit SCSl-2 controller 
• 32-bit graphics accelerator, 1MB 
• 14" SVGA-NI color monitor, LR 
• 3.5" 1.44MB diskette drive 
• Lexmark PS/2-style 101-key keyboard 
• MS-DOS 6.2, Windows 3.1 , mouse 

$3,279 

Double-Speed Drive 
• 2X CD-ROM drive 
• Motorized tray 
• Kodak PhotoCD- and multisession­

compatible 
$199 
Double-Speed Blaster 
• 2X CD-ROM drive 
• 	SoundBlaster"!.oompatible 16-bit stereo 

sound card with CD-ROM interface 
• 2 desktop speakers 
$320 
Drive and Sound 
• CD-ROM drive 
• Pro AudioSpectrum 16-bit sound card 
• 2 desktop speakers 

$179 (limited quantity) 


Stereo Sound Upgrade 
• Pro AucfoSpectrum 16-bit sound card 
• 2 desktop speakers 

$159 (limited quantity) 


DX2 66 MHz SYSTEMS 
WI OPTIMIZED DESIGN 

0D4661NL 
• 486DX2, 66 MHz 
• Upgradable to Pentium technology 
• 256KB WriteBack L2 cache 
• 8MB RAM, max: 128MB 
• 4 16-bit !SA, 1 32-bit VL bus slot 
• Upgradable to PC! 
• 440MB (12ms) IDE hard disk 
• 5 drive bays 
• 32-blt local bus !DE controller 
• 	32-bit local bus graphics 

accelerator, 1 MB 
• 15' FST-NI color monitor, LR 
• 3.5" 1.44MB diskette drive 
• 2X CD-ROM drive 
•Lexmark PS/2-style 101-key keyboard 
• MS-DOS 6.2, Windows 3.1, mouse 

$2,419 

0 4661/VL minitower, 
w/ all the above and: 

• 16MB RAM 
• 6 drive bays 
• 7 16-bit ISA, 1 32-bit VL bus slot 

$2,779 

With every AMBRA system, you receive 
a complimentary ''Try and Buy" software 
sampler on CD~ Plus, you can take your 
pick of business, home recreation or 
entertainment CD Packs - 5 discs for 
only $79.001 

Call for details! 

[ALL 	 1- 0 0 0 
1 

Estimated PCI WfnMarks scores based on pievious Matrox testing of MGA·I usino Zitt·DavisWinbeneh 3.11, Pentium 66 MHz. 64MB RAM. 512KB cache. 72 Hz. 1,024 x768 x256 colors. ico-ROM drive required; may be purchased 
wilh system or separately. 3Please calf for details regarding AMBRA's money-back guarantee, limited warranty and optional IBM onsfte warranty. Return shipping and insurance charges are lhe respoosibility of the customer.Dnsite ser· 
vice may not be available in certain locations. •Offerings may differ in Canada. 



BLUE LIGHTNING 

BEST BUYS 


0D466BL 
• 486 Blue Lightning!" 66 MHz 
• Upgradable to Pentium technology 
• 16KB L 1, 256KB L2 cache 
• 8MB RAM, max: 64MB 
• 3 16-bit ISA, 2 32-bit VL bus slots 
• 440MB (12ms) IDE hard disk 
• 5 drive bays 
• Integrated 32-bit SCSl-2 controller 
• 32-bit graphics accelerator, 1 MB 
• 14' SVGA-NI color monitor, LR 
• 3.5 ' 1.44MB diskette drive 
•Integrated Ethernet 10BaseT 
• Lexmark PS/2-style 101-key keyboard 
• MS-DOS 6.2.-Windows 3.1, mouse 

$1,999 .... 

Q BL minitower, w/ all listed 
features of 0 plus ... 

• 6 16-bit ISA, 2 32-bit VL bus slots 
• 540MB (12ms) IDE hard disk 
• 6 drive bays 
• 2X CD-ROM drive 

$2,289 

.......... 


FIRM CONFIDENCE. 

A M B R A COVERS Y O UR COMPUT E R 

WA R RA N TY. A N D , F O R J U ST $29 A 

EXTRA-AFFORDABLE 
MODELS 

(i) D466DXA 
• 486DX2, 66 MHz 
• Upgradable to Pentium technology 
• 128KB L2 cache, max: 256KB 
• 4MB RAM, max: 36MB 
• 5 16-blt ISA slots 
• 340MB (1 2ms) IDE hard disk 
• 5 drive bays 
• 32-bit local bus IDE controller 
• 32-bit graphics accelerator, 1 MB 
• 14' SVGA color monitor, LR 
• 3.5' 1.44MB diskette drive 
• Lexmark PS/2-style 101-key keyboard 
• MS-DOS 6.2, Windows 3.1, mouse 

$1,739 

E> 466DXA minitower, 
w/ all the above and: 

• 8MB RAM 
• 440MB (12ms) IDE hard disk 
• 6 drive bays 
• 8 16-bit ISA slots 
• 15' FST-NI color monitor, LR 

$2,149 

SLIM-PRICED 
SLIMLINE 

4DS450DXA 
• 486DX2, 50 MHz 
• Upgradable to Pentium technology 
• 128KB L2 cache 
• 4MB RAM 
• 3 16-bit ISA slots 
• 240MB (15ms) hard disk 
• 3 drive bays 
• 32-bit IDE controller 
• 32-bit graphics accelerator, 1 MB 
• 14' SVGA color monitor, LR 
• 3.5" 1.44MB diskette drive 
• Lexmark PS/2-style 101-key keyboard 
• MS-DOS 6.2, Windows 3.1, mouse 

$1,595 

.................... ............. ........... ..................................... ............................................. 


WITH A 3 0 -DAY MONEY-BACK GUARANTE E AND A ONE-YEAR L I MITED 

YEA R, YOU CAN PURCHASE AN OPTI O NAL I B M ® ONSITE SERVICE 

WARRANTY BACKED BY 10 ,000 TECHNI C IANS COUNTRYWIDE!' A LSO, YO U CA N RELY ON 


EX P ERT TECHNICAL S UPP ORT-TOLL- F REE, 24 HOURS A DAY, SEVEN D AYS A WEEK­


R E GAR D LESS O F THE WARRA NTY Y O U 

fREE CUSTOMllATIDN. 

We' ll custom-con fi gure to your 

exact specs - w ith no extra 

service charge or delay. 

C H O OSE. 

Full convenience. 
Our lines are open weekdays 8 am to 11 pm, 

weekends 10 am to 7 pm (ET). We accept major 

credit cards, as well as purchase orders from 

qualifying businesses. Pick up the phone today! 
 AMBRA 

- 2 0 0 -1 4 6 B 

© 19S4 AMBRA Computer Corporallon. AMBRA is atrademark ol ICPI Ltd. and used under license therelrom. The AMBRA logo and logotype are trademarks ol AMBRA Computer Corporation. IBM and PS/2 are registered trademarks and 

Blue lightning is a trademark ol International Business Machines Corporation. Intel is aregistered trademark and Penllurn and OverDrive are lrademarks ol lnlel Corporation. MS-DOS is aregistered trademark and Windows Is alrade· 
mark of Mlcrosolt Corporation. Lexmark is a trademark of Lexmark lnlernallonal. Inc. All olher product names aro trademarks or registered trademarks of their respective suppliers. Offerings, prices and products are subject to change 
without prior nolicc. Prices do not Include shipping. 
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News&Views 

COMMUNICATIONS 

BINARY FILE TRANSFER IN FAX 
THE GOOD 

It eliminates OCR.Fax Gets aFace-Lift 

m o ro s table 

T he great .things about fax 
are that it's easy to use and 
practically every business has 
one. However, if you need to 
transfer an editable word pro­
cessing, spreadsheet, or image 
file, fax falls flat: The process 
of converting a bit-map fax im­
age into a file that you can edit 
with your word processor or 
route to a network database 
places a heavy burden on OCR 
programs that usually can't ap­
proach I 00 percent accuracy 
when recognizing a free-form 
document. 

This spring and summer, de­
velopers will release a new 
wave of products that give fax 
a face-lift by adding binary­
file-u·ansfer capabilities, lt:Lting 
you send files-even files with 
sound and video-in their orig­
inal format. "With binary file 
transfer, we want to take docu­
ment-image communication 
and change that to document 
communication," says Richard 
Holder, product marketing 
manager at WordPerfect's con­
sumer-products group. "We 
want to get rid of that whole 
[OCR] conversion step." But 
as often occurs, developers will 
have their pick of two stan­
dards to support, in this case 
one by the international ITU 
(formerly CCITT) standards 
body and the other by Mi­
crosoft. 

Developers of fax software 
say that in many ways, the bi­
nary-file-transfer fax portion 
of Microsoft's At Work archi­
tecture is better defined than 
the ITU's evolving T.434 stan­
dard. The fax component in At 
Work, which is currently in­
cluded with Windows for 
Workgroups 3.11, is more se­
cure, supporting password and 
public-/private-key encryption, 
as well as digital-signature ver­
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ification. Developers say that 
the At Work fax transport used 
for fax LAN routing and for its 
implementation of negotiation, 
in which a sending device 
seeks out the receiving device's 
capabilities and then stores it 
for future reference, is a lso 
more robust. "At thi s time, the 
Microsoft binary file transfer 
is richer," says Jennie Wan­
Mernyk, director of marketing 
at OAZ Communications (Fre­
mont, CA). But vendors who 
choose to support Microsoft's 
binary fax so lution in their 
products will also have to pay 
royalties to Microsoft. 

The TR-29.1 committee of 
the Telecommunications In­
dustry Association is working 
on improving the key open is­
sues of implementing the 
T.434 standard, which are file­
attribute negotiation and im­
proving interoperability among 
different manufacturers' de­
vices, according to James Raf-

WHY USERS SOMETIMES FEAR UPGRADES 


A recent survey conducted by Help 
Desk Institute (Colorado Springs, COJ 
indicates that upgrades are the most 
likely reason for an Increase in sup­

port calls. Over 3500 Help Desk In· 
stitute members were asked to name 
the three most likely reasons for any 
increase in calls, as well as the three 

most 6kely reasons for a decrease 
in calls. The DMTF (Desktop Man­
agement Task Force), an organiza­
tion of about 300 hantware and soft­
ware vendors, Is working on a variety 

of efforts to decrease the number of 
incoming calls, Including the estab­
lishment of a standard set of APls 
that access desktop systems, com­
ponents, and peripherals to bring in· 
teroperability and management to 
~esktop computing. 

forty, president of 
the communica­
tion s consulting 
firm Human Com­
munications (Dan­
bury, CT). "T.434 
wi ll be a royalty­
free so lutio n for 
vendors to imple­
ment," Rafferty 
says. Another point in T.434' s 
favor is that it is a multiple­
platform standard, not a Win­
dows-only solution. 

"We wanted to get binary 
file transfer out there today, 
and so we implemented bina­
ry file transfer on top of T.30 
[the current ITU fax s ta n­
dard] ," says Suzan Fine, prod­
uct manager at Microsoft· 
digital office systems group. 
"But T.434 will slowly be bet­
ter defined. If it is widely im­
plemented in the future and i 
compatible across implemen­
tations, we may support it. " 
Most developers we surveyed 

Reasons for an Increase in Support Calls 
Poor u ser 

Increased 
a w a re n ess 
o f h o lp d osk 

Reasons for aDecrease in Support Calls 
R ecurrin g 
proble m s solvo d 

Fax can contain multimedia files not 
just bit-map images. 

In-bound routing can direct a fax to its 
proper destination on the LAN. 

THE NOT-SO-GOOD 

It is more useful for computer-based fax 
than stand-alone fax machines. 

Microsoft and the ITU support different 
standards. 

It requires error-correction support. 

aid they are closely follow­
ing T.434 and At Work and 
may support both standards in 
upcoming products. 

Whichever standard wins in 
the market, however, binary 
file transfer could make fax 
even more attractive as a uni­
versal communications medi­
um. John Willcutts, vice presi­
dent of engineering at Atlanta­
based Sofnet, which sells fax 
programs for DOS, Windows, 
and OS/2 says that, once wide­
ly supported, binary file trans­
fer could upgrade fax to " the 
ultimate file transfer of all 
time." -D. A. 
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DOS6w/o MemMaker 

ii. 
:-12 

QEMMcomes with the ·"w 
new version ofManifest ., 

the award-winning 
memoryanalyzer that 

helpsyousee howyour 
PCwocks. manager you.6l. 

Its the utility that finds memory 
when nothing else can. 

I 

Circle 135 on Inquiry Caret 

Quarterdeck Office S~terns, 150 Pico Boulevard, Santa Monica, CA 90405 (310) 392-9851 Fax (310) 314-4219 
Quarterdeck International Ltd, B.I.M. House, Crofton Terrace, Dun Laoghaire Co. Dublin, lrelarid Te).(353) (1) 284-1444 Fax: ~353) (1) 2844380 
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Some ofour best ideas 


Our international chefs have been firmly grounded in the fine art of providing you with 
it's our staff on the ground or our crew in the air, you'll receive the same high level ofattention. It's the 



on service will never fly. 

J 

outstanding cuisine. At British Airways, our idea ofservice starts long before you ever take off. Whether 

way we make youfeel that makes us the world's favourite airline. 


BRITISH AIRWAYS 

-----------Theworlds favourite airline~ _____________, 

Circle 76 on Inquiry Caret 



News&Views 

OBJ ECT OP E R AT IN G S Y STE M S 

Alliances Could Mean 
Better Integration 
Following close on the heels 
of Sun M icrosys tem 's dea l 
with Next to incorporate the 
applications development lay­
er of NextStep into the Solaris 
operating system (see January 
BYTE, page 148), Microsoft 
and DEC say they will inte­
grate DEC's Object. Broker dis­
tributed-object system with Mi­
croso ft' s OLE tec hnology . 
Microsoft says the agreement 
will let Windows- and OLE­
supported Mac applications 
seamlessly access data and ob­
jects on a variety of platforms. 

These deals reflect the grow­
ing need for seamless integra­
tion between operating-system 
platforms. DEC's Object Bro­
ker runs on man y Unix plat­
forms (e.g., HP-UX, SunOS, 
AIX, OSF/l , and Ultrix), and 
on Windows, Mac, and VMS. 
Object Broker is a development 
ki t that lets developers write ap­
pl ications that can communi­
cate with data and applications 
on other platforms that support 
the Object Broker interface. 

ln the agreement wi th Mi­
crosoft, DEC wi ll in tegrate 
OLE into Object Broker, fonn­
ing an architecture called COM 
(Common Object Model). For 
example, COM will let a Win­
dows application running on a 
client PC or a Mac application 
supporting OLE directly access 
data being generated on a Unix 
server . M icrosoft and DEC 
demonstrated a PC running an 
Excel spreadsheet being up­
plied wi th data from a stock­
ticker application running on a 
remote Unix-based system. 

Sun ai ms at a simi lar objec­
tive in its deal with Next. Next­
Step offers an object-oriented 
development environment that 
will be incorporated into So­
laris, while Sun brings its net­
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working and distributed-object 
technologies to the ta ble. With 
Solari s running on Inte l ma­
chines, Sun hopes to provide a 
similar level of integration and 
seamless data access across 
platforms as that proposed by 
the COM specification. 

Both ag reements a re just 
that-agreements rather than 
working products. According 
to Microso ft 's OLE product 
manager Dav id Seres, Mi­
crosoft and DEC wi ll distrib­
ute the COM specificat ion in 
the first quarter of this year and 
will have an alpha version of 
the Object Broker- OLE prod­
uct in the second quarter. 

Sun declined to announce a 
schedul e fo r its so-called 
"OpenStep" implementation. 
F urthe r d e tai ls will be an­
nounced in Apij l. 

One thing working in Sun's 
favor is NextStep's application 
deve lopme nt enviro nme nt. 
"This is not technology under 
development," said Next chair­
man and CEO Steve Jobs about 
NextStep, which is already on 
its third release. "It's tec)mol­
ogy that's been really battle­
tested and industry-acclaimed." 

John Rymer, an analyst with 
Patricia Seybold 's Group, says 
the Sun/Next deal is a major 
step forward for NextStep. HP 
recently announced it will in­
tegrate Taligent 's Application 
and Development Frameworks 
into HP- UX and join Apple 
and IBM as a minority share­
holder. But these frameworks 
won ' t ship until later this year. 
"Specification arise from ship­
ping products and Next has a 
lot more out there than does 
Taligent," Rymer says. "This 
is an important tep for Next 
reaching industry recognition." 

-N.B. 

Phar Lap's TNT Adds Life to MS-DOS 

Every time It looks like MS-DOS has overstayed Its welcome and Is 

about to be shouldered out by a bigger and better operating system, 
something comes along and suddenly, DOS doesn't look so bad. The lat­

est development of this nature Is Phar lap's TNT DOS-Extender, a 

much-expanded version of that company's 3861005-Extender product 

What makes TNT special (and what gives It Its namel Is that It's a DOS­
exlender Injected with Windows Ni's nongraphlcal OJOC1ies. Think of 1NT 

as Windows NT without the Win· 
dows part: multiple processes, 

threads, semaphores, virtual 

m8fl10IY, memory-mapped files, 
and even DLLs. Once compiled 

with lNT, your program can run 

unchanged as a DOS, Windows 

3.x, or native character-mode 

NT application. TNT supports a 
subset of the NT API, so It's 

_........_ with Microsoft' 32 

com""u""" s • 
bit Visual C++ complier. Mi­

0- 1200 1ppllcatiol1S 111'8 buBt with 
ftl'Sloas of Phlr lap's extender, ruclnc 
from CAD to database to games Ille 
Access Software's Links 386 Pro for DOS. 

crosoft even licensed NT's floating-point emulation library to Phar lap 
so that .a TNT application you run under DOS will give you Identical 

floating-point results when you run It as a native NT program. 

Currently, although TNT Is compatible with Microsoft's 32-blt Visu­
al C++, MetaWare's High CIC++, and Watcom's CIC++ 32 las well as 
other language compilers such as Lahey FORIRAN), only Visual C++ al­

lows access to the NT components of TNT. You can use the other com­
pilers with TNT to create 3861005-Extender-compatlble applications 

(referred to as lJOS..style programsI. Look for more compilers to proylde 

the NT support for TNT In the near future. 
Microsoft uses 1NT as the DOS-exlender that drives the DOS c:ommand­

ine versions of its 16-bit and 32-blt Visual C++ compilers. Denis Gilbert, 
Microsoft's general manager of the Visual C++ business untt, sees 1NT 
as a way for developers to hedge their bets. "Developers can build 32· 

bit applications that run on DOS and Windows today and will run un­

changed in NT tomorrow." Furthennore, Gilbert points out that 1NT al­
lowii companies ID deYelop NT-style appllcatlons that can run on hardware 

(e.g., 386SX laptops) that may simply be unable to support NT. 

The TNT deyeloper's kit Is $495-that gets you the extender, as­
sembler, linker, librarian, and two debuggers (Including the 32-blt Yef'o 

sion of Microsoft's CodeVlewl. Ifyou want ID distribute your appllcallon, 

however, you've got to purchase the $1995 run-time kit to bind the 
extender into )'Olll' executable fie. The run-time kit also Includes a license 

for distributing your appllcation's first 1000 copies (Phar Lap Soft. 
ware of Cambridge, Massachusetts, 16171 661·1510, tells me that 
price Is negotiable.) 

Of course, It's tempting to wonder about lNT's lifespan. Couldn't the 

widespread acceptance of NT or the ll10Yen1ent of advanced 32-blt fea· 
tures Into future versions of DOS simply obviate It? Possibly, but 1NT Is 
here now, and the applications you build with It will run In 32-bit glory, 

Immune to the evolution of DOS or NT. 
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POOR OLD MOUSE. 

. MARC: H 16. 23, 19 94 

Presentations ~'-BR'94 
Special Reseller at the ShoW ~~M M o " £ R 

Hall 9, Booth HOS 

Most of the time all mice are nice and fine for pointing around. But when it 

comes to inputting graphics or logos into any application or any CAD package, 

they are hopeless. They just can' t - and so you can't. No way. 

Problem? Yes and no. It depends - you may shrug your shoulders and soy 
 PROBLEM"Well, I' ll neverdo CAD and I just never want to input any sketches, logos, or 

photos into my computer anyway."Or-you feel that isn't good enough after SOLVED. 

all the money you have invested and all the nice things you know you could 

do today with your own graphics once they were in the computer. 


North America: United Kingdom: Head Office: 
ARISTO Graphic Systems ARISTO UK LIMITED ARISTO Graphic Systeme GmbH &Co. KG. 
ADivision of KOH+NOOR Inc. TOS House Schnockenburgollee 117 A 
JOO North Street, P.O. Box 68, TerraceRoodSouth,Binfield 0- 22525Homburg LL IN ONE. 
Bloomsbury, NJ 06804 •0068 Bracknell RGl 2 5BH (Germany) 
Tel: (800) 631 -7646 Tel: (0344) 306 936 Tel: (040) 547 47-2 26 
Fox: (908) 479 · 1513 Fax: (0344) 306 936 Fax: (040) 547 47-111 Mouse, Digitizer Tablet, Drawing Board 

Circle 192 on Inquiry Card (RESELLERS: 193). 



DSP Market Forecast WortdwideNews&Views 
DSP DEVELOPMENT 

Zycad Reduces DSP Time to Market 
D sP (digital ignal proces­
sor) technology is showing up 
in product ranging from mo­
dems to cellu lar te lephones to 
computers. As the DSP com-

Zycad's Paradigm RP lets DSP developers lest and 
simulate complex DSP designs prior lo committing 
these designs lo silicon. 

petition heats up, chip designers 
are looking for a development 
system that helps them get a 
tested design to market fa t and 

inexpensively. A new product 
from Zycad (Fremont, CA) 
called the Paradigm RP lets 
DSP developers test and simu­
late complex DSP designs pri­

or to committing these 
DSP designs to silicon. 

The Paradigm RP sys­
tem, which is based on a 
30,000-gate module con­
taining high-speed, elec­
trically reprogrammable 
Xilinx 4010 FPGAs 
(field programmable gate 
arrays), not only lets de­
velopers save money by 
not having to actually 
build the chip to find 
bugs, it also lets them test 

software that will run on the 
DSP, resulting in a faster time 
to market for both the chip and 
supporting software. 

"In many cases, you 
can really only assess 
the quality of a design 
with a real-time test , 0 Preprogrammed B FASIC~
says Johan Van Ginder­

Source: Forward~ (Tempe, AZ), a matket­deuren, product manag­ 19M8n:h finn lhal lrldc8 OSP and multimedla technology. 

er at Philips ICTL (Leu­
ven, Belgium). This is because 
emulating the DSP in software 
would have resulted in audio 
that sounded something like a 
78-rpm record being played at 
33 '/3 rpm. Philips recently used 
a Paradigm RP to emulate a 
DSP-based audio system. 

Ginderdeuren said that the 
Paradigm system could save 
developers the average of two 
to four months required to do a 
single redesign to fix a bug in a 
chip that was already manu ­
factured. 

Will Strauss, president of 

3.0 

0.5 

0 

DSPs generally come In two forms: 
programmable DSPs or preprogrammed 
FASICs. 

Forward Concepts (Tempe, 
AZ), said the Zycad system 
will have the greatest impact 
on preprogrammed FASICs 
(Function and Algorithm Spe­
cific ICs). Strauss says the Par­
adigm RP's ability to simulate 
DSP functionality in real time, 
combined with its ability to 
emulate a wide variety of DSP 
designs, makes it unique in the 
market. "It 's a refreshing new 
approach." -D. A. 

1994 1995 1996 1997 

COMMUNICATIONS SOFTWARE 

Not Just for File Transfer Anymore 

B ack in simpler times (in 
the 1980s), communications 
software meant programs that 
coaxed your modem into dial ­
ing up an on-line se rvice or 
BBS. Today, it 's likely to mean 
a good deal more. A new crop 
of integrated communications 
software is merging data, fax, 
fil e transfer, remote control, 
and even vuit:t:-ina il functions 
into a single program. 

To a large degree, commu­
nica tions software is merely 
following the hardware. Most 
of the modems sold today in ­
clude fax features as we ll as 
basic data function , and by 
1997, about half of them will 
have voice capabi lities as well , 
according to BIS Strategic De­
cisions of Norwell , Massachu­
sells. Not surprisingly, modem 
makers would like to bundle a 
sing le communications pro­
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gram that can manage all these 
functions, instead of shipping 
multiple packages. Meanwhile, 
buyers benefit from easier in­
stallation, no port conflicts, a 
consistent user interface across 
several types of communica­
tions activities, and the lower 
cost of buying only one pro­
gram. 

" Many of our customers 
were di ati ·fied that they had 
to deal with multiple commu­
nication products to meet their 
needs," notes Mark Eppley , 
chairman of Traveling Soft­
ware. "One customer was us­
ing seven separate programs 
for communication. So we put 
it a ll together in response to 
them." 

CommWorks from Travel­
ing Software is joined by other 
integrated Windows commu­
nications programs, including 

Delrina ' s Communi­
cations Suite, Bit Soft­
ware's BitFax Profes­
sional, and a number of 
less elaborate pro­
grams, such as Smith 
Micro's QuickLink 
Gold for Windows 
($99.95, (714) 362­
5800), which combines 
data, fax, and OCR ca­
pabiJities. 

If this flurry of com­

munications mergers is 
any indication , more 
such programs are on 
the way. "Software so­
lutions integrating var­
ious communication media 
will be abundant in 1994," ac­
cording to Janet Fugazzollo, a 
BIS senior analyst. "The next 
generation of packages sup­
porting mixed media will be 
network products , such as a 

u 

COMPLETE COMMUNICATIONS SOLUTIONS 

Bitfax Professional 3.0 for Wmdows ($129). 
Combines fax, OCR, and data communica­
tions including terminal emulation and voice 
mail , if you have a modem that supports voice. 
Bit Sofrware, Fremolll, California, 
(510) 490-2928;fax (510) 490-9490. 

Delrina Communications Suite for Windows ($179). 
Combines fax and data communications, in­
cluding terminal emulation, with virus detec ­
tion, predefined scripts for accessing eight on­
line services, and optional fax broadcast 
through MCI Fax Broadcast Service. 
Delrina Software, Toronto, 011tario, Canada, 
(416) 44/-3676;Jax (416) 441-0333. 

CommWorks for Windows LO ($199.95). 
A combination of five separate DOS and Win­
dows programs, including file transfer, remote 
acccs , terminal emulation, fax, and an alen 
utility. 
Traveli11g Software, Bothell, Washi11gto11, 
(206) 483-8088; fax (206) 485-6786. 
~--------------~ 

fax, voice, E-mail, and data 
server," she says. 

The rapid development of 
wireless modems will no doubt 
prompt support for tetherless 
dialing and faxing, too. 

-Christopher O'Malley 



MANUFACTURING 

THE ART OF BUILDING PENTIUM'MPROCESSORS 



APATTERN OF 
FASTER PROCESSORS. 

In 1971, Intel astounded 
the electronics world 
with the first 
ffilcroprocessor­
the 4004 processor. It 
was a single silicon chip 

that contained 2 300 transistors and 
calculated 60,000 instrnctions per second. 
Today, our Pentium'M processor, only 
slightly larger, contains over 3.1 million 
transistors and calculates 100 million 
instructions per second! 

How does Intel increasingly pack so 
much more computing power onto a chip 
the size of your thumbnail? 

Advanced design techniques combined 
with advanced manufactwing techniques 
are the keys. Developing higher pe1f01mance 
processors relies heavily on how many 
transistors can be integrated on a chip. So 
it's critical these two technologies work 
m uruson. 

Processor manufacturing is a highly 
complex process involving many steps, 
beginning with design and ending with 

final testing. In this 
Technology B1iefing, 
we'll examine the 
wafer fabrication 
process and show 
you how we con­
struct the Pentium 
processor from the 
ground up. 

W HERE IT BEG INS. 

SILICON , TH E PRINCIPLE INGRE­

DIENT OF SAND, FORMS THE BASE 

UPON WHICH ALL PROCESSORS ARE 

BUILT. FIR ST. THE SILICON IS 

REFINED TO 99.999999% PURITY, 

THEN MELTED ANO FORMED 

INTO SINGLE, CRYSTALLINE 

INGOTS. THE INGOTS ARE 

SLICED INTO THIN 

WA FERS AND THEIR 

SURFACE S ARE 

POLI SHED TO A PERFECT­

LY SMOOTH, MIRROR FINISH. 

ONE SILICON WAFER CAN PRO­

DUCE OVER 100 PROCESSORS. 

B UILDING 

THE PROCESSOR. 

EACH PENTIUM PROCESSOR IS CON­

STRUCTED LIKE A MULTI-STOR Y 

BUILDING , WITH MULTIPLE LAYERS 

OF MATERIAL COMBINED TO CREATE 

A SINGLE, COMPLEX UNIT. TO 

CREATE A LAYER, A TECHNIQUE 

CALLED PHOTOLITHOGRAPHY IS 

EMPLOYED. PHOTOLITHOGRAPHY 

TRANSFERS THE TRANSISTOR ANO 

CIRCUIT DESIGNS TO THE WAFER 

ONE LEVEL AT A TIME. 

How EACH LAYER 

IS MADE. 

I.MASKING. 
FIRST, A SMALL STENCIL-LIKE PAT­

TERN, OR M AS K, REPRESENTING 

THE SCHE M ATIC DESIGN OF THE 

CIRCUIT IS CREATED FOR EACH 

LAYER. IT WORKS MUCH LIKE A 

NEGATIVE IN PHOTOGRAPHY, 

IMPRINTING A PORTION OF THE 

THE PENTIUM 

PROCESSOR : 


A CLOSER LOOK. 


THE PENTIUM PROCESSOR CON­

TAINS 20 MICRO-THIN LAYERS 

OF MATERIALS SUCH AS SILICON 

DIOXIDE, ALUMINU M AND 

TUNGSTEN, ALL BUILT UPON A 

SILICON WAFER . EACH LAYER 

HAS A UNIQUE PATIERN. WHEN 

COMBINED WITH THE OTHER 

LAYER S, THEY FORM THE M IL­

LIONS OF TRANSI STORS AND 

CIRCUITS THAT M AK E UP THE 

PROCESSOR ' S ARCHITECTURE. 



2. EXPOSURE. 

DEPENDING ON THE 
VARIOUS COND LAYER,

UCTING 
LATING MATE OR INSU­

RIALS A 
DEPOSITED O RE THEN 

MASK IS PLACN THE WAFER. A 
ED OVER 

AND ULTRAV THE WAFER 
IOLET LI 

THROUGH IT S GHT IS SHINED 

EXPOSED A ' OFTENING THE 
REAS ( S 

INSET • EE PHOTO 
' BOTIOM LEFT. ) 

3. ETCHING. 

CHEMICAL SOLV 
REMOVE 0 ENTS THEN 

NLYTHEM 
WAS EXPOSE ATERIAL THAT 

D TO THE U 
THIS LEAVES V LIGHT. 

RIDGES 
IN THE PATIE OF MATERIAL, 

RN OF TH 
THE SILICON E MASK, ON 

BASE T 
PROCESS IS T • HIS ENTIRE 

HEN REP 
THE REMAI EATED FOR 

NING Cl 
OFTEN, THESE RCUIT LAYERS. 

THICKNESS LAYERS ARE THE 
OF A BACTERIUM CELL! 

TTHETRAN S ISTOR· 
HE BUILOIN • 

OF PROCES G BLOCKS 
SORS. 

THE TRANSISTOR I 
BAS IC COMPO S THE MOST 

NENT OFT 
SOR. THIS CRO HE PROCES­

PHOTOGRAP SS-SECTIONAL 
H HAS BEEN 

25,000 TIMES MAGNIFIED 
TO SHOW 

MULTIPLE HOW THE 
LAYERS ( 

EACH TRANSISTOR LEFT) CREATE 

CONTROLLED • EACH ONE IS 
BY ITS 

WHICH ACT GATE (G ) , 
S LIKE AN 

SWITCH TUR ELECTRONIC 
NING THE 

ON AND OFF T TRANSISTOR 
• HIS AL 

REPRESENT 	 LOWS IT TO 
BINARY I ' S AND O'S . 

FROM WAFER TO 
AFTER HAVING PACKAGE. 
LASERS CUTT GONE THROUGH OVEK HE WAF R 250 S

NOWN AS DIE. EAC ER INTO INDIVIDUAL TEPS , SPECIAL 

TECTIVE PACKAG H DIE IS THEN IN S PROCESSORS, 

CONNECT TO OT E CONTAINING PINS ERTED INTO A PRO­
HER DEVICES. WH ICH ALLOW IT TO 
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IN 1965, INTEL CO-FOUNDER GORDON MOORE PREDICTED 

TRANSISTOR DEN SITY ON MICROPROCESSORS WOULD 

DOUBLE EVERY TWO YEARS . THIS PREDICTION, SO FAR, 

HAS PROVEN AMAZ INGLY ACC UR ATE. IF IT CONTINUES, 

I NTEL PROCESSORS SHOULD CONTAIN BETWEEN 50-T0-100 

MI LLION TRANSISTO RS BY THE TURN OF THE CENTURY AND 

EXECUTE 2 BILLION INSTRUCTIONS PER SECOND. TO MEET 

THAT CHALLENGE, INTEL IS ALREADY DEVELOPING NEW 

TECHNIQUES TO FABRICATE THESE COMPLEX PROCESSORS. 

WHAT THE INTEL 
 And fina lly, every Intel 
processor undergoes over 
one million functional 
tests to make sure it meets 
Intel's standards for perfor­
mance and reliability. 

INVESTING 

IN TECHNOLOGY. 

To ensure you're always 
getting the most advanced 
processing technology, 
Intel invests heavily in the 

INSIDE®LOGO 
REALLY MEANS. 
COMPATIBILITY AND 


RELIAB I LITY. 


This year, Intel will pro­
duce over 30 million 
processors, more than one 
processor every second. 
To achieve such high levels 
of production and still 
ensure quality, painstaking 
steps are taken to guarantee 
every processor is iden­
tical, and also compatible 
with over 50,000 software 
applications. 

To begin, wafers are 
fab1icated in "clean 
rooms'.' These pristine 
environments prevent 

microscopic particles from 
dan1aging the wafers. 
Unlike a nom1al room, 
which contains some 15 

million dust particles per 
cubic foot, an Intel clean 
room contains less than I 
dust pmticle per cubic foot. 
That's why Intel workers 
wear 'bunny suits" in the 
clean rooms. 

Each new processor is 
also designed, manufac­
tured and tested to be 
backwardly compatible 
with eve1y other Intel 
processor, all the way back 
to our 8086 processor. 

latest equipment and tech­
nology available. Each 
fabrication plant costs over 
SI billion to constmct, yet 
is considered obsolete after 
just five years. That's how 
fast lntel is evolving its 
processor technology mid 
one of the key reasons why 
Intel is the world's #1 semi­
conductor manufacturer. 

FOR A CLOSER LOOK AT AN INTEL \11CROPROCESSOR DTE OR 


FOR INFORMATION ON PAST TECHNICAL BRIEFlNGS, CALL 1-800-955-5599 AND ASK FOR 


LITERATURE PACKET #74. WE'LL SEND IT TO YOU ABSOLUTELY FREE. 


t'.0 1994 Intel Corpor.uiun. 

intel® 



ACache-Memory Primer 

BOB RYAN

ACHE 
A s you learn in any introduction to computer sc i­

111E • Mrnottv ence, a computer consists of a processor and 
memory. The past decade has seen an order-of-magni­~ ~OOK tude increase in the speed of processors, as measured by 
clock speed, and a much smaller increase-on the or­
der of two or three times-in the access speed of mem­
ory. This imbalance has a negative effect on perfor­
mance because it means the processor is often idle 
while it waits for memory accesses to complete. Cache 

memories lie between the processor and memo1y and keep the former busy by pro­
viding very fast access to a subset of the latter. 

Because of its critical role in high-performance systems, cache-memory tech­
nology is evo lving rapidly. In The Cache Memory Book, Jim Handy, who is 
DataQuest's senior industry analyst for memories in its semiconductor group, tries 
to provide a reference for both the theory and practice of current cache-memory 
design. That he is doomed in the latter pursuit he recognizes early (" .. . this book 
cannot hope to keep up with all new advances.") and often ("Even as I write 
this section, it is becoming somewhat outdated."). The fact that its examples are 
a bit dated does not detract, however, from the major achievement of this book: 
It presents a lucid, lively look at the theory of cache memories and of the many 
interrelated decisions that confront cache-memory designers. 

My major complaint about the book is that it is too short. Handy has written a 
book for systems designers, so he doesn't concentrate on some interesting issues 
that are out of their hands. For example, he devotes little space to cache types (i.e., 
whether a cache operates on physical or virtual addresses) because this issue is 
the province of the processor designer. Still, I wanted to see more about cache 
types, particularly on primary caches that mix virtual tags with physical set bits. 
In addition, the examples he details in the last chapter are all uniprocessor systems. 
With multiprocessor support showing up in more and more desktop operating sys­
tems, an example of a multiprocessing system wou ld have increased the value of 
the book. · 

While written with the professional designer in mind, this book is easily ac­
cessible to interested laypeople. Its explanations about how caches work and 
the different policies that must be addressed by a cache designer (e.g., associativity, 
write-back versus write-through, and line size) are among 
the best I've ever read. If you need to know how cache- THE CACHE MEMORY BOOK 
memory systems work, read The Cache Memory Book. • Jim Handy 

Academic Press 
IS8H 0.12-322985-5

BYTE technical editor Bob Ryan likes ro read books abnw micro­
processors, memory, buses, and, yes, cache design. He can be $44.95 
reached on tire Inrem er or BIX at b.ryan@bix.com. 

MULTIMEDIA PRODUCTION 
THE MULTIMEDIA PRODUCTION HANDBOOK FOR THE PC, MACINTOSH, AND AMIGA 
by Tom Yager Academic Press Professional, ISBN 0-12-768030-6, $35.95 

I n The Multimedia Production Handbook for the PC, Macintosh, and Amiga, 
Tom Yager (former director of BYTE's Multimedia Lab) provides a hands-on 

review of modem multimedia production. This is not a book about general con­
cepts. You ' ll learn about the latest packages, explore computer hardware, and be­
come fluent with the terminology. Yager shows that beginning with multimedia 

CD-ROM FUN 

AT ITS BEST 


MYST Broderf>und Software, Inc., P.O. Box 6121, 


Novato, CA 94948, (415) 382-4400; 


fax (4151 382-4582, $60 


I f you like a good mystery, you' II get 
your money's worth from Myst. 

Placed abruptly in a strange, abandoned 
island world, you are left to discover its 
secrets and a way to leave. The docu­
mentation purposely gives you little guid­
ance, except that you should try every­
thing and look everywhere. If you get 
stuck, an envelope holds a few precious 
hints. 

As yo u wander about, you pick up 
clues about this fantastic world; look first 
for a handwritten note. You have no com­
plicated controls or menus to deal with; 
you simply point and click to where you 
want to go. The pointer turns into a hand 
when it is placed on an item you can pick 
up or grab. A zip feature lets you move 
more quickly from one location to an­
other. Both the Mac and MPC Windows 
versions work identically. 

Without giving away too much of the 
story, the island Myst is a base for en­
tering and exploring other worlds. These 
worlds each have their own theme; there 
are, for instance, a water world and a me­
chanical world. The means by which you 
reach these other worlds involve a bit of 
science fiction and , it seems, magic. 

It is easy to get hooked on Myst. Two 
years in the making, it features stunning, 
highly detailed graphics. An original 
sound track plays unobtrusively in the 
background. At certain points, video clips 
are seamlessly integrated into the art­
work. From technical and pure enter­
tainment standpoints, Myst sets a new 
standard of excellence. 

-Michael Nadeau 
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FAX: +49·721/3n455 FAX: (301) 570·4773 
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.. 
is not very difficult. All you need is perse­
verance. 

PC . Madnl:n)h . The Multimedia Prod11crio11 Handbook -Amll!J 
covers the PC, Mac, and Amiga in depth, 
with critiques as to which is best suited for 
specific types of work. You ' II quickly con­
clude, and rightly so, that there is no" ulti­
mate" multimedia computer. Perhaps you'll 
decide on the PC for excellent audio selec­

tions, or the Mac for brilliant graphics, and there's no compari­
son for the Amiga's Video Toaster special video effects. 

Aside from some introductory background and overview ma­
terial , the book is grouped into four section : Presentation Graph­
ics, Audio, 3-D Graphics and Animation , and Video. A con­
cluding Resource Guide provides sources for all the products 
mentioned in the book, as well as numerous other products for 
which space was not available. You can send for a videotape 
that provides a multimedia illustration of each chapter. 

Yager 's conversational writing style easily leads you through 
the complex decisions that proper use of multimedia requires ­
should you go for a simple presentation or give in to the urge 
for flashy graphics? does DAT (d igi ta l audiotape) or MIDI pro­
vide better sound? at what point does animation outstrip your 
processor ' s ability to cope? There 's also good advice on how to 
gear a presentation to your audience, trnveling with your computer, 
and des igning presentations when you don ' t know what the dis­
play hardware wi ll look like. 

The Multimedia Production Handbook takes you step-by-step 
through the design, development, and delivery of multimedia 
presentations-whether on slides, computer screens, or videotape. 
Even if you're only vaguely fami liar with computer technolo­
gy, Yager will soon have you producing convincing and infor­
mative multimedia presentations. 

- Raymond GA Cote 

STRANGE PATTERNS 
STRANGE ATTRACTORS: CREATING PATTERNS IN CHAOS 
by Julien C. Sprott M&T Books, ISBN 1·55851-298-5, 539.95 (with disk) 

C ome on a research safari through the plains of chaos in 
search of strange attractors-those intriguing pauerns that 

delight audiences and enthrall mathematicians. All you need is a 
personal computer, a little time, and a copy of Strange Attractors: 
Creating Patterns in Chaos by Julien C. Sprott. 

Sprott has produced a veritable handbook of strangeness. 
You ' ll find TinkerbeU maps, stochastic webs, and 4-D images. Al­
though a basic grounding in programming and mathematics will 
he lp, it is not necessary. The book i 
written for both the engineer and rhe 
artisr. You can play as well as learn. 

ln add ition to simply viewing exi r­
ing strange attractors, the sample pro­
grams provide a system for finding new 
examples for your collection. Examples 
are provided in a mixture of BASIC, C , 
and C++ for DOS, Windows, and Mac­
intosh. • 

-Raymond GA Core 
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The Best in Graphics 


Get aniirated with Corel DRAW 41 

Core/DRAW is renowned for 
its powerfulgraphics 
capabilities. Core/DRAW 4 
now leaps even furtherahead 
by adding page layouts, 
animation and OCR, as well as 
hundreds ofother feature 
enhancements. It 's the best 
value in software today-and 
it 's still the easiest to use! 
CorelDRAW 4 is the ideal desktop 
publishing tool! It includes 
illustration, charting, photo-editing, 
tracing/OCR and presentation 
capabil ities... and so much more! 
There are advanced word processing 
features, multi-page layouts and 
dozens of artistic and special 
effects . It's packed with more fonts , 
more clipart images and symbols, 
more graphic tools and business 
appl ications. And now Corel DRAW 4 
also includes CorelMOVE, a brand 
new animation module. 

ALSO INCLUDES rwo 
BONUS CD - ROM• 
-featuring a complete CO 
version of CorelDRAW 4 plus 
libraries of clipart Images and 
symbols , fonts , animation 
e lements , sound effects , and 
a Video for Windows enhanced 
QuickTour. 

PAGE LAYOUT 
CHARTING 
ILLUSTRATION 
PHOTO-PAINT 
TRACING/ OCR 
PRESENTATIONS 
FILE MANAGEMENT 
ANIMATION 
• Comprehensive DTP Features 
• Flexlble Multl-Page Layouts 
• Enhanced Word Processing 
• Advanced Direct Scanning 
• Powerful OCR 

(Optlcal Character Recognition) 
• Slngle-Step Business Forms Tracing 
• Thousands of Fractal Textures and Fiiis 
• Dazzling Artistic Tools and Special Effects 
• Convenient Spreadsheet and 

over 80 Chart Styles 
• Object Data Management 
• 	Over 5,000 ~Drag and Drop" Symbols 

and Shapes 
• Over 18,000 Cllpart Images and Symbols 
• Over 750 Fonts 

(650 Bltstream and ITC) 
• Complete Color Separations 
• On-line Help 
• 	20 PhotcH>alnt Fiiters and 

14 Image Correction Fiiters 
• 	37 Import/Export Fiiters 
• 	21 Transition Effects 
• Over 200 Animated Flies 
• Over 400 Cartoons 
• Over 750 Actors, Props 

and Sounds 

18,000 
CLIPART 
frm,ees and symbols 

750 •
FONTS 

ONLY 

s479 
U.S.11)Nt)S 

Registered User U~de $249 
CorelDRAW 3- Now Only $149 

Order Now! 

1-800-421-8006 
Circle 82 on Inquiry Card. 



FREQUENT FLVERS AND LIFE-ON-THE-ROAD TYPES TAKE NOTE! 

AMBRA'" mobile systems give you everything from speedy 486 processors to 

high-volume hard disk capacity, to go! Choose a featherweight (only 4 lbs!) 

SN-Series notebook for full-function computing in color or mono. Or make yours a 

high-perfonnance N-Series model ~th dual-scan DSTN or active matrix color. 

Whatever AMBRA you carry, you'll work in comfort at an 86-key keyboard with 

integrated trackball . And benefit from power-saving Sleep mode or convenient 

Suspend/Resume capability. Take along your pick of PCMCIA options ­

fax/modem and more - for on-the-spot communications. Back in the office, let your 

notebook double as a desktop. Just plug into one of our optional docking stations to 

instantly and easily access computing resources throughout your company! 



Firm confidence. 
Every AMBRA comes with a 30-day money-back guarantee and a 
one-year limited warranty (optional Executive warranty also available)~ 
And you can rely on toll-free technical support around the clock' 

Full convenience. 
To place an order or get more information, just call - weekdays 
8 am to 11 pm, weekends 10 am to 7 pm (ET). We accept Visa~ 
MasterCard '.!' Discover® and American Express® - and purchase 

orders from qualifying businesses. Pick up the phone today! 

....... ·-----··························· ················ ···- ··· ········· ..... .... .. ...... ............ 

"ROAD WARRIOR" OPTION BUNDLE: $386 
For SN-Series: Includes PCMCIA 2.4/9.6 kbps fax /modem. extra banery, banery 
charger, carrying case 

"QUICK DOCK" OPTION BUNDLE: $417 
For SN-Series: Includes port replicator. 14' UVGA color monitor. full-size keyboard 

--C·· ........................... ......................... ................... 

" INSTANT OFFICE" OPTION BUNDLE: $927 
For N-Series: Includes docking station. 15' FST color monitor. full-size keyboard 

"TRAVELER" OPTION BUNDLE: $288 
For N-Serfes: Includes PCMCIA 2.4/9.6 kbps fax/modem and extra battery 

In Canada~ call 1-B00-363-0066, Ext 1469 

I 

T SN-Series 

FEATHERWEIGHT AND 
FULL FORCE. 

SN425C 
• 486SX, 25 MHz, SL-Enhanced 
• 4MB RAM, max: 20MB 
• 170MB removable hard disk 
• 7.8" STN color screen 
• 1 PCMCIA slot, Type II 
• 86-key keyboard 
• Integrated 16mm trackball 
• MS-DOS~ Windows'" 3.1 
• Slip case 
• 4 lps, including battery 

$1,899 
(Wdh external 3.s· 1.44MB diskelte dnve. 
add$99.) 

SN425 
• 486SX, 25 MHz. SL-Enhanced 
• 4MB RAM, max: 20MB 
• BOMB removable hard disk 
• 8.2' monochrome LCD 
• 1 PCMCIA slot. Type II 
• 86-key keyboard 
• Integrated 16mm trackball 
• MS-DOS, Windows 3.1 
• Slip case 
• 4 lbs, including battery 

$1,299 
(\'11111 170MB hard drive, add $200. 
Wilh external 3 .5" 7.44MB diskette drive, 
addS99.J 

AMBRA 


TN-Series 

DAUNTLESS POWER 
BEYOND OFFICE DOORS. 

N450T 
• 486DX2, 50 MHz 
• 8MB RAM, max: 12MB 
• 3.5" 1.44MB diskette drive 
• 200MB hard disk 
• 9.5' TFT active matrix 

color screen 
• 1 PCMCIA slot, Type Ill 
• 86-key keyboard 
• Integrated 16mm trackball 
• MS-DOS, Windows 3.1 
• Carrying case 
• 6.6 lbs, 

including battery 

$3,899 

N450C 
• 486DX2, 50 MHz 
• 4MB RAM , max: 12MB 
• 3.5' 1.44MB diskette drive 
• 200MB hard disk 
• 9.5' 	DSTN dual-scan 

color screen 
• 1 PCMCIA slot. Type Ill 
• 86-key keyboard 
• Integrated 16mm trackball 
• MS-DOS, Windows 3.1 
• Carrying case 
• 6.6 lbs, including battery 

$2,599 

N433C 
• 486SX, 33 MHz 
• 4MB RAM, max: 12MB 
• 3.5" 1.44MB diskette drive 
• 120MB hard disk 
• 9.5" DSTN dual-scan 

color screen 
• 1 PCMCIA slot, Type Ill 
• 86-key keyboard 
• Integrated 16mm trackball 
• MS-DOS, Windows 3.1 
• Carrying case 
• 6.6 lbs, including battery 

$2,199 

1-000-200-146~ 

1 Please call for details regaidmg M1BRA's money-bad< guarantee, llm1ted warraity and Execut1\'e warranty. Return shlppillQ and insurarce cnarges a1e tne responsibility of Ille rustomer 2Offerings may diflel In canada. 

©1 994 AM BRA Compuw Corporatioo AMSRA IS a1radlimar!< ol ICPI Ltd and used under license therEfiom The AMBRA logo aoo logo1ype a1etradanarl:s of AMBRA Compu1er Cofporalloo MS-DOS is a re<;islefed traderrar!< and V~MOI~ 
Is a trademark of Microsoll Corporation Al l 01ner product names are tradema1kS or re<;istered trademart<s of tneir respecti\'e suppl iefs. Otlerings. prices and productS are subject IO Change wi lhout prior notice. Prices do no! Include shipping. 



BUILDING 


Many of the technologies and players needed to construct the information infrastructure 

are already in place. But the precise definition of the data highway is in the eye of the beholder. 

Who builds it could dramatically affect how it works-and how it's used. 

ANDY REINHARDT 

ne fact must be made clear about the 
national information infras tmcture: The 
government is not plann ing to dig a 
trench from New York to San Francis­
co, fill it with fiber-optic cables, and 
call it a data highway. Rather, the in­

formation highway wi ll be privately built, owned, and oper­
ated; the Feds will encourage its development only through re­
search fund ing, standards efforts, and changes in regulations. 

In fac t, much of the data highway already exists in the vast 
web of fiber-optic strands, coaxial cables, radio waves, satel­
lites, and lowly copper wires now spanning the globe. What' s 
needed now are beuer on- and off-ramps-that is, better and 
faster links from businesses, schools, and homes to the com­
munications backbone-as well as new vehicles, more des­
tinations, and better guidebooks on how to get there. Hun­
dreds of billions of private and public dollars wiU be required 
over the next decade to weave together the world ' s commu­
nications systems and create these new software and hard­
ware navigati on tool . 

What will be the benefi t of all thi s investment? ~or business 
users, the data highway represents the holy grai l of connec­
ti vity: a ubiquitous internetwork that allows them eas il y and 
inexpensively to connect with customers and suppliers, im­
prove communications among employees, and gather com­
petitive data. Applications facilitated by the highway, such 
as videoconferencing, document sharing, and multimedia 
E-mail, could reduce travel spending and encourage telecom­
muting. Businesses might also save big on reduced health­
care costs if the data highway improves di stribution of med­
ical records and enabl es new techniques such as remote 

46 BYTE M A R C H 1994 

diag nostics . "We' re very excited about it ," says Ward Keev­
er, the coauthor of a report on the data highway from SIM 
(Society for Information Management) and senior vice pres­
ident fo r in fo rmati on se rvices at the Medica l Cente r of 
Delaware in Wilmington . 

There 's little disagreement over 
the grand vision of the data high­
way. It will be, as U.S. vice presi­
dent Al Gore calls it, "a network of 
networks," a massive client / erver 
and peer-to-peer mesh capable of 
carry ing gigabits, and eventually ter­
abits, of data per second on its uunk 
lines. The bac k-end se rvers, net­
working technologies, client devices, 
and software applications will be ut­
terly heterogeneous- the most sec­
ular network ever constructed. And 
if it ucceed a envisioned, the data 
hi ghway could help bu ine ses find 
information more easily, open up new 
modes of re earch and education, and gi ve 
consumers a wide choice of services. 

It' s in the details that opinions start to di­
verge, and these differences could have a 
profound effect on how the in fo rmation in­
fra tructure is designed and used. "Every 
tec hnology company out there can define 
the in formation highway for you. ' joked 
Jame Abra hamso n, chairma n of the 
board at Oracle, recently. "[It' ] the strate­



THE DATA 


gic vision for whatever the company happens to sell." 
The partie vying to create the data highway-telephone 

companies , cable distributors , computer makers , content 
providers (e.g., publishers, studio , and on-line services), and 
the worldwide Internet community-bring to the table dif­
ferent technologies and points of view. Forecasting the ultimate 
form and function of the data highway requires examining 
these conflicting technical perspectives. For instance, cable 
companies tend to see the data highway as a distribution ve­
hicle for video and audio; were they solely responsible for 
linking users to the !:Jackbone, their data highway might favor 
information delivery over two-way communication. 

Others, including Mitch Kapor, founder of Lotus and now 
chairman of the Washington, D.C.-based Electronic Frontier 
Foundation, see the creation of the data highway as an oppor­

tunity to give citizens access to a vast wealth of information. 
Kapor s data highway might be less commercial- or enter­
tainment-oriented, and its architecture would encourage in­
dividuals to become information creators, not just con umers. 

In interviews with nearly IOO industry executives, engi­
neers, analysts, users, and policymakers, BYTE has explored 
how the national and international information infrastructure 
is li kely to be built. Below is a summary of those competing 
views, along with our own opinions uf the optimal direction for 
the data highway of the future. 

What Is It? 

Oracle's Abrahamson contends that the highway is simply 

the logical conclusion of today's convergence of hardware, 

software, and networking technologies. The driving force for 
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thi s convergence 
is the increasing digitization of 
data; as Nicholas Negroponte, the head of 
MIT's Media Laboratory. says . "Bits are 
bi ts." Service providers are fighting over 
how to build the data highway. However, 
once video or speech or geo logica l data 
becomes strings of Is and Os, users won' t 
care what pipe they traverse to get from 
one computer lo another. 

The data highway's backbone will use 
every wide-area commu nication technol­
ogy now known, including fiber. atell ites, 
and microwaves, and the on- and off-ramps 
connecti ng users to the backbone will be 
fiber , coaxia l cable, copper, and wireless. 
Data ervers wi ll be supercomputers, main­
fra mes , minicomputers, microcomputers, 
and massively parallel machine , while a 
great diversity of clients will populate the 
end point of the network: conventional 
PCs, palmtops and PDAs, smart phones, 
set-top boxes, and TVs. Software u ed on 
the network wi ll include operating sys­
tems, networking protocols and services. 
user interfaces, databa es, data ources (or 

Today's phone and cable companies use dttferent 
topolog1es and technolog1es to deliver their sertlces. 
The phone system is switched, symmetrical, and 
interactive. Its backbone or "trunk" lines are typically 
dig1tal fiber, analog copper wires deliver sertice into 
homes and businesses. The cable system is unswitched 
and distributive, built on a backbone of analog fiber 
and satellites, with analog coaxial cables into customer 
sites. In the future (far right), their local architectures 
will be nearly identical: lnten:onnected signal collection 
and routing points feed sertlces via fiber to the neigh· 
bomood or the curb. From these nodes, data enters 
homes and businesses on a mix of coaxial cable, cop­
per wire, and fiber to reach set-top boxes, computers, 
and phones. Both systems are switched and two-way, 
though not necessarily symmetrical or entirely digital. 
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Today's telephone system comes closest to meeting 
the criteria for a data supemighway, but its copper 
wiring can't currently support multiple channels of 
video or other high-bandwidth data. The Internet 
is hard to use, doesn't support billing or 
widespread distribution of real·time data, and 
can be both expensive and difficult to access. 
This Is changing, however, with the rise of 
commen:ial Internet providers and new tools. 
The cable system falls in the middle, but 
two-way capabilltles are only now being 
added. 

content), and a new generation 
of s mart middleware (e.g., 
General Magic ' s agent-based 
Telescript) that wiU help us­
ers navigate the network. 

Unre olved technical ar­
guments about th e data 
highway 's architecture 
boil down to two main 
categories: protocols 
and bandwidth . The 
protocol problem con­

cerns the ul timate role of TCP/ IP, the lin­
gua franca of the Internet and Unix-based 
LANs. Buttressed by the engineering re­
sources of the lETF (Internet Engineering 
Task Force) , TCP/IP has continuously 
evolved. But it suffers drawbacks for real­
Lime use that could threaten its position as 
an internetworking standard when multi­
media traffic plays a greater role on the 
data highway. An emerging alternative 
is ATM (Asynchronous Transfer Mode), 
a hybrid c ircuit- switched and packet­
switched networking scheme that performs 
well in real-time applications but lacks 
TCP/IP' s software base. One potenti al so­
lution is to run TCP/IP over ATM. 

Bandwidth equal s data transmission ca­
pacity. Conventional telephones need very 

little, while HDTV needs large amounts­
20 Mbps or more per channel. How much 
bandwidth is necessary to connect busi­
nesses, homes, schools, and governmental 
bodies to the data superhighway will de­
pend on the applications they end up using: 
on-ramps wi ll need a lot more bandwidth 
if users demand interactive digital video 
than if they use the highway to send E­
mail. A yet more subtle problem is how 
to allocate bandwidth into and out of cus­
tomer sites: A system biased to data de­
livery- i.e., with a high ratio of down­
stream to upstream bandwidth-implies 
in formation consumption, whereas one 
with symmetrical or dynamically assigned 
capacity implies communication. 

The Players 
To meet the needs of society, the data high­
way has to be ubiquitous, affordable, easy 
to use, secure, multipurpose, information 
rich, and open. lf it 's to be economically 
viable, service providers have to be able to 
bill customers for the time they spend on 
the network or for the data they use. Each 
of the precursors of the data highway meets 
these criteria with varying success . The 
different heritages of the players are re­
flected in how they define the information 
infrastructure. 

Cable companies. Steeped in broadcast­
ing analog video throu gh a wire, cable 
companies see the data highway largely 
as synonymous with enhanced entertain­
ment services. They want to layer onto the 
video stream new consumer offerings such 
as interactive TV (e.g., video-on-demand, 
home shopping, viewer polling, and in-

Today's Telco and Cable Systems 
Long-distance Central office 
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formation-on-demand). But the cable com­
panies want to provide important business 
services, too, such as voice telephony, data 
communications, and access to on-H ne ser­
vices. Most of all , they see the data high­
way as a chance to exploit their primary as­
set: broadband coaxial cables stretchi ng 
into an estimated 60 million U.S. homes 
and millions more around the world. 

A major challenge for cable companies is 
that their systems tend to be proprietary and 
not interconnected. Constmcting a nation­
wide network will requ ire adopting com­
mon standards, installing giant gateways, 
and leasing backbone capac ity from long­
distance carriers (or spending big money 
to lay their own digital fiber tnmk lines). 

Telephone companies. Where the cable 
companies arc weak, phone companies­
both local and long-distance-are strong. 
Cable has traditionally used a one-to-many, 
trunk-and-branch topology with little or 
no provision for "upstream." or return , 
communications. The phone system was 
designed for point-to-point communica­
tions and has evolved into the world 's larg­
est swi tched, distributed network, capable 
of handli ng millions of phone calls simul­
taneously, tracking each one, and billing 
customers preci sely for their usage. The 
phone system' s legacy as a public utility 
has given it a degree of reliability and 
openness unmatched in the cable world . 

The phone companies want to send data, 
especially video, over their vast networks. 
But the phone system suffers a bandwidth 
shortage: Although the tmnk lines criss­
crossing the country are of high-capacity 
fiber, the local loops into businesses and 

TOPOLOGIES AND PROTOCOLS 
Telephone and cable systems use dramatically different communications architectures and stan­
dards. If the RBOCs. interexchange carriers, and cable companies merge into the data highway. 
their systems will evolve to encompass each other's advantages. 

TELCOS INTERNET CABLE CABLE/TEL CO 
(VOICE/DATA) (VIA TELCOS) (TODAY) (FUTURE) 

Key users Everybody Government, 60 percent of Everybody 
academia. business U.S. homes 

Media/backbone 97 percent NSFnet (T3), Satellite, Analog/digitai 
dlgltal fiber optic other telcos analog ~ber optic fiber optic, 

satelllt.e 
Media/local Copper wire, Copper wire, Coaxial cable Coaxial cable, 

wireless Switched-56, fiber optic, 
T1 /FT1 copper wire, 

two-way radio 

Topology Cif.C!Jlt-swltched, Packet-switched, Unswltctied, Switched! 
star routed trunk and branch u"nswitc~ed , 

star 

Protocols POTS, TCP/IP Proprietary analog Analog, 
ISDN, ATM ADSLATM 

homes are typically two- or four-wire un­
shielded copper with limited bandwidth . 

The lmernet. Riding on the shoulders of 
the phone system is a remarkable world­
wide computer cooperative, the internet, 
a government-subsidized experiment in 
distributed computing, e lectronic commu­
nity, and controlled chaos. The Internet 
doesn' t own the pipes it passes through. 
and nobody owns the Internet. but it is 
growing by as many as 150,000 new users 
per month . If the wires and cables of the 
communications industry are the data high­
way 's foundation , the Internet may pro­
vide its language, cu lture, and customs. 

A unification of phone and cable sys­
tems could bypass the Inte rnet and threat­
en its relevance, but given the Internet ' s 

rich human and informational capital , the 
more likely scenario is that its technology 
will be harnessed for the highway. A num­
ber of companies are working to make the 
resources of the Internet, which has a no­
toriously arcane interface and command 
structure , more accessible to businesses 
and individuals. 

Policymakers. Washington is working to 
resolve policy issues concerning the data 
highway. Proposed legi slation to ease reg­
ul ations on cab le and phone companies 
has the support of the Clinton administra­
tion. The most significant remaining chal­
lenge is how to ensure universal access to 
the information infrastructure. A princi­
ple enshrined in phone regu lation since 
the 1934 Communications Act, universal 

Topology of Data-Highway Access Ramps 
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BYTE's Recommendations for the Data Highway 


SHORT TERM (1994-1996) 

INFRASTRUCTURE 

• Backbone: existing standards (T11T3, x.25, 
basic-rate ISDNI; Increased use of frame 
relay, SMDS, and SONET; limHed penetra· 
tion of ATM; TCP/IP for lnternetwortdng 

• Local loop: separate phone (POTS, ISDN, 
cellular) and cable (analog, pay-per-view) 
delivety systems; emergence of packet ra· 
dio and PCS wireless 

• Trials of radio- and cable-based Interactive 
analog TV 

• Trials of ADSL video-over-copper 

• Trials of switched digital video 

• Increasing Insensitivity of "smart" back· 
bone to end-point devices 

• Increasing commercialization of the In· 
ternet 

• Continued growth of commercial and busi­
ness on-line services and entry of new 
parties 

• Proliferation of easy-to-use retrieval tools 
and information agents 

I Q•l ! t§# 
• Lift restrictions on RBOC delivery of video 

content In and out of region, but retain re­
strictions against in-region ownership of 
cable companies by RBOCs. 

• See more competition at local loop from 
interexchange carriers and alternative· 
access carriers; maintain restrictions on 
RBOCs' providing long-distance service. 

• 	Encourage two wires Into each home­
coaxial cable and copper-and multiple 
services to business locations. 

• Encourage greater penetration and tariff· 
ing of ISDN to business and residential 
users. 

• Encourage interactive TV tests to homes 
and businesses. 

• Encourage universal access to data-high· 
way on-ramps: open platform, common 
carrier, user subsidies. 

• Ensure data security and privacy without 
trapdoors. 

• 	Encourage upstream/downstream band· 
width symmetry. 

• Maintain multiplicity of free data sources 
on the Internet. 

service requi res telecommunications com­
panies (or re/cos) to cross-subsidize the 
cost of serving poor, rural, or other less­
profi table customers with higher-margin 
cl ients such as downtown businesses. If 
the data highway is to become a nati onal 
asset and the basis fo r an information so­
ciety, access to it must be affordable to all 
(see the text box "Government Policy on 
the Data Highway"). 

Meanwhile, efforts are under way in 
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MEDIUM TERM (1996-1998) 
INFRASTRUCTURE 

• Backbone: primary-rate ISDN, frame relay, 
SMDS, SONET, and ATM; TCP/IP. 

• Local loop: fiber-to-the-node, dual services 
(phone and cable on copper and coaxial 
cable) or single-provider services (via coax· 
lal). Mix of POTS and ISDN, analog and 
digital cable. Some fiber to the home. Wide­
ly Installed wireless. 

• 	Bandwidth allocation remains skewed to 
downstream delivery. 

• Greater use of analog interactive TV. 

• Serious invesbnent in switched digital video, 
ATM to the node. 

•Early use of HDTV. 

• 	Widespread use of personal communl· 
cators. 

14.1eta;M 
• Lift restrictions. on in-region cross-owner· 

ship between cable and telcos. 

• Lift restrictions cin RBOCs providing long· 
distance service. 

• Increase investment in fiber to the home 
and desktop. 

• Maintain antitrust vigilance toward infra· 
structure and content providers. 

countries outside the U.S. to build similar 
national networks. Canada, Germany, and 
Japan have major projects (see the text 
boxes "Data Highway Lags in Japan" and 
"Europe's Many Data Highways"). Many 
U.S. fi rms are rushing into foreign mar­
kets to gobble up newly privatized tele­
communications franchises or to conduct 
technical trials of systems they hope to 
replicate back home. Connecting all these 
regional initi ati ves, many argue, will be 
the existing, de fac to international infor­
mation infras tructure, the Internet. 

User Views 
The data highway "will have a tremen· 
dous effect on how we work and do busi­
ness with banks and our customers and 
suppli ers worldwide," says Barry Cole­
man, senior economist for Texaco's alter­
nate energy and resources department. 
"The dollars saved using electronic data 
interchange will be tremendous," he adds. 

Yet despite the potential improvements 
in productivity and communications prom­
ised by the data highway, some corporate 
users remain wary. Bruce Smith, MIS man­
ager for ENSR Consulting and Engineer­
ing, says he is wonied about securi ty. "I' m 
nervous about things like that; it' s a dou­
ble-edged sword." (See the text box "High­
way Safety: The Key Is Encryption.") 

LONG TERM (1998-2001) 

INFRASTRUCTURE 

• 	Backbone: ATM over SONET, Broadband 
ISDN, SMDS over ATM, IPng 

• Local loop: single coaxial cable or fiber to 
the home, running end-to-end ATM 

• Ubiquitous bandwidth symmetry 

• Switched digital video infrastructure in 
place 

• Wide adoption of HDTV and early use of 
3·DMrtual reallty services 

For some users, security is of such para­
mount concern that they don' t even out­
source their communications needs today 
to private network prov iders, much less 
anti cipate using a public backbone to ex­
change sensiti ve information. "A public 
information highway doesn' t mean a thing 
to me," says Ben Fishman, LAN manager 
for the Wells Fargo Bank in San Francis­
co, California. But Fishman acknowledges 
that on the customer side of the bank's 
business, on-line banking services over 
the data hi ghway could be an attractive 
time- and money-saver. 

A SIM report examines nine areas of 
concern for business users of the data high­
way : standards for connectivity and inter­
operability, competitive versus regulato­
ry forces, access, protection of rights, pace 
of development, funding of research, trans­
port media, speed of data transfer, and the 
role of the Internet. As a rule, SIM advo­
cates openness and competition wherev­
er possible, but wi th adequate legal pro­
tections to guard against monopolies and 
ensure equal access. As for the Internet, 
Keever of the Delaware Medical Center 
says: "We' re concerned about its ability 
to scale up, both technically and adminis­
tratively, as well as to provide appropri­
ate security to end users." 

Long-Distance View 
Long-distance carriers prov ide the high­
speed long lines that now interconnect re­
gional and national phone systems-and 
that form the backbone of the lnternet­
but they have higher aspirations for their 
role in the inforn13tion infrastructure: They 
are starting to get into the local-access 
business, and they plan to offer services 
(e.g., mail, directories, and information) 
and hardware/software products for cruis­
ing the data highway. 

Acco rdi ng to the terms of the 1984 
breakup of Ma Bell , the seven regional 
Bell operating companies, or RBOCs (i.e., 
A me ritech, Be ll Atl ant ic, Be llSouth , 
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Government Policy on the Data Highway 


.JUDICIARY 

• MODIRED FINAL JUDGMENT, 
JANUARY 1984 
Judge Harold Greene's decision broke up 
the AT&T Bell System and created the sev· 
en RBOCs. It forbade local telcos from 
manufacturing equipment, providing long­
distance semce, delivering video, or own· 
ing content. 

• INFORMATION SERVICES RESTRICTIONS 
EASED, OCTOBER 1991 
Responding to an appeals court order, 
Judge Greene lifted restrictions against 
RBOCs' providing information semces, al· 
lowing them to own news, sports, weather, 
and other data services distributed over 
their phone lines. 

• BELL ATlANTIC V. U.S., AUGUST 1993 
U.S. District Court Judge T. S. Ellis ruled un­
constitutional the provision of the 1984 
Cable Act preventing local phone compa· 
nies from providing TV programming in 
their service territories. Now on appeal. 
Ruling applies only to Bell Atlantic. 

Nynex, Pacific Telesis, Southwestern Bell, 
and US West), provide regulated local 
service and are concerned with the local 
loop-how data, voice, and video services 
get in and out of customer sites. Long-dis­
tance (or interexchange) carriers, such as 
AT&T, MCI , and Sprint, focus on the 
backbone and on value-added servi ces. 
These roles, however, are sta11ing to blur. 

One job now performed by long-dis­
tance firms will remain the same in the 
data-highway era: They wi ll provide the 
trunks, or long lines, that carry telephone 
traffic across the boundaries separating lo­
cal service areas in the U.S. and into oth­
er countries. These lines are almost en­
tirely fiber now, and most use SONET 
(Synchronous Optical Network), a CCLTT/ 
ITU standard that defines various levels 
of digital telephony service over fiber. 

Trunk lines range in capacity from Tl 
rates ( I .544 Mbps) up to OC-48 (2.4 Gbps) 
and beyond. Today's Internet bac kbone, 
for instance, is built on T3 (45 Mbps) lines 
operated by MCI. Local access from users 
to hosts and hosts to the backbone occurs 
at rates ranging from 2400 bps to 19.2 
Kbps for dial-up, or via leased lines at mul­
tiples of 56 Kbps or 64 Kbps up to the T I 
rate of I .544 Mbps. 

The complex telco regu latory structure 
pern1its other roles for long-distance car­
riers as well They can manufacture equip­
ment, which RBOCs cannot do. Long-di s­
tance companies also offer value-added 

LEGISLATIVE 

• HIGH PERFORMANCE COMPUTING ACT 
OF 1991 
Sen. Gore's bill authorized creation of the 
NREN (National Research and Education 
Network) and funded research on high· 
speed networiling hardware and software. 

• H.R. 1757, NATIONAL INFORMATION 
INFRASlRUCTURE ACT OF 1993 
Author: Boucher ID·VAJ. Status: Passed 
House of Representatives September 1993; 
no Senate equivalent, but portions are 
found in S.4, which is pending. Would ex· 
pand on the High Performance Computing 
Act of 1991, providing coordinated feder· 
al program to develop and disseminate ap­
prlCations for high-performance networking 
and high-speed networking in education, li­
braries, health care, and provision of gov­
ernment infonnation. 

• H.R. 3636, NATIONAL COMMUNICATIONS 
COMPE11110N AND INFORMATION 
INFRASlRUCTURE ACT OF 1993 
Sponsors: Markey ID-MAJ, f"ields IR·TXI, 
Boucher (D-VAJ, and Oxley (R-OHJ. Status: 
Introduced Nov. 22, 1993. Major restruc· 
turing of 1934 Communications Act; would 
pennit telcos to deliver video, open local 
telco market to competition, provide for 
open platfonn, ensure universal semce. 

• H.R. 3626, ANTITRUST REFORM ACT 
OF 1993 
Sponsors: Brooks ID-TXI and Dingell ID­
MIJ. Status: Introduced Nov. 23, 1993. 
Would phase out limitations placed on 
RBOCs bY Mocflfied Final Judgment to 1982 
consent decree breaking up AT&T. Would 
let U.S. Attorney General and FCC grant 
RBOCs the right to offer interstate and in· 
terexchange services, nian~cture equip­
ment, offer burglar alann services, and 
own a partial interest (up to 50 percent 
or 80 percent, depending on conditions) in 
electronic publishing ventures. 

services , such as fornrntted data handling; 
both AT&T and Sprint, for instance, have 
begun to sell ATM backbone service di­
rectly to customers who install private lines 
from thei.r facilities to nearby long-d is­
tance points of presence, or POPs. 

Most important, long-distance compa­
ni es are not enjoined from offering local 
phone service in competition with the 
RBOCs. The biggest news in this context 
is AT&T's pending $ L2.6 billion acquisi­
tion of McCaw Cellular Communications; 
wireless technology provides a means to 
bypass the RBOCs and connect customers 
directly to long-distance POPs. To the ex­
tent that wireless communications become 

E XECUTIVE 

• THE NATIONAL INFORMATION 
INFRASlRUCTURE: AGENDA FOR ACTION, 
SEPTEMBER15,1993 
The Clinton administration proposed form­
ing IJTF llnfonnatlon Infrastructure Task 
Force), composed of federal officials, and 
"U.S. Advisory Council on the NII," com· 
posed of 25 public· and private-sector 
appointees. Among its goals: to promote 
private-sector investment; refonn com· 
munlcations regulation; ensure universal 
service; promote applications In educa· 
tion, health care, manufacturing, and gov· 
ernment infonnation; promote standards 
for seamless networking; ensure security 
and reliability; protect intellectual proper­
ty rights; and improve management of the 
frequency spectrum. 

• VICE PRESIDENT GORE'S ADDRESS, 
JANUARY 11, 1994 
The administration voiced support for the 
Brooks/Dingell bill IH.R. 36261, which 
would allow competition between local and 
long-distance phone companies and pro­
poses creation of a new, optional class of 
regulation for broadband interactive ser· 
vices, called Title VII. Three principles are 
paramount private investment, fair com· 
petition, and open access. Legislation 
proposed bY Clinton will aim to ensure uni· 
versa! semce and open access. The ad· 
ministration will also support other NII 
measures, Including networiling research, 
applications development, and electronic 
delivery of government semces. 

a key on-ramp to the data highway , the 
long-distance carriers-as well as wire­
less providers such as RAM Mobile Data 
and the IBM/Motorola Ardis joint ven­
ture-want a piece of the action. 

AT&T has yet more irons in the fire. It 
now owns the Eo and Go technologies for 
pen-based computing, signify ing its in­
tention to compete in the market for mo­
bile end-user devices. And it has obtained 
agent-based communicat ions software 
from General Magic, which forms the basis 
for an advanced messaging service called 
PersonaLink that AT&T unveiled in early 
January . 

The current regulatory environme nt 
works to the advantage of .interexchange 
carriers, because they are freer than the 
RBOCs to move into new services. But 
with pending policy changes in Washing­
ton, telecommunications competition could 
turn into a free-for-al l. The result for cus­
tomers could be fierce price competition 
and an explosion of service options. 

co111i11ued 
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Power Packed Upgrades. 

PO\VER SUPPLIES 

"The premier power-supply maker" 

John Dvorak, PC Magazine, March 30, 1993 

"The only company to go to for a power supply" 

Jerry Poumelle, Byte, April 1993 


STANDARD UNITS 
These UuCSAapproved, fully tested power 
supplies are the best basicunits available. 
STANDARD 205 SLIM ............................ $89 
STANDARD 220 DESK!fOWER ........... $89 

ULTRA-QUIET UNITS 
Unrattle your nerves with 
an ulrra-quiet Silencer 

,, power supply. Appreciated 
""' ~==== ,,~ by users since 1986, their

" "~ high-efficiency fans and" 
""'"- sma• low-turbulence circuitry 

PO'llEA StJPPL't' PO'NEA &!Pi'LY reduce noise by up to 84%! 

A must for home office or multimedia applications. 
SILENCER 205 SLIM ............................ $119 
SILENCER 220 DESK!fOWER ........... $129 
SILENCER 270 DESK!fOWER ........... Sl79 

n 

Upgrade your computer with one of our premium 
Turbo-Cool power supplies-the choice of PC 
professionals. You'U get 50%-100% more power, 
built-in line conditioning, super-right regulation, 
ulrra-clean output, a high-capacity cooling fan, 
UUCSA!TUV, a 2-)'eaT warranty for 300W 
models, and a 5-year warranty for the 450!Ideal 
for high-end workstations and network file servers. 
TURBO-COOL 300 SLIM/BABY ....... .. $169 
TURBO-COOL 300 DESK!fOWER ... $189 
TURBO-COOL 450 DESK!fOWER ... $349 

SOLID-STEEL CASES 

Give your computer a 
professional, high-tech 
look with one of our 
premium-quality, 
USA-made, all-steel 
cases.They're rigid­
unlike light-weight 
imports-so the PC's 
components are always 

properly aligned and grounded. 
You'll enjoy ea~y ·system access, and with room for 
up to 18 drives, there's real expandability! 

Desktop Tower Monster 
E.tp<>Sed Drive Bays: 6 13 


I oral Drive Bays: 8 18 

Motherboard Capacity: 2 

Power Supply Capacitr 2 

Cooling Fan Capacity: 6 

Filtered Air fnl et: Yes Yes Yes 

Lockable From Door: Yes No Yes 

Beige or Black Finish: Yes Yes Yes 

Meets FCC-BSpecs Yes Yes Yes 

Made in USA Yes Yes Yes 


SOLID-STEEL DESKTOP CASE .... .. ... $175 

SOLID-STEEL TOWER CASE ............ $295 

SOLID-STEEL MONSTER CASE ....... . $895 


REDUNDANT POWER 
Eliminate the risk of networkdmmrimeor data loss 
due to power supplyfailure with theTwinPower 900 
redundant power system. It delivers high-capacity, 
fault-tolerant power to your entire network server. 
Consists of two Turbo-Cool 450 power supplies 
in paraUel, utilizing a special power-management 
interface module. Amust for 111icrio11 aitical LANs. 
• 900 watts peak power 
• 100 X more reliable 

than a single-unit 
• load-sharing design 
• hot-swap capability 
• 5-year warranty 
• monster-case compatible 
11\'IN-POWER 900 ............................... $995 

OVER-IB~IP AL!\Rivl 

Don't wait for theacrid smeU of 
burnt components! \~Tith our 
new 110 Alert, you'll know 
if your PC is overhearing 
before damage occurs. 
Should the computer's 
temperature reach 11 0°F, a loud I" x 1.5" 

alann warns you that a fanhas failed or that the 
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• adds years to CPU life 
• thinner, quieter, ;rnd 

,... ,... ,,.. 
bener-built than cheap ·:: 
imported imi ta tions. 
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ADSL attempts to use existing copper phone wire for broadband interactive video and other high-speed digital 
services. An experimental variation on ADSL, known as DMT (Discrete Multi-Tone), squeezes four one-way video 
channels onto ordinary twisted-pair wiring, along with a two-way interactive backchannel and two ISDN channels­
still leaving room for regular analog telephone service. 

RBOC Realignment 
The local phone companies are the van­
guard of data-highway construction; their 
lines into homes and businesses are the 
access ramps to the backbone. Yet their 
perspective is different from that of the 
interexchange carriers because RBOCs 
have, in effect, been treated as utilities for 
the last decade. 

Two critical restrictions imposed on the 
RBOCs by the 1984 breakup of the Bell 
system were that they could not own in­
formation services and could not deliver 
video content within their designated ser­
vice areas. The judicial, executive, and 
legislative branches of the federal gov­
ernment are now racing to see who can 
lift these provisions fastest: Last August, a. 
federal court decision on behalf of Bell 
Atlantic wiped out the video restriction, 
pending appeal; and both White House 
initiatives and Congressional legislation 
have been introduced to ease regulation . 

Until new regulatory structures are in 
place, the RBOCs are growing by buying 
cable properties outside their regions; the 
best-known deal is the pending $25 bil­
lion merger of Bell Atlantic and Tele-Com­
munications, Inc., or TCI, the nation's 
largest cable provider. At the same time, to 
protect themselves from expected compe­
tition from other RBOC/cable partnerships, 
they are retrofitting their local systems to 
support video. 

Several approaches are being used. Bell 
Atlantic has conducted trials in northern 
Virginia and central New Jersey. The Vir­
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ginia test harnesses ADSL (Asymmetri­
cal Digital Subscriber Line), a new tech­
nology that lets conventional copper wires 
carry up to 1.54 Mbps of data-enough 
to deliver one channel of precompressed 
movies to a single user. The data is sent 
through the switched phone network to a 
set-top box that decompresses it and con­
ve11s it back to NTSC analog video for de­
livery to the TV. The Virginia trial , which 
began with a few Bell Atlantic employ­
ees, is evolving into a market test of some 
2000 consumers in northern Virginia. 

ADSL is a quick-and-dirty way to pump 
digital video over the existing copper plant. 
It ' s no match for 50 channels of cable, but 
with a pair of set-top boxes and an A-B 
switch, customers could receive video 
feeds from both their cable company and 
their phone company. By late 1994, says 
Bell Atlantic vice president of technolo­
gy John Seazholtz, ADSL is expected to 
support up to 6 Mbps of video plus ancil­
lary services, as well as multiple users per 
premises and, when real-time compres­
sion arrives in 1995, live TV. 

ADSL can also play a role in nonvideo 
applications. For instance, Bell Atlantic is 
considering bundling together Internet ac­
cess software, ADSL compression, and 
ISDN service , to give customers easy , 
high-speed access to the Internet. The 1.54­
Mbps downstream data rate would make 
downloading image files hundreds oftimes 
faster than over a modem, while upstream 
data transfers, at ISDN speeds, would be 
upwards of 25 times faster. This raises the 

interesting possibility of CompuServe or 
Internet ftp sites becoming multimedia ser­
vice providers. 

Bell Atlantic's New Jersey trial uses a 
much more ambitious and expensive ap­
proach, based on technology from Broad­
B and Technologies (BBT) of Durham , 
North Carolina. BBT's system consists of 
several pieces . A host digital terminal 
combines telephony feeds from central 
phone offices and digital video feeds from 
cable headends and sends them over a sin­
gle paired-fiber cable (for two-way trans­
mission) to an optical network unit. (A 
cable headend is the central point at which 
TV signals downlinked from satellites and 
supplied by local stations are modulated 
onto the cable. A BBT device converts 
this analog video to digital.) The optical 
network unit, located at or near the cus­
tomer site, then splits the signal back into 
digital video and analog telephony com­
ponents and sends them, respectively, via 
coaxial cable to a digital set-top box and 
via copper wire to a standard phone. Re­
turning signals follow the reverse path. 
BBT's set-top box is being developed with 
Philips Consumer Electronics and Com­
pression Laboratories. 

Although BBT's architecture requires 
installing fiber nearly to the customer site, 
most telecommunications and cable com­
panies were already doing this anyway. 
BBT's advantage is that it uses only a sin­
gle fiber for voice and video data. Further­
more, it adds star-topology switching to 
the video distribution system, providing 
customers with guaranteed but asymmet­
rical downstream and upstream bandwidth. 

Bell Atlantic's BBT trial builds on a ba­
sic premise: that there will be two wires 
reaching into the home-the copper and 
coaxial cable already found in over 60 per­
cent of U.S. households. Coaxial cable has 
ample bandwidth to support the applica­
tions envisioned so far for the data high­
way, especially if the backchannel is pro­
vided through the switched phone system. 

Others foresee only one wire: a coaxial 
cable or a single fiber. Cable companies 
like TCI hope to provide both video and 
voice/data service over a single coaxial 
cable. Pulling fiber everywhere is too ex­
pensive to justify (estimates range as high 
as $400 billion to do every business, home, 
and school in the U.S.) until demand for 
broadband services is better understood 
and content offerings have matured . 

Besides, as Seazholtz points out, all­
fiber connections pose a t1icky technical 
problem: how to keep phone service alive 
during a power failure . The lasers used to 
drive fiber optics in the office or home 
would have to draw AC current and thus 
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Data Highway Lags in Japan 
Asao I hizuka 
The data highway ha n t yet come to Japan. NIT (Nippon Telephone & Tele­
graph), Japan' largest common carrier has a backbone that is already 65 percent 
fiber, and corporations are using this fiber for intra- and intercity communications. 
ISDN is also available-there are more than 230,000 basic-rare ISDN circuits (64 
Kbps) and 3100 primary-rate circuits (1.5 Mbps). 

Implementing fiber to the home, or even fiber to the curb (also known as 01e 
Next Generation Communication Infrastructure) wiJI be a long, tough road. NTI 
e. ti mates that the cost to develop the new infrastructure will be $410 bjllion; if $J 8 
biHion is al.located annually for this the new infrastructure will be built by 2015. 

Japan has al o experienced a very slowly developjng cable business. This is due 
in part to widespread coverage by broadcastTV, a large number of video rental 
shops, and 01e availability of alternative entertainment sources, such as Direct 
Broadcast Satellite, which now dishes out NTSC and HDTV signals to nearly 6.3 
million ub criber . 

However, some Japanese multimedia network researcher think that ilie real use 
of the information highway will be for professional and busine appl.ications, not 
for the home becau e of its cost. The Ministry of Post and Telecommunications 
decided in December 1993 to deregulate CATV and boost the integration of broad­
casting and communications by repos.itiomng cable as a core me,dium. Under ilie 
new rules, cable businesses will be able to provide communication services in ad­
dition to broadcasting, and foreign carriers wilJ be able to enter the Japanese cable 
bu iness. Nynex i already getting ready for experimental CATV service in Yoko­
hama with Japane e partners, starting in the spring of 1994. And TCI is starung an 
advanced CATV service in Tokyo wiili Suginami CATV, beginning in October 
1994. 

Asao fshiwka is a senior writer in the PC Bureau ofNikkei Business Publications, Inc. (Tokyo, 
Japan). He can be reached on the /111emet at asao@famsworth.mit.edu, on CompuServe at 
74120, /663, or on BIX as "asaoi." 

would fa il during an outage. BBT' s hy­ set-top boxes; advanced digital set-top 
brid architectu re, in which active optics boxes; and plain old cable-ready TVs and 
stay at the curb while buildings remain do­ VCRs. In other words, the network envi­
mains of pass ive electronics, appears to sioned by Pac Bell doesn' t make ex isting 
be a safer solution for customers. equipment obsolete, and it adds new digi­

On the opposi te coast of ilie U.S. , Pa­ tal services incrementally. 
cific Bell has announced an ambitious The architecture is similar to mat of oth­
multibillion-dollar plan to go it alone, with­ er switched system . Central office switch­
out a cable partner, and rewire California es communicate by digital fiber to neigh­
with fiber and coaxial cable. It aims to pro­ borhood nodes that serve roughly 500 
vide not just a "video dial tone" (its right to customers. From the fiber nodes to the 
do so relying on Ole Bell Atlantic precedent customer site is shared coaxial cable, 
or new FCC regulations), but video tele­ which terminates at an NIU (network in­
phony and data access as well. Says Keith terface unit) attached to the side of the 
Cambron, Pac Bell 's director of systems building. From there, separate signals are 
engineering for consumer broadband : fed by coaxial cable and copper to video 
"Video telephony, because it 's symmetri­ and telephone devices. Cambron contends 
ca l and point-to-point, requires more of a that mere is enough upstream bandwidth in 
telephony model than a CATV model." this design to permit video telephony. 

Pac Bell 's de ign presumes, as a starung At the back end is where Pac Bell 's 
point. a heterogeneou mix of end-user legacy as a common carrier becomes most 
devices. Cambron identifie a mini mum evident. The central switch communicates 
of eight: standard analog phones; standard with a video gateway, which accord ing to 
ce llular phones; home computers linked Cambron still needs development. This 
to 01e network by analog modems or dig­ gateway provides the user's fir. t-leve l 
ital ISON port ; RF modems that attach menu selecti ons; the second-level menus 
CATV to an individual PC (via an add-in are for each particular service provider. 
card) or a network of PCs (via an RF-to­ All these interface are open and work co­
Ethernet converter); conventional analog operatively. "We want to encourage as 
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many suppliers as possible to get onto our 
network with gateways to their video ser­
vices," Cambron says. 

From Trunks to Stars 
Cable companies already ha ve the most 
bandwidth into American home. , but they 
haven t wired up many school or busi­
nesses. They also have the most to gai n 
from retrofitt.ing their networks to become 
data-highway access roads: While hold­
ing onto their video delivery business, 01ey 
could unseat the RBOCs by providing lo­
cal access to long-distance carriers. The 
key technical need i to push fiber closer to 
the final deli very point. TCT and others 
are doing that, following models similar 
to the Bell Atlantic/BBT and Pac Bell proj­
ects. Time Warner is trying a more radical 
approach that employs ATM. 

Cable systems are moving in roughly 
the same direction as RBOCs, which is 
why thei r partnerships seem so logical. 
TCI, for instance, announced in 1993 that 
it would spend $2 billion over the next 
few year to upgrade its system with fiber 
nodes and support for video compression. 
The upgrade was widely mi reported to 
mean that TCI would upply 500 chan­
nels of cable; the truth , according to vice 
president of TC rTechnology (TCI's tech­
nology subsidiary) Bruce Ravenel, is that 
TCI will have enough capacity for 500 
channels for a variety of business and con­
sumer services, including traditional broad­
casts, pay-per-view or video-on-demand, 
videoconferencing, voice telephony, and 
on-line access. 

Traditional cable systems use a distrib­
utive architecture antithetical to two-way 
communications. Area headend , or cable 
programming distribution points that serve 
thousands of subscribers, receive program­
ming via satellite or feeds from local broad­
casters and shunt them onto coaxial ca­
bles that run into neighborhood s, with 
cable drop to individual homes. Chan­
nels are broadcast in 6-MHz bands be­
tween the frequencies of 50 MHz and 450 
MHz, although newer systems can go up to 
750 MHz or higher. 

The two biggest changes since cable 
emerged 40 years ago were the develop­
ment of addre able channel selectors (i.e., 
set-top boxes with individual IDs that can 
accept me age broadca t through the ca­
ble sy. tem) and the discovery of a way to 
modulate analog video over fiber media. 
Cable systems have dramatically improved 
pictu re quality by shipping source pro­
gramming around on interference-free fiber 
instead of coaxial cable. Their potential 
for two-way communication , however, 
is still constrained by an analog trnnk-and­

mailto:asao@famsworth.mit.edu
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BERND STEINBRINK 

Having built a uniform standard 
for Euro-ISON that was accepted 

by 26 network companies in 20 coun­
tries , France Telecom and Deutsche 
Telekom are now trying to establish a 
European standard for the next genera­
tion of high-speed networks. In cooper­
ation with British Telecom, Spanish 
Telefonica, Italian STET/ASST, and 
Swedish Telia, the companies will build 
a Europe-wide, high-speed digital fiber 
network called the Global European 
Network, or GEN, that should be the 
precursor of a future ATM (Asynchro­
nous Transfer Mode) network. fn the 
mid-1990s. GEN is expected to be ab­
sorbed into the METRAN or Managed 
European Transmission '.'Jetwork, which 
wi!J support data transmission at rates 
of up to 155 Mbps across Europe. 

AT&T now cooperates with most of 
these state companies on national A TM 
projects, as well as on PEAN (Pan Eu­
ropean A TM Network), a pilot project 
set up by 18 European operators to test 
a broad palette. of communication ser­
vices. By mid-1994, PEAN will have 
nodes in Austria, Belg.ium1 Denmark, 
Finland, France, Germany, the Nether­
lands, Norway , Spain. Sweden and 
perhaps other countries; interoperabil­
ity tests scheduled for then will allow 
transmission of video and image data 
across the high-speed network. PEAN 
members have agreed to purchase and 
install ATM cross-connections that 
meet standards and recommendations 
from CCLTI/ITU and ETSI (the Euro­
pean Telecommunication Standard In­
stitute). as well as specificalions from 
Heidelberg-based Eurescom. 

France Telecom has started yet an­
other project with Telecom PTI Swit­
zerland called Betel (Broadband Ex­
change over Trans-European Links) 
which began trials in September 1993 
with the interconnection of several re­
search facilities in France and Switzer­
land. Applications running on the Betel 
network include distance learning via 
videoconferencing and sharing super­
computers for scientific computing 

tasks. The platform consists of 34-Mbps 
fiber-optic circuits, and the different 
sites are equipped with FDpf (Fiber 
Di s tributed Data Inte~face) LANs 
linked to the A M platfofQl. Starting 
this year, cost-effective LAN intercon­
nections at very high speeds via ATM 
networks will be offered. 

Another.France Telecom AlfM proj­
ect is BrehatJ a complete communi ­
cation system for videoconferencing, 
video transmission LAN interconnec­
tion , and circuit emulation. The first 
segments of this network wj!J be de­
ployed in the cities of Lannion and 
Rennes and at several sites in the Paris 
region this year: ull-scale commercial 
launch is planned for 1995. By t11en, 
about 17,000 kilo meters of fiber-optic 
lines will be installed in France. 

Britain is a special case because it 
liberalized its telecommunications in 
1991 , allowing TV and telephone on 
the same network and making invest­
ment in fiber optics profitable for pri­
vate companies. One o the most un­
usual projects involves a company 
called Energis, which is owned by the 
12 regional electri companies in En­
gland and Wales. Energis is planning a 
nationwide, fiber-optic network that pig­
gybacks on the power grid. Th com­
pany was granted a full telecommuni­
cations operating license. last May and 
s ince then has installed 1200 km of 
fiber·by wrapping it around the wires of 
overhead electrical lines. By the spring 
of this year Energis's services-voice, 
data, image, and multimedia-will link 
20 of the country ' s largest cities and 
be available to businesses and residen­
tial customers. By January 19951 En­
ergis will extend the network to all ma­
jor towns in the country. 

Germany alrehdy has one of the most 
extensive fiber-optic networks in the 
world. Deutsche Telekom has installed 
fiber in about 80 large cities and con­
nected them to each other via fiber. 
This is the basis for a network called 
VBN (Yermittelandes Breitbandnetz), 
which was first launched in February 
1989. VBN allows data transfers at up 
to I 40 Mbps for videoconferencing and 
is connected via satellite to interna­
tional videoconferencing networks. 

VBN will be the foundation for a 
fiber-optic network leading into cus­
tomer homes. One pilot project , BER­
KOM (Berlin Kommunikation) , has 
already been installed in Berlin for ap­
plications such as telepublishing, tele­
medicine, and city info1mation systems. 

In western Germany, the fiber-opti o 
network will be built up through intro­
duction of broadband communications 
services. A pilot ATM project called 
.Broadband ISDN is scheduled for ear­
ly this year, starting in Berlin, Ham­
burg, and the Bonn/Koln Cologne) re­
gjon . By 1996, the network wi II be. 
made available for general use. 

Group Effort 
The three best-known Pan-European 
initiatives are RACE, ESPRIT, and LM­
PACT, all started by the EC (European 
Community) in the 1980s. RACE (Re­
search and Development in Advanced 
Communication in Europe) is focused 
on integrated broadband communica­
tions and image/data communications. 
ESPRIT (European Strategic Program 
for Research in Information Technolo­
gy) began in 1984 and is now in its third 
phase. Its focus is information technol­
ogy,, and it includes an Office and Busi­
ness Systems subprogram, slated to nm 
from 1991 to l994, that deals with im­
ag compression techniques for inter­
active media. 

IMPACT 1 (Information Market Pol­
icy Actions) ran from 1988 to 1990; in 
December 1991 the EC adopted its suc­
cessor IMPACT 2, to establish an in­
formation services market in two key 
areas: interactive multimedia and geo­
graphical information. At the end of 
1993, another effort , Tnfo Euro Access, 
was established to develop Lhe Euro­
pean market for information services, 
especially those using broadband com­
munications and Euro-ISON. 

Most European Al1M networks will 
remain pilot projects until the middle of 
the 1 90s and will likely be used for 
business communication afterward. 

Bemd S1ei11bri11k is a freelance jo11malis1 based 
i11 Olde11b11rg, Ge1111a11,r. He can be reached 
011 CompuServe ar 100277.3444 or 011 BIX d o 
''edirors . . , 

58 BVT F. M/\RCH1 99.J 



XVision 5'" 
Windows '" PC X Server, i 

Automatic Font Substitution 
Expert system technology locates the "best match" whenever 

Easy-to-Use 

The market-leading Microsofr 
packed with smart features that make it your best connectivity 
solution for running and displaying X Window and VT320 
applications. 

Desktop Command Center 
Navigate through the whole range of 
enterprise-wide operating environments. 
Networked host connections, log-on 
procedure and application launching are 
quick and imple icon movements. 

Smart Installation and Configuration 
Installation i automatic with XVision 5. 
Built-in system intelligence detects underlying 
network transports and configure itself accordingly. 

Automatic Graphics Speed Optimization 
XVision 5 dynamically adju ts to take be t advantage 

a font requested by-an application is unavailable on your PC. 

Workstation Functionality 
XVi ion 5 adds to X Server capability by including 

bi-directional file transfer, local PC printing of 
UNIX files, keyboard mapping and VT320 

terminal emulation. 

Extensive on-line help and new smart 
interactive diagnostics make XVision 5 

the easiest PC X Server to use. 

XVision STM 
The Smart PC X Server 

from Vision Ware~ 

of your graphics hardware. US Headquarters 
1-800-949-847 4 
4500 Bohannon Oriv~ , "'280 • Menlo Park, CA 94025-1029See us at U11iforum B ooth #4415 
Td: (4 15) 325-2113 · FAX: (415) 325-8710 

Vuum\Vart!~and W Vrs ion\Vare ~are regurrrd rradtmmks anJ Corporate Headquarters
XVisum and XVi.<ion 5 art rrt>krr11!00 of VuinnWare Lui. Xllmio1< 
is a ugt.sti'red rracL..,.nark of Network ompuring lJe.t:in .•s , Inc . All ndh.'T 57 Cardib>an Lane • Leeds LS4 2LE • United Kin°dom 
rmdcmtrrk! are uc~111iud as propt.'fry of [hcfr u spect1t•e cumfxm1es . VISION WARE Tel : +44 532 788858 • FAX: +44 532 304676 

Circle 302: Call me, I 'm Interested; Circle 301: Send literature; Circle 303: Resellers c ircle on Inquiry Card. 



Highway Safety: The l(ey Is Encryption 

PAULINA BORSOOK 

How will information ent over 
the data superhighway be kept 

safe and secure, ensuring privacy 
for individuals and commercial 
operators? This question i 
far from resolved, and it 
has provoked heated 
controversy about en­
cryption regulations. 

Data encryption is 
vital because it s the 
only way to ensure that 
data is kept strictly private­
especially as communication 
shifts more and more to wireless 
pathways. Other security measures, 
such as requiring passwords or physi­
cally restricting access to a network, 
are less reliable. According to Stephen 
Crocker, vice president at Trusted In­
formation Systems (Glenwood, MD) 
and Internet area director for securi­
ty, encryption implemented in hard­
ware will be able to keep up perfectly 
well with gigabit speeds, but hardware 
implementations may prove too cost­
ly in component prices, space, or pow­
er consumption for inexpensive con-

branch topology in which the source signal 
passes through 30 to 50 cascaded ampli­
fiers before reaching each destination. 

Unlike with the switched phone system, 
all the nodes in a given area share a com­
mon cable, as on a "shared media access" 
LAN such as Ethernet. In theory, with a 
contention access scheme like Ethernet's 
CSMA/CD, customers ought to be able to 
vie for upstream bandwidth and send mes­
sages to each other or to a server; unfor­
tunately, each drop on the cable produces 
electrical noi se (i .e., noise ingress), which 
is progressively magnified on its way back 
up the cascade to the point where it over­
whelms the signal. Even without the noise 
problem, the thousands of customers on 
each cable segment would rapidly deplete 
the available upstream bandwidth. 

According to Mario Vecchi , vice pres­
ident of network design and architecture 
for Cable Televi. ion Laboratories (Cable­
Labs)-the cable industry' s equivalent to 
Bellcore, the joint research facility of the 
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sumer devices such as set-top boxes or 
cellular phones. On the other hand, soft­
ware encryption may not be able to 
keep up with very high-speed applica­
tions. 

At the level of technology , how to 
use encryption routinely has not 

been worked out. Yet it 's es­
sential: To feel comfortable 

using the data highway, 
consumers must be 

sure that information 
about their tastes and 
habits is kept private 

unless they authorize its 
release. Crocker points out 

that while DES, the most com­
mon U.S. encryption technology, 

has been recertified by NIST (Na­
tional Institute ofStandards and Tech­
nology) for another five years, i'n­
creasingly powerful computers may 
soon "have enough brute force to break 
yesterday's code," meaning the years­
old DES technology. 

More secure schemes exist, and 
this has led to a new kink to the en­
cryption debate: how law enforce­
ment agencies should deal with vir­
tually uncrackable new public-key 
and compound encryption techniques, 
such as PGP (Pretty Good Privacy). 

RBOCs-the solution to this problem, 
now being implemented by cable provid­
ers, is to reduce the number of amplifiers 
in the cascade and the number of drops on 
each segment. By pushing fiber further 
into a given area, each segment can serve 
up to 500 customers, and only 3 or 4 am­
plifiers come between the fiber node and 
the user. At the same time, new super 
headends connected by SONET rings will 
serve I00,000 or more customers . This 
standards-based architecture will let cable 
systems interconnect more easily with tel­
cos and data services. "Point-to-point links 
just to serve our own needs are no longer 
possible," says CableLabs' Vecchi . 

Existing frequencies between 50 MHz 
and 750 MHz will be used for downstream 
broadcast, whi le the subsplit frequencies 
from 5 MHz to 42 MHz are available for 
upstream data. At 6 MHz per channel , this 
u·anslates into six channels of full upstream 
video, or many more subchannels of text or 
other data. The local loop will still share 

These schemes can protect people from 
malicious industrial competitors-or 
stymie law-enforcement agencies on 
the trail of a criminal money-laundering 
scheme. 

The Clipper chip proposed by the 
U.S. government largely for telephone­
based communications uses an encryp­
tion technology that provides a "back 
door" accessible to government agen­
cies authorized for a wiretap. The pro­
posal has been met with a storm of 
legal and technological controversy, 
although the government has said it is 
considering alternatives. 

Despite Clipper, "it's not a big trick 
for criminals to encrypt conversations," 
says Crocker; they can, for instance, 
obtain foreign DES products. So un­
less the U.S. government makes Clipper 
mandatory on all telecommunications 
gear and, in Crocker's words, "outlaws 
stray cryptography"-two actions it 
has repeatedly said it will not take­
there is no reason society's bad ele­
ments would use products that give law 
enforcement a means to entrap them. 

San Francisco-based writer Pauliiia Borsook 
wrote about security i11 the May 1993 issue of 
BYTE. She can be reached on the Internet as 
loris@well.sfca.us or on BlX do "editors." 

media, and the contention access protocol 
hasn't been dete1mined, although one like­
ly contender is DQDB , which is an IEEE 
standard used in MANs (metropolitan-area 
networks). 

TC! Technology ' s Ravenel says TCI is 
implementing a scheme like Vecchi de­
scribes, with an added twist: The company 
will actually install two coaxial cables to 
each feeder, one of which will be "dark" 
until sometime in the future . The primary 
wire will be configured with asymmetrical 
bandwidth: downstream from 50 MHz to 
750 MHz or higher, and upstream in the 
subsplit frequencies. Ravenel asserts­
and many agree-that in the near term. 
information and consumer services will 
be heavily biased in favor of data deliv­
ery. The upstream bandwidth available on 
the first cable will be enough to support 
voice phones, two-way data, PCS (per­
sonal communications services, the new 
wireless spectra that will be auctioned off 
by the FCC this year), and video telephony. 

mailto:loris@well.sfca.us
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The Tools for New TV 

TOM R. HALFHILL 

Think of it as the world ' s larges t 
WAN (wide-area network) with the 

world 's largest database servers at one 
end and the world ' s largest number of 
clients at the other: That's the vision for 
broadband ITV (i nteractive T Y). 

The clients, of course, are ordinary 
TV sets, augmented by a new genera­
ti on of digita l set-top boxes that wi ll 
rival the processing power of today ' s 
PCs and workstations. The servers are 
likewise a new breed of computers that 
not only have enough storage for vast 
libraries of movies, TY shows, and mul­
timedia applications, but also are capa­
ble of feeding that data downstream to 
millions of users- in real time, on de­
mand. In between, ty ing everything to­
gether, is the nationwide broadband net­
work that fl awless ly sw itches all th is 
traffic while ensuring that every trans­
action is billed to the appropriate user. 

The whole system is far larger and 
more complex than anything that ex ists 
today. Its nearest relative is the public 
telephone system- a low-bandwidth 

network that terminates into relat ively 
simple analog devices and is designed 
to deliver communications instead of 
content. ITV is so new that cri ti ca l 
pieces of the hardware and software 
technologies are still being invented. It 
won' t come cheap, it won ' t come easy, 
and it probably won' t come as quickly as 
some people are predicting. 

Will it come at all? No question. ITV 
defin itely isn' t a technology in search 
of a solution. In fact, it ' s the technology 
that' s the problem. 

Consider, for example, the servers 
that will form the hub of this great net­
work. Most of today's databases store 
relati vely simple data (e.g., names and 
addresses) , and their 1/0 model is trans­
ac tional, so minor delays are common 
when accessi ng records. But headend 
servers on the ITV network must store 
fu ll-motion video, stereo sound, and oth­
er rich data types. These "video servers" 
must also achieve real-time or near real­
time throughput, because even brief de­
lays will cause visible glitches on home 
TV screens. 

Oracle (Redwood Shores, CA), which 
hopes to become a key player in this 
fie ld, says that most of its current data-

To provide video-on-demand, multimedia encyclopedias, and other new senlces, ITV networtis will need high· 
speed servers with vast amounts of mass storage. Material will be stored on digital tapes or optical disks In 
automated jukeboxes. When the network receives a user's request via the upstream backchannel, the server 
will retrieve the appropriate file from the jukebox and copy It lo a hard disk array, from which the compressed 
video will be spooled downstream lo the user's digital set-top box. The box will decode and decompress the 
video and then modulate an analog signal for the TV. 

Broadband Interactive TV 
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~~§
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Power supply 

base customers manage I 00 to 150 GB 
of data. Oracle's biggest customer, a 
credit-history company, has a database 
approaching I TB ( 1024 GB). But the 
ITV network of the future will store the 
world 's entire movie library, estimated al 
65,000 films. Each fi lm requires 1.5 GB 
or more of storage when compressed in 
MPEG-2 fom1 at. That adds up to about 
95 TB. Now add all the historical news 
footage and popular TV shows that will 
eventually be stored, too. And don' t fo r­
get the other content, such as electronic 
catalogs and interactive encyclopedias, 
and things yet to be imagined. 

The bulk of this material wi ll be ar­
chived in near-line storage: banks of au­
tomated jukeboxes that can mount tape 
cartridges or optical disks on the video 
server within seconds of a user's request. 
The server will copy the video onto its 
local mass storage, probably striping the 
data across arrays of hard disks for re­
dundancy and fas ter access. Then it will 
buffer the data in RAM while pumping 
it downstream to the user' s set-top box . 
Frequently accessed material, such as 
the most popul ar movies and games, 
may be permanently mai ntained on local 
storage. Special software wilJ track view­
ing habits, automatically loading Ir 's a 
Wonderful Life in December. 

Con umers will expect the same reli­
abili ty from the ITV network that they 
do fro m the public phone system, so 
video servers will need careful mai nte­
nance. An array of IOOO hard di sks will 
lose an average of one dri ve per day, ac­
cord ing to MTBF (mean time between 
fa ilure) statistics. Technicians will pa­
trol rooms of servers and jukeboxes, hot­
swapping failed dri ves on the spot, just 
as they used lo keep ENTAC running 
by constantly replaci ng blown vacuum 
tubes. 

If the storage requirements of video 
servers seem daunting, the l/O is night­
marish. During peak hours in major 
cities, thousands of people may be re­
questing videos. Today's broadcast mod­
el is synchronous: One "copy" of a movie 
is sent over cable or the airwaves to a 
mass audience, and everyone watches 
it at once. Pure video-on-demand is asyn­
chronous: lf 5000 people on Saturday 
night want to watch the latest hi t fi lm, 
only a few wi ll punch in their orders at 
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whkh needs 384 Kbps to 1.54 Mbps of 
..- ']... .... ..._ "'"""- -F -.,, - - ... IJ ~ - bandwidth, Ravenel says. 

the same moment. Thus, the server must 
stream the same video to thousands of 
destinations according to different time 
bases some only seconds apart. 

To complicate matters still further, the 
video server will provide virtual "VCR 
functions , such as pause, rewind, fast­
forward slow motion , and frame ad­
vance. So it has to update thousands of 
file pointers to keep pace with frequent­
ly shifting viewing patterns. 

What kind of computer can do all this? 
"I think 'computer' may be the wrong 
word ," says Greg Hoberg, marketing 
manager of the video communications 
division at Hewlett-Packard (Santa Clara, 
CA); "it' s really an 1/0 machine." Hoberg 
says the problem is not computational 
and therefore requires an entirely new 
approach to hardware design. "We're 
trying to come up with the architecture 
that is appropriate to this problem. It ' s 
a problem ofl/O and mass storage, not a 
problem of MIPS." 

HP's video server, dubbed the Video 
Engine, is expected to be ready in about 
a year. Hoberg says it will be a highly 
scalable machine that fits into HI;> ' s 
vision of numerous servers distributed 
across a hierarchical network. Local serv­
ers will supply the most popular videos, 
while remote machines that serve many 
localities will store less-popular content. 
This topology could minimize headend 
costs without compromising access. 

HP isn ' t alone in the scramble to gain 
a foothold in the high-stakes vjdeo-serv­
er market. IBM and DEC see video serv­
ers as a potential use-even a savior­
for large minicomputers and mainframes. 
Microsoft, Intel , AT&T, Silicon Graph­
ics, Motorola, nCube, and Oracle are a 
few of the other companies working on 
hardware and software. As with anyth,ing 
new, different approaches are emerging. 

Unlike HP, Oracle and nCube (Foster 
City, CA) think video servers do need 
great computational power. They' re de­
signing servers using nCube's massive­
ly parallel computers and Hypercube 
architecture. In their view, symmetric 
multiprocessor systems have too much 
hardware overhead and will quickly fall 
victim to bus saturation if applied to 
large-scale video-on-demand. 

To boost the server' s 1/0 bandwidth, 
nCube interconnects large numbers of 
proprietary microprocessors comparable 
to a 386 but optimized for throughput. 
Oracle, which is writing the software, 

says an nCube-based video server with 
I 024 processors could supply video to 
7000 homes. A larger nCube-2 comput­
er supports up to 4096 processors and 
could serve 30,000 homes. 

"No one knows for sure how these 
JUachines will be used," says Benjamin 
Linder, director of technical marketing 
for Oracle's Media Server project. "So 
Oracle is designing a system that ' s as 
general as possible. We' re trying to cre­
ate servers to act as living libraries on 
the data superhighway." 

Linder says that the massively parallel 
approach is overkill for video 1/0, even 
on this scale but nevertheless makes 
sense because the server could handle 
tasks that otherwise would be shunted 
downstream to the user's set-top box. 

This is a key point. New computers 
are needed for both ends of the ITV net­
work-clients as well as seryers. Digital 
set-top boxes are much more than simple 
tuners or descramblers, yet their cost 
must be driven down to about $300 be­
fore-broadband lTV is economical. 

Consider what a typical box might 
contain. Start with a powerful CPU, such 
as a 486, PowerPC, or Mips R4000. Add 
l to 3 MB of RAM; a high-speed graph­
ics chip for screen overlays and video 
games; a display chip; a l-GHz RF tuner; 
a demodulator; an error-correction chip; 
an MPEG-11 decoder; logic to strip the 
audio soundtrack from the incoming 
video; a Dolby decoder; two 16-bit audio 
DIA converters ; a video RGB convert­
er; an RF modulator; an infrared inter­
face for remote control ; flash ROM for 
the operating system; a security chip to 
prevent theft of service; and a switching 
power supply. 

"People have this interactive TV vi­
sion , but if the set-top box costs $1000, 
it's not going to be worth it," notes Roger 
Kozlowski, vice president and technical 
director for the consumer segment of 
Motorola (Phoenix, AZ . That's why Or­
acle and nCube are designing video serv­
ers that can shoulder part of the compu­
tational burden. They seem to be in the 
minority, however. Other companies are 
betting the set-lop technology will be af­
fordable by 1995 or 1996-and it' ll be at 
least that long before the network infra­
structure is ready to support it. 

Tom R. Halfhill is a BYTE senior news editor. 
Yo11 can reach him on rhe /111em er or BIX ar 
1halj11i/l @bix.co111. 

TCI' s secon d cable will be midsplit , 
with the "free" portions of 500 MHz of 
bandwidth allocated in each direction (the 
second, digital-only, unamplified cable is 
subject to RF ingress) . When activated, 
thi s cable would allow TCI to provide 
more than just telephony: It would em­
power subscribers to become originators, 
not just consumers, of content- in effect, 
to become broadcasters in their own right. 
"You ' re more likely to be enfranchised as 
a user if your cable service allows you to 
communicate with other users," says Alli­
son Mankin, a researcher at the U.S. Naval 
Research Laboratory and a cochair of the 
IETF' s "IP:next generation" project. 

Cable companies are serious about using 
upstream bandwidth to compete with the 
RBOCs in local phone access. The top five 
cable firms-TC!, Time Warner Cable, 
Continental Cablevision, Cox Cable Com­
munications, and Comcast-jointly own 
TCG (Teleport Communications Group), 
the leading alternative access provider, 
which connects local users to interex­
change-carrier POPs. Large corporate cus­
tomers are already contracting with TCG 
for primary or backup access from their 
phone systems directly to long-di stance 
carriers. Now cable companies want to of­
fer the same option to smaller businesses 
and individuals. Access to the long-dis­
tance network through the cable system 
could lower costs for customers and give 
RBOCs a run for their money. 

Future Networks 
A technology that may bring cable and 
phone companies even closer together is 
ATM, which spans the gap between pack­
et-switched and circuit-switched technol­
ogies by using elements of each. ATM 
splits data into small chunks, like a packet 
service, but the cells are all of equal size. 
Then, instead of routing each cell individ­
ually , A TM sets up a virtual circuit and 
streams them across the network. Aside 
from its scalability and ultrafast switching 
performance (622-Mbps ATM products 
are available now), what makes ATM so 
attractive for video applications is its abil­
ity to allocate bandwidth on demand and 
assign priority levels to cell streams. This 
means ATM can guarantee nearly real­
tirne deli very of digital video data. "ATM 
is the right kind of switching technology 
for interactive video," says TCI' s Ravenel. 

To test this hypothesis and to push A TM 
technology to its limit, Time Warner Cable 
is conducting an interactive TV and video­
on-demand trial in Orlando, Florida, to­
gether with AT&T, Silicon Graphics, and 
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others (see the text box " T he Too ls fo r 
New TV"). This tri al uses AT M end-to­
end, from the massive v ideo servers at the 
back end to the set-top boxes in subscti ber 
homes. It's a costlier solution than TCI or 
Pac Bell is trying, but it may be more for­
ward-looking. Ravenel says he's not sure 
ATM to the home is necessary but he's 
gratefu l to Time Warner for tryi ng it out. 

Some are even less certain about AT M, 
cautioning that it has been overhyped. This 
view is particularly found in the Internet 
community, which tends to be skeptical 
a bo ut o ne -solutio n-fit s-a ll tech­
nologies . "We don't have to have 
a s ing le, uni versal arch itec­
ture,' ' says Tony Rutkow­
ski, an Internet pioneer 
and director o f tech­
no logy asse sme nt 
at Sprint. 'It 's non­
se nse to think th at 
every thin g will run 
over ATM." 

Craig Partridge, a senior 
scienti st al Bolt Beranek and 
Newman (BB N) and author of 
Gigabit NeflVorking (Addi on-Wes­
ley , 1994), says that although enter­
pri se ATM switche fro m Fore Sys tems 
and Lightstream (a jo int venture of Unger­
mann-Bass and BBN) can deliver their rat­
ed 155-Mbps speeds, some high-end 622­
Mbps switches have fa iled fro m a lack of 
adequate flow control. "AT M switches are 
really designed for teady, not bursty, traf­
fic. But data communications is bursty, so 
they drop bits all over the fl oor," he says. 

ATM also doesn ' t now support multi­
casting , which means that all transactions 
are po int-to-point. Thi s could prove very 
ineffic ie nt for broadcas t video co nte nt, 
such as li ve news or sports events, when 
millio ns of users are watching the same 
source and don' t need to be indi vidually 
addressed. Still, cable and telco executi ves 
almost unanimously conclude that A TM 
will be a vital backbo ne techno logy for 
the data hig hway , weav ing together the 
cable, te lco, and data service providers. 

Linking with Content 
Another problem that both cable compa­
nies and telcos confront in promoti ng their 
visions of the data highway is that neither 
owns meaningful data content. T he cable 
companies bring to the party lots of enter­
tainment properties and Holl ywood rela­
tionship , but these are a far cry from busi­
ness-ori ented information ources uch as 
demographic databases or parts catalogs. 

To gai n access to this information, cable 
and pho ne companies are fo rg ing links 
with o n-line services. In late I 993, Corn­
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cast and Viacom announced they would 
test de li very of Prodigy and America On­
line over cable systems in Castro Valley, 
California, and elsewhere. Continental Ca­
blevision began a tri al last December in 
E xeter, New Hampshire , th at le ts so me 
home and business cable customers con­
nect direc tly to CompuServe; and in early 
1994, Contine ntal wi ll offer cable sub­
scribers in Cambridge, Massachusens, a 
direct link to Performance Syste m Inter­
national, or PSI (Herndon, VA), a leading 

commercial Internet provider. 
For all these arrangements, cus­
tomers hook up an RF modem to 

their cable and from there con­
nect to a PC, Mac , work­

station, or network . The 
result of u ing broad­

band coax ia l ca ble 
instead of tw isted­
pair copper for data 

de li ve ry is a th o u-
sand-fo ld increase in 

speed. Says Daniel F. Ak­
erson, chairman and CEO of 

set- top box maker Ge nera l In­
strument, "A high-resolution image 

that now takes 15 minutes to dow n­
load over a con ventional mode m will be 
accessible within a few seconds." 

Zenith Electronics (Glenview, IL) makes 
one suc h inte rface, called Ho mew orks, 
that sells fo r $495 and consists of an ex­
tern al cable mode m (with Ethernet out­
put) and a PC bus card. Ho mew orks is 
be ing used fo r the Co ntine ntal/Co mpu­
Serve tri al in Exeter, and Ze nith is al so 
partne1ing with Spry (Seattle, WA) to pro­
mote cable-based Internet access via Spl)''s 
A ir Nav igator, a $ 149 Windows-based 
software package. 

DEC is getting into the act with Chan­
ne l W orks, a bridge that permits inte r­
connection of Ethernet LANs over CATV 
systems, supporting I 0-Mbps speeds at 
distances o f up to 70 miles. According to 
a Datapro Information Se rvices repo rt , 
"Data o ver C ATV," DEC has partnered 
with TCI. Continental Cablev ision, Times 
Mirror Cable, and others, and is targeting 
Channe lWork at businesses, hospita ls, 
state and local governments, and educa­
tional insti tutio ns. Both the DEC and Ze­
nith modems require two-way cable sys­
tems and support symmetrical data rates. 

Start-up Hybrid Networks (Mountain 
View, CA) is taking a di ffe rent approach 
with an asymmetrical architecture that uses 
both cable and pho ne lines. Its produc t 
use RF modem technology for 10-Mbps 
downstream data over subspl it frequen­
cies and sends return data over convention­
al phone lines at 9600 bps to 19.2 Kbps. 

Hybrid has al o demonstrated upstream 
communicati o n over ISDN , usi ng 2B 
channel , or 128 Kbps. President Howard 
Strachman notes that only 15 percent o f 
U.S. cable systems are now two-way, and 
of those, most suffer no ise ingress that 
makes provision of even a s ingle 6-MHz 
upstream channel nearly impossi ble . Hy­
brid ' s product will thus serve the mill ions 
of users Jacking advanced cable service. 

But looking fo rward to the time when 
fiber nodes move closer to e nd users, Hy­
brid is also working with Intel and Gener­
al Instrument on a device that communi­
cates in both directions over cable. Thi s 
two-way RF modem, slated to be used for 
the Viacom and Comcast tri als th is year, 
will be implemented on a PC add-i n card, 
not in an external unit li ke HomeWorks. 
Strachman says the specifica tions for the 
fi na l ca rd are n ' t set but could include 
NTSC-to-VGA conversion ; if so, he says, 
a s ingle board would "cable-enable" a PC 
for both video reception and data 1/0. Al­
though the initi al product is for the IS A 
bus, future versions coul d suppo rt other 
l/O buses or PCI (Peri pheral Component 
Interconnect) or could be built directly into 
a set-top box. 

Services such as CompuServe and Prod­
igy were desig ned around the pre ump­
tio n of scarce ba ndwidth , but with con­
nection rates orders of magnitude higher, 
they will be able to offer richly detai led 
multimedia user interfaces and new capa­
bilities such as interacti ve imaging, store­
and-forward audio and video communi ­
cation, and "rentals" of mas ive data sets. 
"So me believe that a good part of the re­
quired transport infras tructure [for the data 
highway] already exists in the cable plant," 
says Datapro analyst Lance Lindstrom. By 
adding support fo r data communications, 
he says, cable companies can leverage their 
bandwidth advantage over the te lcos and 
assume the role they see fo r themselves 
as " important contributors" in building the 
information highway . 

The Data Web 
People often confuse the Internet' s physi­
cal structure-its web of TI trunks linking 
IBM RS/6000-based routers and its vari­
ous dial-up and dedicated access lines and 
services - with its true identi ty : a set of 
software protocols and tools, thousands of 
open data servers, a community of more 
than 20 mill ion users, and a process for 
engineering upgrades. But in theory, this 
identity could be di vorced from today's 
Inte rnet hardware and the "Net" would 
still exist ; indeed, if the data highway turns 
into a me lding of cable and te lco infra­
stn1ctures, the Internet could live on as a 



i 

~~oneMonitor Can Do ItAll'' 

BEST COLOR QUALITY: VIEWSONIC 17 

"The ViewSonic 17 combines 
wide, smooth color range, 
excellent saturation and 

intensity, and superb uniformity 
for a picture-perfect image." 

BEST SHARPNESS: VIEWSONIC 17 

"Whether you work with text 
or drawings, the ViewSonic 17 

will provide you with the 
sharpest display, even at the 

edges of the screen." 

BEST VERSATILITY: VIEWSONIC 17 

"Along with the richest colors 
andsharpe~~xtandimage~ 
the ViewSonic 17 rates high in 
usability, thanks in part to its 

intuitive image controls." 

BEST OVERALL: VIEWSONIC 17 

"Best color quality, best 

sharpness and best versatility­


what more could we ask of 

the ViewSonic 17? Frankly, 

we were surprised that one 


monitor could do it all ." 


(PC Computing/january11994) 
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I I . 

W.ch monitor can do it all? The 
Viewsonic 17! In a recent review of 13 
monitors (including NEC, Nanao, Mitsubishi, 
and Sony), PC Computing wrote, "Frankly, 
we were surprised that one monitor could 
do it all - but our surprise will be a pleasant 
reward for your eyes and your budget." 

Advancing into the future, our 17-inch 
New Generation monitor offers a flat square 
screen, ViewMatch color control, double 
dynamic focus gun, Advanced Invar Shadow 
Mask and a maximum resolution up to 1,600 
x 1,280. And those are just some of the 
features that make this the monitor of choice. 

To see the "Best" monitor, go to your 
nearest dealer and check out the Viewsonic 
17. Then you'll know why it's the monitor 
that can do it all. 

!·.. · . \ . '..• ~ ' - ~EST .... 
·~· j . Viewsonic~ ...• 1,· 

• 	
See The Difference!'".;.\ -· ... -­

I 	
20480 Business Parkway, Walnut, CA 91789 
Phone: (800) 888-8583 • (909) 869-7976 

'- Fax (909) 869-79;8 
.-\ II products wd 1r.1.dt'.m:ub :irr bnml 11:u110 of 1htir rtsrt'(1h'l' companin. 
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Federally Funded Pilot Projects 


VISTANET 

Participants University of North Carolina at Chapel Hill, North Carolina State 
University, Bell South, GTE MCNC 

Technical Uses data-intensive files such as CAT scans and MRls to drive 
details tests of protocols and network performance analysis using HIPPI 

(High Performance Parallel interface), ATM (Asynchronous 
Transfer Mode), SONET (Synchronous Optical Network), and 
broadband circuit switching 

Goals To examine medical uses for gigabit networking, concentrating on 
medical imaging 

1 .s11;J·l;i·W 
Participants 	IBM, Bellcore, MIT, University of Pennsylvania, MCI, Nynex, Bell 

Atlantic, University of Arizona. 

Technical 	 Uses 2.4-Gbps channels from MCI to link the computer labs of 
details 	 the other participants. The switches are configured for both 

standard ATM and an alternative known as PTM (Packet Transfer 
Mode). 

Goals 	 To test the differences between the switching schemes and to 
explorethe implications of hooking up adata flrehose to a 
desktop workstation. 

Comments 	 To handle these blistering interface speeds, future desktop 
computers will need specialized 1/0 controllers with OMA and 
direct access to video. as well as operating.system 
improvements to greatly reduce context-switching time. 

i§i#Qi·';' 
Participants 	Carnegie Mellon University, Bellcore, Bell Atlantic, and the 

Pittsburgh Supercomputing Center. 

Technical Uses ATM as an intermediate layer between SONET backbone 
details links and HIPPI interfaces on the computers. 

Goals 	 Scalability; to link gigabit LANs and WANs to one another and to 
supercomputers. To overcome current 1/0 bottlenecks and to 
develop adedicated network coprocessor to off·load protocol 
handling from system bus. 

Comments 	 Adding a new computer to the network only requires connecting it 
to the ATM switch, whereas the Casa network needs adirect 
SONET line between every pair of communicating computers. 
Nectar's approach is much closer to the architecture that will be 
used to link homes and businesses to the data superhighway. 
Since most people will want to make connections with many 
different computers in a day, they'll require the flexibility of a 
switched network. But paint-to-point, switchless approaches like 
Casa's could be used to establish permanent links between a 
small number of sites, such as when acompany connects 
computers in neighboring plants. 

•,1f·S9t+w 
Participants 	 Earth Resources Observation SystemData Center, Lawrence 

BerkeleyLaboratory, Minnesota Supercomputer Center, SRI 
International, University of Kansas, MITRE, Army High­
Performance Computing Research Center, Army Battle Command 
Battle Laboratory, DEC, Northern Telecom. Southwestern Bell , 
Splitrock Telecom, Sprint, U.S. West 

Technical 	 Will use SONET links and ATM to create agigabit WAN 
details 	 Interconnecting three high-speed ATM LANs and one HIPPI 

LAN, providing trunk speeds of 2.4 Gbps and access speeds of 
622 Mbps 

Goals 	 Will use a military-terrain visualization application to study real­
time interactive data exchange among diverse, geographically 
distributed computing and networking devices 

«*f·fi·W 
Participants 	Caltech, The San Diego Supercomputing Center, The Jet 

Propulsion Laboratory, MCI, Pacific Bell , UCLA, US West, and Los 
Alamos National Laboratory. 

Technical Uses SONET fiber-optic lines running at 622 Mbps to link 
details the different sites, but doesn't use ATM because ATM's 53-byte 

cell size proved inefficient for moving supercomputer·size blocks 
of data that routinely g;ow to 64 KB or greater. 

Goals 	 To explore methods for synchronizing massive distributed 
simulations running on supercomputers hundreds of miles apart. 

Comments 	 Even at gigabit speeds, the propagation delay introduced by 
networking throws off these applications, which concern 
problems such as modeling the global climate system. 

I :J f ·j §lij·W 
Participants 	 Lawrence Berkeley Lab, NCSA, University of California-Berkeley, 

University of Illinois, University of Wisconsin, AT&T, Ameritech, 
Astronautics, Bell AUantic, and Pacific Bell. 

Technical The test-bed links local FDDI (Fiber Distributed Data Interface) 
details LANs with SONET-based ATM switches. 

Goals 	 To study how voice, data, and video flow in networks. 

Comments 	 Voice is at once more forgiving and more demanding than regular 
data. People using aphone won't even notice if one packet 
containing a microsecond of conversation is lost; the ear and 
brain fill in the gap. However, a long pause is unacceptable. Data 
connections, on the other hand, are time-insensitive but cannot 
tolerate even a single lost packet, From auser standpaint, 
delayed data means sluggish performance, but not gibberish. Put 
another way, voice traffic is predictable and steady, whereas data 
communications occur in unpredictable bursts that can overflow 
switch buffers designed for voice traffic. 

set of services and standards. 
Whether you connect to the data high ­

way by copper, coaxial cable, fiber, or ra­
dio, the key unanswered questions are how 
you wi ll interact with the giant network 
and whar you wi ll find tJ1ere. Bei ng linked 
to everybody and everything in the world 
won ' t do much good if you can ' t use the 
system or locate services you need-or if 
there 's no data on-line that you care about. 

This is where the Internet comes in. Un­
like experimental networks such a Time 
Warner 's A TM trial in Orlando, the Inter­
net is in place today, running the battle­
tested TCP/IP protocol, offering global re­
mote log- in and file transfer (telnet and 
ftp, respecrively) to and from thousands 
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of data servers , and supporting public do­
main networking standards such as SNMP, 
SMTP, and SLIP. To help users navigate 
this vast, intercormected mesh, the Internet 
community has created innovative search­
ing and index ing schemes , such as Go­
pher, Archie, WAIS , and the hypertextual 
World Wide Web. 

The physical Internet is quickly evolv­
ing: According to Steven Wolff, director of 
the networking division of the NSF (Na­
tional Science Foundation), which over­
sees the Internet's core, " the NSFnet back­
bone is going away" in the next few years, 
to be replaced by a combination of linked 
commerc ial subnetworks and a restricted­
access research backbone. One immecli­

ate effect of this is that the Acceptable Use 
Policy, which prohibited commen.: ial tlata 
traffic acros the NSFnet , wi ll become 
even more moot than it already is. 

Instead of providing universi ti es and 
public institutions with free access to a 
government -spon ored ne twork , Wolff 
says, the government will get out of the 
network busi ness and offer these users 
vouchers or grants to buy access to com­
mercial Internet providers. There are now 
nearly 50 of these regional mid-level net­
work providers in North America (includ­
ing PSlnet, BARRnet, CERFnet, NEAR­
net, and NYSERnet), most linked under 
an umbreUa called CIX, or the Commercial 
Internet Exchange. Many may merge or 
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Commercially Funded Pilot Projects 


+§iihM 
(The National Information Infrastructure Testbed) 

Participants 	AT&T, Department of Energy, DEC, Ellery Systems, Essential 
Communications,Hewlett.Packard, Network Systems, Novell, 
Ohio State University, Oregon State University, Pacific Bell, 
Sandia Labs, Snithsonian, Sprint, Sun Microsystems, SynOptics, 
UC-Berkeley, University of New Hampshire. 

Technical Prototyping data-highway concepts using the Internet, FOOi, 
details frame relay, and ATM. 

Goals 	 To create real-world demonstration projects using currently 
available products. 

Comments 	 The first test, called Earth Data Sciences, distributed 
environmental data over disparate systems in acollaborative 
multimedia fra·mework. The second test will be on medical 
imaging. 

S MART VALLEY 

Participants 	3Com: Hewlett·Packard; Pacific Bell; Silicon Graphics; Network 
General; Stanford Universio/; Regis McKenna; Mohr, Davidow 
Ventures; and others 

Goals 	 To promote the development of the data .superhighway through 
brokering public and private partnerships and by supporting 
applications development 

+:+go,oa+ 
(The Cross-Industry Worlling Team) 

Participants 	Apple Computer, AT&T, Bellcore, Bell South, CableLabs, Citicorp, 
DEC, GTE, Hewlett.Packard, IBM, Intel, MCI, Mccaw Cellular, 
Motorola, Nynex, Pacific Bell, Silicon Graphics, Southwestern 
Bell, Sun Microsystems, and others. 

Goals 	 To hammer out technical issues involved in bringing gigabit 
technology to homes and business desktops. XIWT has four 
working groups-architecture, services, portability, and 
applications-and has assigned each to examine pertinent 
issues and produce white papers. XIWT's overall goals for the 
data highway are that it be ubiquitous, affordable, flexible, and 
easy to use. 

COLLABORATORY ON 

INFORMATION INFRASTRUCTURE 

Participants 	Bellcore, all the regional Bell operating companies, Capital 
Cities/ABC, DEC, Hewlett.Packard, JCPenney, Los Alamos 
National Laboratory, MIT Media Lab, Microware Systems, 
Northern Telecom, WilTel 

Goals 	 To find solutions to practical problems such as user interface 
and network navigation 

be acquired by te lcos, cable companies, 
or on-line service providers . "We won ' t 
be buying our bandwidth from people like 
CERFnet and PSI 20 years from now," 
predicts Noel Chiappa, a member of the 
JETF and an independent networking re­
searcher based in Vermont. 

To carry forward the Internet' s original 
mandate as a research tool, the govern­
ment will create a new backbone under 
the auspices of the 1991 NREN (National 
Research and Education Network) Act, 
which was sponsored in Congress by then­
Senator Al Gore. This new backbone will 
operate at speeds of 155 Mbps (OC-3) and 
will not carry routine mail or file-transfer 
traffic; it will exist, says Wolff, to support 
research on protocols, RPCs (remote pro­
cedure calls), large file transfers, and oth­
er advanced applications. NSF is also co­
funding research on even higher-speed net­
working via so-called Gigabit Testbeds. 

As the Internet's backbone is changing, 
so are its on-rnmps. Programs such as Con­
tinental Cablevision's Link to PSI are open­
ing up the Internet to a new class of users 
and bringing it into the same devices peo­
ple will use to view videos or make phone 
calls. Thus, distinctions among these ser­
vices will blur. The thousands of Internet 
data servers and news groups, offering vir­
tual community and free information rang­
ing from government statistics to satellite 
images to crop studies, will be available 
from your office or living room through 
the same user interface you use to conduct 
a videoconference or order a pizza. 

One major problem that could hold back 

growth of the Internet as a commercial 
venue is that no provisions exist today for 
usage-based billing. If you log into a serv­
er with anonymous ftp, nobody charges 
you (by access time, packets downloaded, 
records passed, or some other scheme) for 
the data that you obtain . By comparison, 
proprietary on-line services such as Com­
puServe were designed from the begin­
ning to track usage. 

"The thought of billing is a nightmare to 
90 percent of the providers on the Inter­
net," says Susan Estrada, former managing 
director of CERFnet and now president of 
start-up Aldea (Carlsbad, CA). Unlike com­
mercial services, she adds, many Internet 
nodes, such as government servers, are re­
quired to publish their data at no charge. 

Some people also bemoan the inevitable 
change that expansion of the Internet will 
wreak on its unique subculture. Says Dave 
Farber, an Internet founder and professor 
at the University of Pennsy lvania (Phila­
delphia): "Internet people believe in free 
goods to everybody: Give each user a straw 
and let him sip on the pool of wisdom." 
If Internet access is no longer free and us­
ers have to pay to download data sources, 
the Internet will lose its communal spirit. 

Protocol Quandary 
Aside from its highly evolved tools and 
wealth of data sources, the lntemet's great­
est contribution to the data hi ghway may 
be the TCP/IP protocol. But this is debat­
able , because TCP/IP wasn't originally 
designed for real-time data delivery, which 
is necessary to support any meaningful 

volume of audio or video traffic. "Its op­
timal use is to hang together a great many 
apps, nets, and operating systems around 
the world," says Sprint's Rutkowski. 

TCP/IP is a routed, connectionless, data­
gram (or packet) protocol , which means 
it divides network traffic into unequally 
sized, individually addressed chunks that 
are routed through the network over a dy­
namically assigned path . (The Internet uses 
several algorithms to determine the best 
route at any given time.) This is analogous 
to sending a friend a postcard every day 
for a month: The cards may arrive out of 
order or take different routes to get there, 
but the friend can sort them out at the oth­
er end. By contrast, connection-oriented 
schemes, such as voice telephony or ATM, 
establish a circuit between the source and 
destination and send all signals or pack­
ets in sequence along the same path . Each 
approach has its strengths and weaknesses. 

TCP/IP's greatest competitor- if, in­
deed, they must be at odds rather than com­
plementary-is ATM. But ATM spans 
different levels of the network stack, in­
cluding link-layer specifications that are 
out ofTCP/IP's purview, and not including 
TCP/IP' s "reliable" layer, whic h ensures 
end-to-end error checking. An IETF group 
is working to implement TP over A TM (this 
requires spl.itting lP's variable-length pack­
ets over ATM's fixed-length cells and then 
reassembling them on the other side), on 
the premise that TP can and should remain 
an intemetworking standard even if the 
underlying transport changes from a con­
nectionless datagram to cell switching. 

co111i1111ed 
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INTELLIGENCE RECOGNIZED! 

"ZyXEL modems are now among the best performers" - PC Magazine 

Leading publications are continuing to 

recognize, rave about and award the many smart 

performance fea tures that make ZyXEL the 

industry leader. And why shou ldn ' t they? Our 

Ultra High Speed Modems fit a wide range of 

configurations. giving you more Intelligent 

Features that save you time and money. 

"ZyXEL modems are loaded with 
features, they comprise a virtual 
treasure box ofsurprises." -
Boardwatch Magazine 

The ZyXEL U-Series offers Intelligent Features to 

ensure speed, reliability and true "plug-and-play" 

operating ease. Our new VoiceFax Software* and 

rwo-way fax ability lets you send and receive voice 

mail from remote locations. Our Rackmount and 

NMS give you simultaneous control of hundreds of 

sites. And, ir you're 011 the go, our New U-1496P 

Portable Modem/Fax offers cellular capability 

and portnbility. 

"Some modems are good. Some modems are 
fast. ZyXEL modems are good 
andfast. " 
- Computer Shopper 

TI1e ZyXEL PLUS Series gives you up 

to 19.2 Kbps, with DTE speeds of 

up lO 76.8 Kbps in modems that come with a 5­

year warranty** and will soon be upgradable to 

Y.Fast Advantage.*** 

"ZyXEL modems scored a three-way tie for 
best two-way comm1111icatio11s modem." 

-BYTE 

~ Out of the 62 modems tested, 

~ ZyXEL was honored by PC 
- Magazine as one of only three 

modems proving 100% reliable connections. 

Also, ZyXEL modems are compatible with 

most other modems and operate in both 
synchronous and asynchronous modes as well 

as in all environments: DOS;'"" Windows~ 
OS/2,® Macintosh ® UNIX ,® NeXT® and 

Amiga!M And, with Y.25bis for synchronous 

communications, ZyXEL is compatible with 

IBM 's AS/400® and RS/6000~ 

ZyXEL's Intelligent Features: 
• Ultra High Speed 19.2/16.8 Kbps 

• Y.32bis/V.32, V.22bis/V.22, BELL 2 I2A 

• Y.17-14.4 Kbps, ElA Class 2, G3 Fax, S&R 

• Y.42/V.42bis with Selective Reject-MNP® 3/4/5 

• Digitized Voice Capability 

•Caller ID/Distinctive Ring 

• Remote Configuration 

• Auto Fall Forward/Fall Back 

• Call-Back Security with Password Protection 

• Line Probing Techniques 

• 2/4 Wire Leased/Dial Line 

• Auto Data/FAXNoice Detection**** 

•Upgradable by EPROM 

Find out what the Industry Experls already 
know. Call ZyXEL. A Wise Inveshnent. 
An Intelligent Modem. 

To find uul more about the 

~- U-t496P 
PORTABLE WtTll CELLU LAR 


C".111 rnur ZvXEL 

sales repf.estntaih'e today! 


(800) 255-4101 

n
It runs with ZyXEL
NetWare 

The Intelligent Modem 
Circle 177 on Inquiry Card (RESELLERS: 178). 

4920 E. Ln Palma Avenue, Anaheim. CA 92807 (7 14) 693-0808 BBS: (7 14) 693-0762 FAX: (714) 693-88 11 
• Availahlc wilh Windows,® DOS.not and Macintosh® vers ions. 0 2-ycitr w:1rran1y for Rnckrno11111 mcxlcb. • 111 *V.F:\St upgnitlc price depends upon 1hc model. 

111is uffcr i ~ valhJ in USA mid Cmada only.,.,,., ..AulO Dala/Fax/Voicc dc1cc1ion avnilnhlc on DOS vc r~ ion, Window/Mac vers ion nvailnhlc with Auto 
Fax/Voice dc1cc1iu11 . Prices nnd specifications :ire subjccl 10 change without prior notice. All lrm.lcmurks nnd logos nrc 1hc pmpcny of their respec tive owner.). 
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But if ATM does so well with video and 
other rea l-time data, why muck around 
with TCP/fP at all for the data highway? 
The answer is heterogeneity, says Scott 
Bradner of the Harvard Univer ity Office 
of Information Technology, and cochair 
of the IETF's IPng committee. "Just be­
cause a large chunk of the network of the 
future will be running over ATM doesn't 
mean it will all be " he says. 

TCP/lP is widely supported in applica­
tions and routers and is unmatched in uni­
versality and re liability-significant ad­
vantages in building the inforn1ation infra­
structure. It has also been upgraded in 
recent years, through the efforts of 
the IETF, to support multicast­
ing , or one-to-many packet 
broadcasting, which A TM 
does not support. Mul­
ticasting reduces the 
burde n on routers 
by mapping packets 
into predefined di s­
tribution groups. 

Among other things, 
multicasting is now used to 
distribute live digital video of 
IETF meetings across the Inter­
net through a program called the 
Multimedia Backbone, or M-Bone. The 
program demonstrates a potential use for 
the Internet, but it' s a far cry from the ar­
chitecture required for widespread video­
on-demand or video te lephony. "The way 
they do M-Bone now is to shoot the pack­
ets through the net and pray for the best," 
says CableLabs' Vecchi . 

Despite its shortcomings, M-Bone's real 
significance is symbolic: The Internet 's 
ability to grow and adapt to changi ng re­
quirements should never be underestimat­
ed. A case in point is the current effort to 
expand the IP address space. Concern that 
the explosive growth in Internet use would 
exhaust the remaining IP addresses has 
prompted a creative two-pronged effort to 
plan for the future. If the efforts of the 
lPng Lask force are successful , there will be 
enough IP addresses to give one to every 
computer, telephone, fax machine, and set­
Lop box in the world, with billions more 
to spare. 

The IP address field is now specified al 
32 bits, which theoretically ought to permit 
4 billion addresses. But when the Internet 
was set up, addresses were divided into 
three classes based on the size of the at­
tached network, and now there is a short­
age of the most popular (C lass B) type. 
The first step Lo combat the address crunch 
is to eliminate cl as es with new technolo­
gy ca lled CIDR (Classless fnter-Domain 
Routing) . Coupled with more aggressive 
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efforts to reclaim unused blocks of ad­
dresses, this may buy the Internet as many 
as five to I 0 years of breathing room, de­
pending on growth rates, says network re­
searcher Chiappa. 

For the longer term, the IPng will con­
sider proposals to modify lP to support at 
leas t I billion networks and I trilli o n 
nodes. Three proposals have been formu­
lated so fa r, but contenders could still 
emerge or drop out; all three proposals in­
clude 64-bit address fields (allowing es ­
senti ally unlimited addresses) and tackle 
the problem of auto-configuration, or how 

to support mobile devices that join and 
leave the network at will. The fPng 

may also examine schemes for 
adding resource a ll ocatio n 

and pseudo- guara nteed 
packet deli very (a "good 

enough" solution) to 
better support video 
over TCP/JP. 

The purpose of all 
these efforts is to en­

sure TCPllP' s pos ition 
as the uni ve rsal inte rne t­

working protoco l of the data 
highway. This doesn' t mean it 

will be adopted tomorrow by makers 
of set-top boxes and cellular phones; 

most of these devices will remain analog 
for some time, and those that are digital 
could use proprietary protocols on top of 
ISON or ATM. But TCP/IP protocol stacks 
may show up in some unusual places, such 
as plug-and-play "cable-enabled" PCs. 

lP could also face competition from ex­
perimental "lightweight" protocols, such as 
XTP or HighSpeed T ransport-Protocol , 
that are designed to reduce swi tching over­
head on the backbone. TCP/fP was wri tten 
to cope wi th an older, more unreliable net­
work infrastructure, and it places heavy 
emphasis on error control and retransmis­
sion , says William Stallings of Comp­
Conun Consulting (Brewster, MA). In the 
context of a fiber infrastructure running 
fast transports like ATM, IP may be too 
"musc le-bound to cope," he says. 

According to Stallings, XTP establish­
es connections more efficiently t11an TCP/ 
IP, supports different priority levels and 
multicasting, offers greate r nexibility in 
checksums, and is the only protocol that 
pern1its selective retransmission of missing 
packets . By combining functions of TCP 
and IP into a single, streamlined protocol , 
XTP manages to be both reliable and fas t 
he says. 

A Window Seat 
What will be your view onto the data high­
way? This is the ultimate client-side bat­

tJeground, pitting again t one another com­
panies that pride themselves on their user­
interface design skills, such as Apple, Mi­
crosoft, and Genera l Magic , as well as 
makers of dev ices ranging from palmtops 
Lo smart TVs. In all likelihood , no single 
user interface will prevail , but standards 
have to be developed so that set-top boxes 
are interchangeable among different de­
livery systems and software applications 
run the same around the country. 

Microsoft aims to be a major player in 
defining the user interface for interactive 
services, whether delivered over cable or 
wireless , onto desktop PCs or TVs . Its 
first-generation product Modular Win­
dows deri ved from the same API as Win­
16 (and was promoted Lo developers as an 
easy way to leverage multimedia PC de­
velopment onto TY-like devices), but it 
fizzled after being adopted only by Tandy 
for its VfS player. Microsoft is lTying again 
with new non-Windows technologies, due 
to appear in pilots and trials this year, ays 
Craig Mundie, vice president of advanced 
consumer technologies at Microsoft. 

These consumer technologies-a sepa­
rate initiative from the Microsoft AL Work 
environment for office equipment slated 
to be rolled out this year-will cover the 
gamut from back-end serv ers throu gh 
broadband networking to end-user prod­
ucts, Mundie says. "Our public position 
now is that we don 't intend to use the Win­
dows user interface for consumer devices." 

Windows will play a key role as a por­
tal to the data highway. For example, the 
new Internet- In-A-Box from O ' Reilly & 
Associates (Sebastopol , CA) runs under 
Windows, providing a TCP/IP stack, au­
tomatic network registration, Internet ser­
vices, and navigation tools. Thi product 
and o ther Windows-based interfaces to 
on-line services (i.e ., CompuServe Navi­
gator or the America On-Line front end) 
will operate in conventional set-ups such as 
a desktop or notebook PC connected via 
the phone system, or in emerging schemes 
such as PC:s cu11m:cte<.l via RF modems 
through the cable system. 

For radically different devices, such as 
PDAs or set-top boxes, di fferen t interfaces 
will be created. Apple has already invest­
ed heavily in the Newton, which, wi th the 
addition of needed communications capa­
biliti es , could become a hand-held data 
hi ghway navigator. General Magic's Mag­
ic Cap interface, slated for use in devices 
from Motorola, Sony, Philips, and Mat­
sushita, may al o show up under the name 
MagicTV in et-top boxes. Silicon Graph­
ics is carrying its Ind igo Magic media in­
terface from the Indy desktop into the sel­
top boxes that it is designing for the Time 



NoMORE EXCUSES. 

Now THERE'S A16-BIT SOUND BLASTER FOR EVERY APPLICATION AND BUDGEf. 

Every day, more people buy Sound 
Blasters than any other PC audio 
card. Except for a few of you. You 
know who you are. 

But now there's a 16-bit Sound 
Blaster'" for every application and 
budget. .. and no more excuses for 
owning anything less. 

SOUND BLASTER~ 16 BASIC EDmON: 

MORE VALUE. 


16-bit performance at an 8-bit price. Same great 
hardware as our premium models, but 

in a no-frills $199.95*package. 
Same Wave BlasterNSampled 
Wave Synthesis and Advanced 

software and micror1lro11e Signal Processing options, too.provide ha11ds-free 
Wi11dmll5 control for SOUND BLASTER 16 Mumm: 
Sound Blaster MultiCD MORE CD-ROM OPTIONS. 
mid SCSI-2 packages. 

If you've got another manufac­
turer's CD-ROM drive, take heart. Here's a Sound 
Blaster 16 that's 100%compatible with best-selling 
drives from Sony, Mitsurni, and Panasonic. 
' All prices listed ore manufocturer's suggested rctail 

Boosts CPU 
efficie11C1J by up 
to 65%wit/1 a11 
Adm11ced Signal 
Processing 
upgrade. 

It can even run two different drives at the same 
time. Which only makes sense, considering our 
$249.95*price will save you enough money to buy 
the second one. 

SOUND BLASTER 16 scs1-2: 

MORE SCSI COMPATIBILITY. 


Waiting for full SCSI compatibility in a Sound 
Blaster? Wait no longer. 

Sound Blaster 16 SCSI-2 meets 
the new, more comprehensive Upgrade 
SCSI standards that other cards MIDI applica­

tio11sand so1111dtmcks
don't. And runs the complete 10 Sampled wave 
battery of SCSI peripherals, not Synthesis witlr a Waue 
just CD-ROM. Blaster daughter board. 

Best of all, it's got a dynamite software bundle 
and a remarkable $279.95* price. 

JUST WHEN You THOUGHT YOU'D 
HEARD EVERYTHING ... 

.. .Along comes Sound Blaster 16. The no-more­
excuses sound card. Exactly what you'd expect from 
Creative Labs, developers of the industry standard 
16-bit audio platform. 

~~;1w.m ·· THE 16-Brr soUND srANDARo. c R ::::: AT 1v::::: 
CREATIVE LABS , INC . 

U.S. inquiries: CreJtivc I.Jibs 1-SOOJJ98..522i' or 1-.ial-128-«<tl. Jntmution.a.l inquiries.: Creative TKhnology Ud., Sing.1pon· T£L65-773-02l3 FAX 65-m-0353.Sound Blaster,CM1tiveVOOAssist. 
\Vaw Blaster and the Sound Blaster and Cl\"ativc logos an: trademarks of Creath't' Tldmology ltd. All other trnd«?nwk:s .ire the pro~ty of thdr respecti\•e holders. CCopvrisht 1993 Creative 
'fl"Chnology Ltd. All righls rc&.·rvcd."SRP. Note: Sound Blaster 16 MultiCD "'-orks with Sony CDUJIA; M.itsumi CRMC·LU005 and -FXOO I ; and Creath•(' l..lbs / Panasonic CR-523 nnd -56.l 
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e : NCSA r.lo5a1c Document View ' .Warner Orlando trial. And Eon 
~p(Reston , VA), formerly TV An­

swer, has spent more than fiv e Document nue: Iom Home Pago ~ I 
years developing and testi ng a Document URL: ~,h-tt-p-:/-_ _ Clj .-ht-l _/arrber /__N_-OlA_ m_______ 

user interface for it interactive 
T V system, wh ich will be de­

GNN Home Pages igned into a set-top box from 
Hewlett-Packard . The Globe! Net"'°1'kNavlga1or (ONN). an Internet-based lnforma1ionCenter. ls• 

produetlon ofO'Re illy&. Associa1es. Inc. ard an appllcalion of the World Wide Web.To make these environments 
truly useful to users, software Welcome New Navlg!O!!I if you are new. please tlll<e •minute to team more about 

ONN.tools have to run deeper than just 
the surface of the screen. For in­ To subscribe to ONN:[gilJ lheonlloe reglstrallon form. 

stance, support for General Mag­
ic's Telescript communications 
language is built into Magic Cap, 
which means that when the user 
selects services by poi nting at 
screen icons, smart agent are 
automatically di spatched across 
the network to obtain those ser­
vices. Similar capabilities can be 
imagined for any of the set-top 
box interfaces, which will offe r 
home and busine users a kick­
off po int fo r c rui sing the data 
highway. 

One of the finest examples of 
data highway middleware is Mo­
sa ic, developed at the National 
Center for Supercomputing Ap­
plications in lliinois. Mosaic runs 
under Windows, the X Window 
System, and the Mac, acting as a O'Reilly & Associates' lntemet· ln-A·Box makes use of tlte Mosaic data browser, 

Nav!gaior·a Forum 

LILI to download acopy or lheONN Home Pege. 

COPYRIGHT 1993 o ·Rellly& Asooelates. Inc. 

This Is a searchable ir>:lex. Enter search.keyworoa: I 

developed at tlte National Center for Supercomputing Applications.c li ent-side browser for World 
Wide Web servers on the Lnter­
net. The software makes visible and easi­
ly navigable the hypertext links implicit 
in the World Wide Web. Thus, you could 
click on an icon to learn about nortl1west­
ern conifers and get connected to a server 
in Vancouver, and then hop a link in pur­
sui t of detai ls on pi necones and be trans­
parently logged into a server in Oslo. "Mo­
sa ic is the most intuit ive, user-fr iendly, 
attracti ve user interface l"ve ever seen," 
says Sprint ' s Rutkowski . "It ' s the Inter­
net's kj Iler app." 

Leaming to best exploit these tools will 
be a major challenge fac ing businesses in 
the era of the data hi ghway. " Informati on 
access is going to be a commodity,' says 
Joe Correira, vice president of applied tech­
nology for The Travelers insurance com­
pany (Haitford, CT). "Everyone will have 
access to the information, fbut] those with 
the experience will profit from the infor­
mati on." 

Haves and Have-Nots 
All these snazzy dev ices and rich too ls 
wi ll be meaningless to average citi zens if 
accessi ng the data hi ghway i too expen­
sive or diffic ul t. If proper precauti ons are 
not taken, the highway could become the 
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provi nce of the educated and economical­
ly pri vileged, draggi ng the U.S. even far­
ther toward be ing a land of information 
haves and have-nots. 

Lowering regulatory barriers between 
te lcos and cable companies, and the rise 
of yet more g igantic media empires to fi ll 
the wires with content-for-hire, could lead 
to fierce competi tion over ervices and 
prices-or to new monopolies. Will all 
c itizens be guaranteed access to the na­
tional information infrasu11cture? San Fran­
cisco consultant Evelyn Pine, fo rmer man­
aging director of Computer Professionals 
for Social Responsibili ty, says that "people 
take phone se rvice fo r granted." where 
'un iversal service has brought about great 
economic and political advantages." But, 
she says, " it 's hard to visuaJize un.i versal 
[computer] access that' s not a high-priced 
solution." Paying $17 per month for ser­
vice (an amount more in line with the cost 
of discretionary cable than with basic li fe­
line phone service) may seem li ke peanuts 
to people in the computer business, but it 
could be a burden for those with lower in­
comes, she notes. 

Pine also poses the questi on whethe r 
cash- tarved libraries and commu nity co l­

leges sho uld be charged w ith 
providing universal access to the 
data highway (i.e., through pub­
lic cente rs offering subsidi zed 
accounts), or whether new pub­
lic institutions should be e tab­
lished for granting access. While 
the latter approach would spare 
colleges and ]jbraries a burden, it 
could also "siphon money away 
[from them] ," she adds. 

The cable and telco business­
es are racing so far ahead of reg­
ul ators, judges, and legis lators 
that the ir wi sh to in vade each 
other's territories may be grant­
ed before proper protection are 
in place for the pub]jc. But if the 
information highway is to fu lfi ll 
the grand civic vision outlined 
for it by President Clinton , the 
government mu st set in sto ne 
rules that carry forth the spirit, 
if not the substance, of the 1934 
Communications Act that bound 
Ma Bell to be a comm on carrier 
and prov ide uni versal service. 
RBOCs can' t be left to carry that 
burde n a lone whil e th e cable 
companies and alternati ve carri­
ers skim off the best customers. 
Perhaps the best solution is one 
currently floating around Wa h­
ington: to create a publi c tru st 
fu nd into which al l providers pay 

and from which subsidies are drawn. 
Like the tran continenta l rail roads and 

interstate freeways, the data highway will 
profoundly alter society-perhaps in ways 
we can' t even antic ipate today. No mat­
ter who controls the wires or ai rwaves that 
reach into homes and bus inesses in the 
U.S . and around the world, major techni­
cal, legal, and economic challenge remain 
before the data highway is as unremarkable 
as te lephones and TVs. But when these 
hurdles are surmounted, enormous oppor­
tunities will be unleashed for all providers 
and consumers of in formation. Vice Pn::s­
ident Gore put it most succinctly: " Better 
communication ha almost always led to 
g reater freedom and greater econo mi c 
growth." • 
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1~800-800-5202 

Every Nanao 
monitor undergoes 
i11te11se scn1tirry 
a11d testing to 
ensure maximum 

perfonnance 
a11dprod11ct 

·····~ reliability. 

Nanao TSeries. arid F Series monitors 
have captured every major award from 

the i11d11stry's leading p11blicatio11s. 

H OO. ,.. O.l.Sr:un 1280,.-IOH 

FiSOi-\\1 11 · 

I ':'fl(li .~r 21" 0.2 

r!Wf.\\' 1-:- · 
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V:H-9\I H1 10H x76S 

~ HOi.\\1 ti" 0.1 ~.rn 
11:1?.61JHl! 

V:.H-90Hz 10l h i6i 

Our monitor family teams 11/tra hig 
reso/11tio11 with a listofimpressive 

technical specifications. 

Superior

IriEvery

Detail. 


At Nanao, details make all the difference in 
creating our family ofprofessional display moni­
tors. From the product design and manufacturing 

that takes place in our factory to the end user's 
working environment, Nanao pays attention io 
every detail. ln engineering. Assembly. Product 

testing. Quality control. Shipping. Customer 
support. From the very first days oftlie company, 
we set out to be an innovator in monitor technol­
ogy. And, in a few short years, we have ad1ieved 
that goal. Today, Nanao has the lowest repair 

rate in the monitor industry, the highest product 
reliability, and a fast-growing number of 

enthusiastic customers. So ifyou're looking for a 
superior mo11itor, start with the details. We do. 

Nf\'N"A,O,B£Ar C0'R:P0RAJ10N 
23535 Telo Avenue, To"ance, CA 90505 
(310) 125-5202 Fax: (310) 530-i.679 

Nanao monitors 
feature protective 

coatings 
, and 
': pa11els 

' · ---·· thai 
reduce 

glare and 
eliminate 

static electricity. 

,"!;·.-:.;~-.b-, 
Nanao was the 
first monitor ~ 

• ~ • J ~ 1 1 , company to joi11• • • j ~. r •1 • r ~ 

in partnership 
with the EPA E11erg)' Star Program. 

A heriiage 
ofprecision 
craftsmanship 

•& pi"I 3(.1 1-. (;.Js'1 Nct-iwh .,.11/d, ~~ 7"11• ""'8n {nr th£JH1, S<tpcrio' 1~. n~ry dt ta1l w a "iJlst~tradem'"~ '){ Nanao COrponi~on. All pro&.a ~·
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and attetltion 
to detail has beer1 
designed into Nllltllo 's 

famil)· ofdisplay mcmitors. 
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Q+E Database Library 
by Q+E Software 
Q+E Database Library 2 .0 streamlines 
DBMS-Independent applications develop ­
ment by provldjng transparent access to 
major SQL and PC DBMS from user's 
desktops with automatic support for 
ODBC & IDAPI. QELIB2 works witb exist­
ing development tools and ts simply the 
best way lo add complete DBMS access to applications today 
and tomorrow! 

List : $699 	 Ours: $475 FAXu w a #: 2625-0002 

WindowsMAKER ' ­
Professional 5.0 ' 
by Blu e Sky Software !lo~ 
Next generation of Ill e most powerful 
CIC++ Code Generator and Prototy per for 
Windows 3 .1, NT & Wtn32s. The fas test 
way to create full -featured Windows apps . 
This proauct stand s out. does eve ry ­
thing-even a toolbar can be created with 

1 click! Test run your design. make changes Interactively, gen ­
erate code for m ultiple platforms-ANSI C. MFC. OWL. etc.: 
widest complier support ln indus try . TrueCode technology­
user code Is 100% preserved. Highly recommended( 

List : $ 1096 	 Ours: $875 FAXutero #: 2602-0003 

c -tree Plus" 	 ~ 
byFairCorn 	 ~Ill'~ 
DOS • WINDOWS • NT • UNIX • OS2 • SUN • ­
• RS6000 • HP9000 • MAC • QNX • • 
BANYAN • SCO. This well known. highly ~"Jl9J' 
portable data management package has 11f""• 
become established as the tool of chblce for FAIRCOM• 
commercial development. Olfertng unprece­ since 1979 
dented data control, programmers may 
choose from direct low level access. ISAM level convenience, or 
SQL access with the FairCom Server. Single User, MultlUser. or 
Client/Server. ANSI Standard. 

List: $595 Ours: $505 FAXcetera #: 1381-0008 
Call Programmer's Paradise• Italia for special pricing In Europe. 

Network C Library 
by Automation Software 

:~: Consultants, Inc. 
,~, 	 The most compreh ens ive library ava ilab le 

for NetWare software development. s upport­
ing all versions of advanced NetWare. Over 

1 , ,, ' , , , 

,, , , ,, ,, 
450 C functions . include any features from 

,, , , ', ' , the NetWare command line utHttles and 
ASO menu utilities ln your C or BASIC programs

' · ' · for Windows or DOS. No licenslng hassles. 
C library source code available. 

List: $395 	 Ours: $355 FAXcetero #: 1004-9201 

ET NT power under 32-blt DOSI 

fl Visual C++ 32-blt Edition and 


ii~P"'1'"':ii:i:=:= ~n;!:!~w;o~ 
N~~der lets you break the 640K DOS 

er, bulldmultt-megahyte DOS appU-
QJlS and take advantage of powerful 
~tures. Including threads, DLCs and multttask1ngl 

t: $495 Ours: $420 FAXuttro #: 1490-0009 

..s uper Project• 3.0 
rWlndows & OS/2 

mpetitive Upgrade 

computer Associates 


~;;superProjeet brings to managers at 
lMls, a complete set of project man­

ent and presentation tools, • 6 · -.;;,; 
ed to work easily and effectively .In 

,\'.1:81 world. Whether you need to create a slinple schedule 
:Pioduce a Gantt chart for the weekly status meeting. or 

leinent Intensive cross-project resource leveling and prtortty 
uUng, CA-SuperProject works the way you work- with 

, power m;id .Oexthlllfy. 

p. Upgtade List: $149 Ours: $109 
I: 1004-0009 

Symantec C++ 
Professional 6.0 

::.;;. by Symantec 
Reach new levels of programming 
power with Symantec C++ for 

B Windows. DOS, and Wln32s . 
Breakthrough new JDDE revolutlon ­

8 the way you work. Includes optlmlzatlons and tools. 
O.Pl'Llnk linker and Blue Sky visual tools, with MFC 2 .0 and 
~. and 8000 pages of documentation. 

COmpetltlva Upgrade for Borland or MJcroaoft customers $189. 

List: $499 Ours: $299 
List: $199 Ours: $189 



IntegrAda for Windows 
by Aetech Inc. 
A complete Ada Programming Support 
Environment (APSE) for Windows, addl!Jg 
a language sensitive editor: automatic code 
generation & error checking: Interactive 
error correction: pop-up menus to com­
pletely customJze the environment to the 
standard Wlndows features . Allows you to 
quickly code, COl'rect compile, and link 

your Wlndows programs using Ada. Includes environment. 

libraries. validated Ada compiler. Ada Windows Libra r ies. 

Header Files. Resource and Help compilers. and Microsoft 

Linker. (ACVC 1.11 validation pending) No Runtime Royalties! 


List: $9915 Ours: $895 FAXcetero #: 2358-0003 

WATCOM VX•RExx 
by WATCOM Int'l Corp. 
WATCOM VX•RExx Is an easy to use visual 
development environment (o11 creating 
applications lhat leverage the capabilities of 
OS/2 ; ll' and ex,ploi·t lhe Presen atton 
Manager graphical u11er Interface. VX•RF..xx 
coniblnes a project management facUl ly. 
visual designer and an lnteractlve source-

level debugger to deliver a very approacllable and highly p ro ­

ductive visual development environment. 


List: $199 Ours: $99° FAXcttera #: 1683-0016 
~ llfllld while supplies last. 

MetaWare High C/C++ 
by MetaWare, Inc. 
NEW RELEASE! High C/C++ version 3 .1. 
MetaWare's 32-bit compiler. Is shlpptng. 
Includes a 32-blL source-level debugger. 
and a 32-blt Application Developer's 
Kit for Wtnctows. The "Incremental 
Strengths" feature enables gradua l 

migration from C to Ct+ one block at a time. High CIC++ pro· 
Vides optional ANSI confonnance, eight levels of global optlmlza· 
tlon and a fuJJ lrnpl mentatlon of C++ templates. 

Wt: $79 5 Ours: $669 FAXcm ro #: 1590-0008 

Integra VDB 

Coromandel Industries, In c. 

lntegra VDB is a visual database builder 
for use by Visual C++. Visual Basic. and 
Borland C++ developers In building 
ODBC compliant Windows database 
solutions easily. quickly , and often wllh 
virtually no code. It consists of database 
custom controls~ functions and classes 
lhat are seamlessly Integrated with 
these tools , a visual query builder. a visual data manager. and 
an ODBC compliant SQL engine based on ANSI 92 standard. 

List: $499 Ours: $389 FAXcetem It: 3507-0004 

RoboHELJP 2.0 
by Blue Sky Software r 
RoboHELP 2.0. the premier Help ! 
Authoring Tool for Windows & Windows l 
NT, offer$ full document to help system f, 
conversion and vice versa. Turns _.,_ 
Microsoft Wo~d for Windows lnto a fully H1JpAulhorlngS) Sltm 
f\lnctJoria l hypertext authon ng system 
capable of producing Windows Help Illes as easUy as ll does 
plain text. Just fill in the actual Help text wh en prompted. 
RoboHELP takes care of generating the RTF. HPJ and 
H files. Link tester allows you to simulate your des ign before 
you compile. Full support of all featu res In Windows 3 .1 Help 
Engine. such as macros, secondary windows, an d multiple 
hotspot graphJcs. 

List: $495 Ours: $439 FAX"tera #: 2602-0005 

WATCOM™ C/C++32 v9.5 
by WATCOM 
C/C++32 Is a professional. mulll ­
platform C and C++ developmen t 
system supporting 32-bll extended 
DOS. OS/2 2 .x . Windows 3.x. 
Windows NT, Wln32s. and AutoCAD 
ADS/ADI. The complete Loolsel 
Includes: C and C++ oplimlzlng 
compilers. royalty-free DOS exten­
der with VMM support. licensed components from lhe MS 
Windows 3 .x SOK. Interactive source-level debugger . linker, 
proftler, supervisor for executing 32-bll applications and DLLs 
under Windows 3.il:. 32-blt run-time libraries for extended DOS. 
0572 2.x. Windows 3.x and Windows NT. and more. 

Oms: $349 FAXutmi #: 1683-0003 



MANAGING MASS STORAGE 

As processors become more powerful, networks more ubiquitous, and data types more 

rich and varied, storage technologies struggle to keep pace 

SCOTT WALLACE 



Y our computing environment con­
tains many types of storage, from 

the registers that feed the processor pipe­
lines to the jukeboxes that store archival 
data. The different types of storage in a 
computer system form a hierarchy, with 
fast, expensive devices at the top and slow, 
inexpensive ones at the bottom. 

The best visual representation of this 
storage hierarchy is a pyramid. Since the 
early days of mainframes, computer sys­
tems engineers, managers, and users have 
found the pyramid ideal for depicting how 
data is organized and distributed across 
storage devices. Over the years, the simple 
RAM-disk-tape pyramid has evolved into 
a complex, distributed, hierarchical data­
storage architecture populated by devices 
of varying capacity, performance, relia­
bility, and price. · 

Today, the volume of data managed by 
thi s storage hierarchy is rising dramati­
cally. The ever-increasing storage demands 
of individual applications; the migration 
of large database applications from the 
glass house onto corporate networks; and 
the introduction of new groupware, imag­
ing, and multimedia desktop applications 
contribute to the need for more distrib­
uted-storage capacity and more effective 
tools to manage data. The goal is cost-ef­
fective data management that properly 
safeguards information while providing 
users with appropriate access at the lowest 
cost. 

Fortunately, ri ses in storage require­
ments have been paced by rises in storage 
capacity. Recently, hard drives have shown 
a 60 percent annual increase in data den­
sity, a trend that shows no sign of changing 
(see the figure "Single-Platter Capacity"). 
MO (magneto-optical) drives doubled their 
capacity not long ago and will do so again 
soon; tape subsystems in several form fac­
tors have dramatically increased storage 
capacities and speed; and jukeboxes, or 

auto-loaders , have 
improved in price , 
performance, and re­
1 iabi Ii ty, further le­
veraging MO and 
tape drive advances. 
The re ult is a stor­
age hierarchy that is 
becoming at once 
more flexible, more 
responsive, and more 
complex. 

Storage Hierarchy 
Every organization 
must create and con­
figure its storage 
subsystem based on 
user need and com­
pa ti bi lit y with the 
existing IT (infor­

mation technology) infrastructure. Each 

organization must, in effect, design and 

construct its own storage pyramid. Typi­

cally, this is done by selecting products 

with a range of per-megabyte costs and 

access times that provide a price/perfor­

mance continuum by mixing slower, low­

cost products with faster, high-cost prod­

ucts ( ee the figure "Cost vs. Speed"). 


Although many stornge products today 
have short development and life cycles, 
this hasn ' t prevented enterprises from ef­
fectively incorporating technological de­
velopments into their torage hierarchies. 
"For most organizations, the 'sweet spots' 
don't move around very much, because 
all components of the pyramid are im­
proving performance more or less simul­
taneously," says Alex Nedzel, a consul­
tant wi th Ernst & Young's Center for 
lnfomrntion Technology and Strategy in 
Boston, Massachu etts. 

A bigger problem is the proliferation of 
data, where there are two basic concerns. 
"First, there's the relatively straightfor­

+ 1.S·lnch ... 1.3·lnch 

For the foreseeable future, hard dri ve 
capacities will co111i1111e to advance an average 
of 60 perce111 per year. regardless ofform factor. 
(Source: Dataq11est, 1993) 

ward problem of get­
ting enough data on­
line at the right cost," 
Nedzel says. "B ut 
the more compli­
cated issue is how to 
assure the safety of 
that data from both a 
confidentiality and a 
di sas le r-recqvery 
standpoint. " While 
industria l-s trength 
software to manage 
storage exists in 
mainframe environ­
ments, none exists 
that can manage stor­
age in the type of 
heterogeneous dis­
tributed-computing 
environment that 

typifies many client/server systems. 
To match such an environment , con­

temporary storage hierarchies are also 
broad and heterogeneous. To confuse mat­
ters more, they often differ from platform 
to platfonn, even in a single organization. 
A mainframe storage hierarchy is different 
than a desktop hierarchy, which is differ­
ent than a erver, laptop, or PDA (person­
al digital assistant) hierarchy. A pyramid 
combining all platforms would have mem­
ory, magnetic disk, MO disk, floppy disk, 
tape, and auto-loader layers (see the figure 
" Storage Hierarchy"). 

The Persistence of Memory 
The top of the storage pyramid consists 
mostly of DRAM and associate. 
caches that are used for temporary 
storage of programs and data. As · . 
applications and operating systems be­
come more memory hungry, you I.I see the 
average memory of desktop systems rise to 
accommodate such requirements. 

The real news is flash memory. Flash 

Managing Mass Storage Digital Hard Drives IDE Takes Off Optical Advances 
From flash memory to tape, storage Digital techniques filter the signal Enhanced IDE offers many of the After aslow start, MD 
technology is advancing on many fronts from the noise in today's high-capacity advantages of SCSI, without capacities are on the 
simultaneously.._..._.....• 7 a hard drives _..................91 the headaclles .....-.......97 move...................107 
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Storage Hierarchy 

Occupying the top of the pyramid-both in terms 
of performance and cost-is memory. These 
relatively expensive devices operate at 
instruction-execution speeds. 

Magneto-Optical disk 

MO storage products offer low-cost-per­

megabyle, high-capacity removable 

storage. These drives come in a variety 

of sizes. ranging from 31~ to 14-inch 

media. Typical access times range 

from 30 ms for rewritable optical 

drives to 300 ms tor CD·ROM. 


Tape 

Magnetic tape is the slowest 

but most economical layer. 

Developments in all form 

factors keep improving 

data density and 

transfer rates. 


Magnetic disk 

Magnetic hard disk devices typically have access 
times of less than 15 ms and data transfer rates in 
the megabyte-per-second range. To use stored 
programs or data, you must fi rst transfer the 
information to memory. 

Floppy disk 

Slow but universal, floppy disks are 
an elemental part of most end-user 
routine data-storage practices, often 
as much a transfer medium as a 
storage medium. 

Jukeboxes/auto-loaders 

By leveraging MO and tape­
drive capacity, jukeboxes/auto­
loaders provide the access to 

the grealest volume of data 
. but at the slowest speed. 

A pyramid is ideal fo r rcprcse111i11g The rl'iaTiunships b1•T11 'l'o1cli[(erc111111ms of Th e swm ge hierarchy. Tech11ologies a1 The 1op ore more expensive one! 
are.fielded i11 .rnlllll capaci1ies: Tf'C l11wlogies oT The /)()11011111 /"l' less e.11w11si1·c u111i llll1 'e larger ca11aci1ies. 

memory has been around for some time 
but is just now becoming popular. This is a 
result of many fac tors. primarily increa ed 
chip-storage capacit y. reduced rnanufac­
turing costs. and demands for low-power. 
low-weight storage created by PDAs and 
other mobile-co mpu ting de vices. 

Flash memory is not onl y fas t (with a 
I.:ss-than-1-milli second seek time). it 's ex­
tremely reliabl e. Because it has a lower 
soft-error rate than DRAM and is non­
vo latile. fla sh memory is ideal fo r B !OS 
and critical systems applicati ons. Fl as h 

memory today has low power consump­
ti on (e.g .. Intel's 16-Mb FlashFi le chip 
draws onl y I milli amp in static mode or I 
mi croamp in power-clown mode). And be­
cause a fl ash-memory system has no mov­
ing parts . it offers survivability well be­
yond that of rotating media-it can survive 
a shock in excess of 1200 g's and operate in 
temperawres ranging from -13 ° F to +167° 
F. Flash storage is also small (32-Mb chips 
should soon provide storage of 195 MB 
per cubic inch) and li ght, and it operates 
silentl y. Flash memory today is an ideal 

With nonvolatile memory, access Time 011d cosT arc i111 ·erse/y pmponio11a/. i ·ou con pay up To S.JO 
per 111egabyTcforflash s1omge. 11-/1i/e 111osrfor111s of/{/f'e s10mg1• are 11·1·// under SI per 111egabyTe. 
(Source: Free111a11 Associmes. l11c .. 1993 ) 
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storage medium for laptops, as well as per­
sonal and mobile digita l app lications. 

The problem wi th llash memoI)' is price. 
An OEM can expect to pay $ 1200 fo r 40 
MB of fla sh memory. Thus , typically . 
flash-memory disk purchasers buy 5- or 
IO-MB PCMCIA cards (at OEM pricing or 
S200 to S300) for portable computing en­
vironments. The relati vely low storage re­
quirements of PDA dev ices fit flash-mem­
ory pricing. fn aclclition , PDA operating 
systems are designed from the ground up 
to support flash arc hitectures . "Flash is 
block-erasable but byte -writable. It 's not 
li ke a di sk dri ve that has direct overwrite." 
exp lains Bruce Bonner. flash drive prod­
uct-line manager for Intel in Santa Clara. 
Cali fo rnia. "With flash. you want programs 
and data separated. Ri ght now. desktop 
opera tin g sys te ms co mmingl e th e m: 
they" re not flash-friendly." 

Desktop operat ing systems will exhib­
it fla sh-friend liness in the nex t year or 
two. And if what Ne lson Chan. direc tor 
of marketing at SunDi sk in Santa Clara, 
Cali fornia. says is co rrec t, almost eve ry 
desktop mac hine in the future will have 
a PCMCJA slot for transferring data be­
tween the desktop and po11able computing 
dev ices. "We expect to bring a low-cost 
PCMCIA desktop card reader to market 
soon with a street price of under SSO," 
says Chan. With sustained read rates of 3 



STATISTICA/W"' (for Windows) Complete Statistical Sys­
tem with thousands of on-screen customi7.able, presentation-quality 
graphs fully integrated with all procedures • Complete W10dows 3.1 
support, DDE, OLE, TT-fonts, multiple toolbars, right mouse buuon 
support • Unlimited numbers of data-, results-, and graph-windows 
• Inter-window integration: data, results, and graphs can be treated 
as objects and converted into one another in a number of ways • 
The largest selection of statistics and graphs in a single system; 
comprehensive implementations of: Exploratory techniques; multi­
way tables with banners (presentation-quality reports); nonpara­
me!rics; distribution fitting; multiple regression; general nonlinear 
estimation; stepwise logit/probit; general ANCOVA/MANCOVA; step­
wise discriminant analysis; log-linear analysis; factor analysis; clus­
ter analysis; multidimensional scaling; canonical correlation; item 
analysis/reliability; survival analysis; time series modeling; forecast­
ing; lags analysis; quality control; process analysis; experimental de­
sign (with Taguchi); and much more • Manuals with comprehen­
sive introductions to each procedure and examples • Hypertext­
based Stats Advisor expert system • Extensive data management fa­
cilities (spreadsheet with long formulas, block operations, ad­
vanced Clipboard support, DDE hot links, relational merge, data 
verification, powerful programming language) • Batch command 
language and macros also supported, "tum-key system" options • 
All output displayed in Scrollsheets'" (dynamic, customi7.able, pres­
cntation-<Jllality tables with toolbars, pop-up windows, and instant 
2D, 3D and mulliple graphs) • Extremely large analysis designs 
(e.g., correlation matrices up to 32,000x32,000, unlimited ANOVA 
designs) • Megafile Manager with up to 32,000 variables (8 Mb) 
per record • Unlimited size of files; extended ("quadruple") preci­
sion; unmatched speed • Exchanges data and graphs with other ap­
plications via DDE or an extensive selection of file Import/export fa­
cilities • Hundreds of types of graphs, including categorized multi­
ple 2D and 3D graphs, m:urix plots, icons, and unique multivariate 
(e.g., 4D) graphs • Facilities to custom design new graphs and add 
them permanently to menu • On-screen graph custominltion witl1 
advanced drawing tools, interactive stretching and resizing of com­
plex objects, interactive embedding of graphs and artwork, special 
effects, icons, maps, multi-graphics management, page layout con­
trol for slides and printouts; unmatched speed of graph redraw • 
Interactive rotation, perspective and cross-sections of all 3D and 4D 
graphs • Extensive selection of tools for graphical exploration of 
data: filling, smoothing, overlaying, spectral planes, projections, lay­
ered compressions, marked subsets • Price $995. 

Quick STATISTICA/W'" (for W10dows) Acomprehen­
sive selection of basic statistics and the full graphic.~ capabilities of 
SfATisnc:.vw • Price $495. 

STATISTICA/DOS'" (for DOS) A STATisnCA/W-compat­
ible data analysis system • Price $795. 

Quick STATISTICA/DOS'" (for DOS) Asubse1 of STA­
TISTI<:Voos statistics and graphics • Price $295. 

Domestic sh/h $I0 per product; 14-day money back guarantee. 
Circle 143 on Inquiry Card. 

llstatSoft™ 
STATISTICA/Mac'" (for Madmosh} A STATISTICV'W-(()mp:Uible, 
comprehensive Wwi anal}~ls and grapttics sy.;tem designed for tl1c Madnlosb • 
Large selection or statistical mctl1ods ruuy lnwgrated witl1 prcsentalion-qu:i!Jiy 
graphics (incl. EDA, multiplots, a wide sckction or intcrdctively rotalable 3D 
graphs; MacDraw-stile 1ools) • Unlimited size or files • FuU suppon for Sr.;tem2325 E. 13th St.• Tulsa, OK 74104 • (918) 583-4149 
7, ind. "Publish and Subscribe" • Price $695.

Fax:(918)~76 

Quick STATISTICA/Mac'" (for Macimosh} A subset ofSTATJS. ,:= 
overseas Offices: Statsolt of Europe (Hamburg, FAG), ph: 040/ TICA/Mac: a comprchcnsil'C sele<.1ion of tr.isle Sl:llistlcs and lhc foll graphics ca- • =-­
4200347, lax: 040/4911310: Statsolt UK (London. UK). ph: 04621482822. pabilities of~TATISTICVM:u: • Price $395. ..••~~iiiiii:iiii:::iiii:::~illl 

fax : 04621482855: StatSolt Pacific (Melbourne. Auslrafia) . ph: (03) 663 

6580. fax: (03) 663 611 7: StatSolt Canad&-CCO (Ontario). ph: 905-649·0737, fax: 905-849-0918. Available From : CORPORATE SOFTWARE and other Authorized Representatives Worldwide; Hol· 

land: MAB Julslng, 071 ·230410: France: Version US (1) 40590913: Sweden: AkademlData 018·240035: Hungary: Dagent Kft 186-5782; Belgium: TEXMA 10 61 16 28: South Africa: Osiris 12 663-4500; 

Japan (Macintosh): Three's Company, Inc., 03-3770-7600: Japan (DOS and Windows) : Design Technologies, Inc., 03·3667· 1110. 

SWSott. STATtSTICAJW, Q.Jick STATISTICAIW, STATISTK:.A/Mac. 0.0 STA TISTK:.A!Mac. STATISTICAIOOS. Quick ST/.TISTICM>OS. and ScrolShoot•o tradem3ru ol StntSott. Inc. 
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It's small enough to sit on 
your desktop. At 360 dpi, it 
prints crisp text, precise lines 
and the smoothest of curves. 
Its speed is undeniable. And 
its price - unheard of in the 
world of CAD. 

Called ProTracer™ II, it's 
a large format inkjet plotter 
that brings something new 
to CAD. Versatility. Because 
not only does ProTracer II produce impressive draw­
ings up to 17"x 22" in size, but it also delivers sharp, 
high quality text documents. 

ProTracer II has an abundance of new features 
and capabilities all aimed at making you more pro­
ductive. Like its speed enhancements. And its 
expanded plotting capabilities including a larger 
printable area, auto-centering, best fit, replot, and 
long axis plotting functions. 

If you're an AutoCAD®user 
you'll want the ProTracer lI 
base unit, priced at $1599. It 
comes with ADI®drivers for Au­
toCAD as well as an AutoCAD 
12 for Windows driver. Also in­
cluded is a C-size Windows 3.1 
driver and IBM ProPrinter and 
Epson emulations. 

Our new ProTracer 11-GL 
model combines the base unit 

with resident HP-GL® and HP-GL/2 emulations, and 2 
MB memory. It provides support for all major CAD ap­
plications and is priced at only $2149. 

ProTracer II is backed by a full one year warranty 
and optional extended warranties. You'll also receive 
unlimited access to our expert technical support. 

To receive your FREE sample output packet. locate 
a dealer near you, or to order direct, call Pacific Data 
Products at (619) 625-3643, Fax (619) 552-0889. 

Pacific Data Products, Inc., 9125 Rehco Rel, San Diego, CA 92121. In Europe, coll (353) 61 475609. Pro Tracer 15 a trademark or Pacific Data 
Products, Inc. All other brands and product names are trademarks or reglitcred trademarks or their respective manufacturer. Image courtesy 
or Autodesk Inc. ProTracer u<es P0<rlessPage™, the advanced imaging Operating System from l'l!er less. C 1993 Pacific Dal3 Products. Inc. l~I p~~1!~S ~~!A 



It's about time acomputer company listened to 
n1y needs. Not just tell me what they think I need. 
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or 4 MBps (writi ng is slower, on the order 
of 200 KBps) , future PCM CIA flash­
memory disks- like floppy disks today­
may be a key portable-to-desktop end­
user link. 

Spin Doctors 
Hard disk technology is the most rapidly 
evo lving torage technology, largely as a 
result of the size of the hard disk market, its 
highly competitive character, and indus­
trywide R&D spending on rigid disks. Phil 
Devin , vice president of storage techno lo­

ies at Dataquest in San Jose, Cali­
fo rni a, foresees den ity improve­
ments of 60 percent to 65 percent 

annually, prices falli ng by 12 percent per 
quaner, and product li fe cycles of less than 
a year. A key factor in density improve­
ments will come from developments in 
MR (magnetoresistive) heads, wi th much 
of the work bei ng done by lBM. 

MR heads allow greater areal density 
than either thin-film or ferrite-inductive 
head (see the figure "Areal Densities"). 
Accordi ng to Bob Scranton, director of 

ward the elecu·onics," 

says Scranton. IBM is just one of many 

companies pursuing research into the data­

recording, digital-read-channel, and in­

terface technologies that wi ll help keep 

areal-density growth at hi toric level. (see 

"Digital Hard Drive " on page 9 1 ). 


Data density isn ' t the only good news: 

(w hi ch a lso means 
an increase in linear density), the effect is 
a higher data rate. The trade-off is noisier, 
hotter, and more power-hungry drives. 

IBM ' s DFMS and DFHS families of 
high-performance 3 1/2-inch drives rotate at 
7200 rpm. These 1-, 2. 1- and 4 .3-GB 
drives feature an industry-leading areal 

storage sys tems and 
technology at IBM' s 
Alm aden Research 
Center and director of 
advanced technology 
at IBM ' s San Jose, 
California , Storage 
Systems Divi s io n, 
MR heads will be im­
portant for maintain­
ing a 60 percent com­
pound annual growth 
rate in area l density 
for the foreseeable fu­
ture. "With expected 
improvements in our 
MR heads, the focus 
will sh ift more to-

Head technology is one of the driving forces 
behind hard drive capacity increases. 
Magnetoresisti ve heads are e.1pected to 
accelerate capacity increases. partly because 
they 111ork .1·0 well 111ith 11e111er digiw/ read 
tec/1110/ogil,.1., (Source: IBM Corp., 1992) 

Drive late ncy, a 
function of rotation 
speed, is getting bet­
ter, too. "We' ve een 
an increase in spin 
speed from 5400 
rpm to 7200 rpm," 
says Pa ul Wasen­
berg, product- line 
marketing manager 
for Micropolis of 
Chatsworth, Califor­
nia. Spindles spin­
ning 33 percent 
faster means data is 
avail able sooner. 
Combined with in ­
creased areal density 



As capacities increase, so will the popularity ofMO 
technology. 711e plateau in 5'/,-inch shipmell/sfrom 1990 to 
1992 reflects the ejfecrs ofrhe standards t11n11oil in rhar 
marker. (SourCl': Disk/Trend, Inc.. 1993) 

Focus on Optics 
The principal advantages optical 
disks (rewritab le and WORM) 
have over hard disks are remov­
abi lity and greater bit density . 
These combine to make optical 
storage idea l for library and 
arch ive applications. In the past, 
the optical -storage market was 
primarily focused on large 12­
and 14- inch drives, but the em­
phasis today is on smalle. 
products (see " Optica l 
Advances" on page 107). •· · 
Projections for 5 '/,-inch and 31/2­
inch rewritable optical dri ves in-

density of 564 Mb per square inch, a seek 
time of 8.6 ms, and the industry 's highest 
media rate of 12.2 MBps. The Barracuda, 
ano ther 7200-rpm dri ve from Seagate 
Technology (Scotts Valley, CA), offers 8­
ms seek times and a capacity of 4. I GB . 
With lower seek times, improvements in 
caching, and higher spin speeds, access 
times will only get better. 

dicate strong market growth ( ee 
Lhe figure "Magneto-Optical Drive Sales"). 

The 5'/.-inch form factor is attractive for 
desktop application . " ln 1993, we saw the 
introduction of the double-capacity 5 '/J­
inch drives, which significantly improved 
the cost per megabyte of optical storage 
over the earlier 650-MB models," says Stan 
Corker, director of removable storage re­
search at !DC (San Diego, CA). And th ings 

are li kely Lo get better. Hitachi outpacing 
optical-drive ma nufacturers Hewlett­
Packard, Sony, and lBM, has re leased its 
triple-density 2-GB 5'/,- inch drive. 

Rewritable optical drives in the 31/2-inch 
"rigid floppy" form fac tor are also be­
comi ng more capacious and attractive. 
"The mome ntum is with the 3 1/2-inch 
dri ve," says Patty Chan , optical-storage 
analyst with Dataquest. " It's a smal ler fo rm 
factor, the entry cost is much lower, and it 
can be used in many more app lications. 
We expect 1993 figures to show 3'h-inch 
drives surpassing 5 '/,-inch drives in unit 
shipments, and in 1995 we anticipate some 
3''1- inch dri ves in excess of 500 MB ." 

Because optical is a removable storage 
med ium , there is a strong demand for 
interchangeability tandards. "The deve l­
opment o f standards probably tends to 
throttle back the rate of technologica l im­
provement,' ' comments IBM 's Scranton, 
referring to the di sparity in bit-density im­
provements between magnetic and opti­
cal storage over the past several years. 
"CD-ROM players, for instance, have been 
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at the same density for many year . The 
reason is media interchange standards.' 

In terms of unit shipments. however, 
CD-ROM is the fastest-grow ing segment 
of the optical marketplace (see the figure 
"CD-ROM Breaks Through"). Until re­
cently, CD drives were strictly aftennarket 
products, typically oriented toward pub­
li shing and data-distribution application 
rather than storage. "CD-ROM has grad­
uated from an aftennarket item to an option 
in the standard co1tfiguration," note Data­
quest ' s Chan. 

End-user and OEM interest in CDs is 
bei ng driven primarily by pricing, but func­
ti onali ty helps. "Over the next two years, 
the price of CD-R [CD Recordable] - now 
around $5000-will drop fast. In that same 
time frame, we can expect to see erasable 
CDs," says Chan. These developments wi ll 
likely push CD-ROM drive prices lower. 

Tale of the Tape 
Magnetic tape products are growing quick­
ly in capacity and, despite impressive im­
provements in hard disk storage, are keep­

...A. ing pace with magnetic 
~drives. A critical end-

user issue wi th tape is 
storing data faster, particularly in 
server environments where the 
window for backing up data is con­
strained, but the amount of data to 
be backed up keeps growing. 

QIC (quarter-inch cartridge) 
drives account for 76 percent of 
the installed base of all computer 
tape drives, according to Robert 
Abraham, an analyst with Free­
man Associates in Santa Barbara, 
Cali fornia. "This momentum-
coupled with a strong desire for 

After years of slow growth, CD-ROM players are 
srnrring to be considered standard eq11ip111elll 0 11 desktop 
PCs. (Source: Di.l'krTrend. /11c •• 1993) 

backward compatibility, well-defined per­
formance migration paths, and low costs­
has di couraged many users from defecting 
to hel ical-scan or optical technologies," 
he says. 

QIC tape products can be configured 
to compatibly serve a range of computing 
environments, from mainframes to lap­
tops. "The highest growth area is the QIC 
3''2-inch format, and that's being driven 

by PC users," says Fara Yale, tape mar­
ket analyst at Dataquest. Yale esti mate 
1993 shipments of QIC 3'/i-i nch floppy 
interface products at more than 2 million 
units, mostly for stand-alone PC backup. 
Desk top penetration , however, remai ns 
low, at less than I 0 percent of desktops. 

Arguably the fastest-grow in g tape 
market segment is parallel-port interface 
tape sy terns ; these products can support 

• 

Tl's patented BatteryPro"' System

gives you three to five hours• of color computing. 
At Texas Instruments, we listened to your travel needs.That's why we built 
two performance features into every TravelMate,,. 4000E notebook computer. 

One is the powerhouse 486 processor that helps makeyour applications 
scream. The other is our breakthrough BatteryPro power management sys­
tem. This patented system monitors and maintains low power to various 
system resources such as the display, hard disk drive and ports until these 
devices are needed.Walk awayfor awhile and BatteryPro puts your TravelMate 

to "sl eep~ Once you return and hit any key, you're right where you left off. 
With the TravelMate's advanced power management 

features, even when youneed to fly you won't fee lgrounded. 
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STORAGE HOT SPOTS 

Perflaps more than any other product, the Juke­
box Is an enabling technology with a patent mul· 

tipller effect; It allows lmproriments In optical­
and tape-storage drives to be multiplied many 
times over. Because the price of the Jukebox ro­
botics remains the same, doubling drive capacl· 
ty In aJukebox has the effect of halving the cost 
per megabyte. Hewlett-Pac:lcanl, a leader In the 

growing 5'/...tnch optical Jukebox market, found 
that the release of Its 1.3-GB optical drives 
caused a flood of Jukebox sales. 

But price and capacity aren't the only Issues. 
"The challenge of e>ptical drives and Jukeboxes ls 

to help smooth the pyramid, so It's not an ugly 

transition between on-line data and off.fine data, 

and to help make network administration a nat· 
ural act," says Pam Ingmire, product marketing 
manager at HP's Greeley, Colorado, storage.sys­

tems division. 

Capacity, security, and 
availability are the critical 
buyer Issues. Performance, 

though less critical, Is still 
Important. "On our 51/.-tnch 
library, the worst-case time to access data Is 15 
seconds or so," Ingmire says. "We're looking to 
Improve that by SO percent or more with a 'dou­
ble-plcker'-robotlcs that can handle two car· 
trldges at once rather than Just a single disk." 

SQUEEZE PLAY 
Data compression, once a rarity, Is now com· 
monplace and Is even bundled Into many stor­
age prodacts. Compression can be accomplished 
either by hanlware (which Is faster) or software 

(which Is less expensive and more flexible) and 
with absolutely no loss of data and lower com· 
presslon ratios (lossless) or with no appreciable 

degradation of data and higher compression 
ratios (lossy). 

The data compression market is falrty ma· 
ture, and desktop products like PKZlp from 
PKWare (Brown Deer, WI) and Aladdin Systems' 

(WabonYllle, CAI Stufflt are tried and true, wkfe. 
ly used, and Inexpensive. Typically, these utilities 
operate at the archive or directory level, which 
means that they can compress segments of a 
disk, keeping directories and file structures In· 
tact. "For an:hlve-level compression, the goal 

Is efficiency, not speed. That's where the com· 
presslon·ratio wars are happening today," says 
David Schargel, president of Aladdin Systems. 
Real-time compression services, such as those 
embedded In M5-DOS 6, are faster but result In 

less compressed files than archive-level prod· 

ucts. 

Images, motion video, and multimedia wall be­
come commonplace on the desktop only if there 
are price and·performance improvements for 

silicon-based products that support JPEG and 



MPEGcompress(on. "Until you compress vidl!9 
or still-Image data, It's Just too voluminous for a 
PC to handle," says Eric Hamilton, manager of 

microcode for C-Cube Mlcl'.OS)'Stems and chair of 

the ISO JPEG commit.tee. C-Cube is developing a 

chip to SUPl!Ort H~61 video, as well as MPEG 
and JPEG compression and decQmpression. By 

the end of 1994, volume pricing for the chip is 
projeded to be under $100. 

DEALING WITH DISASTER 
Disk-arrays designed to Increase the reliability 

aiKI performance of disk-storage subassemblies 

are also leveraging the improve'!lents made in 
drive a~ interface technologies. "lfigh data'l'llte 

applications-lik multimedia PCs and audlorisual 

software-are growing," says Joel Hagberg, Raid­

IOll product mallC!P" at MlcropOlls. "At th!! same 
time, mission-critical applications are mlgratfng 
down to the network. The result Is storagl!" re­

quirements that are going sky-high and an in­
crease in the need forfault-tolerant storage." 

The demand for fault-tolerant ~ is paced 

by users' growing awareness of the value of their 
data. Different solutions p_rovlde different de­
grees Of security, and users must select their 

solution and its risks. ''There are many different 
levels Of fault tolerance, going all the way to on­
line transaction-prilcesslng ~where eveiy­
Uiing is paralieled," notes Jim Porter, president 
Of Disk/Trend In Mountain View, Calif!lrnla. 

Redundancy, as exemplified by RAID tech· 
nology, is one popular approach to creating 
fault-tolerant storage (see "Disk Arrays Ex­

plained," October 1992 BYTE). But, as storau 
components become more bulletproof (IBM's 

DFMS and D.FHS drives sport l·mlllion-hour 

MTBFs [mean times betwee• fallures]-that's 
114 years of uninterrupted use), fault-tolerant 

storage should become less expensive, more 
manageable, and more available. "We've just 
seen the tip of the iceberg In tenns of the kind 
of c.onflilence we'll have In a file server, ·say, 
five.years from now," concludes Porter. 

not only desktop systems but laptops as 
well. A variety of manufacturers, including 
Colorado Memory Systems, Conner Pe­
ripherals, and Tandberg Data, offer paral­
lel-port interface products. 

DAT (digital audiotape)-because of 
its storage density and small form factor­
is popular for data-intensive storage ap­
plications at the desktop, the workstation, 
and the server level. Products by Conner 
Peripherals, HP, Sony, and others are mak­
ing inroads into the tape-storage market. 

At the high-end, DEC's DLT (Digital 
Linear Tape) offers capacity, speed, and 
extreme reliability. The design allows for 
a head life of 10,000 hours (nearly five 
times that of previous drives) , a recom­
mended average of 10,000 reads/writes 
per cartridge, and an MTBF (mean time 
between failures) of 80,000 hours. 

The Storage Boss 
Managing the storage hierarchy- whether 
for a PDA, laptop, workscation, server, or 
mainframe-is getting more complex, and 
the consequences of mismanagement are 

• 

An industry first from Texas Instruments: 

Automatic load and system configuration. 


We call it the ultimate desktop replacement.You'll call it remarkable. 

It's our new TravelMate,." Intelligent Docking System+.And by listening to the 

needs of notebook users, we've created the industry's most advanced docking 

system available. It's also the most complete. 


Just insert any Tl TravelMate 4000E notebook computer into the auto­
loading mechanism, push abutton, sit back and watch the docking system do 
the rest. Expansion is asnap too, with six ISA and two PCMCIA card slots and 
four drive bays. 

Our Intelligent Docking System makes the transition from notebook to 
desktop replacement fast and easy.When you dock, it knows whether you 
have an external monitor, keyboard or internal modem. Meaning you don't 
have to reconfigure each time you insert your TravelMate. When you're 
ready to hit the road, simply click an icon and the system knows to save 
the file you're working on, close Windows,." and eject your TravelMate. 
Then away you go. That's 
true desktop replacement. 
From the one notebook . ~TEXAS 
company who listens. INSTRUMENTS 



getting more expensive. A survey of 450 in­
formation systems executives at Fortune 
I000 companies found computer down­
time cost an average of $78, 191 per hour 
and occun-ed, on average, nine times a year. 
A typical "outage" cost $330,000, includ­
ing the costs of recovering or reconstruct­
ing data. Clearly, users must prepare them­
selves and their data for the inevitable. 

In the client/server environment, this 
preparation can be complicated, and hier­
archical storage management systems are 
being called on to automate backup and 
recovery, manage file migration, and over­
see volume and library management ser­
vices. The goal is to create a high-relia­
bility, high-access, high-performance data 
management environment. "Hierarchical 
storage management comes from the main­
frame world, and users migrating to cli­
ent/server are looking for the same kind 
of management too ls they had on their 
mainframes," says Barbara Goldworm, 
product-line manager for management ser­
vices at Novell in Provo, Utah. 

NDMS (NetWare Distributed Manage­

ment Services), Novell ' s management three of the storage, pyramid layers: mag­
strategy, supports the utilities and func­ netic disk, optical disk, and tape. Conner 
tions to allow decentralized management HSM, which is typically configured with a 
of storage and data across di stributed en­ dedicated storage server running as its pri­
vironments. Within NDMS today, HCSS mary task, has three logical components: 
(High-Capacity Storage System the network interface, migra­

Services) supports hierarchical 
management across the mag-

Hierarchical tion and data management 
software, and analysis and re­

netic disk and optical disk lay­ storage management porting to support assessment 
ers. " The Novell strategy is to comes from the of migration thresholds. "From 
provide key management ser­
vices within NDMS, plus APis 
to development partners for ex­

mainframe world, 
and users migrating 

the user's perspective and 
from the network administra­
tor's perspective, Conner 

tended or specialized additional 
serv ices ," Goldworm notes. 
HCSS lets users set "water­
marks" on di sk capacity and 

to client/server are 
looking for the same 
kind of management 

HSM is just one large storage 
pool," explains Rick Luttrall, 
product marketing manager for 
Conner's advanced network 

trigger transparent data migra­
tion to and from magnetic and 
optical storage. 

tools they had on 
their mainframes. 

products. "They really don ' t 
know where the files reside 
within the hierarchy ; that ' s 

Conner Software Products transparent." 
(Lake Mary, FL) offers hierarchical storage One of the problems confronting pros­
management software called Conner HSM. pective storage management customers is 
The Conner system is designed specifi­ an uncertainty about their true storage 
cally for automated data management on needs. With individual desktop applica­
Novell NetWare networks. It manages tions expanding data requirements, main­



frame applications migrating onto net­
works and desktops, and altogether new 
applications emerging, it 's difficult to pro­
ject storage needs. " We provide a tool , 
HSM Planner, that helps users analyze op­
erations across the enterprise-all the 
servers on the network-and determine 
what their storage requirements are and 
are likely to be within the next three years," 
says Luttrall. 

Storage Directions 
What can we expect in the future? Flash 
memory will become less expensive and 
smaller and increa e in capacity. As desk­
top and laptop operating systems become 
"flash friendly," look for operating systems 
on a chip. Also, solid-state di sks, such as 
DEC's new 580-MB DRAM ESP580, can 
be expected to penetrate specialty markets 
like high-speed, high-value transaction­
processing applications , where data in­
tegrity is paramount and l/O storage is the 
bottleneck for high-value transactions. 

ln hard drives, you should look for big­
drive capacity (i.e ., 500 MB) on small 

drives and lower per-megabyte cost every­
where. Also, advances in interface tech­
nology will make it easier and less expen­
sive to use these large-capacity drives (see 
"IDE Takes Off' on page 97). MO storage 
will experience faster density increases 
than it has in the past, while in CD-ROM, 
prices will continue to fa ll and multispeed 
drives will proli fera te, with tripl e- and 
quadruple-speed drives from companies 
such as NEC and Pioneer becoming in­
creasingly common. 

On the cutting edge, look for holo­
graphic storage products Lo come to mar­
ket within the next year. Tamarack Storage 
Devices of Austin, Texas, a spin-off of 
MCC, expects to ship its holographic prod­
uct, called MultiStore, in the second quar­
ter of this year. MultiStore will provide 
JO GB of removable WORM storage at 
an initial end-user cost of $6000, dropping 
to $3500 with volume. Media cost is pro­
jected to be $5 per gigabyte. The device is 
essentially an auto-loader for 30 21/2-inch 
disks, each of which stores a gigabyte of 
data on a Du Pont photopolymer material 

si milar to that used in holographic art. 
On the software side, hierarchical stor­

age management software will get more 
robust , address more layers of the pyra­
mid, and better manage storage devices . 
In the next three years, you'll see capable, 
multiplatform products that offer main­
frame-quality data-s torage management 
in distributed environments. 

All these improvements will be neces­
sary, as the future will bring more and 
more data that 's increasingly critical to 
success in a wide variety of businesses and 
industries. "Keeping your detailed manu­
facturing data on-line so you can optimize 
production efficiency and products, for in­
stance, is a competitive investment," notes 
IBM's Scranton. "lfit produces improved 
quality and reduced cycle time, then mo.re 
companies will be using data as a com­
petitive weapon." The resu lt is an accel­
erating demand for products to ease the 
management of that data. • 

Scalf Wallace is a BYTE rec/mica/ editor. He can 
be reached on BIX do "editors. " 

• 
The most comprehensive line of 486 notebooks 

designed specifically to meet your needs. 

When it comes to listening to your notebook computer needs, at Texas Instruments we hear what you're 
saying. And it shows in our line of TravelMate 4000E Series notebooks.After all, we offer awide range 
of 486-based notebooks plus an Intelligent Docking System with your needs in mind. 

You'll find the entire high-performance lineup, from our economical monochrome WinSX/25™ to 
our active matrix color WinDX2/50rM powerhouse, is ideal for portable and desktop replacement needs. 
The critics agree. To start with, Texas Instruments notebooks are the only products in any category ever 
to win five PC Magazine Editor's Choice Awards all in asingle issue.* And that's just the beginning. 

But, there's really only one way you can find out if aTravelMate 4000E is right for you. Try one! 

TRAVELMATE 4000E SERIES NOTEBOOKS 
DISPUY PROCESSOR MEMORY! PRICEtt 
Ac1M MatrixCok>r 4B60X2-50MH1 <MB RAM/200MBHOD SJ.999 
Dual Scan Color 4861lX2·SOMHi •MB RAM/200MBHOD SJ.499 
Colai 4860)(2-40MH1 <MBRAM/200MBHOD 52. 999 
Color '86SX·7SMIU AMSRAM/110MB HOD $2,249 

'860IC2·50MH1 AMSRAM/200MBHOO S2.BS9 
486SX·2™Hi AMS RAM/110MB HOO $1,1!99 -- TRAVELMATE INTELLIGENT DOCKING SYSTEM 

COMPATIBIUTY OO'ANllON IHTlRFACES PRICftt 
Tl TW..4000€ Sh: 16-brt !SA &kns, PataDel/2 Serial, VGA. Mouse. SS.:9 
Setias Notebooks 1WO PCMCIA Type Ill slou. ke)toa<d 1111<1 game porU. 

, .... drMlbeyl P.J.11 jaclc 
TRAM expandable to 20MBwiih cvtionalmemory. TT Estimated street pnce. Dealer prices mayviry. 

• rtwtEdi'.«'s <2oia Awanb ia.~IMm..iul l'C N~. 
Tnttlll a:t, 1W>IJ.'ili1nDI, \\\oSX.~l.lld·W«dnaf01ZI?nchii1U~f/ft· &reindtCJ:brJTv.u~t1. 

T11eJtol!-0>""ico>"' ',_,"'~d-"""""""Tht !JlldlNllol<f>b • lt>d<""'~ ""'"""o1nin 

Circle 150 on Inquiry Card. 

Then decide if indeed we have been listen­
ing. Learning.And delivering. Simply call 
1-800-527-3500 to find the Trave!Mate 
dealer nearest you. 

EXTENDING YOUR REA CH 
WITH INNOV,ATIOW 
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• 

Don't waste precious time. Use Sony QD2120 formatted QIC-80 data cru-triJnes. The perfect shortcut for your QIC-80 

drive.• SaviIIg you up to two hours of formatting time for more produ tive prn·suits. ONLY 
Like backing up your critical data. To keep .·our PC ystem runn ing on schedule s8~ 

DATA MEDIA take the quick route. For more data jut call 201 -476-8199. SONYe 

Circle 142 on Inquiry Caret 



DIGITAL HARD DRIVES 

Older analog read technologies are giving way to DSP-based digital read channels, which let you 
pack more data on your hard disk 

PETER WAYNER 

O ver the next several years, most hard 
drive manufacturers will abandon 

purely analog recording technology and be­
gin shipping drives that use digital tech­
niques. The new technology, called digital 
read channel, will at least double the amount 
of information that can be packed into each 
square inch of a hard drive platter, and 
there ' s no reason to doubt that further ad­
vances wiU produce even greater improve­
ments in density. Such improvements in 
density are necessary as desktop machines 
move to applications that employ such rich 
data types as voice and video. 

The key to the transition is a collection 
of low-cost drive controllers from compa­
nies such as Cirrus Logic (Fremont,CA) , 
IBM Storage Systems Division (San Jose, 
CA), and Adaptec (Mi lpi ta , CA) that in­
corporate digital signal processing to dig­
itally process the signals from the disk fast 
enough to sustain the data rates needed by 
the main computer. These controllers use 
a digital s ignaling technique known as 
PRML (partial-response maximum-like­
lihood) that was originally used for com­
munications with deep space probes, such 
a. the Viking Lander. If the technique 
helped keep data clear through all the back­
grou nd interference from space, there is 
no reason why it can ' t help keep the data 
from disk drives clear, too. 

PRML lets you pack more information 
into each track of a drive, because the al ­
gorithm allows the drive hardware to filter 
out the noi se associated with dense ly 
packed data. The algorithms use knowl­
edge of how nearby bits can blur together 
in order to clean up the ignal and detect 
spurious ignals. The new chips also pack 
more tracks on each platter by u ing digi­
tal techniques to align the drive head over 
the correct track . When these two im­

~ provements are combined, they can le~d 
~ to a doubling in the amount of data stored 
f per disk. That means the cost of hard disk 
~ storage per byte will be cut in half. 
~ co11ti1111ed 
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Sampling Signals 

+5 v r~...----The write circuitry lays 
down a continuous 
signal consisting of 
peaks and valleys. 

The read circuitry - -----'IH­


samples the signal at 

regular intervals and · 

deducts the shape of 

the written signal based 

on the samples. 


-5 v 

As laid down by the write circuitry, I bit 011 
a hard d1fre corresponds to magneti:ed spots 011 
rhe swfa ce of rhe dis/.:. \\-hile 0 bi rs corresponds 
ro the al1se11ce ofmag11eri:ario11. The sig1111I 011 
rlre dis/.: resembles a smooth curve. The read 
elecrro11ics. holl'ner. doem ·r see a smooth 
curve. Rather. ir samples the signal ru discrete 
points. In terpreting these samples gers trick_,. as 
increasing bit densities pushes the peaks clos1•r 
together. 

Hard Drive Basics 
To understand thi s approach, you need to 
begin with the physics of building a hard 
dri ve. A drive uses elecrromagnets IO store 
data on the magneti ca ll y sensiti ve coat­
ings of the plaiter. When the electromagnet 
is turned on. it generates a magnetic field. 
The molec ules in the coating align them­
selves in the direction of the field in the 
same way that a co mpass turns to align it­
self with the magnetic field of the earth. 
Cu1Telll can pass through the electromag­
nets in two directions, which means that re­
sultant magneti c fi elds can have one of 
two opposite orientations. When you flip 
the polarity or th t: ekc tromagnet. it will 
leave a similar pa11ern in the coating. 

You read the data from the di sk using 
the reverse of the write process. The mag­
netic fields in the coat ing ge nerate tin y 
electrica l currents in the coils of the elec­
tromagnets as they pass under the read/ 
write head. The presence or absence of an 
induced current determines the va lue of 
the spot. 

At thi s le1·el. both analog and digital 
hard drives and analog and di gital tape 
drives operate in the same manner. The 
main difference is that the di sk drives 
record bits as spots where the magnetic 
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field saturates the coating 
and completely aligns all 
molecules. Old analog cas­
sette decks stored the sound 
in the strength of the fie ld 
that created large r and 
smaller magnetic patches. 
This technique is not gen­
erally used in di sk dri ves 
because saturated blips are 
easier to read and write at 
high spe ed. Thi s ease is 
also why digital tape play­
ers are making such inroads 
in the co nsumer aud io 
world. 

For years, drive manu­
facturers have continued to 
use tried-and-true analog 
read techniques while con­
centrating on other tec h­
nologies to increase di sk 

capacity. One major target has · been re­
ducing the di stance between the head and 
the plaiter. The closer the head, the small­
er the magnetic spot and consequently, the 
more data that can be packed int o one 
place . Of course, small spots also mean 
weaker induced fields when reading, so 
researchers have also concentrated on the 
development of more sensitive thin-fi lm 
coatings. Research certainly continues in 
these two areas, but manufacturers are 
turning to PRML because the electronics 
necessa ry to do the more comp! icated 
digital calculations are finally becoming 
inexpensive enough to make digital drives 
a commercial possi bility. Digital tec h­
niques let di sk makers achieve signifi­
cantly larger packing 
densities without in­
vesting the money in READ TECHNOLOGY 
building phys icall y 
more prec ise mecha­
nisms or developing 
more sensiti ve record-
ing media. 

Encoding Data 
The process of conver­
ting bits into magnetic 
mark s on a disk in­
volves at least three dif­
ferent layers of algo­
rithms. On the highest 
leve l is the operating 
system. which writes 
the file (which may al­
ready have been com­
pressed by software) lo 
the di sk electronics. 

When these bit are handed to the drive, 
the drive electronics then encodes them 
with ECCs (error-corrected codes), such as 
Reed-Solomon codes. ECCs have redun­
dant bits that let the hardware reconstrnct the 
original data when e1rnrs occur. The codes 
are a well-studied branch of mathematics. 
They often amount to constructing over­
dete1mined systems of equations where m 
equations and /1 unknowns exist, and 111 is 
greater than 11. 

Thi s resulting bit stream is then con­
verted into RLL codes, which add redun­
dant bits to guarantee that not too many ls 
or Os fall in a row. The process for writing 
to the disk generates a new magnetic mark 
for every time a I occurs . If a I doesn' t 
occur often enough, the clock that tries to 
count the position along the drive starts to 
drift , and the drive may drop a bit. Cirrus 
Logic uses an RLL in which every 1 is sep­
arated by at least one 0 and no more than 
seven Os. During the course of this process, 
the bits increase in number by 50 percent. 
This loss of packing density is necessary to 
guarantee the accuracy of the data. 

The effects of writing bits on a disk can 
be seen in the figure "Sampling Signals." 
The curve represents the strength of the 
magnetic mark at a particular point on the 
track. Some of the peaks point up and 
others point down. Drive controllers usu­
ally alternate positive and negati ve peaks 
to help distinguish them. 

The old generation of technology used 
two peak-detection circuits to determine 
whether a pea k occ urred . One circuit 
would check to see if the signal was above 
a preset level , and the second would take 

• Is simple to implement 

• Needs clean samples 
• Can't handle closely 

packed bits 

• Requires fast processors 
• Can filter noise and other 

interference 
• Allows denser packing 

of bits 

the deri va tive of the 
signal and look for a 
0. This worked well if 
the peaks were spread 
apart, but as they grew 
closer, the mingling of 
two peaks would often 
add fal se peaks . 

The Role of PRML 
ll1e main problem with 
crowded signals is that 
the read electronics do 
not see the smooth 
curves as shown in the 
figure "Sampling Sig­
nals." The heads can 
onl y provide a few 
samples for each peak. 
Thu s, as you crowd 
more bits into a small­
er area. you need some 



method of determining to which peak a rithm 's job is to determine when and how 
sample belongs. This is the role of the noi se skews some of the sample points 
PRML algorithms in digital read channels. (see the text box " PRML at Work"). 
The algorithms determine whether each pair 
of samples belong to the same peak or to Embellishing PRML 
two different peaks. More important, the Some manufacturers have developed pro­
algorithms adjust themselves when errors prietary approaches to these PRML algo­
occur, because it is not uncommon for noise rithms . Cirrus touts its SoITarget feature 
to skew samples and add false peaks. that allows the electronics to tune itself on 

The PRML algorithms used in digital­ various drives. The electronics can use a 
read-channel controllers are similar to the range of different polynomials in the con­
algorithms that were developed in the sixties volutional codes and also set the expected 
and used to process convolutional codes. values for each peak. Each drive can tune 
These codes built in a certain amount of re­ itself and choose the best values. One drive 
dundancy and error correction by writing might decide that its peaks normally gen-
each bit down as the sum of sev­
eral of the previous bits. For in­
stance, one simple convolutional 
code might write bit i as the sum 
of bit i, bit i-1 , and bit i-3 . Bit i 
can be recovered at read time by 
subtracting out the values of bit 
i-1 and bit i-3 . Normally, these 
convolutional codes wi II store 
each bit as the result of two or 
more different polynomial equa­
tions based on the previous n bits. 
The more complex the polyno­
mials, the more resistant the code 
can be to error. 

If there is no noise, these con­
volutional codes can be decoded 
by reversing the equation and 
subtracting out the values of the 
previous bits that have already 
been decoded. But if there is 
noise, the algorithm can use the 
extra information present to de­
tennine which bits were flipped . 
It tries to identify the most likely 
bit that caused the error. The al­
gorithms for doing thi s are often 
known as Viterbi algorithms. In 
the simplest form , they amount 
to checking all possible errors and 
looking for the best match to the 
data in question. This technique is 
useful if you are using a small 
polynomial involving only a few 
bits that could go wrong. In the 
most complex cases, the algo­
rithms perfonn like dynamic pro­
gramming algorithms. 

Convolutional codes are good 
models for di sk drives where 
tightly packed data may create 
peaks that overlap. The tail of 
one bit can often interfere with 
the signal of another. More im­
portant , each peak can contain 
several sample points. The algo­

erate ±3.7 for the first sample and ±3.4 for 
the second sample after it writes and reads 
a calibration pattern. Another might choose 
the pair ±3.2 and ±3 .5. 

Cirrus believes that the SoITarget tech­
nology gives drive manufacturers the abil­
ity to relax their tolerances on the mag­
netic media and the heads. The heads and 
the media do not have lo perform in as 
narrow a range as before. 

The Electronics 
Companies such as IBM, Cirrus , and 
Adaptec like to characterize digital-read­
channel systems as using digital signal pro-

PRmatWorl{ 
'' ... 

one of the samples of the signal from the disk. In the figure "A Noisy Sample,'' the PRML (partial-response maxim~-likelihood) comes u;to play when noise skews' 

signal should properly decode to bit pattern 101, but the third sample is hard to interpret. · 
It could be the beginning of a negative peak that was attenuated, or it could be a peakless 
point that was amplified by.a glitch or by interference with a neighboring peak. 

A peak-detection algorithm could be confused by the noise in this signal. It might 
detect an extra negative peak in the 1O1 bit pattern. This weakness in peak detection is 
one reason drive makers can't pack too many peaks close together unless they resort to 
technology that yields a more intelligent interpretation of the samples. 

Under PRML, the drive electronics doesn ' t try to interpret the third sample until lat~r 
samples arrive. Jn fact, PRML tracks both interpretations and then computes the partial 
error that would occur with each interpretation. Assume that the standard assumed value 
for a peak is ±3.5 and a flat section 
is 0. Interpreting the 101 pattern as a 
110 would generate l2.8 total units 
of error. The correct intei:pretation;· · 
however, would only generate-2.0' 
units of error. Thus, the PRML can 
make.the correct choice for the 
int~rpretation. 

Although it is possible to make· 
the decision after the fourth sample, 
a PRML algorithm might wait untii 
the fifth and sixth samples arrive 
before choosing the interpretation 
with the smallest amount of error. 
This is one reason why drive 
controllers alternate between 
positive and negative peaks. The 
fact that two peaks of the same 
polarity can' t follow each other 
disallows certain interpretations and 
makes it easier to weed out bad 
choices. 

The third sample i111his e.rample signal is an 
anomaly- it doe,sn 't correspond to a 1 bir or a 0 bit .. · 
Using PRML. the read electronics use the value of 
fol/ow-011 samples to correctly inrerprel'the 
cmomalo11s sample as part ofa 0 bir. 
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Effects.of.Digital Read Channel 

Analog read Digital read 

Tracks separated to 

prevent interference 


Spots separated to PRML lets you increase Digital filtering allows more 
prevent peak overlap density of dots on a track closely packed tracks 

Digital technology lets disk makt'r.r pack bits more closely 011 individual track.I' and also pack tracks mun: c/o~·dy. The advent of111agneto-resisti1·e 
heads will further i11crease the packing density of hard disk pla11ers. 

cessing. While this is true, the use of these On the other hand , these drive con­ data at up to 64 Mbps at channel frequen­
words can cause some confusion because trollers can do only one thing-interpret cies of up to 96 MHz. 
the electronics built into the drive hardly re­ the signals coming off the disk. The elec­ The work that the CL-SH4400 does can 
semble the DSP (digital signal processor) tronics are hard-wired circuits that can be broken up into five basic steps. Fi rst, a 
chips that are common today. The standard on ly be reprogrammed in small ways. The companion chip, the YM6400 from VTC 
DSP is a stand-alone computer with some circuits must be simple because they have (B loomington, MN ), convert s the raw 
beefed up circuitry for doing simultaneous to process the data at high rates. The Cir­ signal from analog into 6 bits of digital 
multiplication and addition. rus CL-SH4400, for instance, can put out represen tation. When this arrives at the 

Introducing the $139 investment no 
computer user can afford to be without... 

UPS from.AP€:." 

III 
. 

APC Back-UPS provide 

J:::::;;;:::::; ';:::;;,,':::,':::, 
:e;:~~ data and hardruqre 

"Don'r rake chances ... Gcr die Blackouts, brownouts, sags... if you use
ultimate _procrection...Back- Call for your

computers, your bonom line is directly linked FREE 60 pa~c
to your power line. The fact is, your data and PC power
hardware are vulnerable to problems that surge protection 
su_ppressors and power-"-oirectors just aren't handbook! 
equipped to handle. 

Now there's an Uninterruptible Power Supply (UPS) to suit 
any budget. Back-UPS® are ·perfect protection for LAN servers, 
personal computers~ phone/fax systems, POS equipment, or any 
other device that can go down when the power does. l£ lighming l 
is a concem, Back-UJiS are even backed by a $25,0001nsurance _1

poligr against surge damage to yow; equiJ?ment (see details). j 
SQ don 'f wait for the inevitabJc power problem .to rob your ~ 

busine~s. Protect your pi:oductivity with Back-1JPS, available ·fi 
where quality computer ~,. t 
products are sold. ..! 

:i 
AMERICAN POWER CONVERSION i 

80Q-8QQ-4APC, d~pt.1\2 ~ 
lltajnesswttk's ti Hor Grow1 Componl !(NASOAQ: PCQ 
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ex eeds 

capacity limits 

ON• PLUS ON• 

• Capacit:y 

•Price 

• Perf"orman.ce 

"I GIGABYTE 
INDUSTRY STANDARD 

Be the first kid on the block co get your hands on the FS I G from Exabyte. It's the ideal SCSI minicaruidge tape storage system 

for PC, workstation and LAN applications. Wmdows, ~aging and nerworking makes I gigabyte a must. At 1.5 gigabytes (2: I compression) 

the FS I G meets your computing needs now. And it backs up your data at over rwelve times the speed of other minicartridge tape systems. 

Our cx~usive I+ I Warranty gives you a full 2 years of protection with 48-hour cross-shipment replacement policy, including ~ 
famous Exabyte worldwide technical support. ~EXAJ003\W~IE® For a FREE Exabytc Storage Planner, the software cool designed co guide your I Ll li tJI""" 
network tape storage decisions, call l-800-866-6002 today. Then watch Exabytc leapfrog W'e're Backing It Up. 
the competirion in capacity, price and performance! 
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State of the Art Digital Hard Drives 


CL-SH4400, the signal is equalized and 
smoothed before the PRML algorithm at­
tempts to filter out the enors. This is be­
cause the response of the head to the mag­
neti c fi eld is often not smooth. Finally, the 
chip removes the RLL codes and presents 
the result in ordinary fom1. 

In additi on, Cirrus makes th e CL­
Sl-13300, a one-chip version of th e CL­
SH4400/VM6400 pair that performs at a 
slower rate of 40 to 48 Mbps. A 64-Mbps 
derivative of the CL-S!-13300 will be avai l­
able soon, and Cirrus plans to push the 
two-chip version to even higher rates. Both 
packages are made in CMOS. 

The Future 
The emergence of PRML drives is likely to 
be re pons ible for major ga ins in price/ 
performance of hard drives over the next 
several years. At this point, Cirrus claims 
that new drives can increa e in capacity 
by up to 50 percent if the company uses the 
CL-S H4400 SoITarget technology with 
conventional heads and magnetic media. 

In the future , further gain will come 

when drive manufacturers can build mag­
neto-resi stive heads. These heads contain 
special resistors that change their resistance 
as they pass through t11e magnetic field 
caused by a magnetic mark on the disk plat­
ter. These heads are better tuned for PRML 
algoriilim because they generate smoother 
signal . When these heads become com­
mon, drives should be able to pack twice 
as much information again into each platter. 

The simple PRML algorithms used in 
this first round of drives is just the begin­
ning. More complicated coding algoriilims 
can result in greate r densities of data. 
IBM 's Almaden Research Center (San 
Jose, CA) is experimenting with a trellis­
coded PRML system that uses a more so­
phisticated coding algoriilim that is com­
monly used in high-speed modems. Its 
system uses a technique called Matched 
Spectral Nulls that more accurately tunes 
the coding algorithm to the read-head re­
sponse. The algorithm knows which types 
of errors are more likely to happen, and it 
can recover those better. IBM is reporting 
that experiments show that at least 15 per­

cent more information can be packed into 
each track, and more important, off-track 
performance is improved, allowing nar­
rower track widths. 

The e algoriilims promise to reduce the 
amount of error correction mat is built into 
the system. At this time, the iliree level of 
codes-ECC, RLL, and PR ML-signifi­
cantly increase the number of actual bits 
that are written to the di sk. If the coding 
process can be more properly tuned to the 
channel , then more data can be written. 

The future drives will no doubt include 
even more innovations in coding technol­
ogy. Digital disk electronics was not pos­
sible until recently; you couldn ' t fabricate 
chips witl1 enough trans istors to do the 
necessa ry computations. Now that thi s 
technology has arrived, there will be plen­
ty of room in the future for new systems 
that incorporate better algoriilims and more 
robust codes. • 

Pe1er Wayner is a BYTE co11s11/1i11g edifor . lie call 
be reached m1 1he lnfem e/ a/ pc iv@access.di­
ge.r.lle/ or Oil BfX as "pwayner. " 

Product 
150MB Insider IDE Drive and Disk 
150MB Insider Drive and Disk 
150MB Transpor1abla Drllla and Dlsic 
BOMB Insider Drive and Disk 
BOMB Transpor1abla Drlvl and Disk 

OldSRP 

NEW 


$1099 
$1225 
$799 
$949 

llwSRP 
$589 
$599 
S699 
$499 
$599 

Product 
Single 150MB Disk (In 5-Pack) 
Single 105MB Disk 
Single 90MB Disk Qn 5-Pack) 
Single 65MB Disk 
Single 35MB Disk 

OldSRP 
$159 
$169 
NIA 

$129 
$79 

NtwSRP 
$1D9 
$99 
$99 
$59 
$39 

!omega's just been tagged the new mance Multillisk™ 150 Drive'!' See 
low price leader for removable stor­ your dea1er or call 1-800-695-4028. 
age. We've cut prices permanently 
on the most reliable storage devices 
around-including the high-perfor­ iOMEGJ{ 

• The Bernoulli MultiDisk 150 Orive can use 150. 105. 90. 65 and 35MB disks lntercl1angeably. 4:>1993 Iomega Corp. The Iomega Logo and Bernoulli are registered 
trademarks and MulllDisk is a trademark or Iomega Corp. 
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Now more than e1w, we 're 
giving power to tirepeople. 
Our Pentium-based PCJ 
systems arepriced lr1111dreds. 
sometimes thousands of 
dollars less than competitors ' 
comparably configured 
Pe11ti11111 syste1m. That's PC 
po1rer el'e1yo11econ a_fford1 

~ ~ El\ITE =­~ ~ =­
llcsl Overall # I in Ovcr• ll Rcli•bilil)I Best Service Best Service 

Syslcms Supplier & Likelihood of Buying llcsl Moil Order Co. 
Again, 1993 & 1994 
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When Gateway 2000 came onto the scene, the 
establishment computer companies were charging 

By the Time We Get to Woodstock 
When historians write the history of the personal computer industry 

years from now, they'll remember Gateway 2000'" as the radical PC 
manufacturer that gave power to the people by selling the highest-
quality, latest-technology computers at affordable prices. By 

showing PC buyers a level of service they thought was a 

throwback to the peace and love era. By giving real meaning '
to the tattered,worn-out tenn "value." 

whatever they wanted for technology. 
Gateway was a real downer to them 
because we began selling the same 
technology for a whole lot less. And 
the buyers were very smart. They 
shouted, "Hell no, we won't go," to 
the big companies, and took achance 
on the revolutionary Midwest company 
called Gateway 2000. Soon agreat legion of people - even more 
than Woodstock attracted - was buying Gateway PCs. 

Today, Gateway 2000 is bigger than many of the companies for 
which it was an alternative. So why should you buy aGateway 
computer today? Same reasons as in the beginning. You still get the 
best price, quality and service from us. 

Demonstrations 
That's why PC Magazine readers said Gateway 2000 was #1 in 

overall reliability, and we also received the most votes when readers 
were asked if they would buy again from the same company - in 
both desktop and portable PC categories. (Thanks, PC Mag readers!) 
That's why, for the third consecutive year, we swept Computer 

Shopper's Best Buy Awards. (Thanks, Shopper readers!) And that's 
why we took five top honors in PC World's World Class Awards, 
including Best Mail Order Company and Best Service and Support. 
(Thanks, PC World readers!) Even though we're now a Fortune 500 
company, we still champion anti-establishment thinking. Check it out. 
You'll find GW2K is far-ou~ groovy and totally unreal! 

IU4f4,Jttifl. 
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The Eagle has Landed 

When Gateway 2000"' introduced aPentium"'-based system ­
loaded - for under $4,000, everybody in the industry knew the Eagle 
had landed. The best PC value on the planet had arrived! The editors 
ofPC/Computing heralded the accomplishment by naming it Best 
Desktop of 1993. 

Then we topped our achievement by offering/our Pentium 
processor-based systems, inclucting a new 66MHz model, priced from 
$2,49S to $3,99S. Now that's agiant leap in value for one of the 
highest-perfonnance PCs on earth. These systems are tomorrow's 
technology available today at affordable prices - only from Gateway. 

Our PS systems include Intel's 64-bit Pentium processor which 
moves instructions and data twice as fast as a486 system. The PS 

PCs get another perfmmance boost from a PCI local bus. The 
PCI bus can operate 10% to 1S% faster than a VESA~ local bus. 
New this month, all PCI local bus systems also include a PCI 
IDE interface, which dramatically improves hard drive 
perfonnance (up to twice as fast). The PCI bus' "plug and 
play" feature makes your PC easier to use, too, by 
automatically configuring peripherals. 

Space-Age Video 
The PCI bus is coupled with aspace-age video system, 

with 2MB standard video memory giving you 64,000 colors 
at 1024 x768 resolutions. The high-performance PCJ-based 
video system achieves 16 million colors, true 24-bit, in 
VGA and SVGA resolutions. Our standard video system 
gives you the best overall performance on the market. 

The net effect of the PCI local bus and this video 
system is computer perfonnance that will send you into 
orbit. It's definitely far-out! 

486 PCI Local Bus System is A-OK 
The PCI local bus with PCI video and ctisk subsystems 

is also available in a 66MHz 486DX2 system, which is 
upgradable to the Pentium OverDrive"' processor. Another A-OK 

value in ahigh-performance system from Gateway! 

Photo courtesy of NASA . Thanks! 
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Our P5-60 was named Best Desktop of1993 
by the editors of PC/Computing. "(JI) is 
nearly twice as fast as its nearest competitor 
at Windows operations. When ii comes to 
top-oft he-line desktop systems, you can'I 

beat high peifomwnce for a low price. " 
state.r theeditorial. 

Our new 66MHz 
Pe/l/ium-basedsystemj ""7 .:: -= 
is priced at only $3,995. 

i I · ' 

Best Desktop 
of 1993 



Our 4DX2-66V model has 
to be one ofrile most highly 
decorated PCs in the 
histo1y of the ind11sll}'. For 
good reason! like other 
Gateway VESA and 
imegmted systems, ic 's a 
very• a//ractive val11e. 

.,.,_ 
. 

~ 

... ~ 13\ITE 13\ITE 
c=­.I\. c=­i -­ I
=- """""""' =­4DX2-66V 4DX2-66\I 4~6\' 4DX2-66\I 4DX2-66\I 4DX2-66V 

Bcsl Desktop Best Windows PC 



Our Family pc· comes with CD-ROM, sound card, 
speakers, joystick.fax/modem and multimedia software. 
You choose one sofh\lare option from fivegreat Family PC 
multi-titlepackages. Some of tire 011isiandi11g titles you can 
get are: Microsoft Works,'" Dinosaurs and Encarta,'" 
Cinemania,'" TimeAlmanac, links GolfCollection, The 
Animals!, MicroProse'" Game Pack, MECC Elememary 
Education Pack - and more! 

You'll be a trend-setter in your office or neighborhood if you 
choose a Gateway VESA®or integrated system because there's 
nothing more fashionable than agreat buy. Everybody wants one! 

VESAa Go-Go 
Our VESA local bus machines give you go-go performance at a 

fab price. VESA, which stands for Video Electronics 
Standards Association, assures you of compatibility 
with any VESA peripheral. These systems are also 
upgradable to aPentium'" OverDrive"' processor if 
you need more processor power in the future. 

IntegratedPCs Sock it to 'Em 
Our integrated systems definitely sock it to the 

competition. Offered in space-saving mini desktop 
cases, our local-bus integrated PCs give you twice the 
video performance available in many standard 
desktop machines. ln fact, video performance in 
our integrated systems is similar to, or better than, 
that found in many of our competitors' high-end systems. 

Of course these machines are also upgradable to a Pentium 
OverDrive processor. 

Our special Family PC,"' with full multimedia capabilities and 
exciting software choices, is priced at only $1,995. Ask us for details. 

Ifyou want a mod PC for the fewest dollars possible, you want an 
integrated system from Gateway. You can bet your bippy on that! 

Energy Stardom 
All Gateway 2000'" VESA local bus and integrated systems wear 

the Energy Star seal to show they comply with energy-saving 
guidelines established by the EPA. Our commitment to the Energy 
Star program is just one of the ways we're working to help the 
environment-and to help you save money! 
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Whether you travel constantly from continent to continent or 

occasionally from office to home Gateway has the perfect portable 

PC to keep you roUin ' on down the highway. 

Easy Rider 
The revolutionary HandBook® 486 gives you more MIPS per 

pound than any other PC! Plus, the HandBook is the answer to the 

most common question seasoned portable users ask themselves: 

Should I take my portable or not? Is it worth the basset? With a 

HandBook, you'll never ask yourself that question again. It's so smalJ 

and light, it's effortless to carry. The decision is automatic: Of course 
you'll take your HandBook. You'll never want to be without it! The 

HandBook is a truly extraordinary product that will forever change the 
way you use a PC. 

The HandBook has all the features that matter to you, too, 

including: ideal weight and size (less than 3 pounds, about the size of 

a day-planner); plenty of power (genuine Intel®SL Enhanced 486 

processor); great screen (bright, 7.9-inch backlit VGA display); 

comfortable 78-key keyboard; EZ Point"' integrated 
pointer (no need to carry a clumsy mouse); 

excellent battery life; suspend/resume (a 

handy feature that allows you to stop work 
any time and resume later without losing 

data or restarting the system). 

Psychedelic Day-Tripper 
"(The ColorBook's) 9.4-inch dual-scan color display is 

so good you might think you accidentally got an active 

matrix display." That's what PC Magazine said about the 
Gateway 2000"" ColorBook. It's psychedelic! The ColorBook, 

with its latest-technology color display, also includes: 486 

performance (genuine Intel SL Enhanced 486 processor); excellent 
portability (weighs less than 5.7 pounds and is ultra-thin - just l.77 

inches); simultaneous video support; a built-in trackball; two 
PCMCIA Type II slots (can also be used for one Type mPCMCIA 
card); great battery life (up to four hours); suspend/resume. 

For dazzling color at amono price, look no further than the ColorBook. 
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On your 11exl trip, be sure to wkealong a good book. 
That's a Ha11d8ook or a ColorBookfrom Gateway 2000! 

.,,,_~ BVTE =­~~ =­H•ndBook HundBook HandBook 
Bes1 Subnotebook Best Subnotebook Bes1Hand-Hcld/Palm1op 
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Shown here is our P5-60 model loaded wirh oprions including a 1 -inch CrysralScan monitor, 
combo floppy drive, multimedia kit wirh oprional Yamaha speakers, Colorado Memory Systems 
rape bacfop unit, FligluStick and Epson Stylus 800 prillfer. Wirh multimedia, the sights and sounds 
ofany era are available to you with a click ofyour mouse. Right 011! 



When you ve picked the PC you want, take a look at the options listed 
here to make your system as productive and fun as possible. Sorry the 
peripherals listed here are sold only with the purchase of a system. for details 
on our complete line of extras for Gateway customers, ask for our special add­
on components divi ion when you call. 

Multimedia 
Multimedia Kit 
Here's everything you need to add multimedia to your Gateway PC: 
I Gateway 2000™16-bit CD-quality sound card, compatible with Sound 

Blaster™cards with MlDI/garne port, mic in, stereo line in/out 
I Double-speed CD-ROM drive, tray-loading, compatible with music 

CDs multisession photo CDs and CD-ROM titles 
I 2 Labtect> peakers that attach to your PC monitor 

I Microsoft Encarta & Corel Photo CD software 
I Gateway 2000 System CD with Microsoft.Multimedia Pack'M 

$299 
For system configurations that include a CD-ROM drive, get 
the multimedia kit without CD-ROM drive for: $132 

Yamaha®YST-MlO Multimedia Speakers 
New! The small speakers that sound big. And come with atiny price. This 
free-standing self-powered speaker set is agreat value! $75 

Altec Lansing Multimedia Speakers 
Get superior stereo sound with these top-rated Allee Lansing ACS-300 
speakers with separate powered subwoofer. $219 

CH FlightStick 
The joystick that 's recommended by our kids! With asensational "feel" and 
rugged construction, this is the last joystick you ' II ever have to buy! $35 

Comnmnications & Storage 
TelePatbT>I UFax/Modem 
Internal fax/modem, 14,400bps modem, V.32bis, with 14,400bps fax 
capability. Package includes CommWorks"' data and fax communication 
software, plus aCompuServe~ trial membership. $149 

Cardinal®2400 Fax/Modem 
Internal fax/modem, 2 400bps modem, V.22bis, with 9600bps fax capability. 
Package includes CommWorks data and fax communication software. $49 

Colorado Memory Systems®TBU 
250MB internal automatic tape backup unit copies up-to 9.5MB per minute. 
Comes with Windows and DOS software, one tape and cable. $159 



I Weight: 2.94 Lbs. Traveler's Packs: PCMCIA Cards: 

I Dimensions: 9.75" x 5.9" x 1.6" HANDBOOK 486SX-25 I Case, extra battery & PCMClA I TelePatb 14400/14400 fax/ 

I SL Enhanced lntelt 486 With 25MHz 486SX CPU and 9600/2400 fax/modem. $369 modem. $319 


Processor 80MB Hard Drive I Case, extra battery & PCMCIA I 9600/2400 fax/modem. $199 
I 4MB RAM (expands to 8MB or TelePath"' fax/modem. $489 I Ethernet adapter. $189$149520M B) Presenter 's Pack: I Token Ring adapter. $449 
I 80 to 130MB IDEHard Drive I PCMCIAVGA adapter, I HandBook VGA adapter. $229

HANDBOOK 486DX2-40I 7.9" Backlit VGA Display Asymetrix~ Compel& case. Batteries: 
I NiMH Battery & AC Pack With 40MHz 486DX2 CPU and $319 I 2.2AhNiMH batteries. $89 
I Suspend/Resume Feature 130MB Hard Drive I Alkaline battery pack. $29 
I l PCMCIA Type II Slot $1995 Diskette Drive: 
I EZ Point'" Integrated Pointer I HandBook external l.44MB. $99 
I 78-Key Keyboard Cases: 
I Parallel, Serial & PS/2 Ports I ColorBook $49 HandBook $55 
I MS Works for Windows'" Extended VIP Warrallfy: 
I MS-DOS 6.2, \VFW 3. 11 & I We'll ship a replacement 

Serial Transfer Cable 	 within 24 bours during warranty. 
Point of sale only. $100 

I Weight: Under 5.7 Lbs. Traveler 's Packs: 
I Dimensions: 11.7'' x 8.5'' x 1.77" COLORBOOK 486SX-33 I Case, extra battery & PCMCIA 
I SL Enhanced Intel 486 With 33MHz 486SX CPU, 4MB 9600/2400 fax/modem. $329 

Processor RAM and I20MB Hard Drive I Case, extra battery & PCMCIA 
I 4MB or 8MB RAM (expands to TelePath fax/modem. $449$19958, 12 or 20MB) 
I 3.5" l.44MB Diskette Drive 
I Removable 120 to 250MB IDE 

Drive COLORBOOK 486DX-33 
I 9.4" VGA Dual-Scan STN With 33MHz 486DX CPU, 4MB 

Color Display RAM and 250MB Hard Drive 
I NiMH Battery & AC Pack $2695 
I Suspend/Resume Feature 
I 2 PCMCIA Type II Slots 
I Integrated Trackball (2 buttons) COLORBOOK 486DX2-50
I 85-Key Keyboard 

With 50MHz 486DX2 CPU, 8MBI Parallel, Serial & PSJ2f Ports 
RAM and 250MB Hard DriveI External VGA Port 

I MS Works for Windows $2995 
I MS-DOS 6.2 & WFW 3.11 

MULTIMEDIA KIT SOFTWARE & EXTRAS 	 SERVICE 
Here 's everything you need to add If a system comes with "choice of Witb desktop and selected portables Every Gateway system is backed by: 
mult imedia to any Gateway desktop application software," choose one you also get the following software I 30-Day Money-Back Guarantee 
PC. You won't find a better holiday of the follow ingpackages: and extras at no additional charge: I One-Year Limited Warranty 
price anywhere! • Microsoft Excel for Windows™ • MS-DOS 6.2 & Windows for I Lifetime Toll-Free Technical 
I Gateway 2000 16-Bit Sound I Microsoft Word for Windows™ Workgroups 3. 11 Support 

Card, Sound Blaster' "Compatible I Microsoft Word and Bookshelf, I CoSession'" Host Remote I On-Site Service Available To 
I Double-Speed CD-ROM CD-ROM Edition Diagnostics (with all modems) Most Locat ions 
I 2 Labtcc~ Speakers I Microsoft PowerPoint for I QAP!us Diagnostics I Li fetime BBS Membership 
I Microsoft Encarta & Corel Photo Windows™ I Gateway Computer Glossary I FaxBack Automated Fax Service 

CD Software I Microsoft Project for Windows"' I Gateway Mouse Pad 
Our money-back guarantee does notI Gateway System CD I The Entrepreneur Pack (Works,™ Systems with CDs also include: 
include shipping. On-site sen,ice is Publisher,'" Money™ & games) I Gateway System CD wi tb$299 	 provided at no charge during

I Borland Paradox" database and Microsoft Multimedia Pack" warranty ifour techniciansFor system con fi gurations that Quattro' Pro for Windows I Multimedia On-Linc User's detem1ine ii is necessmy. Ifyou 'd include a CD-ROM drive: $132 spreadsheet Guide 	 like to read our
011(1' with system purchase. I Microsoft Access"' for Windows I Gateway Ma ll On-Line Catalog warranty and 

I Publisher's Pack (CD-ROM guarantee 
only; includes Core!DRA\V3,™ policies,

Galn-.uy 1000 iJ a please callrnrporate spon.sor of ArtShow, MS Publisher 2.0 & 
fora freeMS Design Pack)CL§Br\L 	 copy.

Pri nted on recycled ~L~N'· p.1pc r with soy inks. 

http:Galn-.uy


Networking 
Intel EtherExpress"' 
A16-bit Ethernet adapter from a world leader in 
networking. $105 Twisted Pair or BNC Kit (BNC kit 
includes cable, connector, terminator and card). 

Ethernet Adapter from 3Com® 
Manufactured by 3Com for Gateway. Features parallel 
tasking architecture with a high levelof integration. $105 
Twisted Pair. $125 BNC Kit (includes cable, connector, 
terminator and card). 

Monitors 
CrystalScan®17-lnch Monitor 
Non-interlaced color monitor, .26mm dot 
pitch. If your system comes with a 14-inch 
monitor, you can upgrade to this monitor for 

$430. If your system comes with a 15-inch 
monitor, you can upgrade for $350. (Prices good 

only for upgrades at the time of system purchase.) 

Printers 
Epson®1070+ Printer 
Here's a value-priced, wide-carriage dot matrix printer 
that gives you 225cpi in draft mode, 10 letter-quality fonts 
and 4scalable fonts. Quiet, too (46.Sdb)! $359 

Epson 3260 Color-Capable Printer 
Add color to your documents with this 24-pin, quiet dot 
matrix printer. Comes with 10 letter-quality fonts. $199; 
Color Option $45; Tractor Option $15 

Epson Stylus 800 Ink Jet Printer 
Great laserquality at an even greater value. Measuring 
only 17 inches by l0.5 inches, the Stylus 800 has seven 
different typefaces and prints an extra-quiet I50 characters 
per second at 360dpi. Parallel cable included. $289 

Epson ActionLaser 1500 Laser Printer 
The ActionLaser delivers professional-quality printouts 
with crisp, sharp images, black blacks and smooth, ')ag­
free" lines. 1t also features a fast six-page per minute print 
speed, 14 resident fonts, 300 x300dpi, and IMB memory 
expandable to 5MB. Parallel cable included. $669 

TT microLaser"' Pro 600 
This Texas Instruments laser printer 
redefines value in high-perfonnance 
printing with 6MB RAM 
standard, a fast eight pages­
per-minute print rate, 500­
sheet capacity and true 
600dpi quality. 
With 23 PostScrip Fonts: $1,449 
With 65 PostScript Fonts: $1,629 

Lexmark 4039 tOR 
The printer for tomorrow's technology! Featuring a fast, 

RISC processor it switches between PostScript and PCL5 . 
printer languages automatically and prints at a remarkable 
I 0 pages per minute at true 600dpi. $1,399 

Easy Payment Options 
We make it easy for you to buy a Gateway PC, 

too! We accept most major credits cards 
and C.O.D. terms, with net 30-day 
terms and leasing options available 
to qualified commercial customers. 

You can also apply for our new 
Gateway 2000'" DuoLine"' MasterCard®Card, 

issued by Dial National Bank, which lets you make 
purchases from Gateway and anywhere else 
MasterCard is accepted by giving you two lines of 
credit - one for Gateway purchases and one for all 
other purchases. For Gateway purchases, the card 
has no annual fee and a low variable interest rate of 
just 12.9% APR. For other transactions, you get a 
variable interest rate of l3.9%APR and a low $18 
annual fee.* 

*Cash advancefee is $1 plus 2% oftheamount ofthe cash 
advance. but not less than $5 nor more than $I 0. Financing is 
available 011 approved credit with the Gateway Duoline 
MasterCard, issued by Dial National Bank. Des Moines, Iowa. 
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INTEGRATED & VESA SYSTEMS ____________________ 

4SX-33/4DX-33 4DX2-50!4DX2-66 4SX-33V 4DX2-50 FAMILY PC" 
• 	 lnieF 33MHz 486SX or DX CPU • Intel 50 or 66M Hz 486DX2 CPU • Intel 33MHz 486SX CPU • Intel 50MHz 486DX2 CPU 
• 	 4MB RAM • 8MB RAM, I28KBCache • 4M BRAM • SMBRAM, I 28KB Cache 
• 	 212MB 13ms IDE Hard Drive • 212MB 13ms IDE Hard Drive • 212MB 13ms IDE Hard Drive • 212MB 13ms !DE Hard Drive 
• 	 Local Bus Graphics with 5!2KB • Local Bus Graphics with IMB • VLB"' Graphics with IMB • Local Bus Graphics with IMB 
• 	 3.5" Diskette Drive • 3.5'' Diskenc Drive • Local Bus IDEInterface • Double-Speed CD-ROM, 16-Bit 
• 	 14"Color CrystalScant 1024NI • 14" Color CrysialScan 1024NI • 5.25" & 3.5" Combo Drive Sound Card & Speakers 
• 	 Mini Desktop Case • Mini Desktop Case • 14" Color CrystalScant 1024NI • 2400/9600 Data/Fax Modem 
• 	 5 16-Bit ISASlots • 5 16-Bit ISASlots • Baby AT Case • 3.5" Diskette Drive 
• 	 101-Key Keyboard & MS Mouse • AnyKef Keyboard & MS Mouse • 5ISA& 2 VESA~/ISA Slots • 14" Color CrystalSean 1024NI 
• 	 MS-DOS~ 6.2 & WFW'M 3.11 • MS-DOS 6.2 & WFW 3. 11 • Any Key'~ Keyboard & MS Mouse • Mini Desktop Case 
• 	 MS Works for Windows'" • Choice of Application Software • MS-DOS 6.2 & WFW 3. 11 • S 16-Bit ISA Slots 
• 	 EPA Energy Star Compliant • EPA Energy Star Compliant • Choice of Application Software • I 0 I-Key Keyboard, MS Mouse & 

4SX-33- $1295 4DX2-50- $1795 • EPA Energy Star Compliant Joystick
$1495 • Choice of Family PC Software 

4DX-33- $1495 4DX2-66 - $1995 	 • EPA Energy Star Compliant 

VESA& PGS~TEMS~~~~~~~~~~~~~~~-$_19_9_5~~~-
4DX-33V/4DX2-501' 4DX1-66V BEST BUY P4D-66 	 4DX2-66V 

• 	 Intel 33MHz486DX or 50MHz • Intel 66MHz 486DX2 CPU • Intel 66MHz 486DX2 CPU • Intel 66MHz 486DX2 CPU 
DX2 CPU • 8MB RAM, I 28KB Cache • 8MH RAM, 256KB Cache • 16MB RAM, 256KB Cache 

• 	 8MB RAM, 128KB Cache • 424MB 13ms IDE Hard Drive • 424MB 13ms IDE Hard Drive • 424MB 13ms IDE Hard Drive 
• 	 424MB 13ms IDE Hard Drive • VLB Graphics with IMB • PCI Local Bus Graphics wi th 2MB • VLB Graphics with 2MB 
• 	 VLB Graphics with IMB • Double-Speed CD-ROM • Double-Speed CD-ROM • Double-Speed CD-ROM 
• 	 Local Bus IDE Interface • Local Bus IDEInterface • PC! Fast IDE Interface • Local Bus IDE Interface 
• 	 5.25" & 3.5" Combo Drive • 3.5" Diskette Dri ve • 3.5" Diskette Drive • 3.5" Diskette Drive 
• 	 14"Color CrystalScan !024NI • 15" Color CrystalScan I572FS • 15" Color CrystalScan lS72FS • 15" Color CrystalScan I572FS 
• 	 BabyAT Case • Baby AT Case • Baby AT Case • Baby AT Case 
• 	 5ISA& 2 VESA/ISA Slots • 5 ISA & 2 VESA/ISA Slots • 4 ISA, 2 PCI & I PCl/lSA Slots • 5 ISA & 2 VESA/ISA Slots 
• 	 AnyKcy Keyboard & MS Mouse • AnyKey Keyboard & MS Mouse • AnyKey Keyboard & MS Mouse • AnyKey Keyboard & MS Mouse 
• 	 MS-DOS 6.2 & \VFW 3. 11 • MS-DOS 6.2 & WFW 3. 11 • MS-DOS 6.2 & WF\V 3.11 • MS-DOS 6.2 & \VFW 3. 11 
• 	 Choice of Application Software • Choice of Applicat ion Software • Choice of Applicat ion Software • Choice of Application Software 
• 	 EPA Energy Star Compliant • EPA Energy Star Compliant • EPA Energy Star Compliant$2495

4DX-33V - $1975 $2295 $2795 

4DX2-50V- $1995 


PENTIUM SYSTEMS ________________________ 

P.'i-60 P.'i-60 BEST BUY PS-60 	 PS-66 
• 	 Intel 60MHz Pentium'" CPU • Intel 60MHz Pentium CPU • Intel 60MHz Pentium CPU • Intel 66M Hz Pentium CPU 
• 	 8MB RAM, 256KB Cache • 8MB RAM, 256KB Cache • 16MB RAM, 256KB Cache • 16MB RAM, 256KBCache 
• 	 424MB 13ms IDE Hard Drive • 424MB 13ms IDE Hard Drive • 540MB 13ms IDE Hard Drive • 540MB I3ms IDE Hard Drive 
• 	 PC! Local Bus Graphics with 2M B • PC! Local Bus Graphics with 2MB • PCI Local Bus Graphics with 2MB • PC! Local Bus Graphics with 2MB 
• 	 PCI Fast I DE Interface • Double-Speed CD-ROM • Double-Speed CD-ROM • Double-Speed CD-ROM 
• 	 3.5" Diskette Dri ve • PC! Fast LOE Interface • PC! Fast LOE Interface • PC! Fast IDE Interface 
• 	 14"Color CrystalScan 1024NI • 3.5" Diskette Drive • 3.5'' Diskette Drive • 16-Bit Sound Card & Speakers 
• 	 Baby AT Case • 15" ColorCrystalScan I572FS • 15" Color CrystalScan ! 572FS • 3.5" Diskette Drive 
• 	 4 ISA, 2 PC! & I PCl/JSASlots • BabyAT Case • Baby AT Case • 17" Color CrystalScan I776LE 
• 	 AnyKey Keyboard & MS Mouse • 4 ISA. 2 PCI & I PCl/ISA Slots • 4 ISA, 2 PCI & I PCl/ISA Slots • Tower Case, 300\V Power Supply 
• 	 MS-DOS 6.2 & \VFW 3. 11 • AnyKey Keyboard &MS Mouse • Any Key Keyboard & MS Mouse • 4 ISA, 2 PC! & I PCJ/ISA Slots 
• 	 MS Works for Windows • MS-DOS 6.2 & WFW 3.11 • MS-DOS 6.2 & \VFW 3.11 • AnyKcy Keyboard & MS Mouse 

• 	 Choice of Application Software • Choice of Application Software • MS-DOS 6.2 & WFW 3.11$2495 • 	 Choice of Application Software$2795 	 $3295 
$3995 

...... 

~l/L~. ~ \\~NOO.\S. -<:/T-· 17 ;rv-r 
Rf.AfJI fl)Rl"' I PA POl l UTIOlfPUVlNUll 8 0 0 8 4 6 2 0 5 8 

~ Phone 605-232-2000 •TDD 800-846-1778 • Fax 605-232-2023 • FaxBack 605-232-2561 • Add-On Sales 800-846-2080 
~ Toll free from Canada and Puerto Rico 800-846-3609 • Sales Hours: 7am-1 0pmWeekdays, 9am-4pm Saturdays(CST) 

~ 1993 Gaicway 2000, lnc. AnyK r:y. Cf)-sta!Sr:ln. bl3d.-J.Dd.,,.,hitc spol d~ign. _G .. 101,10 and-You'\c ~ot a friend in the business- sloganMC rr:gistcn-c:l tradmwls, :md G:iteVr."'3)' 2000. Colotllook, Duol ine, El Point illld TelcPath nre tradtnurl:s 
of filti:w:iy 2000. Inc. The: Intel Inside Logo, lnttl. PC'fl lium lnd On·rDri\'e l rc 1radcnurls or f\"i:ukrrJ 1r.idl'1lWks oflatd Corparation. 1\ ll otl'K-r brands 3.fld productn3mcs :ire tradrnm.rks or n:g.is1crcd tradcm:i..rks of thcir resp:cti\'Ccomr311ies. 

All pri~·cs and configuralions an: subject 10 d1angl! without notice or obligation. Pnccs do not inc luJc shipping. En1.-rgy Sur complilnt systems ml)' not rrmain within EPAguidclinC'S if Uf'!.'Til<kd to .i Pen1i um processor. 



IDE TAKES 
 FF 

The most popular method of connecting hard drives to PCs has just gotten a whole lot better 

.JOHN BRYAN 

I DE (Integrated Drive Electronics) is 
the number-one di sk interface in the 

PC environment for two good reasons: 
First, it is insanely easy to use, and ec­
ond, it ' s inexpensive to implement. This is 
a hard combination to beat. But a CPUs 
get faster and applications and envi ron­
ments get more complex lDE's limita­
tions begin to how. 

IDE was developed by Western Digi­
tal and Compaq Computer. It was a natur­
al outgrowth of the origina l IBM AT di sk 
interface- the ST-506 - which was in ­
troduced in 1984. The ST-506 uses the PC 
BIOS fNT I 3h to interact with the system, 
and IDE is set up the same way. IDE also 
borrows from its ST-506 heritage in the 
number and type of dri ves it supports. 

This latter feature is one of the major 
limitations of IDE as we know it today: 
IDE currentl y supports two drives , and 
without some sort of proprietary modifi­
cation , tho e two drives must be magnetic 
disks. Up to now, these limitations have 
not been crippling, but today's hi gh-end 
multimedia systems need to be able to con­
trol a mix of hard disk, tape, and CD-ROM 
products. IDE isn' t up to the task. Also, 
IDE is limited in the size of the di sks you 
can attach to it and in the data transfer 
rates you can get out of it. Western Digi­
tal's response to these problems is its pro­
posed enhanced IDE, which is des igned 
to ta ke IDE into the twenty-first century. 

Increasing Capacity 
A popular feature of IDE is its transpar­
ency. You don ' t need a special driver for 
an IDE drive, because IDE is defined and 
supported in your system' s BIOS and IDE 
interface. You pay for thi s transparency, 
however-most notably in capacity limi ­
tati ons. 

The capacity of IDE drives is constrained 
not by the BIOS or IDE interface indi vid­
ually but by the combination of the two. 
IDE identifies a dri ve and determines its 
capacity by de termining the number of 
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Cylinders 

O BIOS 

!DE 

• BIOS/IDE combination 

Sector per track 

Both the standard PC BIOS and the IDE i111erface s11pport /11rge-cap11ci1y dril'e.1·. Hm1·1!ver. wlre11 
they· re co111bi11ed. 1hey ca11 '1 .rnpporr dri ves nver 528 M 8 d11e In 1he differe1111111111ber ofbils each 
res en-es 10 define 1he differe11r dwrac1eris1in-cyli11der.1-. lret1ds. a11d secrors per 1rack-11fa d1fre. 

The Capacity Crunch 

heads, cylinders, and sectors per track that 
it contains. Because DOS specifics that 
there are 512 bytes per sector, the capaci­
ty of a drive is the number of heads times 
the number of cylinders limes the number 
or sectors times 512. 

The drive lookup table, which the PC 
BIOS INT 13h accesses, supplies only a 
specific number of bits for maintaining in­
formation about the characteristics of a 
drive. Similarly, the IDE interface has a 
set number of bits for storing this infor­
mation. Either of these methods provides 
for large drives. The PC BIOS uses enough 
bits lo recognize up lo I 024 cylinders, 255 
heads, and 63 sectors per track in its CHS 
(cylinder-head-sector) format. The BIOS 
can thus support drives with capacities of 
up to 8.4 GB. IDE can recognize up to 
65,536 cylinders, 16 heads. and 255 sectors 
per track or drives up to 136.9 GB . Un­
fortunately, drive capacity in a BIOS!IDE 
setup is determined by the lowest com­
mon denominator of the corresponding 
drive characteristics, resulting in a limit 
of 528-MB for PC-based IDE drives (sec 
the figure "The Capacity Crunch" ). 

While 528 MB isn't small, it isn't ex­
actly spacious in a high-end environment 
or for multimedia, where storage require­
ments for sound and video applications 
can really eat up disk space. As disk prices 
fall. too, there will be more and more mo­
tivation to move to larger capacities. 

Western Digital's proposal for enhanced 
IDE provides two methods for solving the 
capacity problem. You choose between 
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the two in CMOS setup. The first method, 
ca lled auto-configure, is designed for op­
erating systems, such as NetWare and 
Unix, that bypass the BIOS in accessing 
disk drives. It uses the standard DPT 
(Drive Parameter Table) to pass informa­
tion about drive capacity from the IDE 
drive to the operating system. 

Addressing Logical B!ocks 

Rather than the straightforward transfer of 
c:yli11th!r, head, and .\·ector inforuwtirm, enfla11ced 
/DE 11ses i11fvr111atio11 i11 its E11/w11ced Orin' 
Pt1ra111eter Tt1ble /0 tra11slare INT 13/r CHS 
informmion i1110 either /DE CHS or /DE LIJA . /11 
lire case ofLBA. only 1he drive need pro1•id1· the 
fi11a/ logical-10-phyxical 1ra11s/rui1111. 711<' 
operati11g system, file ·'Y.l'tem, a11d device rlriwrx 
c111111se logical i1!for111a1ir111 exc/11si1·c/y. 

The second method- for DOS and Win­
dows- is called auto-translate. Selecting 
this drive type tells the BIOS to create an 
EDPT (Enhanced Drive Parameter Table) 
during its POST (power-on self test). The 
initialization process fills this table with 
the appropriate values for al l the drive char­
acteristics, along with a checksum value 
to ensure the accuracy of the parameters. 

The EDPT contains two sets of drive 
parameter information : one that comes 
from the Identify Drive command, and an­
other that the BIOS gives to the operating 
system. The information presented lo the 
operating system is not simply a copy of 
that taken from the drive, but a translation 
that isn't dependent on how the CHS and 
IDE bit fields match up. The BIOS sup­
ports two types of translations based on 
information returned by the Identify Drive 
command. The first , called IDE CHS, pro­
vides a straightforward translation of BIOS 
CHS information to IDE CHS informa­
tion. 

The second translation requires more 
drive firmware changes but has wider­
ranging implications. IL translates the CHS 
inforniation that is passed to the BIOS into 
a 28-bit LBA (logical block address). The 
BIOS then sends the LBA information 10 

the drivc's task-file register and sets bit 6 
of the drive's SDI-I (select drive head) reg­
ister to indicate that the information in the 
task registers is LBA rather than CHS. The 
drive then uses the LBA value to fetch the 
appropriate physical block from the disk. 

The EDPT lets enhanced IDE access 
drives with sizes up to the CHS limit or 
8.4 GB. The advantage of the EDPT is 
that it doesn't require software or operat­
ing-system changes to support high-ca­
pacity drives. The IDE CHS and the IDE 
LBA translations are transparent lo the op­
erating system, except in the case or Win­
dows 3.1 in its 32-bit address-on mode. In 
this case, you need a new driver. Western 
Digital's IDE LBA-enabling driver is 
called FASTDISK. It will be avai lable for 
all Western Digital Caviar drives with ca­
pacities greater than 528 MB. 

The advantage lo IDE CHS is that the 
BlOS changes required 10 implement it are 
minimal. LBA requires more extensive 
BIOS changes as well as changes in the 
drive firmware. but you ge l advantages 
with this added complexity. Many current 
operating systems use LBA to access hard 
drives. LBA lets you use a single consistent 
access scheme across the operating sys­
tem, device driver, and drive interface. 
Looking ahead. Ll3A is also compatible 



with the INT 13h Functional Extension 
specification as defined by Microsoft and 
IBM, which specifies "packets•· that con­
tain LBA rather than CHS addresses. 

Faster and Faster 
Current IDE drives outperform the data 
transfer rate capabilities c:i f the ISA bus, 
making a faster bus mandatory if you want 
to increase the data transfer rate of IDE 
systems. EISA and Micro Channel archi­
tecture are options, but increasingly , lo­
cal-bus technology-VL-Bus and 
PCI (Peripheral Component lnter­
connect)-is the preferred solution 
to higher sustained throughput. En­
hanced IDE offe rs a series of so­
lutions designed to meet escalat­
ing levels of perfornmnce expected 
from local-bus technologies over 
the next few years. 

You should consider several is­
sues when looking at data transfer 
between a system and a peripheral. 
First is the speed at which the pe­
ripheral can handle the data th at 
moves on and off it. Also impor­
tant is the delivery cost of the sub­
system, especially in the personal 
computer market. If cost were no 
object at all, drives with huge read/ 
write cache systems could deliver 
and accept data at practically any 
speed. 

IDE drives transfer data in two 
ways: PIO (processor l/0) depends 
on the processor to handle the data 
transfer, and OMA lets the drive 
itself handle the transfer after the 
processor performs an initial set­
up . IDE 's traditi ona l method of 
data transfer is PIO because when 
IDE was introduced, PIO was fa~ter 
than OMA, which was dependent 
on the speed of the ISA bus. 

The introduction of faster bus­
es, however, has resulted in faster 
DMA, and enhanced IDE support: 
several types. Type B OMA offers 
a transfer rate of 4 MBps, while 
Type F, supported by the PCI lo­
cal bus, extends thi s to either 6.67 
MBps or 8.33 MBps, depending on 
the PC I/ISA bridge chip set iri the 
system. Both Type F and Type B 
DMA requires dev ice dri vers (or 
BIOS changes). 

PC! also makes available to the 
PC a new type of OMA transfer 
called Scatte r/Gather. Operatin g 
systems that use virtual memory 

management schemes may find that a re­
quested block of me mory is scattered 
across a variety of physical disk locations. 
With Scatter/Gather support, four 4-KB 
blocks that make up a single 16-KB block 
o f memory can be fetched with a si ngle 
1/0 request, rather than with the four 1/0 
requests and OMA instructions that would 
normally be required. The result is great­
ly improved performance for the operating 
systems, such as Windows 3.1 , OS/2 2. 1, 
and etWare 3.1 and 4.0, that support this 

mode. Windows NT does not currently 
support Scatter/Gather, but future releases 
will. 

VL-Bus designs use PIO or BPIO 
(block PIO) data-transfer methods. BPIO 
works in exactly the same fashion as stan­
dard PIO, except that where PIO transfers 
a single block of 256 words (512 bytes), 
BPIO transfersn blocks of256 words. The 
support of BPIO requires BIOS changes 
and device-driver support , and Western 
Digital has device drivers that provide this 

SCSI vs. IDE 
SCSI dates from a time when a small computer was roughly the size of 

your father 's Oldsmobile. Its adaptation to the personal computer 
market has been slowed by complexity, independent standards de­
velopment, and relatively Low demand for its special features. 
Only on the Mac has SCSI been a great success, mainly because 

Apple rigorously controls every aspect of the development of periph­
erals for the Mac. The SCSI experience on PCs has been quite the op­

posite, with clifferent vendors implementing their own version of SCSI communication. 
SCSf is a separate bus structure rather than a connector like IDE, so it offers many fea­

tures that IDE cannot. First, SCSI is extremely flexible in the type and timing of the devices 
attached. Everything from disks and other storage media to scanners and printers can be at­
tached to the same SCSI host adapter. Up to seven devices can be connected to each 
adapter. 

Jn addition, the SCSl connector cable can be up to 6 meters long, which means that pe­
ripherals can reside outside the host computer system. In fact, SCSI is the only interface 
used with large drive arrays or optical jukeboxes that support network servers. In contrast, 
enhanced IDE offers a maximum cable length of 18 inches, which means that it is a strictly 
internal solution. SCSf al o offers speed that standard IDE can' t match, and Fast/Wide 
SCSI offers sustained data rates (20 MBps) that even enhanced IDE can't achieve. 

But there is a cost, literally. From.host adapters to peripherals, SCSI is more expensive 
than fDE. Part of the reason for this is the amount of logic required on both ends of the ca­
ble. All devices on the SCSI bus are intelligent; each has its own ROM that contains the 
basic operating parameters of the device. The host adapter is also an intelligent device. 

But the bigger cost is that incurred by the development of software to support all the pos­
sible combinations of hardware, software, and operating systems that a peripheral is likely 
to encounter in the diverse and at times, chaotic world of the PC. Rich Rutledge, marketing 
manager of . torage products for Western Digital, explained it this way: "SCSI has a single 
command set (per peripheral), but at the chip level, each product has a different register set, 
requiring a different hardware device driver. The result is that everyone has to produce dif­
ferent drivers for each and every operating-system type and release." 

Western Digital believes that with the emergence of enhanced IDE, SCSI will be largely 
constrained to the server market and external systems. Of course, SCSI proponents see 
things differently. Adaptec, which developed the EZ-SCSI software that has taken much of 
the angui sh out of implementing SCSI on a PC, believes that ATAPI (AT Attachment Pack­
et Interface) and SCSI combined will squeeze proprietary interfaces out of the CD-ROM 
market. The company also sees SCSI's performance advantages and flexibility becoming 
increasingly important a multimedia applications come to the fore. 

Both viewpoints have merit. Enhanced IDE will be the interface of choice where ease of 
use and value are imperative and will take a good deal of midrange business away from 
SCSI. Where performance is the determinant, however-and performance is a big determi­
nant in multimedia-SCSI retains advantages that should ensure its position as the interface 
of choice for high-end desktops and workstations. 
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AT system hardware map. The primary 
address, which is universally supported by 
BIOS and operating systems, uses IRQ 
(interrupt request) 14 and task-file address 
IFOh-IF7h/3F6h-3F7h. Virtually all of to­
day ' s BIOS and operating systems also 
support the secondary address, which uses 
IRQ 15 and task-file address 170h-177h/ 
376h-377h, but this support does not gen­
erally extend to ch ip sets or Super I/Ode­
vices. As a result, you have to install a sec­
ond controller with a jumper-selectable 
IRQ and address to attach more than two 
IDE devices to your system. 

Western Digital is pushing system and 
controller suppliers to build in hardware 
support-including a connector-for the 
second channel , so four IDE devices can 
coexist in the same system. Dataquest says 
that four devices would meet the expansion 
needs of an overwhelming majority of the 
PC market, especially if those devices can 
be nondisk. 

Diverse Connections 
In addition to extending the number of de­
vices IDE can support, enhanced IDE also 
ex tends the types of devices. CD-ROM 
has become an essential part of many per­
sonal computer setups, especially in the 
multimedia environment. Unti l recently, 
most CD-ROM drives used either a SCSI 
connection or a proprietary interface and 
command set. 

Western Digital's proposal for support­
ing CD-ROM with IDE is called AT API 
(ATA Packet Interface). ATA is the pro­
tocol used to transfer data and status and 
control information between a PC and a 
hard drive. ATAPI is an extension of the 
AT A protocol formu lated to bring a single 
command set and single register set to CD­
ROMs, and it can also be easi ly adapted to 
other devices, such as tape. The goal is ease 
of connectivity and command implemen­
tation for OEMs and the end-user market. 

ATAPI depends on a minor BIOS mod­
ification. When the BIOS performs its 
POST, the POST uses an Identify Ori ve 
command to poll the LDE interface and 
determine the type ofdevices attached. If the 
device isn 't a disk drive, the command will 
abort, and the AT API-aware BIOS will then 
issuean ATAPI Ide ntify Device com­
mand. This wi ll automatically switch sup­
port for that device to the device driver, 
which ini tiates Packet Command, as de­
fined in the AT APl proposal that is now 
before d1e Small Form Factor Committee. 

Once Packet Command is in effect, new 
rules will apply to the device, because the 

support for Windows 3. 11 , MS-OS/2 l .3 1, 
and Net Ware 3.11. 

While the system's CPU controls stan­
dard PIO and BPIO, local bus and en­
hanced IDE have made possible a method 
of PIO that the device controls. The AT A 
(AT attachment) specification of I/O 
Channel Ready was too fast for the ISA 
b_us to implement; however, VL-Bus can 
handle it, and it pushes the data transfer 

rate up to 6.67 MBps, or 10 MBps for a 
cache-hit burst. 

Gang of Four 
To overcome the limitation of two devices, 
Western Digital ' s proposal for enhanced 
IDE specifies that BIOS and system man­
ufacturers actively support the use of both 
the primary and secondary controller ad­
dresses that have always been in the IBM 

NEW FACE ON YOUR HOST DATA... 

VT EMULATION GIVES YOUR 
A A FACEUFT-THE WINDOWS 

Before term. host data was dull. 
colorless. and limited by aging host 
applications. KEAterm transforms your host 
data-making it better looking. and more 
useable. 

Apply the power and ease of Windows 
tools, like Excel, 1-2-3. WordPerfect. Visual 
Basic ... to your host data u5ing KEA term's 
DDE. hot links. file trcmster, and user-defined 
menus and dialog boxes. And you'll get 
more done faster with multiple KEAterm 
sessions. 

Advanced features include a powerful 
macro language and definable on-screen 
button pads, to make your work even 
easier. KEAterm speeds your work with high 
throughput over your serial port or installed 
TCP/ IP or LAT network. • 

KEAterm 420-o powerful link to 
your VAX and UNIX text 
applications. 

KEAterm 340-for applications 
requir1ng ReGIS. Tektronix. or sixel 
graphics. 

KEAterm-for Windows NT 
available soon! 

Empower your desktop now1 

Call 1-800-663-8702 
KEA Systems Ltd. 
3738 North Fraser Way, Unit 101 
Burnaby. B.C. Canada VSJ 5G I 
Phone: (604) 431-0727 
Fax: (604) 431-0818 
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Token Ring. 

TokenRx. A li11e ofToken Ri11g netUX)rk adapters 

and m11//i-slalio11access1111its that/ea/I/re on-site 

s11pport by IBM's oum Customer Engineers. 7be 

adaptercardsfeat11re 10096 /BM drivercompatibili­

ty, tbe IBM designed TROPICchip and aretail price 

of less than $400. 

Ethernet 

011r EJbeRxfamily ofISA a11d EISA Etbemet network i11teiface 

cards, d11al inteiface pocket adapters, co11ce11trators mid trans­

ceiver.;provide so/11/ionsfo r a 1vide range ofEtbemet co1111ectizr 

ity needs. \Vitb uncompromised re/iabilio•a11d compatibility 

pl11s va/11e prici11g, EtbeRx is tbe ideal Etbemet choice. 

POtCIA Ethernet Cards. 

Co111bi11i11g i11d11stry leading petfon11a11ce 

with a retail price ofless tba11 $200, 

EJbeRx PCMCIA cards are setti11g 11ew 

7bey are alJ(li/ab/e i11 both 

10&1.se-Tand J0Base2 

versions, support tbe 

widest range of Type II 

complia11111otebook, 

laptop and desk/op systems and are 

compatible witb all pop11/ar 11etworli 

operating systems. 

OUR LARGE STRIDES IN MEMORY 
HAVE LED US INTO NETWORKING. 

Certified Compatibility. 

~ Ki11gsto1111etworki11gprod11cts 

~ are certified compt1tible with 

~~~ Novell Netware, Microsoft 

Windowsfor \florkgm11ps a11d ; \~~ 

lANManager, Altisoft IANtaslic ::;;.... 

mul S11nrv.rt "'""'other fy)/)11/ar '~ l'l"' -··J I"'!' (Cl'Ul\1111.£ 

11etwork operatingsystem i11cl11di11gIBM 

~ OSl2 £'>:/ended Edition 

~ and Banyan \f/NES. 

Kingston Reliability. 

Ne/UX)r/z users enjoy the same 

roliability customers /Jave come 

lo e:..pect/mm Kingston mem01y 

andprocessor 11pgrades.EWI)' 

prod11ct is individually tested priortosbipping, s11pported 

byfree co111prebe11sii'!i tee/mica/ assistance a11d is bac/..'f!(/ 

by afive-yearwa"m1ty. 

More Infonnatioo. 

For more i11fon11atio11 011 the Ki11gsto11 li11e of11etworki11g 

pmducL>, contact yo11 ruear~y Kingston dealer or call 

(800) 435-2620, (714) 435-2600 or/ ax (714) 435-2699. 

In Canada: Dy11atecb, Ltd. (4 16) 636-3000 or i11 

B0 0 ~i.• • m-3J1J./J-J/. 
[ ] 

Medeo: 11PSMtl)Omtn 325.w93 

THE I NSIDE NAME I N UPGRAD ES 

.-ill Trad.-marlu , Rr,:IJtrrrd Trad.-mar~ and l otos a r! of lbl'tr rnpt<lll~ bold~n 
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ADVANTAGES OF ENHANCED IDE able soon) . standard IDE rules for 
AT API, the IDE CD-disks don't all work 

RO M standard , haswith other types ofde­
been endorsed by everyvices . Under Packet INCREASES DATA TRANSFER RATES TO UP TO :LO MBPS 
significant CD-ROMCommand, the device 

INCREASES NUMBER OF DEVICES TO UP TO FOUR vendor and a large num­execute command is 
padded outto 12 bytes SUPPORTS CD-ROM AND TAPE DRIVES 
and sent via the data 
register rather than the 
task file. When the device interrupts, the 
DRQ bit in the status register is matched 
with the interrupt reason registers to deter­
mine the actual interrupt type. The amount 
of data sent at each DRQ (device interrupt 
request) is determined by a byte count, and 
after data has been transferred, status is re­
turned to the host as a new interrupt. Data 
transfers can occur via DMA or PIO modes, 
depending on the indicator in the AT API 
features register. The commands ofPacket 
Command are based on SCSI-2, malting it 
easier for peripheral manufacturers to cre­
ate AT API drivers. 

ATAPI includes several commands that 
are specific to CD-ROM devices. These 
include the Read CD family of commands 

and a CD speed-select command. Play 
Audio commands are optional to the spec­
ification . A standard command set has not 
yet been established for tape. 

The Big Picture 
Not all disk vendors implement the fea­
tures that enhanced IDE offers. At Fall 
Comdex, however, many disk vendors­
including Western Digital, Conner, and 
Seagate-stated that they will re lease 
IDE drives greater than 528 MB in ca­
pacity with some type of support for high­
speed data transfer rates. Western Digital , 
particularly, will be extending its Caviar 
line of drives to include models from 540 
MB (already available) to 1.2 GB (ava il­

ber of system vendors 
as well, including IBM, 
Compaq, and Dell. Soft­

ware giant Microsoft is on board, and BIOS 
vendor Phoenix Technologies is behind the 
standardization effort. 

Focused on the mainstream, enhanced 
IDE represents an excellent low -cost 
solution for most users and offers signifi­
cant performance improvement over stan­
dard IDE . The fac t that it is lo w cost 
doesn ' t mean that thi s solution doesn' t of­
fer significant performance improvement 
over standard IDE; it does. But it also of­
fers a no-hassle peripheral-connection 
method that everyone can l.ike. • 

John Bryan is a freelance teclmology writer and 
con.mltant based in San Jose, Califomia. You can 
reach him on BIX c/o "editors. " 

CHECK-1ITPRO 

101'.llCED il'STEM l\JOU!TIO\ l'Tllll\ 

~~ 

Huntington Beach, CA 92648 

Get with the PROgram! 

"TouchStone Sojtw,are's $100 Checkr"It 
PRO: Syslnfo is the closest thing this 
category has to peifection." 

We Couldn't Have Said It Better Ourselves... 
"It made no errors reporting on either of our test systems, and it provided 
more detailed information on many hardware items in our test bed PCs 
than did the competition." 

"Beyond the basics, Check/It PRO reports on detailed drive mapping 
with suitable disk controllers and on the kind of UART your serial ports 
are using. Adding to Check/It PRO's appeal is a set of benchmark com­
parisons that allows you to make sense out of the numbers that the bench­
marks produce. If you get the Syslnfo package and have any interest in 
diagnostics, you should consider the bundle of Syslnfo & Tests and 
Tools." 

"Quality of information is the key to a good reporting tool. As such, the 
program of choice for DOS users is TouchStone's Check/It PRO." 

(800) 531-0450 or (714) 969-7746 - PC Magazine, July 1993 
Fax(714)960-1886 
~ Cl"3 Toud\Stonti Sottwar.. AU. RIGHTS RESERVED. °**11 II • ~~ 91-.d h Ov•Mty Teltltcl s..t II a tradetnartl of TOl.CllSione Sottwat9 COip. Huntrigtan BMc:h. CA 
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Experience the Difference 


ADD-IN PRODUCTS MOTHERBOARDS 
PCI, VESA, EISA, ISA SCSI, Sound, SVGA 
486 and Pentium"' CPUs Communications, PCMCIA 

Whether you are building or buying and add-in products from 
a PC, the only components to consider American Megatrends, you 
are those from American Megatrends, 
the BIOS people known for their world 
famous AMIBIOS. Now, with hardware, 
you can get the same compatibility and 
performance that has made the 
AMIBIOS world famous. With high 
quality motherboards 

can make the difference between an 
ordinary PC and an outstanding 

personal computer. So experience the 
dramatic difference our expertise can 

make and demand only quality 
American Megatrends components 

in your personal computer. 

BIOS PRODUCTS 
Green PC, System BIOS, 
Keyboard, PCMCIA, PCI 

American Megatrends, Inc.: 6145-F Northbelt Parkway, Norcross GA 30071 
Sales : 1-800-892-6843, Fax: (404) 263-9381, Fax-Back: (404) 246-8787 

AL EL. American- - UK Office: Crawley, West Sussex - (44) 293-536-365 ---- Megatrends France Office: Noisy Le Grand - (33)-1-43042220 
Singapore Office: Singapore - (65) 339-0992 
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Break through the barrier. 
With Pro Graphics 1024 by Media 
Vision. Conceived and created as a 
new standard for Windows'" accelera­
tors around the world, Pro Graphics 
1024 sets the record for speed. And 
it's no wonder 
when you see what 
we've put into it. 

For starters, con­
sider Pro Graphics 
1024's superior 
72-bit engine. 
Specifically designed 

VCR. Bottom Hne, Pro Graphics 1024 

adds a whole new dimension to your 
multimedia experience. 

Moreover, the Pro Graphics 1024 
includes FastFilm~ a unique hardware 
feature that accelerates Video for 

Windows playback 
and eliminates 
missed frames and 
jerky A VI replay. 
Pro Graphics 1024 
is also VGA and 
Super VGA compat­
ible. It comes 

to increase your c,..phksCani. complete with display 

graphics speed, it makes the 
difference between just getting by 
and )jghming speed. 

In fact, most other Windows 
accelerators can't even come close to 
giving you 16. 7 miWon colors and 
1024 x 768 resolution at the same 
time. Nor can they give you a photo­
reaHstic display with command of a 

larger Windows desktop. And a 
76Hz refresh rate that makes 

' raphics 1024 is 
multimedia upgrade­

able. So by adding a 
Media Vision video 

daughter card you can 
display video from any source, 

capture it, and play it on your 
screen, T.V. or record it on your 

drivers for Wmdows 3.1, Windows 
NT, OS/2 and AutoDesk ADI which 
makes Pro Graphics 1024 compatible 
with all your applications, right from 
the start. 

So what does this all mean when 
you put Pro Graphics 1024 up against 
other vVmdows accelerators? Well, 
we did a comparison test to answer 
that question. 

The results? Pro Graphics I 024 
performance emerged with an 
unprecedented WinBench~ 4.0 

Graphics WinMarksN of over 

18 megapixels per second. 
Blowing past the former 

. champion Diamond Viper VLB, 
and all other competitors including 

Mattox MGA Ultima, and ATI 

Graphics 
Ultra 
Pro. And 
even 
coming 
close to doubling the 
speed of Orchid Celsius. 

So as you can see, 
Pro Graphics 1024 not only outper­
forms other Windows accelerators, it 
pushes your graphics over the line. 
The finish Hne, that is. 

~\ 
MIDIA VISION 

N ow, that's multimedia! 
Test perfonned ming Ziff D•vis L•bs' WinBench• V4.0. •Ten conducted by Medi• Vision without Independent 

certificotion from Ziff DBVIS . B•sed on Micronics VL motherboard, Intel 486DX2/66 CPU, 8MB RAM, 256K 
coche, Western Digit•! Cavior 2250 IDE hard drive, MS-DOS S.O •nd Windows 3.1 enh•nced mode. All products 

ore shipping ve... ions. t Benchnmk resul ts u published by Ziff-Davis in PC Magazine December 7, 1993 Issue. 
Based on Mlcronics EISA/VL rnotherboord, 486DX2/66 CPU, SMB RAi\.1, 2S6K cache and 1SJMB hard drive. 

All produets ore shippingversions.11:>1994 Medi• Vision, Inc., 47300 Bayside Parkw•y, Fremont, CA 94538 . 
(5 I0) 770-9592. Pro Grnphlcs 1024 is a trademark of Media Vision, Inc. Any other cradenmks and 

registered tr•dem•rk• ore owned by their respective holders. 
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Modem. 

Do you feel the need, the need for 

speed? You're why there's the new 

standard of high speed 1nodems 

called V32terbo. Unlike 

ordinary V32 bis 

modems, which run at 

14.4 Kbps,V32terbo 

runs at 19.2 Kbps, one 

third faster (Think of the difference 

between a regular sportscar and a 

turbo sportscar.) 

But, best of all,V32terbo is an 

open standard. Which means that it's 

the fastest moden1 standard there is 

that can talk to other nonproprietary 

brands. It can also talk to less speedy 

modems like V32bis via Automode. 

V.32terbo modem. 

Is V32terbo the wave of the future? 

Over forty manufacturers seem to 

think so. Which is important if you 

want to make a 19.2 Kbps connection. 

So look for the V32terbo 

symbol at the left. It doesn't cost a 

whole lot n1ore. 

So why would you even think of 

buying anything else? 

V.32terbo modems. 
The open standard offast. 

Call 1-800-372-2447, extension 920. 

We'll tell you more. 

-
-

ATs.T 

Microelectronics 

© 1994AT&T 
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PTICAL DVANCES 
With new laser, media, and signal-processing technologies, magneto-optical storage is primed for 
capacity growth rates rivaling that of magnetic disks 

DAVID K. CAMPBELL AND KRAIG PROEHL 

M agneto-optical storage, or MO, is a 
rewritable storage technology that 

offers far better cost per megabyte than 
does magnetic storage. This is primarily 
because MO disks are removable and in­
terchangeable with one another. However, 
because the standard storage capacity as­
sociated with MO technology remained 
steady at 650 MB (per 5'/,-inch platter) for 
the first four years after its commercial in­
troduction, most people viewed MO tech­
nology as slow moving, especially when 
they compared it to magnetic disk tech­
nology, which experiences major capacity 
gains at least once every year. In fac t, it 
was only last year that 1.3-GB MO drives 
hit the market. 

Today, MO techno logy is poised to 
shake off its "slow-moving" image. It has 
taken time for the researchers and devel­
opers behind MO technology to gain a 
complete understanding of the technolo­
gy , its tolerances , and how to push the 
technology in a way that allowed for com­
mercialization. This learning curve has 
been absorbed , which means you will see 
dramatic capacity increases for MO tech­
nology in the next four years. 

In addition, the companies selling MO 
technology are attacking a similar learning 
curve. They are providing more drivers 
and applications that exploit the high den­
sity and removability that MO drives and 
media provide. The removability aspect 
of MO technology has spawned an entire 
new market for auto-changers and robotic 
library systems , which will only require 
more and more storage in the future. MO 
technology is poised for explosive capaci­
ty increases, which will satisfy those needs. 

In fact , today 's 1.3-GB capacity for 5'j..­
inch MO technology is expected to double 

f? before 1995, again before 1996, and once 
~ more before 1998. The upshot is that in a
5 period of four years, MO storage capacity 
~ will probably increase from today's l.3 
Cl 
a: 
@ 
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State of the Art Optical Advances 


GB per 5 '/,-inch platter to I 0.4 GB. 
That 's what absorbing a learn ing 
curve will do for a technology. 

Short-Term Improvements 
The next logical step in the evolu­
tion of MO technology i to double 
the capacity of the current drives and 
media to 2.6 GB of storage. The ex­
citing aspect of this jump is that it 
can be accomplished fairly easily 
with current technologies and methods. 

The key factor for the initial capacity 
jump from 650 MB to 1.3 GB was the im­
plementation of ZBR (zone-bit recording) 
or ZCA V (zone constant angular velocity). 
ZBR is a method in which more sectors 
are recorded at the outer radius of the disk 
to maximize bit density. This method has 
been used extensively in magnetic record­
ing over the last three to four years. MO 
devices will continue to use this method for 
the 2.6-GB dri ves and beyond and will 
leverage the programmable equalizers and 
frequency synthesizer already developed 
for this method. 

The major advance that will allow MO 
recording to make the next capacity jump 
to 2.6 GB is PWM (put e-width modula­
tion) recording. Cunent 650-MB and 1.3­
GB produc ts use a recording method 
known as PPM (pulse-position modula­
tion). ln PPM, the information (i.e., data) 
is contained in the time between the posi­
tive peaks of the readback signal. The pos­
itive peaks correspond to the center of the 
written domain. With PWM, the informa­
tion is contained in the time between the 
transitions (edges) of the readback signals 
(see the figure "Dots vs. Edges"). It is the 

MO APPLICATIONS 

ARCHIVAL STORAGE 

DOCUMENT MANAGEMENT 

DOCUMENT IMAGE PROCESSING 

length of the domains and the time be­
tween the domains that are important here. 

In optical PWM recording, the big chal­
lenge is the precise control of the domain 
edges . Writing an MO disk is primarily a 
thermal process with the laser serving as 
the heat source. Care must be taken to con­
tro I the laser power accurately to write 
consistent , well-defined domains. The 
change to a PWM system alone will dou­
ble disk capacity. 

Other changes, however, will likely steal 
some of the capacity. The biggest change 
will probably be from the current RLL 2,7 
encoding scheme to an RLL l ,7 encoding 
scheme. The change is necessary to buy 
back some bit-window margin for the read 
channel systems. The new encoding will 
sacrifice about 12 percent of the capacity 
improvements gained with PWM . 

Fortunately, there are other means to 
return this lost capacity. The first method 
is to reduce the track pitch on the media. 
Track pitch is the distance between adja­
cent tracks on the di sk. By reducing this 
distance, more tracks (and thus, more data) 
can be contained on the media. First-gen­
eration media (650 MB) had a track pitch 
of 1.6 microns. Second-generation media 

(1.3 GB) reduced this number to 1.39 
microns, and the next generation of 
media (2.6 GB) will most likely go to 
1.15 microns. 

The Wavelength Issue 
The final evolutionary changes to the 
MO system that are needed to double 
capacity to 2.6 GB involves the op­
tics of the drive. The bit density you 
can achieve on a disk is directly re­

lated to the spot size of the focused laser 
beam on the disk. Although elementary 
physics explains that coherent light passing 
through a lens can be focused to an infin­
itesimally small point, there is a physical 
limit to how small the spot can be, based 
on the diffraction properties of the optics. 
The size of the spot is directly related to the 
laser wavelength and the NA (numerical 
aperture) of the objective lens. (NA can 
be easily defined as the inverse of the 
"f-number" that is on cameras and tele­
scopes.) Spot size is proportional to the 
wavelength divided by NA, so by de­
creasing the laser wavelength and in­
creasing the NA, the spot size-and there­
fore, the bit size-can be s ignificantly 
decreased. Cunent 1.3-GB drives typical­
ly use a laser with a wavelength of 780 
nanometers and an NA of 0.55. Future 
drives will incorporate 670-nm lasers and 
objective lenses with an NA approaching 
0.60, which will allow the density to reach 
2.6 GB with room to spare. 

Because of the removability of MO me­
dia, interchangeability standards are an 
important part of bringing higher-capaci­
ty products to market. Early in the life of 
MO technology, the standards process was 

excruciatingly slow and inef­
ficient. As the market has ex­
panded and the knowledge 
base has increased, drive, me­
dia, and component manufac­
turers have worked together 
to eliminate much of the cy­
cle time in defining standards. 

Beyond 2.6 GB 
Numerous methods are already 
under development for even 
further increases in disk ca­
pacity . These methods will al­
low capacities of 5.2 GB per 
5'/,-inch platter; that ' s eight 
times the capacity of the pre­
1993 650-MB drives. Some of 
the methods such as optical 
and magnetic superresolution 
are unique and revolutionary. 

co11ri111wd 

After a slow beginning, the capacity ofstandard MO drives is expected ro top JO GB by the end of the decade. 
Some compa11ies-s11ch as Hitachi. 111i1h irs 2-GB drive-are already exceeding rhe ISO swndard 1.3-GB drives. 
alrhough ir 's nnr k110111n wherher rhe marker will support a /or ofdifferenr fomwrs. 
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Int •uc1ng 
Audio 1de0Blender... 

twice the blast, halfthe slots. 

Now, for the first time, you can get 

single-frame and full-motion video cap­
Lure with 16-bil audio on a single board! 

AlTechs new AudioNideoBlender 
provides this double blast in one. Receive 
the same high-quality sound of the 
leading audio board. Plus full-motion 
video capture. All on one board! 

AudioNideoBlender eliminales the 
need for a separaLe audio card for captur­
ing, digitizing and playing back video 
and sound. Saving an expansion sloL 
And, the additional cost of purchasing 
individual video and audio boards. 

With one integraLed audio/video 
board, compatibility issues also decrease. 
Spend time on producing videos rather 
than configuring audio and video boards. 

So, with Audio/VideoBlender, create 

Audio/VideoBlender WaveWatcherlV audioSHOW 

and edit videos for business and home 
presentations with not only full-motion 
video, but 16-bit PC audio. Display color 
resolutions of 16-bit (64K) colors, 15-bit 
(32K) colors or 256 colors are available. 
Plus, conneclors for NTSC or PAL 
signals. Conversion from the AlTech 
format to various video capture formats 
including Microsoft AVI and Intel lndeo 
is also provided. 

For increased sound impact, 
AudioNideoBlender offers 16-bit digital 
recording with stereo line-in and micro­
phone input Up to Lwo simultaneous 
audio source inputs with software 
selection control for microphone input 
or audio Line-in are also available. 

lf audio functions aren't a requirement, 
AlTech offers the VideoBlender. All the 

features of the Audio/VideoBlender are 
offered except built-in audio. 

AITech can assist you with other desk­
top video needs too. We offer a complete 
line of fully compatible DIV products, 
including integrated audio/video output, 
compression and genlock/overlay 
products, and audio/video encoders. 

For a double blast in one, or informa­
tion on our other products, contact your 
local dealer or call us at 1-800-882-8184 
or 1-510-226-8960, or fax 1-510-226-8996. 

AITech International,47971 Fremont Blvd., 

Fremont, CA 94538 


AITech 

gamePlayerlV ProPCnv Plus 

v 1 s 1 0 n I o r M u I t 1 e d 1 a 
Visit us at CeBIT '94 - Hall 8/EG, Stand 036, Booth 82. Dealers/Distributors welcome. 

C AITech lnlomatlonal, 1993. AudioNldeo81endor, VKfeoBlender, VideoSurge, WaveWalcherTV, AudioSHOW, gamePloycrTV and ProPC/TV Plus aro trademarks of AITech lntomoUonnl. 

All othor trademarks are tho property of their respectfvo hol<Jors. $pedfica!lons are subfect 10 change withoul notice. 
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Dots vs. EdgesOthers will be lever­
aged fro m new meth­

0 0 
0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 1 

ods being appli ed to 
magnetic disk dri ves . 

As described earli­
er, decreasing the size 
of the lase r spot fo­
cused on the MO me­ 100100000100000001
di a allow s fo r in­
creased capacity. This 

PWM 
t~ ,c )) spot, rather than being Volt 
~~ Linfinitesimall y small. 

is limited by optica l 
di ffrac ti on. Ex trapo­

0 


Encoded data 10010 ... 


Representation 0

on disk 


Read signal I/'\_ 


p11/sc -width 111od11/ation, it i.1n "t the spot that is signific:a11t /mt the leading and trailing edge ofspots. 

trends, we expect laser Each transition corresponds to a I bit. with the time between co1n'.1ponding to a 0 bit. different heads, me-


With pulse-position modulation, each I /Jit hos a corresponding spot wrirren w t!te disk. With 
lating from current ·

co ntinu o us-ti me. 
zero-crossing detec ­
t ion. In this tec h­
nique . the channe l 
samples the filtered 
analog rcadback sig ­
nal once per bit time. 
It then looks at each 
sample and the adja­
cent sa mpl es and 
makes a dec is ion 
whether the sample 
is a I or a 0. It is thi s 
"intelligence·· and its 
abilit y to adapt to 

wavelengths may drop 
to 640 nm. and NAs may increase to 0.65 
by 1998. This. unfonunately. will give only 
a 12 percent reduction in spot size and only 
a 30 percent potential capacity increase 
from the 2.6-GB generation . 

Further advances are needed. such as 
the shorter wavelength blue and green laser 
diodes just now operating in research labs 
and not likely to be commerciali zed until 
1997 or 1998. Other techniques expected 
to be import ant for 5.2-GB products are 
optical superreso lution and magnetic su­
perresolution. wh ich can provide capacity 
increases. 

Optical superreso lution modifies the 
optical power distribution of the beam fo­
cused on the optical di sk. Power is shifted 
away from the center of the beam toward 
the edges. producing-th rough diffrac­
tion-a smaller foc used spot. This small ­
er spot can resolve smaller features on the 
di sk, allowing increased capacity without 
increases in NA or dec reases in wave­
length . 

In many ways. optical supc1Tesolution is 
analogous to an electronic filter that boosts 
high frequencies and suppresses low fre­
quencies. Unlike the electronic filter, how­
eve r, optica l superresolution boosts the 
high spatial-frequency amplitude response 
but does so with no change in phase re­
sponse. Some demonstrations of optical 
superrcsolution have gi ven 20 percent to 

30 percent in track density increases. (See 
references I and 2.) 

Submicron Dots 
Magnetic superresolution. or MSR, is an 
even more promising, superrcsolving tech­
nique for MO dri ves. Rather than changing 
the optical power di stribution in the fo­
cused laser beam. MSR produces a sub­
micron-size nperture, or window. at the 
focused spot. The size of thi s window is 
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what determines the resolution of the MO 
dri ve, rather than the size of the focused 
laser spot. While the focused laser spot 
may have a di ameter of 1 micron , thi s 
magnetic window can have a size of much 
less than a micron, on the order of 0.3 mi­
crons in size. 

This amazing di scovery was first dem­
onstrJted by researchers at Sony, who cre­
ated the MSR window by adding an extra 
MO layer to the standard MO di sk (see 
the fi gure "Magnetic Superreso lution"). 
With MSR media, data bits arc stored in a 
buried memory layer. During readout. the 
focused laser beam heats the memory lay­
er and a readout layer. Through magnetic­
exchange coupling. the bits arc copied 
from the memory layer to the readout lay­
er and are vi sible to the laser beam. Since 
only a submicron area is heated. onl y data 
in a submicron area is seen and resolved. 
Once the data is read and passes from be­
neath the laser beam, the films cool and 
pass through a magnetic fi eld. erasing the 
domains in the readout layer but leaving 
the data intact in the memory layer. (See 
reference 3.) 

Another promising technology is the use 
of PRML (partial-response maximum-like­
lihood) channels that employ digital lilter­
ing techniques to allow the readback system 
to adapt to the man y variables that con­
tribute to ISi (intersymbol interference) 
among the recorded bits. ISi is the tenden­
cy of one bit to interfere with , or di sto11 , 
adjacent bits. It im poses a practi cal limit 
to how close ly bits can be spaced on the 
media. Adapti ve PRML channels allow the 
bits to be placed closer together because 
the filtering technique is better able to find 
the data in the midst of all the ISi (see "Dig­
ital Hard Dri ves" on page 9 1 ). In addition. 
PRML channels incorporate a sampled de­
tecti on scheme. rather than a traditi onal 

dia. and environmen­
tal conditions that give the PRML channel 
so much power. 

Reductions in track pitch typicall y con­
tribute to increased capacity. Unfo rtu­
nately, as tracks are pushed closer togeth­
er. interfe rence, or cross talk. from adjacent 
tracks can become significant and result 
in unacceptable loss of margin . Thi s is a 
problem for optical and magnetic dri ves . 
Fortunately, under development for MO 
technology are techniques that e liminate 
cross talk and will allow track spacing of 
0.6 microns or less. 

The first technique for eliminating cross 
talk is the prev iously menti oned MSR. 
With MSR, only bits from the desired track 
are copied to the readout layer: all adja ­
cent tracks are invi sible to th e readout 
beam and thus conuibute no signal or cross 
talk to the desired signal. 

A second technique call ed cross-talk 
cance ll ation requires no changes in the 
thin-film structure for MO media but takes 
advantage of the paralleli sm of optics (i.e .. 
the ability to read or write multiple tracks 
at one time through the same optical sys­
tem). Cross-talk cancellation incorporates 
a diffraction grating and additional photo 
detector elements into an MO dri ve so that 
three tracks can be read at one time. The 
des ired data track is read. as well as both 
neighboring tracks. 

Then, in a custom cross-talk cancellation 
IC. the un wanted signal from the neigh­
boring tracks is subtracted electronically 
from the des ired signal. Tracks ca n be 
placed closer together without the delete­
ri ous effects of adj acent track cross talk 
causing data corruption. (Sec reference 4.) 

Media Changes 
Semiconductor diode lasers. LSI circuit s. 
and low-cost. environmentally stable MO 
media arc the technologies that enable and. 
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for the most part, pace the development 
o f MO drives. Of these, it is the mcdia­
that seemingly simple co mbinati on of 
thin-film coated polycarbonate housed in 
a plastic cartridge-that is unique to MO 
technology . R&D in MO media fuels fu­
ture MO drive developments. Today 's me­
dia research is focusing on four key areas : 
lower noise media for higher density. short 
wavelength-response MO materials. mag­
netic superrcsolution constructions, and 
media that will allow single-pass direct 
overwrite of data. 

The co ntrol of noise sources in MO 
drives is critical to higher-density storage, 
and central to thi s is understanding and 
minimizing media no ise . Media noi se 
comes from two source s: writing noi se 
and readback noi se. Writing noi se is evi­
dent in irregularities in the written mag­
net ic domains. For example. even with 
perfect control of the laser-writing pulse, 
the resultant domain has submicron irreg­
ularities in the domain shape. The causes of 
these irregularities are micromagnetic vm·i­
ations in properties of the MO RETM (rare 
earth tran si tion metal ) tilms, such as do­
main wall motion , domain anisolropism, 
and thin-film defects. Improved materials 
and thin-film deposition processes are un­
der development to reduce these effects . 

Readback noise includes all the e ffect s 
that contribute to noise. or jitter. in the de­
tection of the domain edges from the disk. 
Elec tronic noi se and laser noise arc the 
dominant drive sources . Medi a reaclback 
noise results from interference sources 
such as polycarbonate substrate birefrin­
gence. tracking groow irregularities. thin­
film reflecti vi ty variations, and thin-film 
variations in MO Kerr effect. (The MO 
Kerr effect causes the polarization of the 
readback laser beam to be rotated in ei­
ther a positive or nega ti ve direction. de­
pending on the polarization of the domains 
on the disk . The direction of the rotation 
detennines whether the bit is I or 0.) Tech­
niques arc being developed to separa te 
these different effects, and substrate and 

thin-film materials and processes arc being 
improved to minimize these renclback noise 
sources. (Sec reference 5.) 

Development o f media for use with 
s hort wavelength lasers is a c ritical re­
search topi c for increased capacity MO 
storage. Modification of today ' s (RETM ) 
ti lms and transparent po lycarbonate sub­
strates will suffice through 5.2-GB capac­
ity drives. Howeve r, 10.4-GB ca pacity 
dri ves-16 times the original MO capa<.: ­
ity - will likel y use either blue- or green­
wavclcngth laser diodes. and media must 
be matched with those wavelengths. 

Unfortunately. today 's RETM films 
have Ii LL le. if any . MO response at blue or 
green wavelengths. For this reason. re­
sea rch into new MO material s, s uch as 
cobalt-platinum multilayers. neodymium· 
iron-cobalt tilms. and bismuth doped gar­
nets, is ac1i v1.:. IBM researchers recently 
demonstrated read/write operations o n a 
newly developed MO media at 2.5 Gb per 
square inch using a blue wavelength, 428­
nm laser. (Sec reference 6.) 

Writing Without Erasing 
DOW (d irect overwrite) MO media will 
let the dri ve write data using a single pass 
of the focused laser beam. rather than the 
two-pass erase- then-wri te process used to­
day. Two fom1s of DOW media and drives 
are being researched nnd developed. The 
first uses fairly conventional MO med ia 
but coats the back side or the disk lo al­
low a small magnetic head to either contact 
or fly above the MO film s. as shown in 
' 'Magnetic Supcrresolution." This mag· 
netic head is small enough to allow it to 
switch its mag netic field at the data rate 
of the recording process. This process is 
being used in Sony's MO Mini Disc for 
digital-audio recording and will like ly be 
adopted into :1 1/:- inc h and 2 1/:-inch MO 
drives . 

DOW tcdrnol ogy for )!/, -inch MO 
drives will like ly use exchange-coupled 
MO media . This media is s imilar to MSR 
media in that it incorporates additional 
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Halving Write Times 

· - Magnetic head 
2 to 4 
microns J 5 to10 

microns 

in drive and media temperature, 
media se ns iti vi ty , and data­
wri ting patterns. MO drives 
from Hewlett-Packard and oth­
ers are being shipped with full 
DSP-based servos, which will 
become the norm for all future 
drives. 

Reductions in laser wave­
le ngths have and will be an 
important pacing item in MO 
drive capacity increases. One 
exciting aspect of shoner wave­
le ngth lasers is that the ti me 
from research samples at a par­
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MO layers in to the disk construction. One 
MO layer acts as the memory layer, storing 
the data: another acts as a magnetic reset 
layer, eliminating the need for a switch­
ing magne tic field . Exchange-coupled 
DOW MO media is wrilten by driving the 
laser diode among three power levels, a 
low-power P,,.11" for reading the data, a P,0 

for writing Os, and the hi ghest-power P11; 

for writing Is (see reference 7). Because 
the temperalllre dependen t coerci vity of 
the memory layer is di ffe rent from that of 
the bias layer, these varying power levels 
allow direct overwrite of MO data. The 
advantage of exchange-coupled DOW me­
dia and the reason it will likely appear in 
5 1/.1-inch drives is that it does n' t prec lude 
the use of double-sided disks. Also, the 
data rate of this type of recording is limit­
ed only by the laser-diode modulati on fre­
quency . rathe r than by a magne ti c coil 
modulation frequency , as is the case for 
magnetic-field modul ation DOW . 

The Changing Laser 
One common thread for much of the hi gh­
er-capaci ty technology is the need for im­
proved power control of the diode laser 
during the writing and reading process. 
PWM recording, PRML channels, mag­
netic superresolution. the control or disk 
writing no ise and direct overwrite media 
require more preci se lase r-power control. 
Fonunalc ly. the advent of digital signal 
processor-controlled servo systems in MO 
drives gives thi s higher degree of co ntrol 
and. more important. provides adapli vc 
cont ro l of the laser power. DSP-adaptive 
control adj usts the laser-power leve ls for 
readi ng and writing lo adapt 10 variati ons 

to full commercial production 
has been decreasing. With 
green and blue laser diodes be­
ing produced in research labs 
today, it is quite likely that these 

devices will become commercial before 
the end of the decade. 

Two techniques for producing short 
wavelength lasers are being explored. The 
first takes the output from a high-power 
830-nm laser diode and inject s it into a 
nonlinear crystalline material to produce 
frequency-doubled radiation at a 415-nm 
wavelength . Power outputs as high as 54 
mW have been achieved. Commercial de­
velopment of a compact, frequency-dou­
bled laser diode is under way at Coherent 
in Palo Alto. California. Other companies 
are also developing these frequency-dou­
bled lasers. 

An even more exciting but riskier 
prospect is the development of direct-out­
put blue and g ree n diode lasers us ing 
Group II-YI material s such as zinc se­
lenide. These lasers will likely be less ex ­
pensive and smaller and require less pow­
er than frequ e ncy-doubled lasers. 3M 
researchers have demonstrated room-tem­
perature pulsed operation of these devices 
but only with lifet imes of several hours. 
Researchers arc optimistic that lifetimes 
and output powers will be improved. and 
these lasers wi II be commerciali zed by the 
end of the decade . (See reference 8.) 

The Need for MO 
As mainframes give way to di s1ribu1ed­
comput in g environments, organizations 
need a cost-effective and dependable way 
10 handle enormous amounts of secondary 
storage. Funhermore , the advancements 
in MO storage capacity mean that the tech­
no logy will keep pace with cuswmers ' 
storage requirements. as well as an even 
lower per- megabyte cost. cr111 ri1111ed 



Chances are 
you're already 
familiar with 
Maynard/MaynStream 
tape backup solutions . 
And you know the quality and 
reliability that comes with that name. 
So take note . Now you'll find the entire line 
of superior Maynard/MaynStream products 
under another innovative name in storage­
the Conner MS Series . 

Conner's MS Series offers the same compre­
~ hensive features as MaynStream. 
~ And as always, each system is tested, 
~~W: certified, and designed to work as a 
complete, integrated tape backup solution. 
With capacities ranging from S2S MB to 
20 GB on a single tape. In formats including 

linear tape CDLT). What's more, the 
Conner MS Series offers data protection for 

every conceivable type of network-OS/ 2, DOS, 
Macintosh and Windows workstations, as 
well as LAN Manager and NetWare servers . 
With feature-rich Conner Backup Exec soft ­
ware for DOS. Windows. and Novell NetWare 

Loadable 
Module 
CNLM), 
depending 
on your 

needs. So call l-800-7SS-·os3S today 
to find out more about your favorite 
backup solutions . But remember. ask for 
them by their 

C_,..a•a•~D 
new name-the .,,.......... 


Storage Systemsquarter-inch cartridge (QIC), digital audio Conner MS Series. 

Novell. NetWare and 1he YES icon are trademarks of Novell. Developer tested only. Novell makes no warrnnlies with respect to this product. 
Conner Storage Systems. Lake Mary. FL Clt07) 263-3500. ©1994 Conner Peripherals. Inc. All trnd11marks or registered trademarks are or their respective owners. 
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The bottom line is MO technology ha 
made the transition fro m an "interesting 
technology" to a reliable solution that' s part 
of mainstream computing. For storage-bun· 
gry applications (e.g. , image management. 
network data management, on-line archi ves, 
and unattended backups) MO deli vers an 
ideal sol ution. Given. the capacity advances 
on the horizon, the uses of MO technology 
will only expand with time.• 

REFERENCES 
1. Yamanaka, Y., Y. Hirose, and K. Ku b­
ota. "High Density Optical Recording by 
Superrcsolution," Japanese Journal ofAp­
plied Physics, Vol. 28, Supplement 28-3, 
1989, pages 197-200. 
2. Milster T. and C. Curti s. "Transfer 
Function Characteri stics of Super Resolv­
ing Systems," SP/£ Proceedings on Opti­
cal Data Storage, Vol. 1663, 1992, pages 
123-126. 
3. Aratani , K. , A. Fukumoto, M. Ohta, 
M. Kaneko, and K. Watanabe. "Magneti ­
cally Induced Superresoluti on in ovel 
Magneto-Optica l Disk," SPIE Proceed­
ings 011 Optical Data Storage, Vol. 1499, 
199 1, pages 209-2 15. 
4. Kayanuma. K., et al. "High Track Den­
sity Magneto-Optical Record ing Using a 
Cross Talk Canceler," SP/£ Proceedings 
on Optical Data Storage, Vol. 13 16, 1990, 
pages 35- 39. 
5. Finkelstein, B. and W. Williams. "Noise 
Sources in Magneto-Optical Recording," 
Applied Optics, Vol. 27, no. 4, 1988, pages 
703- 709. 
6. Hurst. J. "Progress in Optical Recording 
at 428 nm," Technical Digest ofJoint In­
ternational Symposium m1 Optical Me11101y 
and Optica l Dma Storage, Paper Tu I . I 
July 1993. 
7. Saito, J., M. Sato, H. Matsumoto. and 
H. Akasaka. ·'Direct Overwrite by Light 
Power Modulation on Magneto-Optical 
Multi -Layered Media," Japanese Jou ma/ 
ofApplied Physics , Vol. 26, Supplement 
26-4, 1987, pages 155- 159. 
8. Cheng, H. " Prog re s in Blue-Green 
Laser Diodes," Technical Digest ofJoi111 
!11ter11arimwl Symposium 011 Optical Mem.­
o ry and Optica l Data S torage , Paper 
Tu 1.2. July 1993. 

D111 ·id K. Campbell is 1111 oprical engineer and 
Krai~ Proelil is <1 11 R&D e11g i11el'/" at Hell'lett ­
Packard "s Greeley Sto rage Division (Greeley. 
CO). Yt1 11 ca11 reach lhl'lll 011 1he fnlem el at 
davitl_c11111pbell @hp5800.desk.hp. co 111 and 
kraigp hpgrla.gr.hp. co111, respecti vely, nr 0 11 

BIX c/o "editors. ·· 

mailto:davitl_c11111pbell@hp5800.desk.hp


MICRODISK® modular disk sub· 
systems. Each module contains a 
genuine Micropolis disk drive, 
power supply and cooling fan. 

Super-Capacity'" modules are 
available in I , l.7, 2 or 3 gigabyte 
increments depending on the 
model drive selected. 

Patented Interlocking Design 
adds disk storage without the 
unsightly cabling mess. Power 
and data cables are integral to 
each module so you'll only need 
one power and one SCSI connec­
tion for an entire stack. The inter­
locking modules stack for easy 
capacity upgrade. 

Performance Plus drives fea­
ture 5400rpm speed and a !Oms 
average seek time for superior 
performance. Fast SCSl-2 with 
advanced caching techniques 
and Tagged Command Queuing 
provide dramatically increased 
throughput. 

Removability Each disk module 
can be removed from the stack 
without uncabling or disconnect­
ing power to the stack, so you 
can lock up your valuable data 
or take it with you. 

MICRODISK subsystems are 
designed for use with Macintosh 
or PC compatible systems. Also 
available are special AV mod!=ls* 
that optimize performance for 
audio/video applications. 

Built For Reliability Micropolis 
disk drives feature a five year 
warranty. All other components 
have a one year warranty. 

Ask for MICRODISK by name, 
it's the original stacking, remov· 
able disk drive subsystem. 
For tfre name of the reseller 
nearest you, call toll free 
1-800-395-3748. 

MICRODISK subsystem storage modules can be stacked 
four to seven modules high depending on model. 

MODEL FORMATIED 
NUMBER CAPACITY 

1050' l.OGB 

1760' l.7GB 

2100' 2.1 GB 

3020' 3.0 GB 

TRANSFER 

RATE 


IOMB/Sec max 

IOMB/Sec max 

I 0 MB/Sec max 

IOMB/Sec max 

•AV models have slightly lower formatted capacities. 

MICROPOLIS" 

All logos and names are the property or their respective owners. 
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Now you gain virtually instant 
access to Datapro·s product and tech­
nology services rrom your own PC, 
with Datapro on CD-ROM. 

Menu -driven software makes it 
simple to browse through the table of 
contents or search by keywords and 
subject to get fast answers to all your 
technology questions. And you can 
simultaneously view multiple reports 
and cut and paste between applica­
tions to custom - tailor analyses. 
Available in both Windows and DOS. 



KEEP PACE WITH THE NEWEST 
INFORMATION TECHNOLOGIES, 
YOU NEED PROFESSIONAL HELP 

PRESENTING THE FULL LINE OF 

DATAPRO INFORMATION SERVICES 


Downsizing. Wirel ss. Client-server com ­
puting. Multimedia. ATM. Strategic plan­
ning and sou nd business decisions 
depend upon keeping up with Lhe latest 
infonnation technologies. 

Bu t you probably need a supercom­
puter to sort through all the publications 
that end up on your desk. Sure, consul­
tants can help, as long as you're wi ll ing to 
pay as you go. 

Isn't it time you turned to 
Datapro information services? 

For ove r two decades Datapro·s 
unmatched information services have 
helped users, buyers. and managers of 
information technology plan effectively. 
And Datapro has been there every step of 
the way-from mainframes and dumb 
terminals, through the PC revolution, to 
the rise of internet works. 

Today, with its staff of over 400 spe ­
cia lists and more than 100 expert ana­
lysts , Datap ro has t he resources lo 
address virtually every critical issue in 
computing and communications. 

An essential resource for anyone 
who must evaluate, implement, 
or manage technology. 

Whether you want a quick overview 
or are looking to build a complete library 
of research materia ls, Datapro's compre­
hensive information technology services 
can help you make decisions quickly. 
Charts, tables, and graphs make il a snap 
lo compare product features, functions. 
and prices. And once your system is up 
and running, Datapro is there to help you 
manage and maintain it. 

That's why IT professionals use Data ­
pro to stay up to date. Sales and market ­
ing professionals count on us to help· 
them track trends. And vendors tum lo 
Datapro to size up the competition. 

Datapro's line of comprehensive
information services can meet all 
your needs. 

With Dalapro·s complete line of infor­
mat ion services, you' re always in the 
know no matter what your concerns. 

Produce and Technology Services 
First Looks. Keep labs on major 

developments in in formation technology 

i\ vailallle •lll CD-ROM 

until a complete repo11 is available. 
User Ratings. Get beyond the hype 

and find out which vendors can rea lly 
deliver on their promises. 

Technology Concepts. Stay ahead of 
the game when it comes to vendor st rate ­
gies and other vital issues. 

Markel OvervieirVS. Discover the mar­
ket's promising vendors and products. 

Comparison Columns. The effortless 
way to make side-by-side appraisals. 

Competitive Oulfooks. Put products 
and underlying technology in perspective. 

Product Reports. An in-depth look at 
specs, features and functions, pricing, 
interoperabi lity. and other issues. 

Managem en t Rep orts. Pra cti ca l 
advice from professionals that Lakes Lhe 
mystery ou t of managi ng information 
technology. 

Business Services 
Datapro Online. Tap into three online 

databases from the office, at home, or 
even on the road. 

Reprints. A cost-efficient way to deliv­
er your product message and verify prod ­
uct features and benefits. 

Feature Reports. Cull just w hat you 
need from Datapro·s database of infor­
mation services and put a sharp focus on 
strategic business decisions. 

Custom Publishing. Package the latest 
product information in a convenient , sin ­
gle source tailored to keep sales person­
nel one step ahead of the competition. 

Consulting Services 
1-felp Desk. A telephone inquiry service 

to help you make the best use of your 
Datapro information service. 

Assisi On Demand. Pay only for the 

information you need about a specific 
product, vendor, or technology. 

Swveys. Determine the strengths and 
limitations or your products-and your 
competitors'-from actual users. 

On-Call Consulting. Fast answers to 
most inquiries within minutes-via 
phone, fax, or electronic mail. 

Educational Services 
On-Site Seminms. Custom-tai lor a cur­

riculum in any aspect of information tech­
nology right where you do business. 

Compuler - Based Training . Get a 
grounding in the fundamentals or master 
advanced topics right on your own PC. 

Tcleconsulling. Let a conference ca ll 
betwee n students and in structors ad ­
dress implementation issue.:; tha t come 
up in later slages of a project. 

International Services 
Datapro tnternalional. Get up-to ­

the-minu te industry analyses and in ­
depth evaluations into the hands or pro ­
fessionals whose responsibilities extend 
beyond the U.S. 

Market Research Services 
Norlhcrn Business Information. A Data ­

pro subsidiary, Northern Business Infor­
mation is the world's foremost strategic 
telecom research company. 

Send for a free demo disk today. 

DATAPRO 

Datapro USA, nOO DeirJn Parkway. Dt.·lran. N l ' W Jersey USA 

08075, Tel 800·328-2776. Fax 609-764 -2812 

Da1apro l nt~mational . r..1cGraw H1l l th1u.se Shoppcnhangcb 
H:o<1d, Ma1denhl'ad . Bc1ksh1re, En gland SL6 2QL, • , .. 

l ei · • 4 101 628 773277. Fax · • ·1 1<11 fi28 773628 ~~I ll 
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I nology Services 11 Datapro Online 
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I 1·J Free Demo Disk I JCustom Publishing 

I 

Consulting Services 
::J Help Desk 

n Assist On Demand 

LJ Survcys 
O On-Call Consu lt ing 

Other Services 
I 1 Educational Services 

( l Datapro 
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Three Suite Deals 

Office suites sell for bargain-basement prices, but whose bundle­

Microsoft' s, Lotus's, or Borland's-gives the most bang for the dollar? 

BILL LAWRENCE 
<=>I Microsoft Word • Documentl lf•ll 
.. I flle .Edit lllew Inse rt fJlrmet Iools TJlble WJndow tlelp r 

0 fficc application suites are a l1D]C$1rlll l~l~1?1 I~ Ii~~~ l,l<'ll!lr!l!J ~IBD!llillllll~ril l1J l1ooajH~ fKll 
runaway hit. According to a re­ INormal llill ITi11cs New Romanj~ rro~~ IBJFIJ[j[J lm;l¥JESl11D ll=ll=t~~ 1§1cent Dataquest survey, an of­

fice bundle, Micro ·oft Office. was the top -1 Microsoft Excel l•I. 
f ile j;;dit lllew Insert F2rmet I ools !late Window tlelpsoftware sell er for the fi rst time ever. gen­

erating $762 million in worldwide rev­ l lDl~llriil l!e!~[~ lli]!!ll~~ Ll<'ll!r-.rl IE lt·l llDJlll IW!lll]r-ej11 oo:c W!W 
enue in 1993. Meanwhile, Lotus pu lled in IArial lltlJ J10 li&l lfiil'YIOOl~•liiilFBlrml~[ 1 l i:.s&l~IJl!ilm~ $68 million from sales of office s uites, _,while Borland took in another S 14 mil­ 11... lfMicrosoft PowerPolnt 
lion. All told. sales for the category grew 
more than 200 percent, for a total revenue 
of $844 million. What started as a simple 
marketing strategy has blossomed into a 
full -scale war for your entire desktop. 

The success of office suites is in part 
due co the outstanding bundle offered by 
the three major providers of \Vi ndows soft­
ware: Borland Office 2.0, Lotus ' s Smart­
Suice 2. 1 for Windows, and Microsoft Of­
fice 4.0. In this review, I'll take a look at 
these bundles and determine which one 
does the best job of delivering an inte­
grated set of deskcop applications. 

Dollars, Yes; Sense, Maybe 
Cost a lone makes each of chese office 
suices a head-turning lemptation. Whi le 
each bundle is officially priced in the high­
three-figure range, as of this writing up­
grade offers are avai lable (for which vir­
tually everyone qual ifies-you on ly need 
to ow n a single competing application) 
that reduce your purchase price to between 
$200 and $300. For about what you 'd pay 
to buy an upgrade for a Windows word 
processor and spreadsheet, you get a box 
full of software. 

Obviously, the office application bun­
dles are a very good financial deal. But 
Microsoft, Lotus, Borland, and WordPer­
fect want co convince you that a suite of ap­
plications from a ·ingle vendor provides 
you with functiona lity that so mehow 
makes the whole much greater than the 
sum of the parts. 

If having a consistent interface among 
your appl ications is important to you, buy­
ing an office bu ndle will de li ver insta nt 
results . In vary ing degree ·- depending 
on which bundle you choose-your ap­
plications wi ll have consistent icons and 
menu command · as well as shared tool 

Elle f dit l(iew Insert fJlrmat Ioo ls Qraw Window !!elp 

l[Q1!e1il] ~l'ilptiiJeil~ ~lfi lii!llillm™W ~~I!{!][!!)
I ll li!I f32 -1ll!J ~ j!Bli7J!Ul1SIOl l~•I~8[!ITimes New Roman I 

One advantage of an office suite Is Interface consistency across the bundled applications. Microsoft Office's three 
flagship applications provide the same first 11 Icons, as well as menus that are identical In all but one command. 
lotus's SmartSuite ranks second In consistency, offering similar-but not Identical-patterns of icons and menu 
commands. Borland and WordPerfect have combined icon palette styles to achieve interface similarities between 
Quattro Pro and WordPerfect, but the common look has not yet extended to Paradox. 

s uch as spe lling checkers and cha rtin g tackle the bundle 's 01her applications. Of­
modules. If you ' ve invcsced a lot of time in fice bundles are paiticularly appealing to 
becoming an expert with a particular bun­ corporate software buyers who need to 
dle 's word proce or or spreadsheet , you manage sparse training and support re­
can make use of that ex perience a you sources. 
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When it comes to advanced interappli­
cation and workgroup-exchange tools, hav­
ing a same-vendor application suite today 
is on ly nominally better than having your 
own selection of full-featured Windows 
applications. Standard Windows tool such 
a DDE and OLE do much to keep th e 
playing field level. New tools, such as Mi ­
crosoft's OLE 2.0 and VBA (Visual Basic 
for Applications), Lotus's Note FX, and 
Borland 's Object Exchange, show con­
siderab le promise, but for now they are 
implemented unevenly and in rudimenta­
ry ways. 

However, these new tool do portend a 
very interesting picture for a few release 
cycles from now. Our applications may 
ultimately become so integrated that we 
stop thinking in terms of individual pro­
grams, such as word processors, spread­
sheets. and database managers, and instead 
regard our digital desktops as " informa­
tion processors" that we build and fine­
tune by mixing and matching our favorite 
software component . 

Meet the Office Staff 
Without a doubt, word proces or and elec­
tronic spreadsheets are the two most pop­
ular desktop application , so it 's not sur­
pri s ing that each of the three suites is 
anchored by a world-class word proces­
or and preadsheet. Microsoft Office in­

c lude Word 6.0 and Excel 5.0, while 
Lotus's SmartSuite offers 1-2-3 for Win­
dows 4.0 I and Ami Pro 3.0 I . Borland Of­
fice provides Quattro Pro for Windows 
5.0 and WordPerfect for Windows 6.0. 

Naming the best of breed among these 
ti1ans is a futi le exercise. The mo t recently 
re leased word proce sor or spreadsheet is 
gmu·anteed to be the most feature-1ich (and 
the mo t bug-laden) in its category, and 
each new release is sure to leapfrog its 
competi ti on. As Daniel Gasteiger aptly 
put it when evaluating the latest round 
of Windows spreadsheet s (see "The Big 
Three Square Off," Decembe r 1993 
BYTE), " If you like a feature in one of 
the Big Three ' s programs, wail a bit and ii 
will be in everyone' oftware." Compe­
tition i wonderful. 

The sui tes begin to differentiate them­
selve · when you consider 1he third most 
popular <ipplication category: the datab<ise 
manager. Borland Office takes the prize 
for giving you the most databa. e manage­
ment c<ipability by including Paradox for 
Windows 4.5 as a standard offering. Mi­
crosof1' s Oagship Windows database man­
ager, Access, is availab le only if you pur­
chase the Microsoft Office Profess ional 

Edition (w hich costs $149 more). Both 
Paradox and Access are full-featured, fully 
relational databases tha1 let you build o­
phisticated applications. Both also fearure 
a comprehensive programming language. 

Lows 's SmartSuite includes Approach, 
a database manager that is best described 
as a personal query and data management 
program. It focu . es on making basic per­
sonal database management tasks-such 
as producing form letters, mailing labels, 
and reports-easy , but in the process it 
leaves out advanced development tool s, 
uch a a programming language. 

Lotus and Microsoft also bundle pop­
ular presentation-graphics packages, Free­
lance 2.0 I and PowerPoint 4.0, respec­
tivel y. With ei1her of these products, you 
can produce first-rate on -screen s lide 
shows and printed presentation graphics. 
For its part, Quattro Pro bas some exce l.lent 
presentation features. 

By weighing in witb five bundled ap­
plication , Lotu ' SmartSuite wins by a 
nose the race to provide the most software 
that you can use right out of th e box . 
SmartSuite ' s fifth member is Organi zer 
1.1, a PIM (personal infonnation manager) 
with one of the best interfaces around. Or­
ganizer's super interface enables you to 
get up to speed in minutes. Over the long 
haul. however, you may find it a bi1 too 
basic. The program has the right mi x of 
features, but each one will only take you so 
far. The appointment schedu ler, for ex­
ample, doe not let you log two appoint­
ments for the same time period. 

Microsoft Office also includes an addi­
tional applica tion, Microsof1 Mail 3.2, but 
IO use ii you mu 1 own the program' Serv­
er Edi tion and have a Microsoft Mail post 
office installed on your ne1work. The pro­
gram is obviously included to entice cor­
porate buyers to make 1he mail package 
their standard . Lotus originally included 
cc :Mai l in SmartSuite but made a deci­
sion to iake ii out, because the company 
claims it cus10me1. evaluate and purcha e 
communication products separately from 
desktop applicati ons. 

Summing the Parts 
A key to evaluating an office suite is de­
termining how well the applications work 
IOgether. Each of the three office bundles 
comes with basic tools that help you inte­
grate program features and switch among 
applications with a few mou e-cl icks and 
keystroke . 

One of the cleverest is SmartSuite s col­
lect-and-copy feature , an interesting ex­
tension of Windows' copy-and-paste ca­

pability. From within Ami Pro, you click 
on an icon th at transfers you to 1-2-3 , 
where you can highlight and paste multiple 
cell ranges into Ami Pro in one step. Thi s 
process is much more efficient than copy­
ing and pas ting multiple ranges one at a 
time. In addi1ion , you can select anotl1er 
icon to quickly tile two SmartSuite appli­
cations side by side to make the co llcct­
ancl-copy feature even easier to use. 

You can also type text in Ami Pro's out­
liner and c lick on an icon to automatical­
ly convert the outline to a series of bullet 
s li des in a Freelance presentation . Or you 
can click on an icon to build an attractive 
month-at-a-glance calendar within Ami 
Pro. based on a schedule created with Or­
ganizer. 

Conceptually s imilar fea tures in Mi ­
crosoft Office let you do tasks such as typ­
ing the text for a presentation in Word and 
transferring it into a PowerPoint graphi­
cal presentation with one click. With Bor­
land Office. you can press a button within 
Quattro Pro to launch WordPerfec1 's 1ext­
art tool and place curved text in a spread­
sheet. 

Lotus 's SmartSuite includes the longest 
li st of these simple but c lever application 
integration tri cks, but it build them on 
the weakest foundation. For the most part, 
SmartSuite's IOols are construc1ed u ing 
Ami Pro macros. While the tools are cer­
tainly a tribute to the capabil ity of Ami 
Pro's scripting language, as macro they 
run luggishly and are not as bulletproof as 
they should be. 

In each application bundle, you can em­
ploy a special icon palette at the top of 
your Windows di play to easi ly launch 
and switch among programs. The paleues 
from Micro of1 and Borland, affect ion­
ate ly dubbed MOM (Microsoft O ffice 
Manager) and DAD (Desktop Application 
Director) , respectively , are stand-a lone 
programs to which you can add icons to 
launch nonmembers of Microsof1 Office 
or Borland Office. Lotus's LAM (Lotus 
Application Manager) is ru1 Ami Pro macro 
1hat include a fi xed group of icons. Mi­
crosoft' s MOM also includes tl1e Find File 
fealllre included in Word and Excel. With 
Find File you can build advanced queries 
that locate and Ii. t files on your hard disk 
according to the cri teria thal you specify. 
These querie can be named and saved for 
reuse. 

Crossing Applications 
Thanks to siandard Windows tool like 
tl1e Clipboard, DDE, and OLE, exchanging 
information between two Windows appli-
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OLE 2.0: Death to Monoliths? 

M icrosoft ' s launch of OLE 2.0 

could change the way we work 
with software. The vision promised by 
OLE 2.0 is one of many vendors de­
livering small , functional software com­
ponems to create an integrated, cus­
tomized environ ment for the user. [n a 
way, application suites fly in the face of 
this vision . They are, after all , a return 
to the monoli thic approach: one ven­
dor supplying a set of huge, multi fea­
tured applications. It 's reminiscent of 
the way software was sold when main­
frames and minicomputers were king. 

Clearly, major vendors are now com­
mitted to OLE 2.0 as a mechanism to 
more tightly integrate their application 
bundles. Therefore, OLE 2.0 may fuel , 
somewhat ironically, the phenomenal 
success of office suites, rekindling the 
notion of a monolithic model of soft­
ware development. 

Using class ic object-oriented pro­
grammi ng methodology, OLE 2.0­
aware applications can browse each 
other to di scover usable objects. In­
stead of launching an entire applica­
tion a la OLE 1.0, you can work with 
an application's component parts. OLE 
2.0 could call up your spreadsheet's 
@function engi ne from within your 
word processor. for example, to sum a 
table ' s rows of numeric information. 

Oftice bundles can use this same ap­
proach to streamline the software ar­
chitecture and make the bundled ap­
plications interact more efficiently. For 
instance, applications in Microsoft Of­

fice share a spelling checker. conver­
sion filters, a graphing component, an 
organ izational chart tool, an equation 
editor, and Microsoft Query. 

Microsoft plans to implement OLE 
2.0 on three platforms: Windows 3. 1, 
Windows NT, and the Macintosh. In a 
networked environment, this wou ld al­
low you to build custom networked ap­
plications, using local software com­
ponents when necessary and perhaps 
even shari ng components across the 
network and across platforn1s. 

At some point, you' ll probably buy 
and build software the same way that an 
audiophile today puts together a home 
entertai nment system-by mixing and 
matching the very best interconnectable 
components from a variety of suppliers. 
You would lay the foundation by buy­
ing your favorite bare-bones text, table, 
and graphics editors (which may be of­
fered as a bundle with your PC' s op­
erating system/graphical desktop). 

You would then add some separate­
ly purchased tools. You 'd probably be­
gin with a spelling checker and a the­
saunis, an E-mail module, and perhaps 
other specialized tools, such as a text 
searcher/file indexer, a sound and video 
annotator, and a speech-recognition 
module. 

Those who build in-house corporate 
systems will fo llow a similar paradigm, 
using network- and OLE 2.0-aware 
tools tied together wi th a global script ­
ing language. Each of the pieces wi ll 
work smoothly with the others and wi ll 

be provided, presumably. by a teem­
ing third-party component market. 

The healthy component market for 
Visual Basic is a case in point. Small 
developers are busi ly creating custom 
controls for adding spec ific function­
ality-such as image management or 
tel ephony features-to a mainstream 
programming environment. Visual Ba­
sic provides a set of generic capabilities, 
and third parties are filling the gaps in 
creative ways. 

But, given the marketing muscle of 
major Windows vendors and the run­
away success of single-vendor office 
bundles, is this vision of component 
software viable? Customers will prob­
ably feel more comfortable turning to 
an establi shed vendor and buying a ll 
the pieces as an integrated whole. Cus­
tomers don' t care about the state of the 
market; they want software that works. 
One vendor providing all the compo­
nents can ensure that the entire process 
comes together without incompatibili­
ties and unforeseen glitches. 

The future of OLE 2.0 is quite inter­
esting to contemplate. We ' ll soon see 
whether OLE democratizes the soft­
ware industry by encouraging the de­
velopment of specialized software com­
ponents, or if-in the ongoing battle 
of feature one-upmanship - powe1ful 
vendors provide most of the major tools 
themselves and tie them all together 
into application bundles. A new archi­
tecture, perhaps, but monolithic soft­
ware just the same. 

~- Cross-Ap ·ncitiiin Scripting· 

Microsoft and Lotus will implement an 
advanced application language in future 
releases of their office-suite products. Both 
languages will do the following: 

• 	 Operate across all major office 

applications In the vendor's suite 


• 	 Access and control OLE 2.0 object 

components 


• 	 Work with standard languages, Including 
Visual Basic 

• 	 Call Dlls 

• 	 Support scalable capabilities, from record 
and playback to custom applications 

cations is not overly difficult. For the most 
pan. the main players in the Borland. Lo­
tus, and Microsoft applicati on bundles are 
fully OLE aware . with the capability to 
operate as both OLE cli ent s and servers 
(sec the table " Integration and Workgroup 
Fcalllres'" for particulars about each bun­
dled appl icati on). Thanks to these capa­
bilities. creating a compound document 
composed of tex t from your word proces­
sor. an embedded table from your e lec ­
tronic spreadsheet. and a chart created in 
your graphics package is nei ther arduous 
nor uncommon. 

With the advenl of OLE 2.0. using the 
Clipboard. DDE. and OLE as we now 

know it may soon become old-fashioned. 
OLE 2.0 heralds the nex t wave in intcr­
application awareness. and three applica­
tions in Microsoft Office- Word 6.0. Ex ­
cel 5.0, and PowcrPoint 4.0-showcase 
the new capabi lities that OLE 2.0 makes 
possible. Representati ves from both Lotus 
and Borland stated during imerviews that 
future releases of their Windows applica­
tions will aggressively support OLE 2.0. 
Customers can expect many useful imple­
mentations of OLE 2.0 features to appear 
this year. 

OLE 2.0 manifests itself in several ways 
in Microsoft Office. The simplest benefit 
is the ability to drag and drop information 
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between applications. For exchange), Ami Pro, 1-2-3, and
WHAT'S IN THE BOX?example, if you need to Freelance can intelligently store All three application suites are anchored by a world·class word processoruse a range of cells in an information on a Lotus Notes and spreadsheet. Borland offers the best database manager by including

Excel spreadsheet as the server. (Notes is Lotus's popu­Paradox for Windows. To get Microsoft Access, you need to pay an addi­
basis for a table in a Word lar groupware product-a Notestional $149 for Microsoft Office Professional Edition . 
document, you simply dis­ server is an "object warehouse" 

BORLAND LOTUS MICROSOFTplay Excel and Word to- that has the ability to intelligent­
OFFICE 2.0 SMARTSUITE 2.l OFFICE 4.0gether on the same screen, ly store, index, and retrieve in ­

highlight the appropriate Word processor 
cells in your spreadsheet, 

Spreadsheetand drag the ir contents 
into your document. The Database 
resultin g tab le in your manager 
Word document is an em­
bedded Excel object. Presentation 

managerThe seco nd up-front 
E-mailmanifestation of OLE 2.0 

is what Microsoft calls Vi ­
sual Editing. With tradi­
tional OLE. clicking on an 
embedded object automatically launches 
the application used to create that object, 
and you have the opportunity to edit the 
objec t in its nati ve environment. With 
Visual Editing and OLE 2.0, click ing on 
an Excel object inside Word changes the 
menus and icon palette to those for Excel, 
but the nonspreadsheet portions of your 
Word document are still visible. 

This capabi lity is another good reason 
for having a consistent interface across ap­
plications. When you click on the Excel 
object from within Word, the same menu 
structure i till available but with Excel­
specific options, making the process much 
less confusing. 

Workgroup Awareness 
Microsoft Office enjoys a good head start 
wi th regard to its imple­
mentation of OLE 2.0­
derived feat ures, but the 
company has no corner 
on innovation . Lollis and 
Borland leave Microsoft 
in the du st on another 
front: workgroup features. 

Most applications in the 
Borland, Lotus, and Mi­
crosoft bundles are mail 
enabled, allowing you to 
send a document, spread­
sheet, or presentation as a 
mail auac hment wi thout 
leaving your application. 
Borland dramatically ex­
pands thi concept with 
a tool ca lled Object Ex­
change, or OBEX. OBEX 
lets you di stribute, or 
"pub lish," information 
(e.g., a spreadsheet or a 

formati on in virtually any com­
for Windows 6.0 

WordPerfect Ami Pro3.01 Word 6.0 
bination of formats.) 

Quattro Pro 1·2-3 for Excel 5.0 Notes FX lets you use a Notesfor Windows 5.0 Windows 4.01 
server as an intelligent documentParadox for Approach 2.1 Access 1.1 


Windows 4.5 (Professional 
 management and revi sion-con­
Editiononly) trol back end for Ami Pro, 1-2-3, 

None Freelance PowerPoint and Freelance. Notes can store 
2.01 4.0 data files from these application. , 

None None Microsoft Mail and the Notes database can at­3.2 
tach fi e lds to the data files, so PIM None Organizer 1.1 None 

spreadsheet notebook) to users who "sub­
scribe" to the information. A'i you prepare 
to publish information via OB EX, you 
specify the version depth, or how many 
revision levels of the information are re­
tained for subscribers ' use. 

OBEX can di stribute information via 
MAP!- or VIM-compatible (Vendor- In ­
dependent Messaging) mail systems, using 
LAN disk space, via MCI Mail , or with 
any combination of these methods. When 
you use OBEX inside a Borland Office 
application , you activate a special icon 
palette with buttons that enable you to pub­
lish new information or poll for subscribed 
information . 

Lotus gives information-sharing an in­
teresting twist of its own. U ing technol ­
ogy called Notes FX (short for Notes field 

INTEGRATION AND WORKGROUP FEATURES 
Microsoft has a head start on OLE 2.0 integration. but all three vendors have 
pledged strong support of the open standard in 1994. ( • =yes; o =no.) 

OLE OLE OLE MAIL- WORKGROUP 
CLIENT SERVER 2.0 ENABLED FEATURES 

Borland Office 
WordPerfect 6.0 •
Quattro Pro 5.0 
Paradox 4.5 
Lotus SmartSuite 
Ami Pro • 

0 Notes FX1-2-3 •Approach 0 0 0 
Freelance •
Organizer 0 

Microsoft Office 
Word •
Excel 
Access 
PowerPoint 
Microsoft Mail • 

OBEX 

•• OBEX 
0 0 OBEX• 

0 Notes FX• 
0 Notes FX 

0 0 • 

0 0 0 

0 0 • 

you can catalog and index docu­
ments. For example, with Notes 

and Ami Pro, you can create a document li ­
brary and management system to track the 
revision history of documents and index 
them by last revision date, description. 
size, style-sheet type, and other categories 
that you pecify. 

Notes FX supports bidirectional data 
exchange. For instance, data contai ned in 
a 1-2-3 field can act as a field in a Notes 
form or view. The Notes view is updated 
each time you enter data into the spread­
sheet, or you can update the spreadsheet 
from a Notes form. Notes agents and mac­
ros can use the spreadsheet data in a Notes 
field to build a dynamic chart or to control 
a workflow application. 

Obviously , to use Notes FX you must 
have a Notes server installed on your net­
work. Unfortunately , neither the Notes 

server nor Ll1e client soft ware is 
included in the SmartSuite bun­
dle. But clearly, Lotus includes 
Notes in its vision of the future 
of automated office software. 

Coming Soon: Global Scripting 
Languages 
The average full-featured word 
processor or spreadsheet in -
eludes a macro language that lets 
you automate repetitive tasks 
and build custom applications. 
Because macro languages tend 
to parrot the menu and com­
mand structure of the programs 
they come with, the macro syn­
tax of one app lication is likely 
to vary dramatically from that 
of another. 

1f a macro language that can 
automate ta ks within a single 
program is good, then a language 
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Why di-ogix™is so 
AMAZING: °{Jl-n!J{x " ''" 

• Alarm sounds if PC hits 110°F 
• Warns of fan failure or 

inadequate cooling before 
damage occurs 

• Fits any computer 
•Onlyl "x l .5" 
• Easy to install 
• Lifetime warranty 
• Made in USA 

Only
$29 

DPB!mNG TIMPIRmJRE1111'. 
Im" I · I " 

11 00 

ALARM ZllflE1000 . 
Ill° ' • 

1111' 

It's the world's only integrated Database Management_Sys;-e~Full­__"""""
Function Spreadsheet/Application Generator that's so easy to use, you 
don't even have to knowwhatanyofthis means! With d~-ogix, anyone 
can design powerful relational databases, generate detailed rep~rts, 
mailing labels and graphics and even create complex custom apphca­

~ii~e(jiiamFxii.EE* 

reasons... all Of them '0nlyS9.9S shipping andhandlinginronlinenta/U.S .. 

For years, di-ogixhas been the • 400-pg. Manual and Tutorial •Spread­
world's best-kept software secret. sheet with over 200 functions • Rela­
Now, for a limited time, the first tional report generator• Full-screen 
100,000 people who respond can own debugger. Powerful application gene­
this powerhouse of a program -for rator. Utilities to create mailings,
just the cost of shipping & handling. business graphics and more· Royalty­

This DOS version (certified to run free run-time module 
from within Windows 3.1) needs just 2 Ask about versions for Windows,megs of disk space and is as easy to Novell and UNIX, too!learn and run as any popular 
spreadsheet - in fact if you know 1-800-454-4426 
Lotus 1-2-3, you're already an expert Order by FAX 1-800-454-4490 
di-ogixprogrammer! or contact ON TOP SYSTEMS, 

Here's what you get with di-ogix: P.O. Box 676, Northbrook, IL 60062 

/Ill /IOWEll ~ 11001/Mli, /Mii. 
5995 Ave~1oa Encinas. Car lsb~d. CA 92008. 1619) 931 -5700, (800! 722-6555. Fc:x (6191 931-6988 
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lhat can do lhe same thing across program 
boundaries should be even better. Mi­
crosoft and Lotus both seem to think this is 
the case. Lotus has announced LotusScript, 
a BASIC-like scripting language that is 
rudimentarily implemented in lmprov for 
Windows, Lotus's alternative spreadsheet. 
And Microsoft has weighed in with VBA, 
which premieres as the new macro lan­
guage for Excel 5.0. 

While neither language can yet be con­
sidered global (since each one works in a 
single application for now), both compa­
nies have commined to scripting languages 
that will work across all their major Win­
dows applications. Both companies sug­
gest that these languages will be pha ed 
in with major new releases of their Win­
dows applications. Since recent major new 
releases of Word and PowerPoint have j ust 
occun-ed without internal suppo1t for VBA, 
it is probab ly best not to hold your breath . 
Microsoft has promised that Visual Basic 
wi ll be integrated across the Office prod­
uct line by 1995. 

Microsoft s implementation of VBA in 
Excel is paiticularly appealing. When you 
use Excel's keystroke recorder to build a 
macro, the keystrokes are captured as Vi­
sual Basic code. You can edit the macro 
wi th a built-in code editor and use the ca­
pable debugger to detect and correct er­
rors. If you ' re a Visual Basic programmer, 
your learning curve will be very slight. 

Combined with OLE 2.0, VBA will ul­
timately enable you to write applications 
built from the prefabricated parts of your 
favori te Windows programs. For now, you 
wil l have to settle with Word 6.0's Word­
Basic and Microsoft Access Basic. With 
these tools, you can make calls to the mac­
ro language and return results, instead of 
contro lling the applications directly from 
Visual Basic. 

Lotus plans the same type of strate­
gy for Lolli Script as Microsoft has an­
nounced with VB A. The language will be 
scalable, supporting a wide range or func­
tional ily , fro m simple record-and-play­
back techniques fo r easy macro creation 
to the abi lity to call DLLs created as ex­
ternal C routines. 

OLE 2.0 compliance will give Lotus­
Script the same type of access to applica­
tion objects as VBA has, all owing you to 
create custom applicati ons from compo­
nents of the Lotus su ite (or from any oth­
er OLE 2.0 server that exposes software 
objects). LotusScript will also be compat­
ible wilh other BASIC languages; thi s will 
allow a LotusScript application to be in­
corporated into other BASIC programs, 
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WHY Is Brutus*, the King of Monitors, 

So Impressed by the 15" SCEPTRE? 


Among the finest 15-inch High Resolution Color Monitors you can get, the Microprocessor 
based Low Radiation (MPR II compliant) SCEPTRE CC·615l offers: 

1024 x 768 VESA 72Hz Flicker-free Anti-static Screen 
Multi-scan 30-60 KHz Universal Power 90-260 VAC 50/60Hz Auto-sensing 
INVAR Shadow Mask Tube, FS II Flat Screen Advanced Dynamic Focusing 
31 Memory Settings Manual and Auto-Degaussing 

(5 Factory Preset, 26 User Adjustable} Front Access Push-button User Controls 

PLUS: Energy Saving Option {CC·615GJ, SCEPTRE's Two Year Limited Warranty, and many more. 

In addition, SCEPTRE's impressive full line of 

Micro-processor based monitors includes 

CE·6N, CC·6N (14-inch) and Cl·617/ 

617l (17-inch). For more information, 

contact SCEPTRE or its distributors 

today. 


*Brutus: Monitor Lizard, an endangered species, 

recently seen in the film "The Freshman" with 


Marlon Brando and Matthew Broderick 


11\ITE 
•='ii•·G3;f.i! 
*3MM;t.i4=11Mlflti• 
13.1@.i;l8{.]fl1(.J;­ DISTRIBUTED BY 

SCEPTRE® 

SCEPTRE TECHNOLOGIES, INC. 714-993-9193 1-800-237-8931FAX 714-993-2997 

© 1993 Copyright SCEPTRE Technologies, Inc. All Rights Reserved. All product and brand names ore trade marks or registered trademarks of their original owners. 
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including Visual Basic. partk ular worker performs. The applica­
With lhese cross-application languages, tions become. as they should be, a mean 

you could build a front end to an applica­ to the end of getting work done. not the 
tion and then use components of the of­ centra l focus of the desktop. 
ri ce suites to perform spec ific tasks. For 
instance, you could populate a spreadsheet Taking the Plunge 
with customer account informat ion held Is the purchase of an office application 
in an external database. create a data fi le suite a good move for your organization? 

worth it. In the short term, buying a suite 
wi ll del iver improved cross-app licati on 
integrati on. but over time, tools uch as 
OLE 2.0 will enable all appl ications to in ­
tegrate easil y. 

If you've concluded that buying an of­
fi ce application suite is a good idea, which 
one should you choose? Lotus' s Smart ­
Suite clearly deli vers the most programs 
for lhe money and is the best among these 
near-equals in terms of value. I f you use 
Notes or plan to implement it. SmartSuite 
is an even sweeter dea l. 

But i f you've already got strong ties to 
a particular word processor or spread heet 
that is contained in one of these bundles 
and want to extend your software arsenal 
i nex pensi ve ly w ith a minimum of re­
learning. pick the bundle that include. the 
highest percentage of your favorite pro­
grams. 

No mailer which bundle you choose, 
you can rest assured that with future re­
leases. the indi vidual programs in your 
collecti on will become more feature-r ich 
and better equipped to collaborate w ith 
each other. A nd i f past trends are a true 
indicator, they' ll al so continue to go down 
in pri ce. • 

Bill L(lll'rc11ce is part of ll tellm that manages " 
3000-node 11etll'ork and r<'iated cnmp111in~ se r-
1·icesfor a 111ajor \Vesrem utility. He has been ac­
tively i11vn!ved i11 11etworking mu/ PCsfor the past 
10 years am! is the a111/1or '!f Using Nove ll Net­
Ware 4 and Using Novel l NctWare, both ji-0111 

Que Corp. !'0 11 can cm1tac1 him an the /nremet 
or BIX at bh111-rence@bix. co111. 

of overdue accounts, and 
print personali zed letters 
requesting prompt pay­
ment. The app licati ons 
wou Id perform spec i fie 

functi ons in the back­
ground. The spreadsheet 
would pull in data and 
perform calculat ions; it 
would then pass the table 
on to a word processor, 
which would use the 
table as data for a mail ­
merge operati on. 

The use r wou lcl see 
only the front encl ; the 
application components 
wou ld be total ly invisi ­
bl e. The encl user would 
deal only with the sig ­
nificant data and the con­
trol s needed lo accom ­
pli sh a particular task. 

As a result, each cor­
porate desktop would be 
customized, iconized not 
with a set of software ap­
plications but with a set 
of speci fi c ta ks that a 

About the Products 

Borland Office 2.0 .. .... ... ..... .... .. ...$595 

Upgrade and competitive upgrade .. ......$299 

Borland International, Inc. 
100 Borland Way 
Scotts Valley, CA 95066 

(800) 331-0877 

(408) 461 9000 · 
Circle 1340 on Inquiry Card. 

SmartSulte 2 . .1 for Wlndows.. ...$795 
Upgrade and competiti\ie upgrade ........$595 
Lotus Development Corp. 
55 Cambridge Pkwy. 
Cambridge, MA 02142 
(800) 343-5414 
(617) 577-8500 
fax: (617) 693-0968 
Circle 1341 on Inquiry Card. 

Microsoft Office 
Standard EdHlon 4.0 ............... ....$750 
Microsoft Office Professional Edition .... $899 
Upgrade .. ..... .. ......... .. .... .... ........ ..... .... $259 
Competitive upgrade .................... .. .. ...$299 
Microsoft Corp. 
1 Microsoft Way 
Redmond. WA 98052 
(800) 426-9400 
(206) 936-8661 
fax: (206) 936-7329 
Circle 1342 on Inquiry Card. 

Taking only the up-front 
costs into account. the 
answer is an easy yes; 
such a collection is Lhe 
best way to lega ll y get 
your hands on a lot of 
good software at a very 
reasonable pri ce. 

In the corporate realm, 
however. true costs are 
seldom so easy to ta lly. 
For example, i f your or­
ganization has invested 
considerable effort into 
building value around a 
particular group of pro­
grams (e.g., you ' ve got 
thousands of pages of 
extensi ve ly formatted 
documents in WordPer­
fec t format, or you have 
a body of criti ca l engi ­
nee1ing calculaLions built 
into macro-laden 1-2-3 
worksheets), rock ing the 
boa t to ac hi eve lower 
initial software costs and 
a consistent user i nter ­
face may simply not be 

. . . . . . . . . . . . . . . . . . . , , , , . , .., , ........... RC>MDISI< TM 
 For PCMCIA Products circle 85, 
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SOLID STATE Disk Emulators and PCMCIA Products 
Board Level Disk Emulators High Capacity DRAM Drive 
•Replace mechanical drives in embedded systems •Expandable 16 to 512MB. 51// or 
•High performance and low cost models available desktop models. Fast SCSl-2, SIMM 
•Flash, EPROM and battery-backed SAAM module based, .1 msec access with 

technologies. Capacities from 1BOK to 14MB built-in battery back-up and ECC. 
•Dual drive and hard drive emulation support Flash IDE Drives with capaci­
•8 and 16 Bit ISA bus support ties from 2.5 to 40MB 

PCMCIA Carddrives & Adapters 
 Features: Autoboot capability, all 
•Use PCMCIA cards in your desktop or models. Support for all popular op­
embedded PC system erating sytems. Solid state reliability. 

•Internal model fits in 3112'' drive bay Applications: Embedded 
•Dual socket & external models available Systems, Diskless PCs, LANs, 
•Support for all types of memory, POS, Medical, CAD/CAM, PC CardShark II '" 1/0 cards and Type Ill hard drives Graphics, High Performance PCs PCMCIA Carddrive •DOS & Windows compatible drivers included and Servers. 

"" ·.."""·.... ·CURTIS, INC. Industry Leader in Disk Emulation Products 
418 W . County Rd. D• St. Paul, MN 55112 • 612/631-9512 •FAX 612/631-9508 
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•New CA-REALIZER 2.0 Beats VISual Basic 3.0. 
2.0 is half the cost and 

CA-REALIZER is already 

Compared to Visual Basic 3.0, 
Ct\-REALIZER0 

twice the product. 

price. 

the easiest, most powerful 
BASIC for Windows and OS/2, 

and with version 2.0 it's even 
better. No one can match our com­

bination of features,ease of use, and 
No one can make it easier to port 

your applications from QuickBASIC, and 
no one can make it more fun to develop for Windows and OS/2. 

CA-REALIZER also comes with a huge array of powerful, 
plug-and-play tools like spreadsheets, charts, text editors, animation, 

graphics tablets 
and database 
forms, along with 
many features 
other BASICs don't 
offer. Arrays are 
re-dimensioned 
and processed 
automatically. 
Algorithms can 
be written as 
formulae instead 
of complex looped 
expressions. 
Once an applica­
tion is complete, 
compile it into a 
stand-alone 
OS/2 or Windows 

application and distribute it royalty-free with the run-time module 
that's included. And you can generate an installation disk with the 
push of a button. "" 'll!"ll"'--• 

PC Computingsaid,"Noother "' B\ITE 
Windows BASIC can match it for power ~ E*"!m:·•·== 
and breadthof features:· ..':""~ wrn 

At $99, no one can match our price either, and it includes our 
award-winning Windows report writer absolutely FREE. 

"' 

:==== Call 1-800-225-5224, Dept. 25500 
~mi Today Or See Your Local Dealer. 
MicROSOf1' • This offer is ~ '" 
t':i';l;l~~t good for a limited 'AOMPUTER 
time only. Call today and find out how r.SSOCIATES 

Only CA-REALIZER Gives You All Of This: 
• Develop fo r Windows and OS/2 
• Create and save libraries ofpre-coded and formatted controls dynamically 

from within REALIZER 

• Use any standard Wi ndows and OS/2 customcontrol in FormDev 
• In tegrated Programmable ApP,licarion Tools such as Charts,SpreadSheers, 

Text Editors, Graphics,Animation, &nd a Scheduler 
• Easy migration ofQuickBASIC applications to Windows and OS/2 

~ • lm port/ExportOEt-2-3, Excel, CA-Supercalc, CA-<::ompete! &Xbase Files 
• InteractiveWYSIWYG application design 

• Generation of useraccessible & modifiable BASIC£ode 
• Full support for DOE and DLLs 

• Instant database forms fromDBP files 
• Dynamically expandable multi-dimensional arrays with a full range of 

array and matrix operators and functions+ 
much better BASIC can be. Software superior by design. 

NewCA-REALIZER2.0 

!C> ComputCT :\ssod<1 tcs International, Inc .• Jsl<mdi;i, NY ll iSS--7000. 1\ll producl names 1crcrcnccJ herein arc 1radcmarks of thei r respective 
companies. Cos t comparison based on Visu;il Basic Release 3.0 Su~'i.·s t etl lternil Price. PC Ccmpmi11,g quoce appeared 10/ '} I, pg. 90. 
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Take Up Weightlifting Or Take Advantage. 


TURTLE BEACH SYSTEMS 
52 Grumbacher Road • York, Pennsylvania 17402 • (717) 767--0200 • FAX: (7 17) 767-6033 
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Multiprocessor Horsepower 

Sys t e ms from ALR, Compaq, and VTech s how that for a SQL server, 
two CPUs are better than one 

RAYMOND GA COTE 

A dmira l Grace Murray Hopper 
liked to say that when farmers 
wanted to pull a heavier load , 

they didn't breed a bigger horse, they sim­
ply used more than one. Aside from pro­
viding extra pulling power, a team of 
horses provided flexibility , because the 
farmer could harness them in whatever 
arrangement suited the task at hand. Al­
though Admiral Hopper was brought up 
in the great farm country or northern New 
Hampshire , her story was aimed not at 
horse breeders, but at computer designers: 
Multiprocessor computers are the way of 
the future . 

Windows NT's support for mu ltip le 
processors has encouraged the develop­
ment of a crop of re latively inexpensive 
Inte l-based mu ltiprocessor, or MP, PCs. 
These are system that can run standard 
DOS and Windows software, as well as 
32-bit NT programs. Any multithreaded 
application ought to get a s ignificant boost 
from running on more than one processor 
at once. ln addition, NT is able to distrib­
ute concurrently running programs among 
processors, whether those programs are 
multithreaded or not. 

To find out just how much performance 
an MP PC can deliver, I tested dual-proces­
sor systems from Advanced Logic Re­
search , Compaq, and YTech. Prices for 
the three systems range from $3999 for a 
base-model YTech Platinum SMP 486­
DX2/66 desktop system running two 486 
CPUs to over $20,000 for a fu ll y config­
ured Compaq ProLiant 2000 server with 
dual Pentiums. The ALR ProVEISA DMP 
4/66d, a floor- standing server, fell in the 
middle of the price range. 

To compare performance, I used Mi ­
crosoft 's SQL Server, a true T applica­
tion. Using different proce. sor modu les 
in the Compaq system, I also tested one 
processor against two, the 486 against the 
Pentium , and perhaps most interesting , 
two 486s against a single Pentium. 

Judging from the SQL Server test re­
sults, two processors are definite ly better 
than one for an application server, where 
process ing power share importance with 
fi le 1/0. I also found a wide latitude in the 

performance of different systems and dis­

covered that simply adding a second pro­


. cessor doesn't necessari Iy increase perfor­

mance when running a sing le application. 


MP Design 
Adding extra microprocessors to a system 
is an attractive idea that has cropped up 
more than once in the 
last I 0 years. Be­
cause they leverage 
off standard PC de­
signs, shared-memo­
ry MP designs in par­
t icular promise an 
economical means to 
increase computing 
power- either be­
yorid levels avai lable 
with the current hot 
processor, or to lev­
els competi tive with 
that chip but us ing 
several less expen­
sive CPUs. 

In a shared-mem­

and control multiple processors. With an 
SMP hardware design, any processor can 
handle any job as well as another, and that 
makes easier the operating system's job 
of distributing tJ1e processing workload , 
even when the number of processors can 
vary. (AsymmetricaJ designs dedicate dif­
ferent processors to different tasks and 

Three dual-processor systems from Compaq. ALR, and VTech (left 10 ory design, several 
rig/rt ). Tire ALR Pm VE/SA DMP a11d the VTeclr Plati1111m SMP .~ystemsprocessors sit on the 
each have tivo 486DX2!66 CPU.1·. Tire Compaq Proliam 2000 ca11 take 

same bus and share two 50-M f-l z 486DX or tivo 66-M /-lz Pe111i11111 processors. 
memory space and 
otJ1er resources. Contention for the shared 
resources, however, limits the number of 
processors you can add and still gain per­
formance. The more capable the bus bc­
iween processors and main memory. the 
more processors a shared-memory design 
can support. Adding a second processor pro­
vides the biggest performance gain of all. 
(For more on MP computers, see "All Sys­
tems Go," August 1992 BYTE.) 

Despi te tJ1eir promise, MP PCs have not 
yet received general acceptance, for two 
reasons. First, most MP implementations 
have used proprietary designs tllat req uire 
a specially modified operating system and 
are therefore incompatible with the rest of 
the industry. Second, as ide from a brief 
flurry of Unix support for mu lt iple proces­
sors, there hasn ' t been a widely popu lar 
operating system to run on the hardware. 

Windows NT changes this s ituation by 
defining built-in support for SMP ( ym­
metric multiproce sor) PCs, with a stan ­
dardi zed low-leve l interface to identify 

need proprietary operating-system sup­
port. ) Standard NT can support two pro­
cessors, while NT Advanced Server can 
support up to four. Proprietary OEM ver­
sions or Windows NT will support up to 
16 processors. 

Testing 
Ini tia ll y, the most like ly job for an MP 
machine is as an applications server, pro­
cessing transactions or perhaps providing 
decision support from a database . MP's 
extra hor ·epower i · overkill for a straight 
file ·crver. It 's appropriate then , that I 
used Microsoft 's SQL Server for Windows 
NT to test MP perfom1ance. SQL Server is 
also one of the few avai lable 32-bit appli ­
cations designed for NT, and it can take 
good advantage of multiple processors. 

For my evaluation I ran a modification 
of NSTL's SQL Server benchmark, a test 
that model s a transaction-based book-
ordering application. The test ran a series 
of order transactions and returned the 
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ATrio of Dual-Processor Systems 

ALR ProVEISA DMP 4/66d 

Each 486DX2 chip lib on a clrcul card loutllaedl 

In an extended EISA slot with a 512-KB RAM cache. 

The two CPUs communicate via two ribbon cables. 


ALR 's ProYEISA is a server with a floor­
standing case, 10 EISA slots, and 12 hal f­
height drive bays (half 5'/.-inch, hal f 31/,-inch). 
A 300-W power supply is also appropriate 
for server duty. TI1e ProYEJSA provides built­
in SVGA graphics witJ1 I MB of RAM, up­
grndable to 2 MB. 

The dual-processor ProVEISA comes with 
a single floppy drive and a Texel double­
speed CD-ROM drive to load Windows NT. 
The tested configurntion included NT, 32 MB 
ofRAM, and two Maxtor 540-MB SCSI hard 
drives. ALR supplied the system with a cach­
ing SCSI-2 card with 4 MB of RAM . A plas­

tic door covers access to drive bays and user 
controls such as the reset bullon. The case 
locks onto its chassis, but I easily broke the 
lock (accidentally, through misunderstand­

. ing the key position). 
The ProYEISA places each 486DX2/66 

processor on a separnte plug-in card, each of 
which takes an EISA slot. The two processor 
cards sit side by side with direct processor 
control mid communication going through two 
set~ of directly wired connectors. Each proces­
sor gets its own 512-KB RAM cache in an ef­
fort to minimize competition between the two 
processors for access to main memory. 

Compaq Proliant 2000 

Each of two special processor canls (outlined( holds 
a 66-MHz Pentium with a 256-KB external cache. 

Compaq's ProLiant 2000 is a full-fledged 
server with lots of reliability and usability 
features, accounting for the $ 15,000 and 
$20,000 prices of the two test configurations 
(dual 50-MHz 486DX and dual 66-Mi-Iz 
Pentium processors, respectively). Reliabili ­
ty features include error-correcting memory, 
Compaq 's Smart SCSI drive array controller, 
hot-swapping hard drives, and built-in SNMP­
compatible system diagnostics. The SCSI 
controller can be configured for RAJD, al­
though l didn 't take advantage of it in testing. 

Compaq's Insight system management 
software works with the hardware to catch 
problems before they become disasters. The 
Windows-based software is easy to use and 
flexible in setting up server management func­
tions. CD-ROM-based start-up software guides 

you through installation and configuration. 
Other features include Compaq's 32-bit EISA 
combination Ethemet{foken Ring network 
card and a double-speed CD-ROM drive. 

Inside the big tower case are six available 
EISA expansion slots out of a total of eight. 
There are four processor s lots, alt.hough the 
ProLiant 2000 has the power and cooling abil­
ities to support only two. It uses the same 
motherboard as the ProLiant 4000, which can 
take four processors. 

The ProLiant Tri Flex architecture provides 
separate 64-bit processor, 128-bit memory, 
and 32-bit 1/0 buses, with a buffering bus 
controller between them that allows concur­
rent memory access by both system and 1/0 
processors most of the time (70 percent, ac­
cording to Compaq). 

VTech Platinum SMP 486DX2/66 dual 

The motherboard holds a 486DX2; an optional card 
holds a second matching CPU (two chips outlined). 
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VTech 's dual-processor Platinum is a desktop 
system, aimed initially at software developers 
working on MP applications and running NT­
bascd workstation applications once they be­
come available. Besides good perfonnance, 
the VTech also has an exceptionally low 
price: $3999 with 16 MB of RAM , a 527­
MB IDE hard drive. a double-speed CD-ROM 
drive, VL-Bus (VESA local bus) graphics, a 
15-inch color display, and Windows NT. 

The system combines two VL-Bus expan­
sion slots with standard ISA slots. The MP 
daughtercard, however, takes one YL-Bus 
slot . The Platinum also provides built-in IDE 
and SCSI-2 connections, as well as high-speed 
serial ( 16550) and parallel (ECP [extended 
capabilities port]) ports. 

TI1e Platinum has a standard motherboard 
configuration witJ1 an optional plug-in card 

to support the second processor. The moth­
erboard processor is installed in a ZIF (zero 
insert.ion force) socket and can be upgrnded to 
a Pentium OverDrive chip. Both SCSI and 
IDE interfaces are provided standard. The 
dual processors communicate through the 
VL-Bus and the proprietary processor socket. 

As with the ALR and Compaq systems, 
the Platinum SMP design is 100 percent sym­
metrical; either processor can handle any task, 
including hardware interrupts, thanks to two 
Intel APICs (advanced programmable inter­
rupt controllers). The Platinum takes a mini­
malist approach to multiprocessing by pro­
viding no separate secondary cache on the 
MP plug-in card. Both CPUs share the same 
256-KB writeback cache. Even so, the Plat­
inum provided excellent throughput results 
in· my tests. 





1I:fall fMMMultiprocessor HorsepowerRack &Desk 
Chassis FOR 11111111 

XT/AT/286/386/486 

111111111111111111111111111111 

Integrand's unique packaging design uses 
modular construction. We have 3 basic 
models for ISAIEISA bus computers. Over 
90 interchangable modules allow you to 
customize them to nearly any requirement. 
We make drive enclosures and rackmount 
keyboards too. Integrand offers high 
quality, advanced design hardware and 
strong support. Why settle for less? 

Rack &Desk Models 
Accepts Most Motherboards and Passive 
Backplanes 
Doesn't Look Uke IBM 
Rugged, Modular Construction 
Excellent Air Flow &Cooling 
Designed to meet FCC 
204 Watt Supply, UL Recognized 
200 &300 Watt Supplies, UL, CSA, TUV 
Reasonably Priced 

Three Models: Drawer, Shelf, and Panel 
Reasonably Priced 

Call or write for descriptive brochures. prices 
or applications assistance: 

Circle 101 on Inquiry Card. 

INTEGRAND 

~fl l Sl~RCH CORP 

8620 Roosevelt Ave. • Visalia, CA 93291 

209/651-1203 
FAX 2091651-1353 


We accept VISA and MasterCard 


average time per transaction. The test-data­
base on the server consisted of five tables. 
A Gateway 486DX2/66 mnning OS/2 gen­
erated the client requests, issu ing SQL 
Server queries and commands to the NT 
server over an Ethernet connection. I gen­
erated up to 16 simultaneous test sessions 
from the client system. 

For the purposes of the NSTL test, each 
system came with 32 MB of memory, two 
500-MB SCSI hard· drives configured as 
two volumes, and a CD-ROM drive to load 
Windows NT. The test configuration pro­

vided for 16 MB of SQL Server cache­
enough to minimize disk activity. There 
was also very little network activity. The 
resulting tests provide a good indication 
of processor throughput. 

Both ALR's ProVEISA DMP and 
YTech ' s Platinum SMP systems come 
with two 486DX2/66 CPUs. Compaq ' s 
ProLiant 2000 can take either 50-MHz 
486DX or 66-MHz Pentium modules­
up to two of one design or the other. I 
ordered two of each so that the ProLiant 
cou ld serve as a consistent platform to test 
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486/Pentium Cross Platform Tools 

The Fastest 32-bit Code 
Mcrov.oy has specialized in F{'; Numer­

ics and x87 support since its founding In 
1982. In 1987 v.e Introduced NDP 
Fortran-386, the first 32-bit Fortran that ran 
on DOS and supported the Intel and 
'v\eltek corpocessors. Today v.e produce 
1860 cards wth up to 200 megaflops of 
throughput \'klich can be run In parallel as 
a one glgaflop computational seNer. Our 
compilers feature mainframe extensions 
plus unique optimizations like lnllned Intrin­
sics, a '4+ 4' 'JIS7 stack model, loop unroll­
ing and wth the upcoming release of our 
Pentium code generator, optimal numeric 
support for Intel's latest CPJ. The bottom 
line Is our tools produce the best 32-bit 
code possible running on the largest 
number of platforms wth the front ends 
you need: Fortran-90/77 and CIC++ . 

386, 486 &Pentium Compilers 

Mcrov.ay's NDP family of 32-bit compilers 
generate globally optimized mainframe 
quality code that runs on the 386, 486, 
Pentium and 1860. They run on 32-bit 
operating systems such as C/3(2_, UNIX, 
Solaris, Coherent. NT and DPMl!'vCA DOS 
Extenders. 

NDP Fortra~90 a complete Fortrcn-90 
v.lllch 1U1S In corjunctton wth NOP Fortran. 
NDP Fortra.1M Is a full F77 wth F66, DOD. 
\.fv'5 and 11/S extensions. 
NDP CIC++ complies K&R and .AJl51 C and 
Is C+ + Release 2. 1 compliant. 

NDP Pascal Is a full ISO Level 1 Pascal wth 

BSD extensions that can Interface the NDP C 

runtime llbrarles. 

NDP Language Pricing 

DOS versions Include a \CAtvM DO:> Ex­

tender. DPM Interface layer, support for x87 

and \\eitek coprocessors, NDA..ink, NDA..ib ood 

GREX - our DO:> graphics librOfY. The PentiLm 

release odds new code generation, roydty 

free DPM ood \CA plus symbolic debugging. 

DOS 386/486 verslon.. .. .............. .....$695/795 

DOS Pentium verslon................. .. ........... $995 

OS/2 Developer's Pack Includes IBM a5/2 

'AbMrcme and Toolldt. lhese tools use the IBM 

Linker. Ded.Jct $100 If you don't need the 

WJMrome. 386.486 .............. ...... .... .......... $595 

PentiLm........ ... .......... ........... ..................... $795 

UNIX 386/486 use the native tools and ore 

available for SCO or ISC l.X\llX....... ....... . $1195 

Coherent version ....................... .. ....... ...... $295 

NDP Fortran-90 .......... ...... ............ .. ........ $395 


NDP fortran-90...ca.11 for free demo disk and white paper! 
The key to optimal numeric performance 

is the use of the right tools. Wien It comes 
to running scalar problems on scalar proc­
essors, the difference befv.een languages 
is small. Hov.ever, v.tien RISC processors 
wth vector support are used, the language 
becomes important. In particular. if yol.I' 
programs spend most of their time manipu­
lating data stored in arrays, you need to 
use a language \'kllch Improves vector 
efficiency and data flow by minimizing the 
number of accesses to memory. The di­
chotomy betv.een scalars and vectors has 
g roW'l \\O!Se as processors have become 
more dependent on caches for data ac­
cess. Vectorization. the technique for opti­
mizing accesses to data stored in caches. 
w::is developed In the late 70's by Cray for 
the Cray 1 's Vector Registers. 

i860 Supercomputers 

Glgacube™ - Custom NFS 486 W:>ootation 
wth you choice of Q.JodF\Jters or .A!rayA'oXPs 
one Gigaflop from ................... ................S50K 

ArrayProXP ™ -EISA.A!ray Processor - features 
a zero v.olt state 50 WHz 64-blt memory 
sy.;tem. 1he 400 NB,5ec memory bondWdth In 
conjunction wth 100 megaflop 1860XP results 
in 28.96 Unpack megaflops, 94 megaflops 
doing dot prodx:ts and 70 megoflops doing 
FFTs. 1he cord bursts on the EISA bus at 33 
M3,5ec and holds up to 256 megabytes of 
RMv1 from ....... ........................................ $7995 
QuadPute~860 - The 1.1.0fld's most cost ef­
fective Supercomputer. The Q.JodF\Jterlncludes 
four mod.ies. eoch contalring a 25 WHz i860 
and tv.o megd:lytes of local memory. 1he 
modules plug Into on EISAcard that provides 32 
megabytes of shared memory. A single Qx:x::l­
F\Jter hos on aggregate ttYoughput of 200 me­
goflopsl Wth softv.ore from ...................... $9995 

Number Smashet'::!860 - our ISA 860 
cord comes IMth 8 or 32 megabytes. It In­
cludes one NDP Language - 80 megaflops of 
througtµ.rt starting at just....... ..... .............. S 2995 
NDP Fortran~860 along wth our CIC++ 
and Pascal utilize advanced scalar code 
generation techniques to optimize the 1860's 
runenc scalar performance .................... S 1995 

PPS'.:860 postprocesslng scheduler, tokes 
assembler output and converts scalar opera­
tions Into pipelined operations running In dual 
instruction mode. Scalar speed ups In 1he 
range of 10 to 50% are common .... .. .. ... ... $500 

VAST-II Vectorizer speeds up vector codes 
100 to 300%. Includes a libray of 700 vector 
pimltives.................................... .. ........ ... .. .$1495 

Vectorization. as performed by tools like 
VAST. converts on F77 program Into a new 
one Wiich makes calls to a "vector library.· 
Fortran 90's /l<ray Syntax Notation results in 
vector code being lnllned by the complier 
d lrecfly. This feature Is similar to ten.5or nota­
tion and produces compact readable 
code. It Is the most significant 'scientific 
addition' mode to a procedural language 
in the last 20 years. Fortran 90 has also 
codified numerous F77 exten.5lons, includ­
ing dynamic arrays, case statements, struc­
tures, modules and easy to use 1,0. 
\.\hether you are running on a 486, Pen­
tium, 1860, or massively parallel Supercom­
puter. Fortran 90 Is the choice if numeric 
speed and portobllity matter. Coil for our 
vkllte paper on Fortran 90 today. 

508-746-7341 

486 Workstations 

486/Pentlum BX Workstations - a Mcrov.ay 
Tov.er Is the ideal solution to your 486,flentiLm 
needs. 1hey feature lnciJstrlol grode .American 
pov.er supplies, heavy duty cooling and easy 
access. ,bll motherboards ore coretullyburnOO In 
and equipped wth 50 .Amp pov.er connections. 
OJ BX Tov.eis make great IM:)OOtations, file serv­
ers, and C/'D~ stations. lhey v.ere origlncily 
engineered to house 1860 array.;, configured as 
NFS computationot servers. Each sy.;tem Is cus­
tomized IMth the a:, of you choice, lncludng ISC 
l.X\llX, a5/2.. DO:> and Wndov.s. W-.at differenti­
ates Mcrov.aylov.ers Is our d:>llity to integrate 1he 
peripherals you need, including SCSI tape drives 
ond CD-Ravt, netv.ork cards and high qudity 
hard dsk and graphics adopters. 486-BX sy.;tems 
cre used \'.011d1Mde pe!formlng demoncing toslG 
from testing jet engines to searching for oil. Coll 
today for our BX Serles Catalogue. 

Search Engines & Libraries 
MSE-160 - Free Text Search Engine ISAccrd 
processes 160 megabytes of data per second. 
Includes Text Retrlevol softv.ore .................... $950 
IMSL Mcrov,oy compiled and validated ver­
sion of the 111/SL mainframe libraries, available 

1~.... .. ~.~.~'.~~~ .... . ~... ••• ~~~:. ..... ~ra~ 
NAG Mcrov..ay complied ood vdidated 
FOl.lldotion x86fl860.... .. ................... $ 1195/1995 
ForttP..... .. .......................................... $1195/1995 
IM:)OOtation............................... ........ $2995/3995 
KUCK & ASSOCIATES hand coded 1860 librar­
ies. CX>es 1024 real FFT In 500 microseconds I 
DSP...................... $750 Basic l'vbth.. .. .... .. ...$500 
LAPACK and BLAS, sources included. 
386/486 ................ $195 1860 ... ... .. ...... ....... $295 

M1croway__® Technolo OU can count on! 
Research Park Box 79, Kingston, MA02364 USA(508) 746 -7341FAX746-4678 

U.K 81-541-5466 Poland22-414115 /taly2-7490749 Greece 1-2915672 France 130-541767 

http:Mcrov.ay
http:througt�.rt
http:Fortra.1M
http:Mcrov.oy


For fast delivery Order Toll Free 1-800-451-4319 ext.23, or Fax (616) 698-0325 
O Yes, please rush( ___) copies of PC In tern 
Apply to my:Q VisaQ Master CardU Am. Express/Q I have enclosed a check/ M.O. 

Ml residents add 4% sates rax. In US and Canada add $5.00 Posrsge and handling. 
· Foreign orders outside North America add $13.00 surface rate $20.00 air mail per book. 
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Signature: _ __________ _ _ _ ________ 
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Address: ____ _ _ _ ________ _______ 

City: _ _____ _______ State: __ Zip: _ ____ 

different processor configurations. 
All three machines provide a standard 

hardware inte1face to Windows NT, which 
allows them to nm the off-the-shelf version 
of NT. The ProLiant comes with Com­
paq's Smart Stai1 configuration software, 
which installs a special configuration and 
en-or-recovery partition on the hard drive. 
However, I ran the tests using the same 
copy of NT that was installed on the other 
two systems. 

MP Approach Delivers 
As expected for all systems, the average 
time per test transaction climbed a more 
clients were ac ti ve (see the figure "Sys­
tem Performance Compared"). However, 
some y tem were less affected by client 
load than others. Among the three dual­
486 systems, the Compaq ProLiant 2000 
did the best, taking significantly les time 
per tran sac tion than the ALR and the 
YTech with 12 or more clients. The Pro­
Liant ha the advantage of a faster mem­
ory-bus clock speed-50 MHz versus 33 
MHz fo r the two DX2 sys te ms-and 
Compaq 's hi gh-throughput TriFlex bus 
architecture. The YTech consistently out­
performed the ALR, which has the oldest 
MP design of the three. 

The dual-Pentium ProLiant genera lly 
got the job done in half the time it took 
the 486 systems. However, with 12 and 
16 c lients, it wasn' t twice as fast as the 
dual-486 confi guration of the ProLiant. 
Testing with more than 16 clients should 
widen the gap between 486 and Pentium 
configurations . 

It isn' t surpri ing that two processors 
are fas ter than one when comparing one 
ve rsu two 486 modules, or one versus 
two Pentium modules on the ProLiant ( ee 
the figure "Comparing Processors"). That 
the dual -processor configurations took 
roughly half the time to complete the tests 
as comparable single-processor setups in­
dicates that the two modules are working 
mostl y in their separate memory caches 
and that accesses to main memory are rel­
ative ly unimpeded by competition. Score 
one for the Tri Flex bus. 

In all cases but one, the dual -486 con­
figuration of the ProLiant provided similar 
or better performance than the si ngle-Pen­
timn confi guration . Under higher loads, 
the dual-486 ystem provided much better 
performance, and the prices of the two sys­
tems are almost the same. Of course, with 
the dual-486 configuration, you' ve reached 
a performance limjt, while you can sti ll 
add another Pentium module to the sin­
gle-Pentium model (for $5059) . 

co 11ti1111ed 
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MCI Relies On DPT SCSI Adapters ... 


MCI has made DPT SCSI adapters a key part of its technology strategy. 

As one of today 's leading technology compan ies, MCI knows that high-performance 
servers, workstations, and PCs need high disk throughput, compatibility, and flexibility for 
growth. That's why MCI relie on DPT SCSI adapters as an integral part of its networked 
systems. It 's also why you should look to DPT's SmartCache lll products for your needs. 

"Compatibility, reliability, and perfonna11ce were key factors i11 our decision process in 
choosing a SCSI host adapter. DPT outperformed everything else we tested in these criti­
cal categories." That's because DPT adapter support is integrated into every major Operat­
ing System available today, along with fu ll support for a complete range of tape, CD-ROM, 
hard disk, and other important SCSI peripheral products and software. 

"At MCI, the only certainty is that things are certainly going to change! That 's why we 
like DPT's growth path. With their unique approach, we can add extra capabilities such 
as caching or RA ID support, whenever we want." SmartCache TIT products allow you 
to add a cache module and up to 64MB of hardware cache using industry-standard SIM Ms, 
and you can add RAID 0, l , or 5 by simply auachi ng another easy-to-install module. You 
decide if and when you add the extra capabilities. It 's a proven approach designed to keep 
pace with the growth and changes in your system ... and only DPT has it. 

Also, DPT's new Storage Manager software utility, called "a new standard in storage 
management" by LAN TIMES, is included free with every DPT SmartCache IIJ adapter. 
Storage Manager provides the tools needed by LAN Administrators working in complex 1994 
Operating Systems such as Novell, UNIX, OS/2, Banyan VINES, and Windows NT. Stor­ D P T 
age Manager give you complete device inventory and configuration data, diagnostic and I 

performance tuning abilities, capabilities for remote communications and alert broadcast­ APRIL 24-27 
CALL FOR DETAILS 

ing, along with the abil ity to implement complex RAID structures with simple "point-and­
click" commands. 

Combine thi s with DPT's aggressive pricing and the best Technical Support in the indus­
try, and you will find what MCI discovered--you can rely on DPT adapters for the best SCSI 
compatibility, reli ability, and performance for your LANs, workstations, and PCs. Call to­
day for more information about DPT SmartCache III products. ltlDPT 

for complete SCSI solutions. 800-322-4378 
Circle 91 on Inquiry Card (RESELLERS: 92). 
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I:I41lfM1t1 Multiprocessor Horsepower 

The VTech Platinum SMP dual-486 
system provided performance that kept 
pace with or did slightl y better than the 
single-Pentium ProLiant, fa lling slightly 
behind only with 16 clients. Cost ing 
$10,000 less than the ProLiant, the VTech 
system is tempting unless you need server 
security or high storage capacity. 

No Guarantee 
One of the promises of NT is the ability to 
toss another processor into your machine 
and enjoy nearly double the perfomrnnce. 
Is that really likely? The answer is a re­
sounding maybe. 

After my first installation of SQL Serv­
er, I ran a set of tests on the Compaq using 
first one and then two 486 processors. The 
dual-processor results were si mply not im­
pressive. In most tests, the dual-486 con­
figuration actually ran slightly slower than 
the single-processor setup. Only the tests 
with 12 or more clients showed any speed 
increase, and that was marginal. 

In trying to solve the problem, Com­
paq 's technical folks happened to ask if I 
had set the dedicated multiprocessor 
switch. I hadn 't even seen the option be­
cause it 's hidden away in a nonobvious 
configuration screen. When I set this 
switch, performance nearly doubled (see 
the figure " SQL Server's Dedicated Mul­
tiprocessor Switch"). 

Running the Windows NT processor 
performance monitor shed some light on 
the si tuation. While running the SQL Serv­
er test on the Compaq system with two 
clients and the switch off, the two proces­
sors worked just slightly harder than 50 
percent each. In other words, I was get­
ting basically the same performance as 
with a single-processor machine. Turning 
the swi tch on let the two processors zoom 
to nearly I 00 percent load. 

According to Gary Schroeder, a SQL 
engineer at Microsoft, setting the dedicat-

Performance Monitor 1:1[9 The Windows NT 

.-- --•'V' -t;.~ 
-"¥~,.._~_,_~-+~~~-'-'<,__ 

1.COO ~ PfoctuOI Tine 

ed multiprocessor switch 

provides the best perfor­

mance in most situations, 

but not when SQL Server 

has heavy multitasking 

competition from other 

applications . With the 

sw itch on, SQL Server 

operates with a greater de­

gree of parallel process­

ing, making it more effi­

cient. It also sets for itse lf 

a higher multitasking pri­

ority. With the switch off, 

the program uses a coar er-grained multi­

threading that is less susceptible to inter­

ruption than when the switch is on . The 

conclusion is that even a traditionally mul­

tithreaded application such as SQL Server 

may not see significant performance in­

creases from multiple processors without 

specific algorithm changes to take advan­

tage of the environment. 


What You Pay For 
Comparing the test results, features , and 
prices of the ALR, Compaq, and YTech 
systems, it seems you get what you pay 

About the Products 

ProVEISA DMP 4/66d ...$9638 ProUant 2000 Platinum SMP 
(tested configuration , no monitor) $15,824 for 50-MHz 486 dual-486 486DX2/66 dual ............ $4549 

model: 515.296 for single 66-MHz (approximate price for tested 
Advanced Logic Research, Inc. Pen tium model; $20.355 for dual configuration. no monitor) 
9401 Jeronimo 66-MHz Pentium model (all tested 
Irvine, CA 92718 configurations) VTech Computers. Inc. 
(800) 444-4257 800 North Church St. 
(714) 581-6770 Compaq Computer Corp. Lake Zurich, IL 60047 
fax: (714) 581-9240 P.O. Box 692000, M120208 (800) 284-3976 
Circle 1078 on Inquiry Card. Houston. TX 77269 (708) 540·8086 

(800) 345-1518 fax: (800) 947-3976 
(713) 378-8820 fax: (708) 438-1671 
fax: (713) 378-1442 Clrcle 1080 on Inquiry Card. 
Circle 1079 on Inquiry Card. 

processor performance 
monitor showed dramatic 
improvements In 
processor utilization 
once SQL Server's 
dedicated multiprocessor 
switch was turned on. 
With the switch off !left!, 
processor utilization for 
the Compaq's dual-486 
system averages around 
50 percent with two 
clients; with the switch 
on lbelowl, it climbs to 
98 percent. 

for. The Compaq ProLiants have the fea­
tures and performance you'd generally 
want for a superserver, but also the price 
tag . However, they are much less expen­
sive than older MP superservers. 

The ALR system has basic server fea­
tures- storage capacity, EISA slots, and a 
strong power supply- but it lacks stan­
dard ProLiant feanires like enor-conecting 
memory and a RAID-capable SCSI con­
troller, and its performance is on a par with 
a fast si ngle-Pentium system. It also costs 
over $5000 less than a ProLiant for similar 
memory and hard drive capacities. 

The YTech beats all when fac toring 
both price and performance, but for most 
uses, it isn't a server in form factor or fea­
tures. With the desktop case, YTech is 
banking that eventual NT CAD/CAM, en­
gi neering simulation, and DTP applica­
tions can .also use the extra horsepower 
provided by symmetrical multiprocessing. 
In the meantime, it ' s a great system on 
which to develop those applications. • 

Raymond GA Core, a BYTE consulring ediror, is 
1•ice preside111 ofproducr deve/op111e111 ar Appro­
prime So/111io11s. Inc. ( Pererborough. NH). He can 
be reached on rhe lmem er m rgacore @world.srd 
.com or on BIX as "rgacore." 
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-ROM Drive 


Ifyou need to access data or applications on more than one 
CD-ROM disc, then Pioneer's automatic changers are 
unbeatable. Choose from double speed or superfast 
quad speed changers and save big bucks over 
multiple single disc drives. 

To come close to matching Pioneer 
changers you would need six individual 
CD-ROM drives and pay more than 
$3870*. For less than a third of that cost 
($ 1095)t, get a smart buy on a DRM-602X 
double speed, and for well less than half the 

·Smart 
For more capacity, daisy chain up to seven drives for 42 discs 

at your command or buy our clever new DRM-1804X 
quad speed drive with 18 discs that daisy chain to 

quickly access awhopping 126 CD-ROM discs. 

All Pioneer CD-ROM produces 
feature builr-in Kodak Multisession 

Photo CD™compatibility and 
cross platform plug and play for 
PC's, MAC's and workstations. 

And our changers feature 
sofrware keyed security to conuol 

Just load six CD-ROMscost ($ 1495)t, buy the very quick DRM-604X disc removal.
into a single pop-in magazine. 

quad speed drive. End the CD-ROM shuffle by 

automatically switching between discs in seconds and have To load your favorite discs into a Pioneer changer, 

licerally 3,600 MByces of data and applications at your fingertips. just call 1-800-444-0PTI (6784) for the dealer near you. 


@PIONEER® 
The Art of Entertainment I. 

' PIONEER NEW MEDIA TECHNOLOGIES, INC. 

A"~'d Winning DRM-604X 

2265 E. 220th Sc., Long Beach, CA 90810 
'Suggested Retail Price ofGChinon double speed CDS-535 imcrnal drives. tPionccr Suggested Rmil Price. 

Phom CD is a tndemark of Eastman Kodak. 
Circle 130 on Inquiry Caret 



In every successful software product 
there is a spark of magic. That magic 
brings together the ingenuity, skill and 
years of hard work you've invested 
in developing something unique and 
valuable. 

Trouble is, the worldwide epidemic of 
software piracy threatens your 
investment. By draining potential 
revenues, the illegal use of software 
dramaticallyreduces your profit margins. 

Aladdin's business is helping software 
companies protect their products - and 
their profits. 

Since 1984, over 8,000 developers in more 
than 60 countries have chosen HASP <»­
the Professional Software Protection 
System - to increase their revenues. 

HASP~ delivers the highest level of 
security for developers,without 
inconveniencing legitimate users. 
Experts recognize its design as the most 
technologicallyadvanced software 
protection product on the market. 

That's 011r 

magic. 

SOFTWARE SECURITY INC 
North The Empire S~11e Building 
America 350 Fifth Al'enue, Suite 7W4 

1\ewYork, NY 10118. SA ~ Tel: (~)223 m 
212-564 56 8 iii 

Fax: 212-564 33n iInternational 	 Aladdin 
-0Office 	 Knowledge Systems Ltd. .:J 

l 5 Beil Oved SL, Tel AIii', Israel ~ P.O.Box 111 l, Tel A1i1•6l IIO 

f 
~ Tel: 9 2-3-53 5 95 

Fa.x: 9 2-3-53 5 96 
Applellnk: AL\DDl N. KNOW 
Compuse!\-e: 100274,434 

France 	 Aladdin France SA 
Tel: 33 I 40 85 98 85 i 

0Fa.x:33 l l 21 90 56 

·~ 'Z "® • Australi3 Conllb 3 89 ;685 • Belgium Akkcrm:ms 3 2338826 • Czech ATL.\S 2 i66085 • Chile ~llcrologic:i 2 222 1388 
' .-/ -.Ill u •Denmark SC ~ktric 42 200 • Fln!Jlnd ID· ystems 0 SiO 3520 • Gennany 201 7498640 • Grttec Unibrn in I 68;6320 

z~ L • Holland Akkcnnans 45 241444 • lttl.ly P:mncr Dm 2 261 i.lSO • Japan Atl1cna. 3 58 213284 • Ko= Dae-A 2 848 4481 
~ , <» • New Zealand Tr.1ining , ·1;66601· • Poland Sy>thenn 61 475065 • Portugal Futunnatica I '1116269 • South Africa D Le Roux, 11 886 4704 
"""'' '"1""!'1 "'""""""" • Spoin PC Hartlw:irc. 3 4493 193 • Swlttcrland Op:ig 61 711 2245 • Taiwan Teco 2·555 9676 • Turkey Mikrobeta 4-1677504 
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Q+E: The l\ey to ODBC 

Build database-independent applica t i ons with O DBC a n d Q+E's 2.0 
release of Database L ibra ry 

STEVE APIKI 

\N
hat Mi croso ft 's ODB C 
(Open Database Con nec­
ti vity) is only beginning to 

provide today-database- independent ap­
plicati ons for users and a single database 
target for developcrs-Q+E Software has 
been delivering fo r over two years wi th 
Q+E Database Library. Although it fit the 
bi ll , however, the ini tial release of Data­
base Library wasn' t quite flex ible enough. 
As it freed applications fro m supporting 
multiple databases, it bound them to driv­
ers sourced so lely fro m Q+E, mak ing 
Database Library 1.0 a less-than-open 
so lution. 

Database Library 2.0, built on ODBC 
itself, sets this tested database technology 
squarely on top of a well -support­
ed multi vendor standard. ODBC 
is still maturing, and addressing 
the ODBC API di rectly is coding 
a litt le too close to the metal; all 
the low-level detai ls are up to the 
deve loper. Q+E Database Library 
2.0 ab tracts ODBC a few steps 
further, letti ng you buiId your ap­
plication assuming you' ll run on 
a database system that supports 
the most sophisticated database 
management functions ava ilable. 
If, instead, your application fi nds 
itself running against dBase fi les, 
Database Library will (for the most 
part) fill in the result ing gaps . 

One Library, Many Databases 
Q+E Database Library is actually 
not a single library but a fa mily of 
DLLs. Us ing any development 
tool that can call a DLL (and that 
can range from Microsoft Excel 
to Borland C++), you build an ap­
plication that conducts all its data­
base access through call s to Data­
base Library . The DLL, in turn , 
calls ODBC-compLiant drivers that 
provide client-server acces. to the 
database. The data can ul ti mately 
reside in any database for which 
omeone has built an ODBC dri v­

er, including SQL Server, dBase, 
or DB2. 

An A ppllcatlon B .ullt with Q +E D atab ase L i brary 2.0 
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Most of this interoperabi lity comes cour­
tesy of ODBC, so you could write direct­
ly to the ODBC APL But not all ODBC 
drivers support all the featu res you may 
need, and you have to hand le the differ­
ences on your own. Database Library 
masks these differences. For example, 
level- I driver and some level-2 driver 
don ' t support backward-scrolling cursors, 
but Database Li brary provides thi s capa­
bi lity fo r you. 

Also, Database Library is just easier to 
use. As a hi gh- level interface, it can au­
tomate functions and tune for performance 
above the driver level. sav ing you consid­
erab le effo rt. Thi s inc ludes automati c 
establishment and tracking of additi onal 
database connections when you exec ute 
mulli ple SQL statements against databases 

(e.g., SQL Server) that allow only one 
statement per connecti on. 

Equal Footing 
The best part of Q+E Database Library, 
and the single item that most sets it apart 
fro m other ODBC toolkits, is il5 provision 
of an unvarying et of powerfu l database 
management functions on every database 
platform. Usi ng Database Library, you can 
safely write an application that assumes 
fo rward, backward. and random record se­
lection, and even transaction support, re­
gardless of the underl ying database. 

However, that functionality is not de­
li vered solely by the DLLs; some of it re­
lics on the support that is prov ided by 
Q+E' s ODBC drivers. Q+E suppli es 20 
database dri vers with Database Library. 

http:vlsllJle.to
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Q+E also sells these off-the-shelf ODBC 
drivers to end users as part of its ODBC 
Driver Pack. Although you can use them 
for development , you can't resell them 
with your final product; you need a dis­
tribution license 

building SQL statements and processing 
those statements and their results using 
Database Library functions. l buill the 
browser, for example, by building a SQL 
SELECT statement, executing it through 

the library , and 
scrolling backfrom Q+E for KEY NEW FEATURES IN VERSION 2.0 
and forth through that. However, 
the results, which you can opt not • ODBC compliance 
were bound toto provide a data­ • Data-dictionary functions for finding data sources 
variable . dis­base driver at all, 

• Built-in query builder played in the edit letting your users 
controls.install Q+E or 

third-party driver instead. 
Forward- and backward-scro lling cur­

sors are built into both the Q+E drivers 
and the library itself, so you're safe wheth­
er your customers have Q+E drivers or 
not. But although transaction support is 
also provided by the library , it relies on 
the transaction capability of the database 
system itself. In the case of dBase (since 
the dBase-file driver must implement all 
the SQL management function s itself), 
this requires transaction capability in the 
driver. For the moment, that limits you to 
Q+E's driver. 

ODBC is simply not as uni form a layer 
as it ought to be, and supporting some 
functions is out of the realm of a database 
access tool. Database Library works best 
when running on top of Q+E database 
drivers, and that 's probably the way you 
should plan on distributing yo ur appli­
cation. 

Building an Application 
Q+E Database Library makes support for 
multiple data sources easy, but it doesn ' t 
do much to simplify the process of actually 
building a database-enabled application. 
It. certainly doesn ' t compare on that score 
to VBX-based development kits like Coro­
mandel 's lntegra VDB orQ+E' own Mul­
tiLink/VB . 

Nevertheless, it is a fairly high- level li­
brary, and the APT is not hard to work with. 
The test application shown on page 139, 
which can switch between several data 
sources, browse a database, join tables, 
and automatically update 

About the Productfields based on the con­ ment process, r ran the 
tents of other fields, took sa mple application ex­Q+E Database Ubrary 2.0 .... $699 
about three days to pro­ clusively on a tes t Q+E(Driver distribution requires 
duce from a blank Win­ additional license.) dBase ODBC driv e r. 
dows application skeleton. When it was completely

Q+E Software, Inc. 
In general, working done, r ran it agains t5540 Centerview Dr., Suite 324 

with the Database Library Raleigh. NC 27606 Microso ft SQL Server, 
(800) 876-3101means working with SQL. through the Microsoft 
(919) 859-2220Once you ' ve made a con­ ODBC driver. Except for fax: (919) 859-9337 

nection, you spend most exposing an error in myCircle 1076 on Inquiry Card. 
of the rest of your code application (I was pulling 

Database Library also includes an as­
sortment of current-record access func­
tions. You can u e these function s to 
(among other things) update the database 
without having to write SQL UPDATE 
statements. 

The data-dictionary functions, new in 
2.0, provide the information you need to let 
users choose data sources and tables. You 
can que1y the database system for available 
database names and table names, and the 
results are returned as if you had executed 
a SQL SELECT statement. The library 
and driver handle all log-on details. These 
functions let you bui ld your application 
without anticipating a certain database 
strncture-a critical point for developers of 
shrink-wrapped applications. 

Database Library 2.0 includes an entire 
Query Builder interface. You can use the 
Query Builder to let users build SELECT 
statements interactively through a dialog 
box. Version 2.0 also introduces parame­
terized SQL statements that let you bind 
variables to expressions in a SQL state­
ment and thus programmatically modify 
queries with little effort. 

The sample application uses commit and 
rollback funct ions to update all related 
records in a single transaction. Transac­
tion support, explicit record locking, and 
determination and setting of database iso­
lation levels are all handled by the library. 
Again , although the data reliability you' ll 
get is a function of the driver and the data­
ba e system itself, you can use these calls 
transparently on any database system. 

During the deve lop­

in system tables when I didn ' t need to and 
was getting back EOF [end-of-file] when 
trying to read them), the program ran flaw­
lessly . Overall , portability from database 
system to database system was outstand­
ing; the on ly real lesson here is that no 
matter how good the underlying library is, 
you should plan to test your application 
on every system you intend to support. 

The fini shed application was fast , even 
without any tuning on my part. The Data­
base Library provides fun ctions to set 
virtually every parameter that can affect 
performance (or reliability), so you can 
optimize database access by hand if per­
formance is critical. 

Toward Greater Independence 
Q+E Database Library 2.0 and ODBC are 
intricately intertwined for the moment, but 
that 's at the middle of the driver stack; 
your application (al the top) need only con­
cern itself with the Database Library APL 
This insulation affords your application 
another leve l of databa e independence 
and allows Q+E to support other database 
access standards as they mature. Q+E has 
announced plans to support Borland 's 
IDAPI and could support other database 
access methods in the future. Since ver­
sion 2.0 of the library is al o backward­
compatible with version 1.0, users of ver­
sion 1.0 can now support ODBC by simply 
sliding ver ion 2.0 under their existing ap­
plications. 

Besides database independence, Q+E 
Database Library provides a measure of 
operating-system-platform independence 
as well. As of this writing, Database Li­
brary 2.0 111ns on Windows only. Q+E says 
that it will ship OS/2, Macintosh, and Unix 
versions of the Database Library by the 
end of the first quarter. All these non-Win­
dows versions will remain ODBC-com­
pliant, and Q+E will provide ODBC driv­
ers on those platforms. 

ff you ' re developing Windows database 
applications today and you can't use a 
VBX, Database Library 2.0 is a no-brain­
er-it' . the only sensible choice. If you 
can u e a VBX in your development en­
vironment and are after si mplicity, a tool­
kit like lntegra VDB or MultiLink/VB 
might be better; however, Database Li­
brary 2.0 is still the more powerful and 
flexible option. • 

Steve Apiki is a BYTE co11tributi11g editor. He is se­
nior developer at Appropriate So/111io11s. Inc. (Pe­
terborough. NH) , a co11s11/ti11g firm specializing 
i11 cross-plmfon11 developmelll. You can reach him 
011 the /111eme1 or BIX at opiki@bix.com. 
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WATCOM'"SQL for Windows is a high-performance 
SQL database engine for Windowsapplications. The package includes 
everythingrequired to begin using WATCOM SQL immediately from many popular 
Windows applications, supporting interfaces ranging from ODBC and DOE to theWindows 
clipboard. Everything necessary for application development in CIC++ (using compilers from 
WATCOM, Microsoft or Borland) is also included. 

Installation in Under 10 Minutes The easy installation and setup reduce 
the time and expense traditionally required by client/server technology. Further, WATCOM SQL lets 
you achieve high perfonnance results right out of the package without the need for perfomiance 
setup and tuning by expert personnel. 

Perfonnance and Reliability WATCOM SQL's cost-based query optimizer 
and efficient data representation combine to deliver high perfonnance. Transaction processing and 
declarative referential integrityprotect the consistency of your data.The client/server architecture 

- reduces network traffic , re ulting in increased perfonnance for your multi-user applications. 

Scalable SQL for Now and the Future WATCOMSQL applications 
can be designed to run without change in environments rangingfrom standalone PCs to large multi­
user networks .The 32-bit WATCOM SQL Network Server Edition unleashes the power of 3861486 
PC's to deliver high perfonnance for large networks with many clients. 

The Best Value in SQL Database Engines wATcoM '" sQL 
for Windows has a suggested retail priceof $795* but for a limited time you can get it at the 
introductory price of only$395*. Even better, as a registered user of WATCOM SQL you'll be able 
to get acopy of the6-user Network Server Edition for only $99*(Suggested retail price:$795*). 

Royalty-Free Runtime for only $99* As a registered user you can get 
royalty-free runtime support for just $99*, enabling you to distributeour standalone single-user 
runtimeSQL database engine with your applications royalty-free. 

1-800-265-4555 
The Leader in Development Tools 

Highlights 
~ ODBC Level 2support 

~ Built-in declarative referential 
and entity integrity 

~ Visual Basic Interface 
~ Bi-directional, scrollable , updatablecursors 
~ Row-level locking 
~ ANSI SQL and IBM SAA compatible 
~ Full transaction processing support with checkpoint log 

and forward transaction log 
~ Multiple simultaneous application connections 
~ Symmetric multi-threading of concurrent reque ts 
~ Import data from popular file fom1ats including DBF 
~ Automatic use of expanded and extended memory to 

improve perfonnance 
~ Static and dynamicembedded SQL interface for u e with 

WATCOM 's 16 and 32-bit CIC+ +compilers , and other 
popular CIC++ compilers 

Also available: 

WATCOM- SQL Developer's Edition for DOS 

Complete Client/Server Development Tools Package for 
DOS including Standalone Single-user SQL Database 
Engine. Enables development and deployment of single-user 
standalone applications , and development of applications for 
use with the WATCOM SQL Network Server Edition. 

WATCOM'"SQL Network Server Edition 
High-performance Multi-user SQL Database Server 
for PC LANs. Supports multiple concurrent DOS or 
Windowsclients in a network environment. 

WATCOM , 415 Phillip Street, waterloo, Ontario, Canada, N2L 3X2. Telephone: (519) 666-3700, Fax: (519) 747-497 1. ' Pli<t1 do not lndude 11eigntand tms where appficab~_ Aull\oriled d"~" may scll fo1less. 
WATCOM. andtheUghlning Device are 1ndemuks of WATCOM InternationalCorporation. Othertrademarks are the proPertles of their respective owners. Copyrighl 1993 WATCOM lnlernational Corporation. 
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eavyweight ,,,,, bres. 
Lightweight Price. 

No-wait Performance. 
Tired of waiting for slow graphics? Disappointed by stripped­ GRAPHICS 
down bargain-basement accelerators? Don't despair, the new 
ATI GRAPHICS WONDER gives you high quality, full featured 

graphics for just $199. 
MOTION VIDEO ACCELERATION 
All mach32vs Unassisted GRAPHICS WONDER 

Brn!A 

FRAME 

RATE 


WORSE 

COMPLETE WINDOWS CONTROL 

~ 
~ 

0 
""· ­ 1 ...... 1

0,•11o1 a.w.-. ~ 

~~~~ 

gives you the massive 
ongoing support you've 
come to expect from ATI. 

ATI mach32 
Unassisted Witl1 a hefty 5-year warranty and enhanced heavy-duty

iiiiiiiiiiiiiiiiiiiii drivers for all major applications. Plus heavyweight 
IMAGE SIZE features unheard of at these prices! 

ATI GRAPHICS WONDER:affordable graphics 
power for users who are tired of waiting. 

ATI Literature 
by Fax 

Doc.#1020 

Perfecting the PC 

WONDER™ 
Fundamental Features 
• Accelerates graphics and 

motion video 
• 	Up to 1024x768 NI** resolution 
• 	Up to 16.7 million colors 
• 	Flicker-free images wiili 75Hz 

vertical refresh 
• 	Driver support for 

Windows 3.1/NT, OS/2, VESA, 
and CAD 

• Windows control panel with 
virtual desktop 

• 	5-year warranty 
... and much more 

ATI TECHNOLOGIES INC. 
33 Commerce Valley Drive East 
Thornhill, Ontario CANADA L3T 7N6 
Telephone: (905) 882-2600 ext. 1 
Facsimile: (905) 882-2620 
Download BBS: (905) 764-9404 
Compuserve: GO ATITECH 

76004,3656 

Copyright ATI Technologies Inc., 1994. ATI, GRAPHICS WONDER, mach32 are trademarks and/or registered trademarks of ATI Technologies Inc. All other company and/or product 
names are trademarks and/or registered trademarks of their respective manufacturers. Features and specifications are subject to change without notice. Products may not be 
exactly as show. *Suggested US retail price, dealers may sell for less. - Non-interlaced. 
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Client/Server Made Easy 

NobleNet•s EZ-RPC makes it much easier to build distributed client/ 

server applications-from scratch or from existing stand-alone programs 

BEN SMITH 

C language application program­
mers are seldom network com­
munications programmers. They 

may understand the concept of client/serv­
er applications, but they typically lack the 
know-how to implement them over het­
erogeneous networks. NobleNet's new 
RPC toolkit EZ-RPC gives programmers 
the abi lity to write transport-independent 
client/server applications without network 
programming skills. EZ-RPC shields you 
from the network connection, making calls 
to routines on other systems seem no dif­
ferent than calls to local C functions. 

Just a few years ago, typical client/serv­
er applications resided wholly within a 
single multitasking computer. The server 
and clients ran as separate processes and 
communicated using operating-system ser­
vices such as semaphores, shared memory, 
messages, or named pipes . Today, there 's 
usually a network between client and serv­
er processes, and the two can be running on 
different computers, processors, and even 
operati ng systems. While the application 
may remain the same, implementation has 
become much more complex, because the 
old IPC (interprocess communications) 
methods have no meaning when there is no 
shared memory or file space. 

Enter RPC 
LPC over networks is typically handled 
with sockets, but socket programming isn't 
trivial. It follows a file 1/0 model and be­
comes tedious with anything more com­
plex than a simple data stream. To hide 
the complexity of socket programming, 
communications programmers developed 
an interface for building lPC that mimics 
the structure of a simple C function call ­
a function ' s name, its arguments when 
called, and its returned value or structure. 
This method of communication is known 
as a remote procedure call, or RPC. Apol­
lo's NCA (Network Computing Architec­

form data representation) , which allows 
little-endian computers, such as fntel-ba ed 
systems and DEC VAXes, to transparent­
ly exchange data with big-endian comput­
ers like IBM mainframes and Apple Macs. 
Now, nearly every Unix applications de­
veloper's license includes 0 C RPC, NFS/ 
RPC, or the newer operating-system-inde­
pendent Tl/RPC. Open Software Founda­
tion 's DCE/RPC, a descendent of Apollo's 
NCA, hasn ' t been as widely accepted. 

The El Advantage 
Although RPC simplifies fPC, most RPC 
toolkits have limits to their abilities to di s­
guise client/server interactions as simple C 
functions. EZ-RPC overcomes almost all 
of them (see the table "Advantages of EZ­
RPC") . EZ-RPC's most significan t fea­
ture is that, with few exceptions, it lets 
you use all standard C argument construct~ . 
variable dereferencing (i .e., use of ad­
dresses and pointers), and data structures. 

Other toolkits limit you to a single ar­
gument and to simple data types that can 
cross easily between client and server. In 
other words, you still have to write spe ­
cially constructed functions for any ser­
vices that span the connection between 
client and server. With EZ-RPC, you don' t 
need to rewrite existing func tions when 
creating a client/server application from 
an existing stand-alone program. Nor do 
you need to constrain function design if 
you are developing a new application with 

Using EZ-RPC 
Sources for 

• client and 
~ server clienl/~erv~rI oomm""i!; . . ~ 
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distributed computing in mind. 
To use NobleNet ' s RPC development 

tools, you break the client and server parts 
of an application into separate compila­
tion file li sts. You then define the func­
tions that bridge the client and server in 
an RPC specification file , run the rpcgen 
utility that generates the supporting source 
files, and compile the resulting client and 
server pruts of the code, linking them with 
the RPC library calls that are made in the 
generated code. 

With EZ-RPC, the only necessary ad­
dition to your source code is a single func­
tion call that your client program must 
make to establish communications with 
the server ; rnyprograrn_open_trans ­
port( argv[l] . O. Ol : is an example. But 
there are a few C language ambiguities 
that you should resolve. The most com­
mon is the use of the construct char * as 
the generic notation for a pointer to any 
data type. EZ-RPC provides predefined 
data types that you should use instead to re­
solve data-structure ambiguities. 

The RPC specification file that you must 
build has a syntax similar to C's. It con­
tains a program specification that holds 
the information about each server func­
tion made avai lable to the clients, plus the 
data types of these functions and their ar­
guments. The EZ-RPC specification file 
uses the same format as the Tl/RPC or 
NFS/RPC specifications, with a few en­
hanceme nt . Each function argument 

Executable client 
Sources for and server programs 
RPC-based 

ture), Xerox ' s Courier, and Sun Microsys­
tems' ONC (Open Network Computing) 
have each provided RPC programming Building a c/ie111/sen 1er application with EZ-RPC requires lit1/e more than dividing your C code illlo 
tools and librarie . c/iem and sen 1er portions and specifying which fi 111ctio11s bridge the c/ie111/server gap. You don't 

ONC includes Sun ' s XDR (cross-plat- need to rewrite exisring f1111 c1ions or co11.wrain design of new fi111 ctio11s. 
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Advantages of EZ-RPC 

EZ-RPC OTHER RPC TOOLKITS 

PARAMETER PASSING 

Places no arbitrary limit on the argument list. 	 Allows only a single argument and a single 
result. MUitipie arguments or return values must 
.be packaged as a structure. 

DATA TYPES SUPPORTED 

Supports all data types (Including pointers) and Supports only Integer. floating.point, 

structures, except those that cannot be fully enumeration. structure. fixed-length and variable­

resolved to having a beginning and an end (e.g., length single-dimension array,s. and discrimi­

!foubly·llnked lists and rings). nated union. (DCE/ RPO supports a few more.) 


TRANSPORT PROTOCOL 

Is built on top of TI/RPG, and so Is transport Uses NFS/ RPG, which Is limited to either UDP or 
Independent. Acommand-line option produces TCP and Is not transportindependent. 

. NFS/RPC calls. 

RPC SPECIFICATION FILE 

Provides extensive predefined data types and Can' t resolve data type ambiguities. Cannot read 

otj:ler en!Jancements for resolving ambiguities. external header files to find data structures. 

Can read external header flies to understand 

strU.ctures-and data.'Wpe definitions. 


MEMORY MANAGEMENT 

Has client and server memory allocation and Has no memory managemenf functions triggered 
memory management that are controlled by the by-the state of RPCs. so memory •1eaks" are 
state of the RPC call using It. t\ard to avoid. 

DOCUMENTATION 

A 290-page manual doeuments application-build: 
lpg with many exam11les, a tl)orough reference 
section on the RP.C specification flies, a descrip­
tion of generated files, and debugging methods. 

specification contains a modi fier (in quare 
brackets) that describes in which direction 
lhe data is to fl ow with the argument. 

Besides enhancements fo r resolving am­
biguities, EZ-RPC has advanced features 
for creating complex c lient/server appli­
cati ons. These include client-broadcast 
RPCs and, fo r applicati ons that use multi ­
ple servers, fi nd_se r ve r and col l ect_ 
se r vers functions. You can also create 
callback programs in which the client and 
the server switch roles. 

Testing Its Mettle 
To evaluate EZ-RPC, I started with source 
code from a configurable command inter­
preter I'm building, a stand-alone appli­
cation that creates a binary tree. I divided 
the code in an unbkely way (from a cl ient/ 
server standpoint) that fo rced the client 
and server to pass the tree back and forth 

About the Product 
EZ-RPC 	 NobleNet, Inc. 
54995 for first platform, first sca1: 337 Turnpike Rd. 
$1495 ror adcfllional platforms; Southboro, MA 01772 
$495 for additional seats. No ree (508) 4608222 
on use of the libraries. fax: (508) 460-3456 

Circle 1075 on Inquiry Canl. 

Informat ion i,s fragmented among several books, · ; 
technical papers, and Unix manual entries. ·, 

be tween th em. With a s ing le-process, 
stand-alone application, it makes sense to 
use pointers. But a pointer to an address in 
a process on one system has no meaning to 
another process on another system. 

In spite of the inherent difficulties, EZ­
RPC ea ily built the communications stubs 
that a llowed my client and server to con­
tinue using tJ1ese complex stmctures. Thi s 
was a particularly challenging task because 
the size of tJ1e shared data structure wasn' t 
available until the functions that generated 
the tree were comple te . ( It would have 
been a nightmare to try to build the data 
communications with sockets, or, for that 
matter, with shared memory, semaphores, 
and named pipes.) 

T he problems I ran into using EZ-RPC 
were not in its design and function, which 
are very robust, but in understanding the 
sy ntax of RPC specifi cation fil es . Even 

though Noble Net' s manu­
al s explain basic concepts 
well and go into consider­
able detail with ex tensive 
exampl es , there are some 
picky synt ac tica l require­
ments that need greater em­
phasis. Misund erstanding 
them delayed me in gelling 

my applicati on to compile and mn prop­
erl y. Fortunate ly , NobleNet's technical ­
support team set me straight , without con­
fu sion or de lay. 

Beyond Unix 
I evaluated NobleNet's Uni x product, EZ­
RPC, but network fPC is not limited to the 
Unix environment , and neither are Noble­
Net 's produc ts. You can provide DOSI 
Windows applications with cli ent/ erver 
capabilities using WinRPC ($995), which 
generates WinSock-compliant RPC DLLs. 
RPCWare ($4995) does the same for Net­
Ware cl ients and servers, generating C 
source stubs for EXEs and NLM (Net­
Ware loadable modules) . And programs 
deve loped in the Windows environment, 
for example, can communicate transpar­
ently with client or server code that you 
build in the Unix or Novell environment. 

EZ-RPC s upports Uni x implementa ­
tions from Sun, Hewlett-Packard, DEC , 
Silicon Graphics, fBM , The Santa Cruz 
Operation , Data General, and Next. Li­
censing of the first seat for either EZ-RPC 
or RPCWare is $4995 on the server side; 
th e price decreases for additional seats. 
This may seem steep to a PC developer, 
but there is no licensing for code generat­
ed by these products, nor for incl uding 
NobleNet' s libraries in the executabl es 
you link and distribute . 

I found EZ- RPC to be an easy-to-use 
tool valuable fo r converting any appropri­
ate application program to a network-based 
client/server design, and it doesn ' t require 
an understanding of network program­
ming. What EZ- RPC will not do is claw 
apai1 your application into client and serv­
er components; you have to perform this 
onerous ta k by hand. However, because 
EZ-RPC makes it so easy to move func­
tions between the client and server sides. 
design iterations are painless. 

Whether you ' re converting an existing 
program or building a new di stributed ap­
plication, EZ- RPC is a va luable tool for 
creating robust, well-behaved communi ­
cati ons links . Noble Net's RPC tools let 
you build c li ent/server applicati on. that 
mn on almost all Uni x platfonns. and, with 
NetWare and Windows. a ll from source 
code w ith no built- in communications. 
These di su·ibuted-application tools are far 
more economical and expedient than hiring 
o r tra ining communicati ons ex pe rt s to 
build di stributed applications.• 

Ben Smith is a /('Sting editor for the BYTE l ab. 
Ynu con reach him 011 the /11tem et at ben@ bytepb 
.byte.com or 011 BIX as "be11.m1ith. ·· 
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Budget CD Recording 

The cost of cutting ·your own CD-ROMs has never been this low7 

but you'll need a big7 fast hard drive 

TOM THOMPSON 

M uch has changed since BYTE 
looked at low-cost CD-R (CD 
Recordable) drives j ust over 

a year ago (see ' Affordable CD-R Drives," 
February 1993 BYTE, page 11 8). Then, a 
CD-R system cost from $9000 to $ 18,000. 
One reason earlier setups were so pricey is 
that, in addition to the CD-R unit and re­
cording software, they included an expen­
sive hard drive-one large enough to hold 
the 6SO MB of data you planned to record, 
and fast enough to pump that data into the 
CD-R drive at the sustained rate requ ired 
by the recording process. 

Today, several vendors offer SCSI CD­
R packages that cost right around $4000. 
The prices vary slightly, depending on the 
platform (Macs have built-in SCSI, but dard serves as a nearly uni versal inter­ is a si ngle-speed drive with a built-in 64­
most PCs require a SCSI adapter c;u-d) and change format among various platforms, I KB cache. A thumb wheel lets you quick­
whether you order an internal or ex ternal used it to make the test CDs. ly set the drive 's SCSI ID. On the Mac, I 
CD-R unit. At these prices, however, you simply selected an unused ID and added 
get on ly a CD-R drive and recording soft­ the drive to the Quadra 800's SCSI chain. 
ware; you have to supply your own large, This chain cons isted of an internal hard 
fast hard drive to feed the data to the CD­ drive and CD-ROM drive, an external 1­
R unit. While that makes the drop in price GB Envisio SmartStack hmd drive, an Ep­
smaller than it first seems, the price of cut­ son 800C fla tbed scanner, and a Kodak 
ting your own CD-ROM disks has dropped slide scanner. I used the last two·devices to 
thousands of dollms. generate 400 MB of test image data in SO 

I evaluated JVC's Personal Archiver, fi les that I stored on the Envisio hard drive. 
Microboards ' Pl ayWrite I 000, and Pinna­ The Mac Archiver application lets you 
c le Micra 's RCD-202. I ordered external select files scattered among various servers 
units to make it eas ier to check out the JVC Personal Archiver on a network and consolidate them into a 
recording software on both Macs 1rnd PCs. JVC's Personal Archiver works with PCs, single image fi le that represents the CD 
NC and Pi nnacle Micro offer internal ver­ Macs, and the Sun SparcStation Solar is image byte by byte. Using an image file re­
s ions of their CD-R units that cost sli ght­ 1.0 Uni x system. The software supports duces system overhead during recording. 
ly less because the drives run off the com­ three recording modes: track-at-once (the This was important because of the JVC 
puter's power supply; Microboard · doesn' t regular single-session CD-ROM format), drive's small 64-KB cache buffer, although 
offer an internal CD-ROM drive at thi s incremental (a specia l mode of JVC's that the drive 's single-speed ( ISO KBps) lr'dlls­

time. lets DOS users record and read porti ons t'er rate isn' t all that demanding. By prc­
All three rev iewed units can record onto of the data before finalizing it as a single assembling the data into an image file, I 

63-min ute and 74-minute CD blanks. In sess ion), and multiple sessions. The DOS thought I would easi ly write my first disk. 
computer terms, the 63-minute CD holds soft ware writes ISO 9660 or High Sierra Wrong. I ruined two blanks before dis­
S80 MB of data, and the 74-minute CD formats, and the Uni x software wri tes ISO coverin g that the Quantum hard drive 
stores 680 MB. (The time values are stan­ 9660 and native UFS (Un ix Fi le System) inside the SmartStack was undergoing 
dards for audio CD recording.) formats. On the Mac, you can record ISO TCAL (thermal reca libration) every 20 

As test systems, 1 used a 33-MHz Mac 9660, Mac HFS, or Red Book Audio (CD­ minutes and the process was interrupting 
Quadra 800 with 8 MB of RAM and run­ DA) formats; the audio material must be the data flow long enough to wreck the 
ning System 7.1, and a SO-MHz 486-ba~ed 44.1 -kHz, 16-bit stereo data captured on blank. (See the text box ' Recording Perils" 
Texas Microsystems computer with 8 MB the Mac. Once you record this da ta in the for more on this and other CD recording 
of RAM and running DOS 6.2. The PC 's audio format, you can play the resulting pitfalls.) I obtai ned a Maxtor I-GB drive 
SCSI con nector was an Adaptec I S42C CD on a standard audio CD player. that uses a less disruptive TCAL mecha­
card. Since the ISO 9660 CD-ROM stan- The C D-R unit , the JVC XR-WIOO I, nism and copied my source files to it. The 

CD-R drives /mm (left to right) Microboards, JVC, and Pinnacle Micro come with recording 
.rnfnvare and cables and cos/ around $4000. All three support Mac and PC platforms. The J VC and 
Microboards sys/ems also work 1vi1/i some 1ypes of Unix. 

MARCH 1994 .BYTE 145 



IiM'ltJW1 Budget CD Recording 


NC software then produced a perfect ISO 
9660 CD-ROM. 

Adding more sessions is a snap: Set up 
the data, insert the CD into the CD-R un it , 
and let the Archi ver software add the new 
sess ion. To play back one or more ses­
s ions, you use !he Mount command wi th ­
in the Mac Archiver application to display 
the list of sessions on a CD and pick lhe 
o nes you want. T hese ses:ions then ap­
pear as volumes on the Mac Desktop. 

On the PC s ide, the Personal Archiver 
serup can be restrictive. The SCSI ID of the 
CD-R unit must be one Jess than the SCSl 
JD of the hard drive. This means you can ' t 
make the data storage drive a boot drive, 
because that requires a SCSI lD ofO with 
most SCSI adaplers. 

The PC Archiver program uses a char­
acter-mode use r interface with a minimal­
ist set of menus. Several keystrokes go1 
the recording run ser up. Then the CD-R 
drive ground away for the 50 minutes re-

RECORDING PERILS 


quired to write the test data, burning a per­
fect ISO 9660 CD the first time. Making a 
multiple-session CD is just a mailer of se­
lecting the Add Session command from a 
menu and inserting the CD. A SESS ION 
.EXE program lets you list and then mount 
one session at a ti me. 

Microboards PlayWrite 1000 

The PlayWrite 1000 comes with record­

ing software for three platforms: DOS , 

Mac, a nd Unix (flavors suppo rted are 


If you thought dye-sublimation printing goofs at $3 a page were expensive, brace yourself for the cost 
of CD recording mishaps. At $20 to $40 a blank, the cost of mistakes mounts rapidly. Obviously, you 
want all your data together and organized before writing a blank. But an important fact often over­
looked is that once recording begins, data must flow to the CD-R drive at a constant rate without in­
tenuption-othenvlse, the blank Is ruined. Here are some hints to mininize expensive recording goofs. 

• Check out your SCSI setup. Loose cables, Im· 
proper termination, and conflicting SCSI IDs 
can introduce all sorts of hard-to-trace inter­
mittent problems and data dropouts. 

• Use a hard drive with unobtrusive TCAL 
(thermal recalibration). TCAL is the periodic 
process most hard drives use to check head 
tracking and adjust it to temperature-related 
dimension changes. Depending on how it's 
done, TCAL can (and often does) disrupt the 
data flow to the CD-R drive, with catastroph­
ic resuHs. Newer drives stagger this opera­
tion among read/write heads so the data flow 
remains essentially continuous. Ask your 
CD-R drive vendor for a list of recommended 
han:I drives. Also, a CD-R drive with a large 
cache, like the Microboards unit, can help 
smooth out dips in the data flow. 

• Reduce system overhead. First, switch off 
network services or disconnect the network 
line; unexpected network traffic can inter­
rupt the CPU and create a glitch In the 
recording data stream. Also tum off screen 
savers, sound utilities, and any other TSR 
programs or Extensions that might unexpect. 
edly take control of the CPU. 

• If your CD-R recording software has a test 
option, use it. This software can evaluate 

your system's throughput and, with some 
packages, identify potential ISO 9660 name 
problems or missing files. Generating an im­
age file of the CD-ROM you're about to cre­
ate can also spot missing files; this has the 
added advantage of turning the recording 
session Into a simple data-copy operation, 
which reduces system overhead. 

• For the most predictable resuHs when mak· 
ing ISO 9660 discs, Mac users should re­
strict filenames to ISO name format (an 
eight-character maximum plus a three-char­
acter extension, like MS-DOS filenames). 
Some recording applications offer automatic 
name conversion when making a disc. But 
you'll avoid surprises If you do it yourself. 

• Although the reviewed systems can record 
multiple sessions perthe Orange Book speci· 
ficatlon, this standard for magneto-optical, 
CD-R, and WORM recon:ling isn't final yet. 
(For more Information on the Orange Book 
standard, see "Start the Presses," February 
1993 BVTEJ. Minor last-minute adjustments 
could create compatibility problems for any 
CDs you recon:I before finalization. For the 
same reason, not all drive vendors have writ­
ten multisession Orange Book drivers. If pos· 
sible, restrict yourself to single-session 
recordings for the sake of compatibility. 

SunOS 4. 1.x, HP-UX 8.07, and NEC EWS 
V /4). The recording soft ware is from Data­
ware Technologies and supports Mac HFS, 
ISO 9660, RockRidge, CD-ROM XA (Ex­
tended Architecture), and UFS formats as 
we ll as multiple sessions . 

The CD-R drive is an ex terna l Ricoh 
RS9200CD. One minor annoyance is that 
you have to remove a small plate on the 
drive 's housi ng to get at DIP swi tches that 
set the SCSI ID and SCS I te rmination . 
Note that Microboards doesn ' t supply a 
SCSI card for the PC; the company as­
umes that you already own an ASPI-com­

patible (advanced SCSI programming in ­
terface) board. (If you don ' t, Microboards 
recommends an Adaptec card .) 

The Dataware software sets up a virtu­
al ISO 9660 partition on the source hard 
drive. It does this by using a driver that 
maps and converts the hard drive 's native 
file struciure into ISO 9660 format on the 
fl y as the drive is accessed throug h the 
MSCDEX CD-ROM driver. This way, you 
can exam ine the resu lts of your planned 
CD-ROM image before committing it to a 
blank . 

The mapping soft ware accompli shes 
this s le ight of hand by consulting a map 
file that you wr ite to desc ribe the CD­
ROM 's layout and the corresponding links 
to fi les on the hard drive. l11e map file is an 
ASC II tex t fi le, and the commands you 
write in it provide an exact description of 
the C D-ROM. You can create simple one­
to-one links between fi les and directories 
o n the hard drive and the planned C D­
ROM. or you can ammge more exotic fare 
wi th mixed data fil es and audio tracks. 

Once you 've written the map fi le, you 
run the mapping applicat ion. On the Mac, 
VMapBuild creates a map file that 's used 
with another application, YMapMount, to 
" mount" the virtual CD-ROM image. The 
virtual image appears on the Mac Des k­
top, and you can exp lore the arrangemen t 
of the CD-ROM by poi nting and clicking. 

Under DOS, the YMAP_ISO.EXE pro­
gram places the map in memory, and you 
mount the virtual image using MSCDEX 
.EXE. You then examine it using DOS com­
mands. Ifyou reboot the system. you' II have 
to rerun VMAP_ISO.EXE to re-create the 
virtual CD-ROM . When the virtual image 
mee ts wi th your approva l, you run CD­
Record (both platforms) to e ither make a 
rea l image file or record on a blank. 

The ISO 9660 CD-ROMs I made were 
readabl e o n both the Mac and th e PC . 
However. the Mac-made CD-ROM had 
some nested subdirectories (well under 
ISO 9660's lim it of e ight ) th at the PC 
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Once in a while, something is created that goes 


above and berond the ordina1y. 


Something better than the rest. 


In the realm of copy protection locks, the Hardlock"' 


copy protection system rises above the others in 


securing your applications against unauthorized use. 


Hardlock is the only lock that uses a programmable 


algorithm, far more complex to decode than simply 


reading the contents of a memory chip. Hardlock also 


features selectable anti-debugging and reverse 


engineering protection as well as protection against 


hardware emulators, which no other lock has. 


S ecurity. Quality. T echnology. 


H ardlock is state of the art. 


C all us to find out more about how Hardlock can 

provide your masterpiece with the security it 

deserves. 

1-800-562-2543 

~~QQliil 

SERVING THE SORWARE INDUSTRY SINCE 1979 New/

CD-Crypt
Software Protection · Data Security for secure 

Phone 708-808-0300 · Fax 708-808-0313 ;:~OM 
,,. tire 
r11stribution 

For DOS, Windows, Windows NT, OS/2, Unix, Xenix, DES Single User, Network, CO-ROM Applications and More 
For adistributor in Europe contact FAST Electronic GmbH, Tel: 49-89-53 98 00-20 Fax: 49-89-53 98 00-40 · In Brazil contact HT-MACH. Tel: 55-21 -257-0314 Fax: 55-21-235-6808 

·In Chile contact Datasoft S.A., Tel: 562-246-7443 Fax: 562-208-0591 · In Peru contact V.C.H.I.. Tel: 51-14-440537 Fax: 51-14-475984 
·In Mexico contact D.C. Computacion, Tel: 611-43-41, Fax: 611-46-41 


For International Information circle 97, For Domestic Information circle 98 on Inquiry Card. 
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claimed were '" in valid directories,' ' even you set the SCSI ID by a thumb wheel, 
though the directory and its fil es were vis­ which simplifies installation. It ' s a singlc­
ible on the Mac. The PC-made CD-ROM , speed dri ve with a 64-KB cache, and , as 
using the identical fil e data and directory witl1 tl1e JVC drive, this small buffer means 
structure, had no problems at all . Datawarc that you need a peppy system and a fast 
is aware of the problem and should have it ·ource drive to maintain the data fl ow. 
fixed by the time you read thi s. The RCD recording program provides a 

Depending on the CD-R dri ve , CD ­ neat drag-a nd-drop interface on both the 
Record writes the data al single speed or Mac and the PC running Windows. You 
double speed (300 KBps) . For the Ricoh click and drag the source dri ve's icon and 
drive, it uses single speed, so the 400-MB the destination drive ' s icon from a li stbox 
data transfer took about 50 minutes. This to the appropriate windows to arrange the 
dri ve has a 1.2-MB cache, which makes data transfer. With the li stboxes beneath 
the recording sess ion less susceptible to the source/destination windows, you drag 
dat a dropouts; T confirmed thi s by suc ­ and drop to assign the desired source fil es 
cessfull y writ ing a CD-ROM usi ng the and folde rs for trans fer to the destination 
Envisio drive with it · cl umsy TCAL pro ­ dri ve. Once you've fini shed arranging the 
cess. As with the JVC software, adding data, you can create an image file. 
another sess ion is just a matter of putting On the PC, you can " mount" thi s im­
the CD back into the drive and writing age and test it. As with the Dataware soft ­
more data to it. ware, a spec ial driver map. the ISO 9660 

data so that the MSCDEX.EXE considers 
it a CD-ROM. However, the mapping in­
fomiation is obtained not from a text fil e. 
but from a database created by RCD as 
you arranged the fi les. On the Mac, you 
can se lect a target SCSI drive and RCD 
will fonnat the drive into an ISO 9660 CD 
im:ige. A provided Ex tension all ows the 
Mac to access this non-I-IFS volume. You 
can al so mount multiscss ion CD-ROMs. 

Pinnacle Micro RCD-202 where each session appears as a separate 
Pinnacle Micro 's recording software sup­ vo lume on the Mac Desktop. 
pons ISO 9660, CD-ROM XA, CD-I (CD ow you're ready to burn a blank . RCD 
Interactive), Photo CD. multisession, and lets you do a test run to veri fy that t.he sys­
audio CDs. As with the JYC soft ware, you tem can sustain the transfer rate for the 
use 44.1 -kH z. 16-bit s tereo (AlFF or duration of the recording: or. if you prefer, 
Sound Des igner files) on the Mac for the you can skip the test and go ahead with 
audio data. A utility program on the PC the recording session. Us ing the Max tor 
lets you convert WA V files to the appro ­ dri ve , in about 50 minutes I made ISO 
priate formal. The Mac software can also 9660 CD-ROMs that we re readable by 
make Mac HFS-format CDs. There 's no both Macs and PCs. As with the other pro­
support for Unix systems at this time. grams, adding sessions was simply a mat­

The Pinnacle RCD-202 CD-R drive lets ter of writing more data to the CD. 

About the Products 

Personal Archiver PlayWrlte 1000.............. S3899 RCD-202 

lnterl'lal Mac ...................... .$"3995 Price includes external Cl>R unit: Internal Mac or PC ••••.••.••.$3995 

lntemal PC ...... ................... $4100 Oataware Technologies Cl>Record External Mac ..... ...... ..... ... 53995 
Extemal Mac •..•...... .... ... ... .• $"4495 software for Mac, PC, and Uni• External PC............ .. ........$4195 
Extemal PC .••... ....•.•. ....•..... $4595 systems: 3-foot SCSI cable; two Price includes Cl>R drive, Adaptec 

Price Includes Cl>R drive. Adaptec recordable media blanks: and caddy. SCSI controller board for PCs, RCD 
SCSI adapter card for PCs, Archiver Media (box of 10 discs): $190 for software, SCSI cabling. and caddy. 
software, SCSI cable. one recordable 74-mlnute blanks: $170 for 63- Media: $39 per 63-mlnute or 74· 
media blank, and caddy. Media: S26 mlnute blanks. minute blank: $35 each in 
per 63-mlnute blank: $29 per 7 4- Mlcroboards, Inc. quantities. 
minute blank. · 308 Broadway Pinnacle Micro 
JVC Information Products Carver. MN 55315 19 Technology 
17811 Mitchell Ave. (800) 225-4414 Irvine. CA 92718 
Irvine. CA 92714 (612) 448-9800 (800) 553-7070 
(714) 261-1292 fax: (612) 448-9806 (714) 727·3300 

fax: (714) 261-9690 Circle 1082 on Inquiry Canl. fax: (714) 727-1913 

Circle 1081 on Inquiry Canl. Circle 1083 on Inquiry Canl. 


One annoy ing quirk I discovered with 
the Mac version is that once you drag and 
drop a source drive, you can' t al so use it as 
the destination. This is a problem if you 
were planning to use the same large drive 
as both the container of your source files 
and a destination fo r the image file. The 
workaround is to parti tion the dri ve and 
set one partition as the source and the other 
as the destination. 

Recording Results 
JVC s se tu p gave me the least trouble in 
making CD-ROMs on both platfo rms. 
As ide from the init ial problem with my 
choice of source hard drive, the JVC hard­
ware and so ft ware prov ided trouble- free 
recording. The programs were simple to 
use, and they supplied good status infor­
mation as they operated. This was espe­
cially valuable when the error messages 
pointed out that the dri ve might be at fault 
during my fi rst two recording attempts. 

If you already have a SCSI card in your 
PC, Microboards' solution might be the 
better choice. (Microboards doesn' t supply 
an adapter. ) With its large cache, the Mi­
croboards drive is also more tolerant of 
data dropouts. which might be an issue if 
you already own a hard drive and a desk­
top computer. The Data ware so ft wa re 
manual gives you comprehensive in fo r­
mation on CD formats, which is a plus for 
both the novice and the expert planning a 
sophisticated product. The virtual CD im ­
age is a nice concept , although I wish mak­
ing the map f'il e was easier. 

Pinnacle Micra 's cli ck-and-drag as­
signment style will appeal to those who'd 
rather not tinker with map files. This prod­
uct has no Uni x support , however. Inter­
est ingly, the PC manual gave co pious 
details as to CD formats and storage re­
quirement ca lculations, while the Mac 
manual did not. 

With their low prices, these three CD-R 
setups offer new opportunities for small 
companies to manage and di stribute large 
amounts of in formation. They ' re also a 
convenient way to archive data, espec ial ­
ly scanned images or reams of printed tex t. 
Gi ven a choice , T'd pick JYC ' s Personal 
Archiver. although the Microboards Play­
Write 1000 and the Pinnacle Micro RCD­
202 placed a close second . • 

Tom Tl10111p.1·1111 is a BYTE se11ior 1ec/111 ical editor 
at large with a B.S.E.E.fro111 Memphis State U11i­
1•ersi1v. He is 1111 Associate Apple Developer. You 
ca11 co11111c1 him on Appleli11k a.1· T. THOMPSON. 
o r 011 the /111em e1 or 8/X 111 10111_1lw 111pso11 @ 
bix.com. 
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Tired of resetting 

your PC clock? 


(PRE(ISION Tll'lENJ 

We've got your problem solved at an 
affordable price. PRECISION TIME 
with TimeGuard1

M protects against 
drift and erroneous time and date 
changes. Your PC clock will be 
accurately set and maintained by 
accessing an Atomic clock. Requires 
minimum memory and disk space. 
Ideal for personal computers and 
networks. Completely seJf.,contained 
with nothing else to buy, PRECISION 
TIME is compatible with MS-DOS, 
Novell and Microsoft Windows.* 
Easy to install and use with 
automatic adjustments for 
Daylight Savings Time. 

Regularly $149.95 

Introductory offer 
$79.95 
VISA & Mastercard Accepted 

REQUIREMENTS: 
IBM AT or compatible PC with 

80286 or higher microprocessor. 
MS-DOS or PC-DOS Version 3.3 or later. 
1200 BAUD modem for Atomic clock access. 

For Orders Only: 1-800-91-LOGIC 
or 1-800-915-6442 

For more information ­
Voice: 615-391·9100 
FAX Info: 615-391 -5292 
BBS: 615·391 ·8065 
·All product names Me tradem..uks of thclr re1pcctlvc comp.ml~. 

[CRYSTALOOIC™] 
cau or write for information on other available software: 
freeStyle Report Writer · Programmable Report Writer for Nanagement 
Crystal Sort · Programmable Hlg/1Speed Sort 
Crystal VM . Virtual Nemory Nanagement Library 
Crystal VW - Virtual Windowing Nanagement Library 

PERFECTLY LOGICAL SOFTWARE 
2525 Perimeter Place Dr., Suite 121 
Nashville. TN 3721 4 

Circle 207 on Inquiry Card (RESELLERS: 208). 



32-BitDOS! 

Microsoft Phar Lap 
The 

=Futured+ 
IT'S HERE! 

NT power under 32·bit DOS! 

Microsoft Visual C++ and Phar Lap TNT 
bring the never-before-available power of 
Windows NT to 32-bit DOS! Phar Lap's 
new TNT DOS-Extender lets you break 
the 640K DOS barrier, build multi­
megabyte DOS applications and take 
advantage of powerful NT features. 
Implement threads, DLLs and multitask­
ing with your familiar Microsoft develop­
ment tools - under DOS! It's never been 
so easy to create the most powerful, 
full-featured DOS programs ever. 

TNT DOS-Extender is the new standard 
in 32-bit DOS. 11he DOS power you've 
been waiting for is finally here! 

Try it out••• FREE! 
fr you have the 

Microsoft Visual 
G++ 32- it Edition 
ools, you ve a1ready 

got a ee trial-size 
version 0£ TNT 
DOS-Extend er . 
TNT DOS-Extender 
Lite is automatically installed with your 
Visual C++ 32-Bit Edition software. You 
can use TNT DOS-Extender Li e to build 
versatile 32-bit programs that can access 
up to two megabytes of memory and run 
under DOS, Windows 3.1, or Windows 
NT. It's the easiest introduction you 'll 
find to the power of TNT. 

The next-generation 
DOS extender. 
TNT DOS-Extender is the only DOS 
extender to support the Win32 API, 
allowing your native Windows NT 
character-based programs to run under 
DOS with no changes. Programs can 
access all available memory - up to 
four gigabytes - and run with 32-bit 
speed and power. 

But that's not all . TNT DOS-Extender 
also supports powerful NT features such 
as dynamic link libraries (DLLs) and 
threads, enabling developers to build 
modular, responsive multi-megabyte 
applications. And all this power is 
delivered with th e high standards of 
teahnical excellence you 've come to 
expect from Phar Lap, the industry 
Jeader in DOS extender technology. 

Already a standard. 
J N DOS:Extender is the tool chosen 
by Microsoft o develop their own 32-bit 
tools. TNT DOS.Extender was used to 
build both the 16-bit and 32-bit versions 
of Microsoft Visual C++, Microsoft 
MASM 6.1 and Microsoft FORTRAN 
PowerStation. 

.....NT Power Under DOS Lets You: 
• Utilize NT features such as multitasking, DLLs and threads 
• ,Build mu lti-megabyte 32-bit DOS programs 
• ,Break the 640K.DOS bruTier - with your familiar M~cro oft tool 
• Build one application ~hat runs under both Windows T and DOS 
• Save RAM ! Run a 4 MB DOS system, not a 20 MB NT system 
• U e industry- lead ing, high-quality Phar Lap and Microsoft tool 

32-bit CodeView, too! 
TNT DOS-Extender includes a 32-bit 
version of the familiar Microsoft 
CodeView debugger. So you can use 
industry standard Microsoft tools, 
including CodeView, to develop software 
for the operating system of the future ­
that your DOS customers can use today! 

TNT DOS-Extender SDK is the latest 
release of Phar Lap's award-winning 
3861DOS-Extender SDK. You can also 
use TNT DOS-Extender with a wide 
variety of 32-bit compilers (including 
Visual C++ 32-Bit Edition) to build 
Extended-DOS programs with no NT 
system required. In addition, TNT DOS­
Extender is compatible with all 32-bit 
tools supported by 3861DOS-Extender. 
An add-on run-time kit is available for 
developers who want to distribut NT 
DOS-Extender applications to customers. 

So if you 've been wondering what the 
future holds for DOS developers, don't 
wain: ... bring cutting-edge technology to 
your DOS applications today with NT f 
DOS-Extender! 

1
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• Phar Lap Software, Inc. 

60 Aberdeen Avenue, Cambndge, MA 02138 617-661-1510 FAX 617-876-2972 

3861DOS -Ex 1ender and TNT OOS-fa1cndcr are 1radcm;uL'.'i and Phar Lap i a rcgi.\lcrcd 1r.tdcmark of Phur Lap oftw·ut: . Inc. Visual C++. Win32. Windo'' and Wi nd_o"-S ~Tare trademi'.lfk~ Md Code:. View and Micro.wf1 
arc regis1em.J 1rndcm11rk\ of MicrQ\of1 CorporJlion. 01hcr product and company namc.c; ilrc trndcmarks or rcgi~tcred trademarks of their respective holders. 
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l:m1fMi1 Software 

Desl~top Telephony 

Develop your own automated phone applications with PhonePro 

RAYMOND GA COTE 

M ost businesses have invested 
in computers hoping to lever­
age available time and man­

power. While the producti vity gains that 
PC provide are currently under debate, 
such technological wizardry as E-mai l, on­
line databases, and computer-based fax­
ing systems have become indi spensable 
business tools. To these basic office ne­
cessities you can now add PhonePro from 
Cypress Research. 

PhonePro, a Mac program for creating 
automated, programmable voice-mail sys­
tems, can he lp you to work smarter, par­
ticularly when you' re not around . In fact, 
you can build an entire business around a 
PhonePro-based service. With its graphical 
scripting language you build scripts that 
answer the phone, present spoken menus, 
and respond to callers' Touch-Tone en­
tries. Callers can leave private voice mes­
sages or transfer to another extension. 

PhonePro works with any analog te le­
phone system and can communicate with 
an ISON phone line using third-party hard­
ware. Cypre Re earch provides ample 
PhonePro scripts that can have you oper­
ating a simple voice-mail system within 
minutes of installing the software. 

However, PhonePro goe far beyond 
voice messaging. Cypress Research cal ls it 
a telep'1011y app/ica1ions builder. With 
PhonePro, you can construct just about 
any imaginable application invol ving tele­
phones. I spent a day sketching out pro­
grams for answeling services, information 
retrieval, automated wake-up services, and 
fax-back applications-enough to deter­
mine that almo t everything I wanted to 
do was within the realm of PhonePro. 

In addition to recording voice messages, 
PhonePro can identify the ource of the 
phone call using Caller ID and can store 
call-related in forma tion in it integrated 
database. The database can handle vari­
able-length text strings, numbers, dates, 
times, and sounds. You could, for example, 
associa te menu choice wi th caller ID for 
an order-taking application , or track which 
in form ation ca llers are requesting most 
as a form of market research . 

Customers can ca ll in on Touch-Tone 
te lephones or use the optional computer­

!:'~°J:'c:Z~P.~:!:'!~:~.7.~~i;::~:~,'::.,-:J'ppr1;1
When lhl -.Cf'lpl ts rin/mtd I! upOft'l lht 1.ablt lflf\I • 1"4 rd• namtU 'TOd•r'I 
Ollltlt" 

4. 

3. 

A moderately complex PhonePro script overflows a 21-inch monitor's display. All the available program Icons frt 
into seven tool palettes. This sample reads a series of names and phone numbers from a database, calls each 
person in tum, presents a series of luncheon options, and then places each order in a text file along with the name 
of the person who ordered it. 

direct access. With the latter, ca ll ers can 
peruse menus from a terminal program 
and receive in formatio n directly via mo­
dem. In addi tion, PhonePro communicates 
with FaxPro software. also from Cypress 
Research, so th at callers can request in­
formation to be faxed back to them. 

PhonePro currently does not a llow the 
fax-back to occur on the same phone line 
as the ori g inating call. The caller must 
specify a fax number, and FaxPro makes a 
separate return call-an added ex pense 
for the service provider. It 's also awkward 
for the caller, who must enter additional 
informati on. Cypres. Research i work­
ing on providing same- line fax-back in an 
upcoming release. 

Recorded Sound 
You can quick ly construct a voice-mail 
system using built-in capabil iti es. Phone­
Pro can record messages and store them 
in a common directory for later retrieval. 
All voice recordings are stored in Macin­
tosh sfi l format, wh ich can be played back 
directly by double-clicking on the file from 

5. 

the Macintosh Sy tem 7.0 Finder. You can 
also call in through PhonePro and receive 
your messages over the telephone. 

PhonePro maintains multiple dictionar­
ies of prerecorded sound . You can easi ly 
add complete messages to a sound dicLio­
nary, or paste sounds together into longer 
recording " such as "You have . .. 2 . . . new 
messages." All spoken messages must be 
prerecorded. Phone Pro speaks only tex t 
stored in its dictionary; it doesn' t read text 
phonetically . Recording sounds requires 
a sound-capable Mac or a third-pruty sound 
board. You can't use the telephone con­
nection to record your dictionary enu·ies. 
· Since many offices already have an E­
mail sy. tern installed, an important fea­
ture of PhonePro is its ability to work co­
operatively with Microsoft Mai l 3.0, CE 
QuickMail 2.5 , and Apple Computer's 
new AOCE (Apple Open Co ll aborati ve 
Environment) PowerTalk messaging sys­
tems. You can mail any PhonePro-gener­
ated text or data, including voice messages. 
But note that a voice-mai l system wi ll con­
sume large amounts of hard di sk storage 
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FRACTAL IMAGE COMPRESSION REDUCES 

WHALE-SIZED IMAGES To GUPPY-SIZED FILES. 


Imagine storing up to 100 high-quality fu ll creen 
images on a single flopp)' disk wi th enough room 
left over for the program Lo display them. 

Fractal compression fi les average between IOKB and 
32KB and display at barracuda peeds. The e incred ­
ibly small files provide unmatched space savings in 
whatever storage media you may use. Using frac tal 
compression, Microsoft Enca rta was reduced from 
four CD-ROM disks to one. 

Whether it's stills or full motion video, 
DOS or Windows, Iterated Systems' 
.OBJ and .DLL family of toolkits will 
help you conserve your resources. 

6Iterated Systems, Inc. 
F OR ADDITIONAL INFORMATION: 

TEL: 800 437-2285 FAX: 404 840-0806 
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and po:sibly load down your network with 
long messages containing vo ice data. A 
single second of typica l voice recording 
wi ll consume over 4 KB or storage. 

If you have an all-Mac environment and 
only want to transmit small me sages and 
sounds between workstations, you can use 
Cypres Research·s Remote_Mac Control 
Panel device. This device lets you send 
messages to a remote computer. It uses 
!he ADSP Lo send message.· to remote ma­
chines for di splay by the Notification Man­
ager. This is pmticularly useful for sending 
status in forma ti on qui ckly to use rs even 
if they don"t have E-mai l capabi lity. or for 
transmitting important status in formati on. 

Scripting 

A typical problem with graphica l script­

ing languages is devising meaningful sym­

bols. Aside from the tactic s u e of a mush­

room cloud as a fa tal-error icon, PhonePro 

has done a reasonable job of defining suit­

able icons. One pass lhrough the palettes 

with Balloon Help turned on is sufficient to 

under tand what each icon represents. 

Also, once an icon is placed in a sc ript, 


moving the cursor over the icon when Bal­
loon Help is ac ti ve show how the icon's 
internal ettings have been configured. 

PhonePro 's sc1ipting language is a good 
example of how well graphical program­
ming can work for creating applications 
within a narrow fun ct ional environment 
like telephony. Tt 's easy lo gel it running 
out of the box and create simple applica­
tions; more complex programs wi th full 
error contro l will Lake some effort. 

A moderately co mplex script eas ily 
overnows a 2 1-inch monitor di play even 
wi thout a lot of error-handling routines. It 
helps that scripts can call other scripts and 
mu lli ple scri pts can be open imullane­
ously for editing, but having severa l zoom 
levels wou ld be useful for seeing an over­
all program now. 

PhoncPro can also be used Lo develop 
appl ications such as for telemarketing sta ­
tions that require a user interface. Phonc­
Pro provides a front-e nd designer that cre­
ates a consistent user interface. 

Limitations 
PhonePro does have some annoyi ng limi ­
tati ons. Although ic is simple to program 
using the graphical scripting language, 
movi ng beyond the si mple demonstration 
applications and adding the proper error 
handling is a form idable task. Don' t ex­
pect to si l down in the morning and have a 
fully functioning mulliu er databa e re­
sponse system by afternoon. Plan on de­
voting a week or two to the project. 

The cu1Ten1 version of PhonePro ( 1.2.0) 
supports onl y a single-l ine 
phone system. Thi s limits 
the number of calls you can 
take in a day and means you 
can ' t average the cos! of a 
com puter sys tem ac ross 
multiple phone line . Cy­
press Re earch repons that it 
is working on a mulliplc-

Once a sc1ipt is complete 
and tested, you can create 
a caprive version-basical­
ly a com piled represe nta­
tion. Compiling provides 
security by ensuring that 
changes can' t be made to a 
production system. 

About the Product 
PhonePro ..... .................... $349 
Cypress Research Corp. 
240 East Caribbean Dr. 
Sunnyvale, CA 94089 
(408) 752-2700 
fax: (408) 752-2735 
Circle 1077 on Inquiry Card. 

5550A PEACHTREE PARKWAY N ORCROSS, GEORGIA 30092 
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We wrote the book 
on CD-ROM drives. 
And we wantyou to have it. 
You've decided to enter the exciting world of multimedia. But with aU the CD-ROM drives 

to choose from, how do you know which is the right one for you? This comprehensive, 

yet easy-to-read, booklet will help guide you through the multimedia maze. It addresses several 

major concerns, including: SCSI vs. proprietary interface? 

Caddy vs. tray loading system? 8-bit or 16-bit interface? 
 DoubleSpeedPLUS~ 
When it comes to CD·ROM drives, speedis everything. 
The most important factor when considering a CD-ROM drive for your computer system is the data 
transfer rate. Simply put, you need a drive that can keep up with your applications. One that offers 
the speed and performance that lets you clearly see multimedia in all its blazing glory. 

The fastest way to bring your multimedia applications to life. 
As the table shows, Plextor DoubleSpeed PLUS™ CD-ROM drives feature the fastest data transfer 
rate among all "double peed" drives. And unlike some of our competitors, we don't sacrifice access 
time or quality to achieve high data transfer rates. All of which makes us your best choice for those 
demanding multimedia applications that combine audio, video, graphics and animation. 

15 Questions 
To Ask 
Before 
Purchasing 
ACD-ROM 
Drive 

~ 

Hurry! Calf 1·800·886·3935 
now for your FREE copy. 

The more you know about CD-ROM drives, 
the less confusing they get. For more 
information on Plextor DoubleSpeed PLUS 
CD-ROM drives, and the location of your 
nearest dealer, call today. We'll respond 
with everything you need to make a smart 
decision. And fast! 

O PLExToR 
4255 Burton Drive 
Santa Clara, CA 95054 
408.980.1838 
FAX: 408.986.1010 
800.886.3935 

0 1" -4 Plc:uor.DotcbUSpttd PLUS tu tndc.nutl:o£Pk1uor, 
;a suMldlJry o(Sh1n.ino Kcmh1 Co.. L1d., Ja pan. Other product 
:tnd brand n:ima :r.rc lr2dcm:u ks or rcglm:rtJ u .1dcnurki o( 1hdr 
m>pC'Ctivc holdrn.. 

Circle 210 on Inquiry Card {RESELLERS: 211). 

Plsrtor DoubleSpeed PLUS CD-ROM 
drlres are arallable In Internal, 
srtemal, bundle, kit, and tower 
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line system for future releases. 
Another potential difficulty is that Ap­

pleTalk operations can interrupt Phone­
Pro long enough to make it lose pieces of 
telephone recordings, especially when file 
sharing is active . I've seen thi s problem 
with other communications applications 
that tran fer large amount of data at high 
speeds. To fix this, PhonePro has an option 
to automatically di sable AppleTalk dur­
ing recording and playback. The trouble 
with this approach is that appl ications con­
nected to the server may drop their con­
nections when the server does not respond. 

Although I saw this problem with the 
standard AppleTa lk network active, I did 
not experience any difficu lty when con­
nected through an Ethernet network . The 
lesson is lhat voice capture requires a ded­
icated machine so as not to lose informa­
tion transmitted by the modem . 

Promised Futures 
According to Cypress Research, Phone­
Pro responds to the core Apple Events and 
al o the entire Telephony Suite, although 
the company provides no documentation 

on the Telephony Apple Events. Cypress 
Research says it intends to provide further 
su pport for the Database Suite of Apple 
Events, as well as communications with 
other applications through Apple Events, in 
a soon-to-be-released upgrade. 

By the time you read this , Cypress Re­
search should also have released Voice 
Messenger, a stand-alone voice-messag­
ing system, and Fax Messenger, a stand­
alone fax call back system that integrates 
with Cypress Research ' s mu lt iuser fax 
send/receive server, FaxPro II. FaxPro II 
a lso integrate with PhonePro. 

Previous releases of PhonePro have re­
quired special Cypress-provided hardware 
to connect a Mac to the phone line. The 
latest re lease can run with an off-the-shelf 
Supra V.32bis fax modem equipped with 
the latest voice upgrade ROM. The Supra 
proved to be a reliable voice-processing 
modem, even though I' ve had numerous 
problems making re liable high-speed data 
connections on my phone lines. According 
to Cypress Research. Supra will offer a 
$99 stand-alone version of Phone Pro with 
its $49 ROM upgrade. Thi s is a sing le-

user, run-t1me-only version of PhonePro 
that will take voice-mail messages for you . 

Cypress Research sell the software­
only version of PhonePro for $349, which 
includes the latest voice-feature ROM up­
grade for Supra V.32bis fax modems. Fax­
Pro II retails for $550. 

If all you need i a simple phone-an­
swering function , it doesn't make sense to 
replace a $ 150 answering macrune with a 
$2000 Mac running PhonePro. However, 
there are thousands of legitimate and po­
tentially profitable uses for PhonePro. Log­
ging incoming calls and information re­
quests. providing immediate fax feedback, 
and constructing a custom telemarketing 
workstation are just a few. 

PhonePro has changed the way I view 
my telephone lines, and I've happily adopt­
ed it as a tool to make my company run 
smoother and more profitably. • 

Raymond GA Cote. a BITE co11s11/1i11g edi1or, is 
vice pres idem ofproduct clevelopmem at Appro­
priate Sol111io11s. /11c. (Pe1erboro11g'1. NH). He can 
be reached 011 rhe ln1em er at rgaco te@ 
1rnrlcl.std.co111 or 011 BIX as "rgacole." 

Connect Your Fax/Modem Ta Digital &PBX 

Telephones ... AND protect it from damage. 


KONEXX KONNECTOR - PORTABLE, MODEL 112 

DR CHOOSE THE DESKTOP MODEL 109 {ND INTERNAL BATTERY} at s139 :~y;PING 

KONEXX KOUPLER · 204 MODEM KOUPLER · 305 
The perfect solution for connecting to An acoustic coupler with built-in 
hard-wired hotel, pay telephones and most 9600/2400 baud Fax/Modem. 
cellular telephones. (up to 14.4Kbps} This model connects to the serial 

Plus, it 's easy to use! $149 port on notebook, hand­
held, & POA computers. PLUS SHIPPING 

:l.54 BYTE MARC H 1994 Circle 154 on Inquiry Card (Resellers : 155). 



SYSTAT offers the most 
advanced multivariate general lin­
ear model available for Windows. 

• principal components and 
factor analysis 

• cluster analysis 
• time series 
• non linear estimation 
• correlation matrices 
• means, effect, and dummy 

models 
• post hoc tests 

• complete color spectrum 
• log and power scales 
• confidence intervals and ellipses 
• linear, quadratic, step, spline, 

polynomial, LOWESS, expo­
nential, and log smoothing 

~ 11 . lttJ 

-~ 

"SYS'I'AT (for Windows) - with 
its superbgraphics, high-quality 
statistical algorithms, and 
reasonable price ­ is an excellent 
choice." PC Magarine 

For more information, special 
offers for current users, and demo 
disks, call: 

708-864-5670 

For more information call or write:SYSTAT, Jnc., 1800 Sherman Avenue, Evanston,l)linois 60201-3793. Tel:708.864.5670, Fax:.708.492,3567 

Australia: Hearne Marketing 61.3.8661766, Holland: Oasis 31.34.0266336, Denmartc Agrolab 45.64.406575, France: Oeltasofi 33.76.418508, 
Gennanyi STATCON 49.55.42n075, Italy: PiSofi 39.587.213640, Japan: Hulinks 81 .33.5902311 , New Zaeland: Hoare Research 64.7.85626'15, 
POiand: COMPANION'48..J2.360791 , Spain: A~dlink34.3.4157268, Switzerland: Fritsctw & Partner 41 .31.3125151, SYSTAT UK: 44.81.4620093 

C 11192 SYSFAT•, Inc. Soliw.re D~11a11.,. ll•potlif.5, Mty, 1991. So are Oi<Jest i• areglsterod 111d1marll of ~STl. Inc. 

The only WindowsTM statistics 
package you'll ever need. 
#1 for DOS and Windows 
Rated "the best general-purpose 
statistics program" for the PC by 
Software Digest ~ SYSTAT for DOS 
is now joined by SYSTPJ' for Win­
dows. This addition to the SYSTAT 
family takes full advantage of 
Windows, with pull-down menus, 
dialog boxes, sizable windows, and 
the ease of use you expect in a 
Windows package. 

SYSTAT for Windows runs in 
standard and 386 enhanced modes 
and can take advantage of Win­
dows advanced memory manage­
ment. No matter how large or 
complex your analysis is, you can 
use SYSTAT. 

SYSTAT delivers a balance of 
power and simplici ty. It leLS you 
analyze and manipulate data 

with a comprehensive range of 
advanced statistical procedures, 
and present your resulLS with 
stunning graphics. 

Just point and click 
SYSTAT is a full-fledged Windows 
application. Just point and click. 
SYSTPJ''s QuickStaeMbuttons give 
you simple, single-click shortcuLS 
to common statistical analyses. 

More statistics, from the basic 
to the most sophisticated 
Afull range of univariate and 
multivariate statistics- from t tests 
to multidimensional scaling. With 
a few clicks you can turn most sta­
tistics into graphs and perform: 
• 	multiway crosstabs with log 

linear modeling 
• 	nonparametric statistics 

The most graphics 
o other statistical or graphics 

package can produce all the scien­
tific and technical graphs that 
SYSTAT can- nor surpass its ease of 
use. Graphics capabilities include: 
• 	histograms 
• 	single, multiple, stacked, and 

range bar graphs 
• 	single and grouped box plots 
• 	stem-and-leaf diagrams 
• 	pie charts 
• scatterplot matrices 
• 	3-D data and function plots 
• 	contour plots 
• 	control charts 
• 	maps with geographic projections 
• Chernoff faces 



HANDS-ON TESTING 


Our tests show which 486-based notebooks and 

subnotebooks are best for your applications 

ANTHONY LENNON 

oday 's 486-based notebooks and subnotebooks give you the processing power to handle stren­
uous computing tasks while on the road. Many notebooks are also well suited for desktop use with 
their processing power and support of external resolutions of up to 1024 by 768 pixels. In the 
smaller subnotebook class, you can easi ly pack a Windows-capable system into an attache case. 
To find the best model for a variety of business applications, we tested 38 notebooks and eight 
subnotebooks with 486 processors. These ranged from Intel 's 25-MHz SX and SL CPUs to it 

clock-doubled 66-MHz DX2. We also tested three Cyrix 486SLC-CPU systems. 
Our test sample shows that color notebooks are one of today 's hottest products: 30 of these notebooks came 

with an active-matrix, dual-scan, or passive-matrix color display. These three technologies compete at clear 
price points, which lets you select the level of color quality and price that matches your needs. The average 
price of an ac tive-matrix color notebook in our sample was over $4500. Passive-matrix systems sell for an 
average of only $2700, but their di splay quality is generally fair or poor. Dual-scan color notebooks average 
$3400, but we found their quality only slightly better than a passive display 's. 

Monochrome notebooks offer the lowest price (an average of about $2300). They are an obvious choice if 

How to use this guide 

We selected notebooks by choosing the screen quality, battery life , price, features , 
ones with.the best mix of performance, and ease of use. 

Scores are I :I \j+•£1i#·f·iIi Ztnlth DN s,stemsZ·Sbr433VLMtdel200 


calculated from Rating clarity, 

™'"'1'!9~10a- l! f'Cll ..... dsril"....., ...

appropriate onc. ..........~-·.&edl---.....,.._.. reproduction of 
.,,.,.~ ...~~........ ..:w>Windows and 	 gray scales or d'rl:llN~, Mlb S1"'11111b 'k !M:._..ltll!Ola 

~llillbdlnM..-.n.A~~DOS tests. 	 color, and 
bM:t!IO'Nlaib....,_,~ ......... -A~J ..... tiltalflt
Higher numbers 	 J""TUOIM••...._........_ lf• Mr~ ..... ,_.,. range of 

... ...... aw~oww..-...~.,,_,..,,,. _.,...
mean better 	 viewing angles. 
~l"OilCMMIMOMll'2 M.8 0IAA!ot.....,.200M&U~•... 10

performance. ltlrl .,.,_, "°"""'· cr.C"j1'15lC/Uwauuatl.CW:ll~..,IM~J'ilOOtfD C20-Mttt~m 
48651..CI in N WFdlJQ btrcMwb. 

Ef z:llW.011'1..- Jllf Slfti Sl.C'33 1"3 ._. 
-H' ~ l.... D«p:t:S.I. S2A tll SU25 ~ ~~· 1.6 

Rating based on quality of keyboard ::::::::==-==­ Battery discharge under 
design. pointing device. status lights, real-world conditions. 
and other considerations. 

you are on a budget and 
color isn't a necessity. 

We tested 486-based 
notebooks with internal 
floppy drives and weights 
ofless than I0 pounds (in­
cluding an AC adapter and 
a battery). Subnotebooks 
also had to be based on the 
486. They weigh under 7 
pounds with a battery, an 
AC adapter, and an exter­
nal floppy drive. 

Subnotebooks, which 
cost an average of $2200, 
make some ease-of-use 
trade-offs for a low weight, 
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What to Look For i3VJE 
l i !lj 
C• ) HSIW ­ BEST
1¢Ui !tSl!IJ._ 

LCD SCREEN 
Active-matrix color screens are 
best, but they cost up to S 1200 
more than dual-scan color 
screens. Monochrome 
displays are the most 
economical, costing 
about $400 less than 
passive-matrix 

HARD DRIVE 
Choose at least a 120­
MB drive for Windows 
and general business 
applications. 

POINTING DEVICE 
QulckPort mice located on the 
right side of the system can be 
troublesome for left-handed 
users. Centered trackballs or 
cabled mice that attach to 
either side of the system are 
better choices. 

color screens. 
CD·ROM DRIVE 
Choose one with high· 
capacity data storage, 
especially if you run 
multimedia 
applications for 
presentations. 

I 

MEMORY 
Most systems 
require proprietary 
memory chips, so 
you should 
consider added 
memory costs 

when y~~:t se 
your no/ 

BAmRY 
DATA/FAX MODEM The battery life of 
A must if you need to monochrome systems outlasts 
communicate while on color models; nickel-metal­
the road; an integrated EXTERNAL VIDEO hydride batteries last longer 
modem means you'll Most notebooks handle a resolution than standard nickel-cadmium 
have one less box to of only 640 by 480 pixels. Make sure your batteries. 
pack or forgel notebook's VGA controller can support a resolution 

of up to 1024 by 768 pixels on the external port If you want to use 
a desktop display. If you need an external monitor at higher 
resolutions, buy a notebook with 1 MB of VRAM lvideo RAM). 

Side View 

AUDIO JACKS 
Used for connecting 
headphones, small powered 
speakers, audio playback 
equipment (i.e., CD or 
cassette player), and a 
microphone. 

but they compete head-to-head with tra­ tween Windows an d DOS note books. 
ditional notebooks in performance. leading us to el iminate the DOS category. 

We also evaluated three notebooks that Hew lett-Packard 's 486-based OmniBook 
were designed for presentations. See " Mo­ wasn' t available in time for testing. Al o, 
bile Multimedia" on page 172. CompUSA Direc t, Epson America, and 

Our report last October separated mono­ IBM e ither declined or were unable to 
chrome notebooks into Windo ws and send portables fo r testing. Apple hasn't 
DOS categories, but performance scores introduced new PowerBooks s ince the 
this time showed little differentiation be- October report. 

WINDOWS 

Zenith Data Systems Z-Star 
433VL Model 200 
This. system's 9.5-inch 
monochrome display received 
an · excellent" screerHluality 
rating. The system placed 
fourth overall for battery life 
(almost 4'/• hours). The 33­
MHz 486SLC CPU dldn"t 
IT\atch the speed leaders In 
this category. The notebook 
features ahandy J-Mouse 
pointing device and is priced 
under $2000. 
PAGE158 

COLOR 
Sharp PC-8650 
Rated "excellent" for both 
color screen quality and ease 
of use, this notebook was 
also among the fastest 33­
MHz machines we tested. It 
features an 8.4-inch active. 
matrix display and a nickel· 
metal-hydride battery {hat 
powered the unit for over 3 
hours. Its price of $3699 Is 
the lowest among active­
matrix color systems. 
PAGE166 

DESKTOP 
REPLACEMENT 

NEC UltraliteVersa 33C 
This 33·MHz notebook tied for 
the highest-Quality active. 
matrix color display we tested 
and provides above-average 
o~erall performance. It has a 
higll-quality keyboard. and the 
cabled mouse ls ideal for left· 
and right·handed users. An 
optional expansion chassis 
supports two ISA expansion 
;idapters and provides two 
drive bays. 
PAGE 171 

SUBNOTEBOOKS 
Packard Bell Diplomat 170M 
Subnotebook 
This subnotebook (and the 
identical-looking but more 
expensive ZDS Z·Lite 425SL 
Mode1170W) provides 
excellent screen quality and 
an impressive battery life. The 
systems tied for second for 
fastest performance in this 
category. 
PAGE 174 
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THE BEST 


M

onochrome notebooks cost less and 

run an hour or more longer on bat­

te ry power th a n th e average co lo r 

notebook. For many users, these ad ­


vantages make 486-based monochrome note ­

books the top choice fo r Windows on the road. 


The Zenith Data Systems Z-Star 433VL 

Mode l 200 is our winner fo r Best O verall 

(no tebooks w ith processo rs o f 33 M Hz or 

slower). With its $ 1999 price tag, the system 

also receives top honors in the Low Cost cat­

egory ( prices less than $2300. the average fo r 

monochrome notebooks in this report). 


The Dig ital Equipment DECpc 425SL is 

the firs t ru nner-up in the Best O vera ll cate ­

gory and prov ides the best W indows perfor­

mance mn ong the remaining systems ranked in 

thi s category. The notebook's batte ry li fe of 

just under 6 hours was the longest of any note ­

book in thi s report , but gray sca les prod uced 

on its backlit 9 .5-inch di splay are be low av­

erage and contributed to an overa ll screen­

quality rating of '"poor." A detachable trackball 

can be used with either hand , but it 's a little 

off-cente r. and its ball is ra ther small. The 

keyboard 's Backspace key is not the upper­

rightmost key (it 's located to the left o f the 

Page Down key) and takes time to learn . Re ­

tractable legs on the bottom of the unit let you 

adj ust the keyboard angle. 


A llho ug h it s pe rfo rm a nce was n't hi g h 

enough for it to be ranked here, Olivetti 's new 

Ph ilos 44 is notable for some nice usability 

featu res . It offers a dedi cated numeric key ­

pad (as opposed to the overlaid numeric key­

pad on most notebooks) and a pop-ou1 mouse 

that is easy to use with your ri gh t hand. A 

speaker and microphone arc installed on the 

unit above the key boa rd, and a statu s win ­

dow, which d isplays the battery-charge level 

in percentages . is vis ible when the cover is 

closed. We found the quali ty of the 10- inch 


Hi tac hi LC D 
di sap po inting: 
It was d ifficult 
10 d is tin g ui s h 
gray bars in the 
li gh1 end of the 
spectrum . 

T he M itsuba 

NEW POINTERS 
In the never-ending search for a more usable pointing device, vendors con· 
tinue to present alternative designs. Here Is~ sample of new pointers that 
have appeared since our last report on portables: 

J-Mouse 
Provided on the Zenith Z.Star systems, 
this pointer Is built directly Into the Jkey 
on the keyboard. The Jkey acts nonnally 
until you hold It down. This activates 
sensors that let You move the screen 
cursor In any direction by applying 
pressure tO different areas of the key. 
Other keys perfonn the functions of 
regular mouse buttons. The J-Mouse 
perfonns Rke standard mice, but your 
fingers never leave the keyboard. The J. 
Mouse Is easy to use Once you master the 
key commands. 

Pop-Out Trackball 
The Ollvetll Phllos 44 line 
offers an Innovative pop.out 
pointing device that's located 
on the bottom right of the 
keyboard. The pointer is 
flexible and lncfudes two 
command buttons. The 
trackball offers slmllar 
functionality to QulckPort and 
C!lbled mice (geared for rfght­
handed users) without being 
separate from the notebook. 

El Point 
The Gateway 2000 HandBooks feature 
this small eraser-like device located on 
the keyboard. The design Is similar to 
IBM's Ti"ackPolnt II, but EZ Point falls 
well short of It In functionality. Ifs 
mounted to the right of the keyboard !not 
In the mlddlel, and the two mouse 
buttons are awkwardly placed below the 
keyboard. EZ Point requires extra 
pressure to point, and it can be used only 
with your right hand, which must lay 
across several keys. 

Front-Mounted Trackballs 
The AST Powet-£xec 4/33SL· 
Colorf'lus and Digital Equipment 
DECpc 425SL provide trackballs 
that attach below the keyboard via 
mouse ports. You can use the 
trackballs with either hand, but 
they are separate from the unit. 
These notebooks also let you use 
tile function and arrow keys to 
move the cursor. 

Ninja ll /DX2-66 and M icro ­ processors and fi nish with similar overall ratings in the High 
International HCP Performance Performance category (systems running at 40 MHz or faster). 
Series, Mode l 6500M, prov ide T he Mode l 6500M conl ains a VL-Bus video and an IDE in ­
1he best Wi ndows performance lcrface . T he Ninja ll cont ains an efficie nt Tse ng ET4000­
w ith their 66-M Hz 486DX2 b~L'ied video subsystem, as de monsrrated by its perfomrnnce in 
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our low-level Windows bench ­
marks and the Microsoft Excel 
charting test. In the latter 
benchmark, the Ninja II ran 4.1 
times faster than our baseline 
system; the Model 6500.l\1 ran 
3.2 times faster than the base­
line system. 

The Ninja II and Model 
6500M provide above-average 
backlit LCDs and exceptional 
battery life (about 5 hours) with 
their standard nickel-cadmium 
battery packs. 

The Commax Smartbook is 
the only other monochrome 
unit that competes in the High 
Perfonnance category. It offers 
comparable screen quality with 
its 9.5-inch d isplay. However, 

BYTE BES,..r WINDOWS 
Need the best all-around monochrome portable? 

BEST OVERALL Zenith Data Systems Z-Star 433VL Model 200 

~ This is the notebook to choose if you value display quality and 

~ price above flat-out speed. Its 9.5-inch backlit passive-matrix 

~ display provides the highest screen-quality rating among mono­
~ chrome systems, and its $1999 price is the lowest of the 


notebooks ranked in this section. A standard nickel-cadmium 
battery installs easily and provides excellent life. A unique J-Mouse lets the 

J key function as a pointing device when it's fully depressed, and you're 
able to move the screen cursor without removing your hands from the 
keyboard. You oan add up to 12 MB of RAM and a 200.MB IDE hard drive to 
the system. However, the Cyrlx SLC/33 processor is slow: It outperforms only the Tandy 3900HD (25-MHz Cyrlx 
486SLC) in our Windows benchmarks. Other drawbacks: The perimeter keys (e.g., PageUp, PageOown, and 
Home) are small. Undistinguished documentation and the lack of on-line help during setup contribute to the 
system's " fair" ease-of-use rating. 

its 50-MHz 486DX2 processor WINDOWS EASE Df BATlillY LIFE SCREIN SCREIN 
cannot match the higher per­ PRICE CPU SPrnl USE (HOURS:MIN) QUAU1Y SUE(IN.) 
formance of the two ranked Bl5T ZDS Z-Star 433Vl Model 200 $1999 SLC/33 1.43 ...... 4:26 ............ 9.5 

notebooks. Al so, the Smart ­ RUNNER-UP Digital Equipment DECpc 42SSL $2499 SU25 2.88 ......... 5:56 ... 9.5 
book 's nickel-cadmium battery RUNNER-UPAST Bravo NB 4125 SMono $2045 SX/25 2.38 ......... 2:55 ......... 9.5 
lasted only 2 '/i hours. 

Among Low Cost runners­
up, the AST Bravo NB 4/25 S Need high speed? 
Mono is competi tively priced 
at $2045 and ran for nearly 3 HIGH PERFORMANCE Mitsuba Ninja 11/DX2-66
hour on battery power. Indi­
cators are logical ly grouped 

The Ninja II Is well equipped for processor-intensive tasks with its 66-MHz 486DX2
(e.g., Caps Lock and Scroll 

CPU . This notebook's nickel-cadmium battery pack had the second-longest battery­
Lock are above the keyboard, 

life time among all the systems and features a 10.inch backlit passive-matrix 
wh ile power, standby, and bat­

monochrome display that ranked above average in our overall quality ratings. RAM 
tery status sit on the display support goes up to 32 MB, and you can install a 340.MB IDE hard drive. However,
hinge, so they remain vi sible system documentation is weak, and it is difficult to see whether the system's six 
when the unit is closed). You Indicators are tit. (Note: One other notebook. the Commax Smartbook, qualified for 
adjust the contrast and bright­ consideration In this category, but its performance and batteiy-llfe scores were too 
ness of the notebook ' s above­ low to be ranked for runner-up status.) 
average-size 9.5-inch display 
using function-key combina­ WINDOWS EASE Of BATlillY LIFE SCREIN SCREIN 
tions. A built-in pointing de­ P111CE CPU SPrnl USE (HOURS:MIN) QUAUIY SUE (IN.) 
vice, which is located between BEST Mitsuba Ninja ll/DXH6 $2495 DX2/66 5.63 ...... 5:05 ......... 10 

the space bar and the arrow RUNNER-UP Micro-International HCP Model 6500M $2600 DX2/66 5.31 ......... 4:54 ......... 9.5 

keys, features a tiny trackball 

(about one-q uarter inch in 

diameter) and favors right­ Cost-conscious? 

handed users. 


T he $2069 price of the 
LOW COST Zenith Data Systems Z-Star 433VL Model 200Tandy 3900HD qual ifies it for 

Low Cost cons ideration , but 
Priced at under $2000, this Best Overall winner is also an economical choice. Inwe decided not to rank it be­
addition to the advantages cited above, the Z-Star offers handy usability features. Slide cause of its poor overall per­
controls for the dlsplay·s contrast and brightness are located above the keyboard fom1ance and last-place fini sh 
along with the on/off button. which can be configured as a rest;resume switch through 

in each of our application­
Setup. The AST Bravo Is a close competitor, with faster Windows speed and an easy-te>­

based benchmarks. This note­
read status-light panel. However, the significantly longer battery life and better screen 

book use s a Cyr ix 486SLC quality tipped the scales In the Z-Star's favor. The Tandy 3900HD. a $2069 notebook. 
processor. It was difficult to also met the price requirements for this category, but we didn't rank it because of slow 
distingui sh gray bars in the performance and "fair" screen quality. 
dark end of the specuum on the 
unit' IO-inch backlit display. 

WINDOWS EASE Of BATTERY LIFE SC REIN SCREIN 
PRICE CPU SPEED USE (HOURS:MIN) QUALITT SUE(ij.) 

KEY 
BEST ZDS Z-Star 433Vl Model 200 $1999 SLC/33 1.43 ...... 4:26 ............ 9.5 


Poor 4 Fair 4.6. 
RllNNEl-llP AST Bravo NB 4125 SMono $2045 SX/25 2.38 ......... 2:55 ......... 9.5 

Good .6.44 Excellent 444.6. 
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HowWe Tested 

PERFORMANCE 

W e rated the perfollllance of each note­
book and subnotebook us ing BYTE's 
low-leve l DOS and Windows bench­
marks, along with app lication tests de ­
veloped by NSTL. Tiie BYTE low-level 
DOS benchmarks measure the perfor­
mance of specific subsystems, such as 
the CPU, FPU, memory, video, and hard 
drive. Our Windows-based low-level 
tests exercise the Windows GOT (Graph ­
ical Dev ice Interface). These tes ts de­
termine how well a syste m can execute 
basic graphics call s w ithin Windows, 
including calls that display pixels, tines, 
rectangles, polygons, and e llipses . Text 
a nd BitBlt operations are a lso per­
formed. All Windows-based perfor­
mance tests (low-level and application) 
were executed in 640- by 480-pixel res-

ESSENTIAL FEATURES 


olution at 16 colors using 
vendor-specific video 
drive rs (if supplied). 

NSTL 's app lication 
benchmark s co ns is t of 
popular business programs 
to provide accurate real­
world representations of 
notebook performance. 
For DOS tes ts , we use 
WordPerfec t 5.1, Lotus 
1-2-3 release 2.4, and Fox­
Pro 2.0. Our Windows ap­
plication tes ts inc lude the 

BYII's ~ 2uses optical saisors to monitor power management in portables dlri1i ballesJ.fife 
following: Microsoft Ex- testing. 

eel 4 .0a, Microsoft Word 

2.0b, and Lollis 1-2-3 for Windows I. I. 


A ll applications execute macros that 
exercise common functions o f each ap­
plication For in stance, the W ord for 
Windows test includes common file 1/0, 

We weighted incflVidual features according to importance and used this to detennine 
an overall features rating for each system. We considered the following features most 
important for 486 portables: 

POINTING DEVICES Notebooks with lrter/ated lraddlals scored higher than those with detachable 
trackballs or no poitq device. 

search and replace func tions, chang ing 
fonts , page and row scrolling , spelling 
checking, print preview, and print to file 
subtests. 

Prior to testing eac h system , we in ­
s talled MS-DOS 6 and Microsoft Win ­
dows 3 .1 on a freshl y formatted hard 
disk to e liminate any fragmentation. We 
configured notebooks and subnotebooks 
with 50- and 40-MB primary partitions, 
respective ly . For compa ri sons , we 
sca led a ll test scores against a 20-MHz 
386SX-based Toshiba T2200SX, whose 
pe rformance equaled 1.0 in our index . 
Thus, a system with an overa ll perfor­
mance index of 3.0 executed o ur tes ts 
three tim es fas ter than the base line 
T2200SX. 

VENDOR SUPPORT 	 One-year pa1s and labor warranties •e standall, but we gave extra points for longer 
pokies, such as the three-year warranties offered by Compaq,D~ Equipment, 
NCR, NEC, and Toshiha. We also gave poills for oHne ~ 

PROCESSOR Portables ldt frum 3.3-V processors recmed ligller' ratings because they requie 

VOLTAGE less power and offer improved battery ife. 

SCREEN QUALITY AND 
VIEWING RANGE 

W e eva luated three aspects of display 
quality: crispness , intensity/color range, 
and vi ew ing-a ng le range. C ri spness 
measures line and character quality as 

BATTERY We gave extra points for portables with NiMH (nickel-metal-hydride) batteries, which 
CHEMISTRY last lqer than sbnd.-d niciekadnUn batteries for aOwen weidrl 

EXTERNAL Desktop-replacement systems shUd support external resolutions of up to 1024 by 

RESOLUTION 768 pixels. 

PCMCIA SLOlS Needed for future generations of modems, network adatil!rs. and mass-storage 
devices. 

REMOVABLE Helps safeguard data and increases the mass-storage potential 

HARD DRIVE of the sysl!m. 

displayed o n the sc reen. We used the 
Sonera Technologies display-test suite to 
examine text clarity in both color and 
monochrome environments; hori zontal 
and vert ical line place ment; color and 
gray-scale displays; LCD streaking; and 
solid co lor and black , g ray, and w hite 
regions. 

W e measured the viewing-angle 
range of each di splay using a ro ta ting 
platform that le t us move the tes t unit 
left and right until we detected visib le 
distortion in the d isplay . Distortion in ­
cludes loss of text. color changes, and 
g lare caused by tJ1e backlighting or edge­
1 i g hti ng. Afte r testing the left/right 
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Lowest Prices on the SX, DX I New DX2-501 


The WinBook lntel486 SX-25, DX-33 &DX2-50 SL Enhanced Features 


Rave Reviews! Read what the experts say: 

"Scoring hi gh in overall value and 
de.sign, the Micro Electronics WinBook 
gives you a lot for your money, includ­
ing an outstanding inteoral trackball." 

PC MAGAZINE. Guide In Portabl< Computing. 8/93 

Ergonomically 

engineered & designed 


by award-winning 

Palo Alto Design 


The WinBook's unique 
ergonomic fca lures include 
asloping wrist rest and key­
boMd with full-size keys. 
plus a centered, dual-button 
trackball-allowing you to 
work in tot.al comfort away 
fromyour desk. 

Clear, sharp color display 
gives you near-active 

matrix quality at a 
passive matrix price! 

Images are harper and dearer 
11ith less cursor loss. And the 
IVinBook's advanced dual-
scan color display gives you 
9'1%shadow-free performance 
compaTl'tl to other single-;;can 
passive matrix displays. You 
gel a brighter, crisper, wider 
angle or view with an 18:1 
contr.is t ratio-compared to 

longer battery life 

The Winllook features iMH 

2200 MA batteries with gold­

plated contacts, allowing it 


i&~~fGJ!@il "If you're a W_i ndows user on 
--· !_. - --- a..ill!.Qgfil, or 1ust have a bad 
case of Mac envy.. .you should take alook at the 
WinBook. ll's amach ine that can hold its own 
withmore exoensiye, less thoughttu llydesigned 
~from other direct vendors." 
COMPl.llIR SHOPPER. This Powerl:ook T"in Acts Lile• I\'.:. 91'13 

13: 1 with previous pass ive 
malrix technology. 

w 

~ 100 
-= 
~ 75 
~ 
~ so 
~ 
g 25 

., 

lo run mu ch longer than 
units with traditional NiCAD 
batteries-and there' no 
memory effect! 

tlJi.L·SCJ.'m~ S:.'Gls:A"Sf)I 
3</lllatl'I &llfl'W! 

.....,SX & DX Sj>ecllicatlons 
• SX·ZI wtlton•:"i~ 

llzt;Wtill nr4!ilf( OWe"; rM di 
• ll' • B ' ' lll: ~xasi;w:i'eslJ
• Sl1t"l1f::nt)ll;n. tll.tetJ'dJl 

• D.·llcwal'n1111"':ae' 
• "°'' SXn:DI~-u cJll:l ~9 ~1.0ll5tos! •~ 

<:ed'lbl"ir; ~(('ltl'f12m 
• l .. '.f! 'Cil~ llld) 


. ,..,,~......,...-· 
 · ~'v.it-s:leJ.'>~ A.: 
~,,,,. -­ .,... 

The WinBook offers you 
more features for less! 
• 9600 ooud send/ .\800 

baud receive fax / 2-IOO 
b.1udmodem 

• lndustry-slandard type II 
PCMCIAslol 

• 512klideo RAM 
• Fast-acting LCD screen 
• Built-in centcTl"'Cl dual­

button trackball 

Micro Electronics 
adivision of MEI/Micro Center. Inc. 

Monochrome 

$1599 $1999 

4111 RAMl200lll HDD 4MB RAM/200MB HOD 

• SL Enhanced Intel • Fax modem Included! 
486SX25Mltz • DOS and Windows 

Call for lowest DX-33 & DX2-50 prices! 

Convenient payment 
options 

Use your MasterCard, 
VISA,Discover Card, Micro 
Center charge, personal 
check or P.O. with credit 
approval. 

Think-you for yourorder. 

30·day unconditional money-back guarantee 

Your satisfaction is unconditionally guaranteed /or 30 days from 
da!e of purchase. II for ,iny reason you are not sa/isfied wilh 
your purchase from us. we want you to re/urn it. Wewill be 
glad lo repair lhe product or give you your money back. 

Monday-Friday, 8am·9pm EST • Saturday, 9am·4pm 
1160 Sleelwood Rd.. Colurrbts. OH 4321 2 • FAX: 1-800-448--0308 

lifi "The WinBook is a great example llU of what a Windows notebook 
wiNoows should be....fast. easy-to-use and a 
AL•GAZINE miser on battery li fe .... lt's also jnex­
~: nearly 50% less than some compara­
ble notebooks." 
IV1NOOll MAGAZ/NC,Transconlinen!al Portable,9/93 

Docking station gives 
you desktop power! 

Two expansion slots and 
drive bays let you add 
peripherals such as moai· 
tors, hard drh·es,CD ROMs, 
1/0 ca rds or an extended 
keyboan!. lndudcs parallel, 
serial, PS/2 mouse, eic1emal 
keyboard and VGA ports. 
And It's just $3991 

Mouse/keyboard, parallel, 

serial and VGA ports 


plus PCMCIA expansion 


~~~ilJ~/~1 


Color Oual·Scan 

Service, warranty, support 
• 72-hour service turnaround. 
• 30-day unconditional moncy­

back guarantee. 
• 24-hour bum-in protection. 
• One-year limited warranty 

on p.1rts and labor. 
• Toll-free technical support for 

the life of the computer. 
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Where is everyone going these days? tise in process. packaging and design 
They're going mobile. And your next 
computing or communications device 
can go with them when you design-in 
AMO® technology. 

Take advantage of AMD's vast exper­

technologies - optimized for mobile 
computing and communications appli­
cations. So your next design can have 
more features. more speed, a smaller 
and lighter form factor. and longer bat-

QOI Thornpson Place. PO. Box 3-S5l. Su11 11)1vale. CA QJ088 Cl IQQJ Ad,anced Micro Dcvtccs. Inc. Am436. J:('."net. and PhoX aie lradcmarks. AmJSb. the AMO I~ <ind AMOJ1c registered U<ldcm.:uks. and Fusionf'C Is a service rn•uk of 
Advanct.-d Micro Devlct.."S All other company or product namC'S are t1ademarks 01 rcgls1crcd 1radcmJtks of lheir respect i\'c holdl'rs 



Our PCnet"' family gives laptop, noteboOt 
and subn tehook compute~ full -Ethernet and 
SCSI connectivitg in a~ 5quam incftes, ngkt 
on the motherboard. Our.l'Cnetfamily even 

":makes Ethernetavailah1e in acompactPCMCIA format. 

. -~ AMD will soon provide exfl?nsive wirele~ 
~ r:cu;.1/'WAN capabilities - in'tluding wireless 

. access to hardwired networks and ~ven 
'. · wireless peer-to-peer connecUvity - tfte result ofow stfategic 

· partnership with Xircoin. · 

.Ow:low~voltq. e, x86 CR-Us, inolt:U/ing ow:'·.~ 
Am48l)I. and i\m.386• mic.-roprocessors, help 
provide s·heer computing horsepower and the~ longest batter:y life ava11a~le ·toi< noteboo~• 

.• s!W'notehooks, palmtops, and pen-basedsysttms.What's more, 
' .. fney're~r:tified 100%Microso~ Windo1vs°'-mmpa1jble. Plus 
' you gerthe support of ove'r 4CJ 'FU5ionP~Jtllia aPartner.; 

to help 6[ing yo¥r-designs ti mqrket fas~r. 
",• 

; 
~ 

tery life than ever before. Ideal for today's 800-222-9323 ~~~:~Ji~~rcdemanding mobi le professional. ~Pack 18N. 
See for yourself why AM O is the way to 

go in mobile computing and commun ica­ ~-tions. For a free brochure on all our mobile 
products, contact AMO today. Adva nced Micro Devices 
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range, we tilted the screen backward to 
measure the vert ical viewing range of 
each screen. 

After we computed a display 's view­
ing range, we compared it to the range of 
the best system we tes ted; in this way, 
we determ ined ratings for each screen. 
Screens tended to cluste r at viewing 
ranges from 40 to 45 degrees left and 
right and a viewing range of 20 degrees 
when tilted backward. 

To determine color quality, we dis­
played a color bar on each color sys­
tem and segregated displays into five 
categories , ranging from those w ith 
bleac hed and barely distinguishable 
colors up through the best screens with 
solid, pure colors. We grouped active­
matri x, dual-scan, and passive-matrix 
color displays together for evaluation. 
We performed a similar test for pass ive­
matri x monochrome systems usin g a 
16-level g ray scale. For monochrome 
systems, we looked fo r leve l gradation, 
evidence of handing (i.e., groupings of 
gray levels in the middle of the display), 
and the inten ity of the white and black 
bands. 

BATTERY LIFE 

W e measured the battery performance 
of the note books using BYTE 's own 
Thumper 2, which is a hardware-and­
software tes t sys tem that determines 
batt ery life with power management 
features enab led . A control program 
simulates the load of a word process­
ing application. 

Time-out pe riods a re set for each 
note book 's display and hard drive (I 
and 2 minute , re pectively), and note­
books are configured to enter standby 
mode after ex perienc ing 5 minutes of 
inactivity. Thumper 2 uses robotic aims 
and an optical ·ensor to detect and con­
trol each system 's power management 
functions. 

Prior to le ting . we com pl e te ly 
drained and recharged each system 's 
batte ry according to the manufacturer's 
instructions (and then repeated the pro­
cedure). We configured each system ' 
power management fea tures to let the 
hard dri ve spin down and the creen 's 
back li ghting shut off after a set period 
of inactivity. The unit is also allowed to 
enter a standby mode during the test 
cycle. Each system is put through the 
tes t cyc le repeatedl y until its battery 
dies. 
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Testing team (from left): Alan Joell, Micllael P. Connors, Siva Kumar, and Anthony Lennon. 

EASE OF USE 

W e worked extensively with each note­
book over the course of the te t cycle 
and assessed the quality of e:ich key­
board. Although keyboard fee l is highly 
subjective, we based our judgment · on 
specific usabi lity issues. Non tandard 
keyboard designs save space but pre­
sent difficulty for touch-typi st ·. We de­
te rmined if the system des ign offered a 
comfo rtable typ ing posi ti on and rated 
the response and feel of the keys . 

Pointing devices were evaluated in 
terms of their placement and ease of use 
for both right - and left-handed users. 
The quality of the status indicators was 
also considered. We detem1ined wheLher 
common conditions (e.g., battery low 
and hard disk access) were represented 
and if the indicator' s meaning was ob­
vious or obscure . 

We evaluated the quality of the tech­
nical documentation from both a nov ice 
and experienced user's point of view. 

ovice. require detai led setup instruc­
tions and benefit from troubleshooting 
information . An experienced user may 
require de tailed sys tem specificati ons 
and instructions for advanced setup op­
tions. Manuals should be well organized 
and grammatically accurate; they should 
also contain a detai led index. 

We evalualed the ease of installing 
new batterie and upgrading the system 
RAM, and the quality of each unit 's Set­
up utility. We assessed how clearly the 
l /0 ports were labeled. The e u ability 
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items are less frequently used and there­
fore carry less weight in determining 
each ystem usability rating. 

CONFIGURATION 

Our testing was open to all 486-class 
notebooks and subnotebooks. We spec­
ified that notebooks have a minimum of 
8 MB of RAM, comain at least a 120­
MB hard drive, and weigh less than I 0 
pounds with their battery, AC adapter, 
and power cord. Each notebook had to 
have an inte rnal 3'/,-inch floppy dri ve 
and a VGA display. 

We requested vendors to configure 
subnotebooks with a minimum of 4 MB 
of RAM and at least a 40-MB hard 
drive. To classify as a subnotebook, the 
sy te rn had to weigh under 7 pound s 
with its external fl oppy drive, battery , 
AC adapter, and power cord. 

Contributors 

Michael P. Connors, Co111rib111i11g Editor of PC 
DigcM (011 NSTL p11blicatio11). wrires a11d 
researches reviews ofsy.u em.'i and olher hardw(1re. 

Alan Joch, Senior Editnrl ll>TE. coordinates 
romhi11ed ttsti11g betwem the BYTE Lab a11d NSTL. 

Siva Kumar, Technical A11alyst/NSTL. specialhes 
in hardware and network operating-systems resting. 

Anthony Lennon, Tech11ical Ediror/NSTL, 
ew1hwtes systems. notebooks. and peripherals. 

The iAb Rtpon is on ongbin.~ rollaborarfre project 
Qf-ln't'm BYTE MagtnJne and Nm/anal Softwau Turing 

Lnborntori" fNSTl~ BYTE MngmJ11e nnd NSTl are /JQtli 
Qpumillg units ofMcGra111-Nltl, Inc. 



The Traveler's Dream 

At Ideal Fare... 995. 


more when they're not in use. In 
addition, the compact package 

THE ZEOS'CONTENDA~ •• 
DON'T GET CAUGHT 

includes a built-in trackball andWITHOUT IT! 
high-resolution backlit screen.

What a dream! The ZEOS It's a traveler's dream come
Contenda subnotebook is small true: The world at your finger­enough to tuck away in your tips in a mighty and tiny port·briefcase and so light you'll for­ able bundle. Don't get caught get you have it! It's the perfect without it!traveling companion. 

All your business and home AWARD-WINNING 
needs contained in a bundle Smaller than a notebook. SERVICE & SUPPORT 
just shy of four pounds. Write Lighter than a hard-cover novel. ZEOS has won more PC 
letters and memos. Create presentations. Keep in Magazine Readers' Choice for Service & Relia­

touch with associates through bility awards than anyother company-five in all. 
your choice of internal fax \.\e're here for you 24 hours a day, 365 days a 
modem. Organize your files, year, and always a toll-free call away. All ZEOS 
calendar, planner and more. . . systems come with a OneYear Limited Wcu-ranty 
keep track of all appointments! and 30-Day Money-Back Guarantee. 

ard==~~~=~ CALL NOW TOLL FREE 
Comp11terSJiopper uptolOMBandyourchoiceof 800 554 s~26 
readers" #1 Best Buy a 386SL-25 or 486SL-25 Intel • • ~ 

processor, the Contenda has plenty of power to 
run Windows. You11 also find you can work longer 
because the processor is intelligent enough to 
power-down the memory, disks, modem and 

Circle 165 on Inquiry Card. 

STANDARD WITH EVERY 

ZEOS CONTENDA 


• 25MHz 386S Lor 486SL Intel CPU. 
• RAM expandable to SM B(486SLJ, 

IOM B(386SL). 
• 486SL: IDE hard drive upgrade to 120Mll 
• 	Display: &IO x480 VGA backlit. .23 00t pitch. 

Sharp 7.4" ~nal. up to &I shades of gra)1 
• 256K<386SL) or 512K1486SL) video RAM. 
• 	486SL version includes 3.JV technologi• for 

added battery life, PI local bus for Window.; 
acceleration. high-speed floppy drive 
controller, built-in math coprocessor. 

• Supports simultaneous display with an 
external ':NGA color monitor. 

• Replaceable and rechargeable NiMJI battery 
• 	80·key keyboard with embedded numeric 

keypad and easy-to-use built-in trackball. 
•	 Serial, parallel and video ports, plus ports 

for optional internal fax modem and 
external floppy drive. 

• Fully-featured power rmnagemenl. 
• 9.7" x 6.1 "; 3.9 lbs. 
• FCC Certified Class B. 
•	 Complete ZEOS Customer Satisfaction 

Package. 

PACKAGE 1 

386SL Contenda: $995 
Lease $42/month 
486SL Contenda: $1395 
Lease$59/month 
• 2MB RAM (386S Ll; 4MB RAM (486SL) 
• SOM BIDE hard drive 

PACKAGE 2 

386SL Contenda: $1295 
Lease $55/month 
4 86SL Contenda: $1695 
Lease $61/ month 
• 4MBRAM 
• BOMB IDE hard drive 
• External 3.5" floppy disk drive 
•	 Microsoft DOS 6.2 and Windows for 

\\brkgroups 3.ll . Plus Lotus Organizer. 

PACKAGE 3 

3865L Contenda: $1595 
Lease S58/month 
486SL Contenda: $1995 
Lease S7'2/month 
• 4MB RAM (386SL); 8MB RAM <486SL) 
• BOMB !DE hard drive 
• External 3.5" floppy disk drive 
• Custom leather carrying case 
• Extra battery 
• Internal 96/48/24 send/receive fax modem 
•	 Microsoft DOS 6.2 and Windows for 

'M:lrkgroups 3.ll. Plus Lotus Organizer. 



THE BEST 


C
olor notebooks make graph ical applications easy to 
use, but they extract a cost in system price and bat­
lery life. Not surprisingly, the active-matrix screens 
all prod uced higher display-qualily ratings 1han 1hc 

dual-scan and passivc-malrix models. However, we found 
quite a variation in display quality between systems using 
the identical display technology. For example. active­
matrix color notebooks ranged from exce llent (a perfect 10 
for NEC's UltraliteVersa 33C) to average (a 5.3 for the Eu­
rocom 8200T) in overall display quality. 

Our results using Thumper 2 showed little correlation be­
tween battery life and color display technology. The av­
erage active-ma tri x and passive-matrix models ran for 
about 3 hours; the average dual-scan battery li fe was 2.8 
hours. 

The Sharp PC-8650 received top honors as the Best 
Overall co lor no tebook (33 MHz or less), and with its 
price of $3699, this notebook a lso won in our Low Cost 
category (notebooks less than $4000) . The PC-8650 and 
NEC Ult ra liteVersa 33C provide the best display quality 
among co lor systems. However, the Toshiba T4600C, 
AST PowerExec 4/33SL-ColorPlus. and Mitac Micronote 
Performance Model 402 1G/CT posted much better bat­
tery-life times (45 minutes or more) th an the Sharp PC­
8650. All five units con ta in NiMH battery packs. 

The all-out speed leader among the Best Overall color 
systems was the Mi1ac Micronote Performance Model 
4021 G/CT. The uni I feat ures a fast memory subsystem 
and is proficient in video-intensive tests with its Western 
Digilal 90C24 video-processor chip. This notebook is 6.6 
times foster than our baseline unit in the Lotus 1-2-3 for 
Windows screen test, compared to 5.5 limes fas1er for the 
Ul1rali1e Versa 33C. However, the Model 4021 G/CT was 
also lhe most expensive notebook we 1es1ed in !his report, 
excluding the multimedia systems. 

The Sharp PC-8650 and NEC Ult ra liteVersa 33C gave 
the best perfom1ance among lhe remaining systems. The 
PC-8650 contains a more effic ien t memory subsystem 
than the UltraliteVersa 33C, as shown in the Microsofl 
Excel exponentiation benchmarks: The PC-8650 was 25 .9 
times faster lhan the baseline notebook (by comparison, the 
UltralitcVcrsa 33C was 24.4 times fas ter). However, the Ul-

Rankilgs for This Appication Considered 
WINDOWS P£11fORMANCE 30% 

DISPLAY QIJWTY 20% 

PlllCE 151' 

tral iteVe rsa 33C provides 
excellent video perfomiance 
wi th its Chips & Teclmolo­
gies 65530 processor, as 
demonstrated by its show­
ing in our low- leve l Win­
dows tesls. where it was 4.6 
times faster than the base­
line unit. By comparison. the 
PC-8650 was 3 times fas ter 
than the baseline unit in 1he 
same test sui te. 

The Sharp PC-8650"s 

DUAL SCAN: AN ECONOMICAL 

COMPROMISE? 

Each column or row of pix· 

els in passive-matrix dis· 

pll~ys uses three transistors 

to control red, green, and 

blue signals. By contrast, 

each pixel In an.active-ma· 

bix screen is controlled by 

three color•signal transis· 

tors, which prod~ces more 

vibrant.colors and higher 

image qualib'. Six of the col­

or portables in ~his report 

use dual-scan color dis· 

plays. With average prices 

of $3400, dual-scan sys· 

tems offer avalue point be­

tween passive-matrix and 

active-matrix color models. 


Dual-scan technology, a 

type of passive-matrix dis· 

play, divides the·screen into 

top and bottom halves. Each 

half ls scanned simulta· 

neously and in theoiy pro­

duces higher contrast ratios 

and wider viewing angles 

than traditional passive-ma­

trix displays. The physical 

screen size and fundamental 

technology are the same for 

both types of screens. 


However, we found little AdiYHatrix: Tile best, tor~ price. 

difference In col~r quality between passive-matrix and dual· 
scan displays. The average dual-scan display received an 
overall screen-qaialib' rating of 3.1 compared to 2.6 for the av. 
erage passive-mabix display. (The average active-matrix rat· 
ingwas 7.2.) 

We compared the Texas Instruments TravelMate 4000E 
WinDX2/50 active-matrix and dual-scan color models ($4678 

~ and $4178, respectively). The active-matrix model (7.3 
pounds) is only an ounce heavier than the dual-scan unit, 
and batteiy life was Identical. The active-matrix model re­
ceived an "excellent" rating for color purity compared to the 
below-average rating for the dual-scan model. We also com· 
pared the Zenith Data Systems Z-Note 433Lnp+ ($38781 
dual-scan notebook with the Z-Star 433Vlp Model 200 ($2699) 
passive-matrix model. We noticed little difference in color 
quality, contrast, or viewing angles. 
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Call ForAComputer or Catalog.

We'll Ship Either Today! 


ENDLESS POSSIBILITIES WITH ZEOS. 
"Were offering you an advantage other companies can't. High-quality, 

affordable computers in many money-saving configurations (or the 
option to custom-build one to your exact needs). Sound familiar? It's 
not. We also give you award-winning service and toll-free support­
24 hours a day, every day. 

And there's more! If you order a Computers Now! system (samples 
are shown below) before 1p.m., Monday-Friday, we'll ship it the day 
you order. If you'd like to see our complete line of ZEOS products 
and options, we'll send you a free catalog. Call 800-554-5226 now 
for your computer or your catalog. 

486DX2-66 

$2895 
PACKAGE #3MM: PACKAGE #3 BONUS: 

• BMB high-speed RAM • BMB RAM 
• 426MB, !3ms local bus IDE hard drive • 256K SRAM S)'SlCm cache 

with built-in 128K cache • 528M B local bus IDE hard drive 
• 2X CD-ROM drive, 3.5" f1oppy drive • 2X CD-ROM drive, 3.5" f1oppy drive 
• Cardinal Digital Sound Pro 16 card • Diamond Viper local bus video card 
• Magnetically shielded stereo speakers • 15" SVGA color monitor 
• \Virxmo-accelerated local bus video • 14.400 bps Y.32 bis send/ receive fnx modem 
• SVGA color moni tor • DOS. Wincl<w.;, Mouse 
• DOS. Windows, Mouse • Choice of Windows application 
• Choice of Lotus Windows application 

Contencia« 	 FreestyleN 
386SL-25 	 486SL-25 

$1344 	 $2195 
PACKAGE #2 PLUS: PACKAGE #3: 

• 4MB RAM 	 • 8MBRAM 
• BOMB IDE h<ird dri ve • 260MB IDE hard drive 
• External 3.5" rloppy disk dri,·e • Internal 96124 send/receive fax modem 
• Internal 96148124 serxl/receive fax modem • Custom leather carry ing case 
• DOS. \\'indows for \\brkgroups • Extra battery 
• Lotus Organizer 	 • External charging stand 
• 9.T' x 6.1"; 3.9 lbs. 	 • DOS. \Vinclm.,; for \\brki,'Tllllps 

• &5" to 11.3" x J.75" to 2.25"; 5.6 lbs. 

sc>o:ss4°-s2F26 E 
Fax Order.;: 6J2.63J..1325. G<J\'!!mmem: 8()().2-15·2·149, Hearing Impaired ITDDJ: 800·228-5389. Outside US. 
and Canada: 612·633·6131. Purchase Onler.;, MasterCml. VISA. Am Ex. Disc111<er, Z-Card."" COD and affonJ. 
able leasing prognuns. Open 24 I~urs a Da~ :J6!j Dal" a Year. 

486DX-33 

$1695 
PACKAGE #2: 

• 4MBRAM 
• 	214MB local bus hard drive 

with built-in 128K cache 
• 3.5" floppy drive 
• Windows·accelerated local bus video 
• SVGA color monitor 
• DOS. Windows, Mouse 

Pantera-60 

$2995 
Pantera-66 

$3295 
PACKAGE #4: 

• Intel A!ntium Processor 
• BMBRAM 
• 	340MB local bus IDE HOD with built-in 

128K cache 
• 2X CD-ROM drive. 3.5" floppy drive 
• Winckiw.;.accelerated PC!local bus video 
• 15" SVGA color monitor 
• JO.bay vertical case 
• DOS. Windows for \\b rkgroups, Mouse 
• Choice of Lotus application 

PACKAGE #3: 
• BMB RAM 
• 426M B local bus hard drive 

with built-in !28K cache 
• 2X CD-ROM drive, 3.5" floppy drive 
• Windows-accelerated local bus video 
• SVGA color monitor 
• DOS. Windows, Mouse 
• Choice of \\'indaws application 

AmbraN 
486SX-25 

$1195 
PACKAGE #1: 

• 4MB RAM 
• 214M B hard drive with built-in !28K cache 
• 3.5" floppy drive 
• VESA local bus SVGA color video 
• SVGA color monitor 
• DOS. Windows, Mouse 

OUR GUARANTEE TO YOU: 
If we accept your order for immediate shipment and 
fail to ship your system under the conditions outlined, 
we will ship it at our expense as soon as it is ready.* 
•Ordtn lrtlSI be for Canputers Now! coofiguratiom: " .. \ .. listed just a sarnplilll here. Sinre ""oontiruously update t!Us list d coofiguralilns. pie= call to confirm J"'" S)!1t m is on tht list. This ofler is good onli• os loq; OS 
these pre·buih systems remain in sux:k. Other ZF.OS systems and custtrn coofrguratms m.1)' mke slightly bl!ef-about a week. All orders are sii>ject to credit ~.,L ()rd= mUS1 be received by I p.m. Central lime. M·F. 

Purch:ISC orders are subject to approl':il. Business Jea.•ing pmgnuns available. All prices. specific:.itioos and al'ailal:ility are subject to change "i thout mtice; call to confirm these and "'1tr.Ulty details. Prices oo not include shi1> 
ping All products and company names are traden•w or registered tradem.1rl<s d their n:specti'" hoklers. ZEOS and Cooteroa are registered tr.tdemar',;s: Z.C.ml and Computers Now! are registered servicernarks: Ambra and 
Freesty le are tra'.lem.irks rI ZEOS lnt<=funal Ltd. 0 199-1 ZEOS lnternaOOnal l.td.. 1301 Industrial Blvd. Minneapolis. MN 5&113 USA. ZEOS is a public~· traded cooipony (NASDAQ symbol: ZEOSl. CON·BYT·9403A 
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Stampede's R emote Qffece™workS faster, uses less memo~ 
offers greater flexibility than any other remot~ access program. 

flobody Can Outrun 

·A Stampede. 


Your remote PC becomes a true 
node on the network - with the 
fastest system in the field. 

Consider the advantages: 

FLEXIBILITY. Access any server, printer, 
gateway or desktop PC on your network from 
anywhere in the world! 

Re111otc Q[ficc is the illll.y product that runs on 
a non-dedicated DOS-based l'C host. It can 
support virtuall y any networking environment. 
And, it 's upgradable - to 32 po rts - to protect 
your in vestment. 

PERFORMANCE. Stampede's 

Remote Q[fice runs right over the competition. 

Compared to Novell 's NetWare Connect, 

it 's 19% faster on average, 20% foste r 0 11 E-mail. 


Greater speed 111ea 11s less time 011. tli e line ­
wtti11g your costs. 

N eed proof? C heck the Lab. R eview in th e 
12/27/ 93 issue of PCWeek, comparing Re1110/c 

Q[firc to Net vi/arc Co11 11 ect. T heir findin gs: 
l<e111ote Qffice "fa ter, easier to install. .. better 
protocol support... user-friendly... provided 
mo re useful manage ment informatio n '. ' 

SMALL MEMORY FOOTPRINT. 
O urs is j ust 241( on the remote PC - small est 
in th e business, roughl y a tbirQ that of compet­
itive systems. More room for memory-f111 11gry 
programs, less 11 eed for static RAM. 

SAVE $100, 
AND GET A 
DIG/BOARD 
ACCELERATOR CARD, FREE! 

,..,...911~~0rder now, and we'll not 
only knock ·100 off rh e price 

~--lllilil"' of our Remote Office 2-porr 
version software (Reg. $395) , we' ll 
also throw in a 2-port DigiBoard , free! 
You pay j ust $295! Limited time only. 

Ca/11-800-R-Office (763-3423). 
fl"cr .1v.1 il.1b!t• 111 1h1.: U.S. ;1ml C.111 :id.1 onl y. 

DigiBoard• 1'111 lt i.uuiou AcultralOr. 2-P11rt D~~iBoard & ri,tf 
Cm11111mi(i1ti11111 IJ.JJu/ • 6-IK if d11iJf 11U'lll'1r)' fl1 imnfau 1ntli 1l1t Urmorr 
C?fiire luist • 8 .\III: 80186 cmlH."ml pnJ(rSs 11r • 8 Kb mcttWT)' u:imlow • 
Usr...s st.uulard IJH-'J r1• 1111c:rtors • Ur.1uirrs 0 11r .1 14 Ierwh 16-liit slM, 011e 
WIH!td //() /ttlrl .uldrNs , Ctut: 111msrd /RQ i111rmtpt rrqunt lmr. 

Opc·mti11J: S)'J ti ' tllS mrJ E 11 11iriwnu•t1 ts: 
.\IS D O. J . I t11 l11J!lier 
L·-1.\" OpnJfu~t: Sys1e11u: .\',wtlt• SrtlVi11t"' 2. 15 or m~~ 
l1(clrn • .\ 'etl Viur l.J

1
tf' l.O '" h1.1:l1er • l..AStmtu"' -4 .0 STAMPEDE TECHNOLOGIES, INC. ~iiCR'oson 

1H 111.clln • JVimfotl'S ,.,i for 11'.ir~~wups J . I "'li~lrtr • WL'IDOll'S. 
&myn11 4.0 1 1•r /uglier. CO~IPATIBI.£

78 Marco Lane. Dayton. Ohio 45458 USA 
Telephone 513·291·5035 Fax 513·291-5040 

R1.•111ott.· Office .1 1u.l ta111p1.:dc arc tr:1 lk 111;"1rb ofSt.1111pcdc Tc..·,hnolugic), Inc. All o ther na1 11 cs :ire rradcma rks oft hcir rcspc<..:1ivc ow111.·~ . 
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detachable trackball is located 
below the keyboard and can be 
used with either hand . Even 
slight pressure will dis lodge the 
Toshiba T4600C's QuickPort 
mo use from the unit. The 
T4600C's active-matrix dis­
play received on ly a "fa ir" 
overall rating because its colors 
arc re lat ively dull and its view­
ing angles a re limited com ­
pared to the Sharp and NEC 
displays. 

The trackba ll on the third­
runn e r-up AST PowcrExec 
4/33SL-ColorPlus sits a little 
off-center on the front of the 

BYTE BEST COLOR 
Looking for the very best color? 

BEST OVERALL Sharp PC-8650 

This notebook sells for more than $1700 less than the runner· 

up NEC UltraliteVersa 33C and gets an ·excellent" screen· 

quality rat ing with its 8.4·1nch active.matrix display. You can 

view images from a wide range of angles, and the display•s 

colors are sharp and crisp. The system offers the second-best 

overall performance among 33·MHz color notebooks and is particularly 

proficient in doing disk-intensive tasks. The PC-8650 ran for more than 

20 minutes longer on battery power than the UltraliteVersa 33C did. You 

can add up to 20 MB of RAM to the Sharp notebook. and the company offers 

on-site service. 

system. and you can easily con­
WINDD~ EASEOF BAffiRYUFE SCREEN SCREEN SCREENtro l the screen c ursor wh ile PRICE CPU SPEED USE (HOURS:MIN) QUAlnY SIZE (IN.) lICHNOLOCY 

keeping your hands on the key­
BEST Sharp PC.a!iSO $3699 DX/33 3.76 Active

board. """" 3:03 """" 8.4 
RUNNER·UP NEC UltraliteVersa 33C $5428 SU33 3.97 9.4 Active"""" 2:41 

Four of the five systems in """" RUNNER·UP Toshiba T 4600C $4898 SU33 3.58 4:34 9.5 Active 
the High Performance cate­ """ "" RUNNER-UP ASTPowerExec 4/33SL·ColorPlus $4565 SU33 3.23 3:50 9.5 Active 
gory (40 MHz and faster) con­ """ """ RUNNER-UP Mitac Micronote Model 4021G/CT $6215 . DX/33 4.31 4:09 ......... 9.5 Active 

tain Intel c lock-doubled 66- """ 
MH z processors ; the Texas 

When color quality and speed matter ...Instruments TravelMate 4000E 
WinDX2/50 (it comes with ei­

ther an active-matrix or dual ­ HIGH PERFORMANCE Austin 466T 

scan display) contains a 50­
MHz clock-doubled chip. 
 The Austin 466T features a large 9.5-inch backlit active-matrix display and provides 

The Texas Instruments Trav­ the second·best overall performance among color 66-MHz 486DX2·based systems. 
el Mate 4000E W inDX2/50 The unit Is adept at running Windows graphics. thanks to its fast Western Digital 
contains an efficient memory 90C24 video-processor chip. A standard NiMH battery provides average life of a 

little over 3 hours . You can install up to 32 MB of RAM and a 340-MB hard drive. subsystem and competes with 
The integrated trackball is centrally located, which makes it easy to use for both 

sors . It outperforms the 66­
notebooks with faster proces­

right· and left-handed people. 

MHz Model 6500T in the Mi­
crosoft Word and Lotus l -2-3 WINDO~ EASE OF BAmRY UFE SCREEN SCREEN SCREEN 
for Windows benchmarks. PRICE CPU SPEED USE (HOURS:MIN) QUALITT SIZE (IN.) TICHNOLOCY 

The Olivetti Philos 44c and BEST Austin466T $4499 DX2/66 6.27 3:11 9.5 Active 

Gateway 2000 ColorBook RUNNER-UP Micro-International HCP Model 6500T $4100 DX2/66 5.55 "" 3:15 """ 8.5 Active """ """ 486DX-33 round out the Low RUNNER-UP AMS 5366 ACT $4875 DX2/66 6.63 2:18 9.5 Active """ """ Cost category . Both provide RUNNER·UP Tl TravelMate 4000E WinDX2/50 $4678 DX2/50 5.34 2:23 Active 

over 3 hours of battery life on RUNNER·UP Austin4660 DX2/66 6.10 3:19 9.5 Dual scan $2999 """ """" 8.4 

"" "" their standard NiMH battery 

packs . T he Olivetti ' s active ­ Need top-quality color and economy? 

matrix color display is manu­

factured by Sharp and offers 


LOW COST Sharp PC-8650much better color quality than 
the Gateway 2000' s passive­

With a retai l price of $3699, this unit is an outstanding value for an active-matrix color matrix disp lay. However, the 
notebook {see Best Overall , above). An LCD indicator panel, located on the screen hinge. 33-MHz Gateway 2000 out­
is visible when the system is open or closed. Easily accessible compartments are performs the 25-MHz Olivetti 
provided for expansion, and a sliding eject button is included for the system·s Type IImodel by almost 20 percent. 
PCMCIA slot. System documentation Includes all necessary information for novice and 

The Gateway 2000 Color­
experienced users. For those who value flat-out speed over color quality, the first runner· 

Book 's retractable mouse, po­
up Austin 4660 offers a 66-MHz 486 for less than $3000. However. the quality of its 

sitioned below the keyboard, dual-scan screen doesn't match the Sharp's. 
is serviceable except that the 
ball and buttons are small. Sta­

WINDO~ EASE OF BAffiRYUFE SCREEN SCREEN SCREElltus indicators arc scarce and PRICE CPU SPEED USE (HOURS:MIN) QUAlnY SIZE (IN.) lICHNOLOGY 
can be difficult to read . 

BEST Sharp PC.a!iSO $3699 DX/33 3.76 8.4 Active
"""" 3:03 """" RUNNER-UP Austin 4660 $2999 DX2/66 6.10 3:19 9.5 Dual scan KEY "" 3:12 "" RUNNEi.UP Olivetti Philos 44c $3720 SU25 2.80 8.5 Active 

Poor " Fair "" """ """ RUNNER-UP Gateway 2000 ColorBook 486DX·33 $2964 DX/33 3.42 3:26 9.4 Passive 

Good """ Excellent """" """ " 
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Heavy duty 
computing 


used to require 

aheavyweight 

workStation. 	 Until now. 


Introducing the new Powerlite by RDI. 

Now you can take all the power ofyour deskrop SPAR: 

worksrarion with you wherever you go. 

Introducing RDI's PowerLite'" - an 8.5 pound portable 

microSPAR~ workstation with the internal disk capacity 

and memory ro perform all your desktop functions. 

And, for the first time in portable computing hisrory, you 

can equip your portable with a high resolution 1024 x 768 color 

active matrix LCD. Unmodified Solaris ensures compatibility 

with thousands of SPARC applications. Plus, a high speed 

internal FAX/modem allows you to send and receive 

information from anywhere. 

Call us ar 1-800-RDI-LITE • RDI 
for more information on portable • • 


workstation solutions. ~ COMPUTER CORP. 


Circle 166 on Inquiry Card (RESELLERS: 167). 

• 	 Lightweight, slim-linepackage: 8.5 pounds with battery 

• 	 Desktop compatibility: 1024 x768 high resolution color LCD 

• 	 100% compatibility with thousands ofSUNapplications with 
unmodifod Safaris"' ].JC or 2.x 

• 	 Power and upgradeability: 50 MHz microSPARC with over 

1 GB internaldisk capacity and 80 MB memory 


• 	 Unrestricted operation: Battery. keyboard with integrated trackball, 
internal FAX/modem allowing anywhere, anytime computing 

• 	 Workstation connectivity: Ethernet, SCSI, serial paraUel 

keyboard/mouse, extemal monitor 


• 	 PeripheralExpansion Unit providing two SB11s slots and two 

3.5'' SCSI device expansion bays 


Dl'1>lltDl~~. fVlottl.w:w 1 1ndcmcl;ofRDl~tnC«p.~and...DSput1ndcmub.ut'1rWcmuborrq;hu:m!tndi:muU 

riSP.o\RC lmmu1nul, Inc. ~ARC 11 lan.cda:dlAMfy mSun M~ Inc. ProJuru bt'.mlllSPARCmdmurbutbucd upon 1n.1.-dullClu:i: 

~ti,.Sun .\ ! 11,:n.ywnu. lnc. 
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BES T 
BYTE DESKTOP REPLACEMENT 

Thanks to the processing power 
of 486-class CPUs, all the note­
books in this review could qual­
ify as desktop replacements. 
However, we limited the field to 
systems that provide external res­
olutions of up to 1024 by 768 
pixels. accept 300-MB or larger 
hard drives, and support a dock­
ing station. Fourteen qualified. 

The NEC Ultra liteYersa 33C 
and the two other notebooks 
ranked for Best Overall (33 MHz 
or slower) contain 33-MHz 
486SL processors and feature 
9.5-inch active-matrix displays. 
The UltraliteYersa 's display pro­
duced the highest overall screen 
quality for this application and 
tied for the best within our en­
tire test sample. 

One system for the office and the road ... 

BEST OVERALL NEC UltraliteVersa 33C 

This notebook is among tt]e top performers in its class, and its active-matrix 

color display is second to norie. The NEC computer outruns the Toshiba T4600C 

and AST PowerExec 4/33SL-ColorPlus in all our application-based and low-level 

benchmarks, The efficiency of the NEC's IBM hard drive subsystem is evident in 

the FoxPro test (2.4 times faster than the basellne notebook). The unit is also 

proficient in the Windows low-level benchmarks: tt achieved a 4.6 score compared to 2. 7 and 

2.2 for the Toshiba and ·AST notebooks. respectively. The UltrallteVersa 33C has a well-spaced keyboard, and a stan­

dard cabled mouse attaches to either side of the unit to accommodate both right· and left-handed users. An LCD indi· 

cator window clearly displays status information (e.g .. battery-<:harge level), and the system's documentation stands 

out for its clarity and comprehensiveness. The notebook supports only 12 MB of RAM. but it accommodates a 340­

MB IDE hard drive, and its optional ($609) expansion chassis provides two ISA expansion slots and two drive bays. 

OVERALL EASE OF BATTERY UFI SCREill SCREill MAX. 
PRICE CPIJ SPEID USE (HOURS:MIH) QUALITY TYPE RAM (MB) 

BEST NEC Ul!raliteVersa 33C $5428 SU33 3.52 ............ 2:41 ............ Color 12 

RtJNNER-UP Toshiba T4500C $4898 SU33 3.13 ......... 4:34 ...... Color 20 

RtlNNER-UP AST PowerExec 4/33SL-ColorPlus $4565 SU33 2.99 ......... 3:50 ......... Color 32 

The Micro-International HCP 
For speed and flexibility ...Performance Series , Model 

6500M, takes top honors in the 
High Performance category (40 
lvfHz or faster) . Three of the four 
leaders in this category contain 
act ive-matrix color displays. The 
Model 6500M was the mono­
chrome exception. 

Micro-International uses a 
YL-Bus IDE interface in the 
Model 6500M , which ran the 
fastest in our disk-intensive Fox­
Pro benchmark. 

The Austin 4660 stands out 
in our Low Cost category (sys­
tems be low $4000) with its 
$2999 price tag. All three ranked 
systems in the Low Cost cate­
gory contain dual-scan displays, 
which help reduce cost but pro­

HIGH PERFORMANCE Micro-International HCP Model 6500M 

VL-Bus video and. IDE Interfaces contribute to fine overall performance: The notebook 

is 2.8 times fasterthan the baseline machine in the disk-intensive FoxPro benchmark. 

Priced almost $2300 less than the AMS 5366 ACT. the Model 6500M is also among 

the top three systems in battery life. It ran for close to 5 hours on its nickel-<:admium 

battery pack. The unit features a large 9.5-inch monochrome display, supports up to 

20 MB of RAM, and accommodates a 340-MB hard drive. The optional $520 expan­

sion chassis provides four ISA expansion slots and two drive bays. The system fea­

tures a comfortable keyboard, and· its trackball is solid and easy to control. If speed and color are requirements, the 

AMS 5366 ACT outran the closest competitor in this group by almost 10 percent. 

OVERALL EASE OF BAffiRYLIFI SCREEN SCREEN MAX. 
PRICE CPIJ SPEED USE (HOURS:MIN) QUAUTY TYPE RAM(MB) 

BEST Micro-International HCP Model 6500M $2600 DX2/66 4.56 ......... 4:54 ......... Mono 20 

RUNNER-UP AMS 5366 ACT $4875 DX2/66 5.42 ......... 2:18 ......... Color 32 

RUNNER-UP Austin 466T $4499 DX2/66 4.98 ...... 3:11 ......... Color 32 

RtJNNER-UP Micro-International HCP Model 6500T $4100 DX2/66 4.73 ......... 3:15 ......... Color 20 

vide below-average color qual­
ity when compared to active­ Need low cost and high speed? 
matrix color models. 

LOW COST Austin 466D 

• 
~ for This Application Considered 

With a list price of $2999, the Austin 4660 is the most economical desktop replacement we 

ranked. It also significantly outperforms the runners-up. It is particularly proficient In video-in­

tensive benchmarks, thanks to its Western Digital 90C24 videcrprocessor chip. The notebook 

can display up to 256 colors (1024 by 76B pixels) on an external monitor. Colors produced 

~- - on Its dual-scan display were nondlstinct, and its range of viewing angles is relatively small. 

However, display quality was not a strength for any of the notebooks ranked in this category. 

The Austin 4660 can hold 32 MB of RAM and a hard drive of up to 340 MB. Its $299 expansion chassis accepts two 
ISA expansion cards and two 3'/.-inch storage devices. An integrated trackball is located in the middle of the unit. 

PRICE S'K 

PRICE CPIJ 
OVERAll 
SPEID 

EASE OF 
USE 

BATTIIY UFI 
(HOURS:MIN) 

SCREill 
QUAlllY 

SCREEN 
TYPE 

MAX. 
RAM(MB) 

Poor ... 

Good ..,..,.., 

KEY 

Fair"'" 

Excellent """'" 

BEST 

RtlNNER.IJP 

RUNNER-UP 

Austin 4660 

Eurocom 82000 

Sager NP7460 

$2999 

$3500 

$3075 

DX2/66 

DX2/66 

DX2/66 

4.80 
3.17 

3.66 

...... 

...... 

......... 
3:19 

3:29 

2:00 

...... 

...... 

... 
Color 

Color 

Color 

32 

20 

16 
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Mobile Multimedia 

M

ultimedia's abilit y to combine 
text, graphics, animation, and 
sound to produce inte ractive 
presentations is no longer tied 

to the desktop. We tested three portable 
486s from Bit Wise, Scenario, and Toshi­
ba that include sound cards, CD-ROM 
drives, speakers or headphones, and mi­
crophone support. All three comply with 
the Multimedi a PC Marketing Council 's 
recentl y updated MPC standard. 

The BitWise Model 466/ACP, Sce­
nario Dyna Vision IVMM , and Toshiba 
T6600C/CDV support maximum 16-bit 
sound-sample sizes, with sample ra tes 
of up to 44 kHz for recording dig itized 
sound , and each can generate MIDI 
synthesized sound. The Bit Wise note­
book uses C rea ti ve Lab ' Sound 
Blaste r card , the Dyna Vision IVMM 
conta in s a c us tom config ured 
Portable Sound Plus 
card from Digispeech, 
and the Toshiba note­
book 's sound is gener­
ated by MediaShare 's 
M ambo (i.e., a DVI/ 
Ethernet card). 

Eac h sys te m in ­
cludes a speaker or headphone system. 
The ty pe of audio ystem you need de­
pends on the sound quality you desire, as 
well as cons iderations like space and 
whether the sound needs to be heard by 
others. The Scenario system uses an ex­
ternal speaker ( 1.8 by 2.8 by 7 inches) 
that plugs into the side of the unit. It 
features a volume control and a head­
phone input jack. Bit Wi se provides 
small stereo headphones for its multi ­
media unit , and the Toshiba 's sound 
plays th rough two speakers located on 
the front of the system. 

CD-ROM DRIVES 

All three systems use CD-ROM drives 
lhat support CD Audio, CD Extended 
Architecture, and Kodak Photo CD mul­

high-quality active-ma­t isession standards. 
trix color display. We (Single-session Ko­
rated the color quality dak Photo CD play­
of the Bit Wise and Sce­ers can show onl y 
nario screens s li ghtl y pictures recorded in 
higher than the Toshi­th e initial sess ion, 
ba di splay. However,while multi sess ion 
the Toshiba 's screen is playe rs can show 

pictures added after 
BitW'~ Model 466/ACPthe first recording.) 

Each unit uses SCSI CD-ROM inter­
faces . The CD-ROM data transfer ra te 
for the Dyna Vis ion IV.MM is rated at 
up lo 330 KBps; the Toshiba and Bit­
Wise notebooks are rated at a maximum 
of300 KB ps. The BitWise's CD-ROM 

d rive provides the 
fas test rat ed average 
access time (280 ms); 
the a verage access 
time on the Sce nario 

and Toshiba notebooks 
is 200 ms. 

hulking at 22 and 19.3 pounds, respec­
tively. All three systems are remini scent 
o f early portable units . The BitWi se 
Model 466/ACP uses a lunch-box-style 
case with a keyboard that 
snaps off the front of the 
box to expose a display 
that tilt s forw a rd. The 
Toshiba T6600C/CDV re­
quires a great deal of desk 
space (4.7 by 15.4 by 12.6 
inches), but it fea tures a de­
tachable keyboard . 

Scenario's DynaVi s ion 
lVMM consists of a Texas In­
s trument s Trave lMate 4000E 
WinDX2/ 50 look-alike mounted SconarioDJ11"1'1SionlVMM portable accepts three detach­
on top of a lower unit that houses a a b I e di spl ays (i .e., mono­
CD-ROM drive and sound board. This is chrome, 10.4-inch active-matrix color, 
the only one of the three that runs on and a pen-operated module that fits over 
battery power. the keyboard). It suppo11s external res­

These three mullimedia units all use a olutions of up to 1024 by 768 pixels. 

the larges t o f the 
threc- 10.4 inches di agonally . 

The Scenario 's notebook design lim­
its its memory expansion to 20 MB and 
the number of keys to 83. The Bit Wise 
and Toshiba notebooks use full -size I 0 I­
key keyboards and support 32 and 40 
MB of RAM, respecti ve ly. 

PERFORMANCE 

Each system delivers imilar ove rall 
performance. The Toshiba and Bit Wise 
notebooks contain 66-MHz DX2 proces­
sors (the BitWise a lso features a 128­
KB secondary memory cache). The Sce­
nario Dyna Vision uses a 50-MHz DX2 
CPU. but it can compete with systems 
with higher clock speeds because of its 
efficient memory architecture. 

A fin al note: The recently introduced 
Panasonic CF-V21P arrived too late for 
testing, but its unique features deserve 

mention . The CF-V2 l Pis the first 
notebook to support an intern al 
3 '/i -inch CD-ROM drive . The 
CD-ROM drive slot also accepts 
a floppy drive, a second battery 

pac k, or a TV tune r 
wi th VCR input. The 
sys te m fea tures an 

upgradable 50-MHz 
486DX2 CPU, expands 
to 20 MB, and supports a 

200-MB hard drive. The 

HOW THEY COMPARE 

OVERALL EASE OF SCREEN WDGl!T OIMOOONS 
MODEL PRICE CPU SP£ID USE QUAlll'I DISPlAY (LBS.) (HWD) 

BttWlse Model 466/ACP $7995 DX2/ 66 4.35 Fair Excellent Active-matrix color 22 9.6x16x8.2 
Scenario DynaVlslon IVMM $6995 DX2/50 4.47 Good Excellent Active-matrix color U .6 3.4x11x8.5 
Toshiba T6600C/CDV $8999 DX2/66 4.64 Excellent Good Active-matrix color 19.3 4. 7x15.4x12.6 
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WE JUST PUT MORE DISTANCE 

BETWEEN RLN AND OTHER 


REMOTE ACCESS SOWTIONS. 

· For some time, Remote 
LAN Node® has been ac­
knowledged as the best 

remote 
node 
solution 
you can 
buy, let­
ting users 
dial into 
their 
LANsRLN comes preco11fig 11red 

on a mck-mo1111tab/e and work 
486 server for 4, 8 or 16 
si111u /ta11 cous users, or as just as if 

sofhvarc-011/y for 2-16 they were 
simulta11eous users. locally 

connected. And it's been pro­
ven in use across the world. 
Now RLNT"' 2.0 has really left 
the others in the dust. 

RLN now supports token­
ring as well as Ethernet. In 
fact, you can access either 
one with the same client 
software. RLN is the only 
remote access solution that 
works in virtually any single 
or interc01mected network 
en virorunen t. 

There's also new SNMP 
support, and a built-in 
Windows™-based Remote 
Manager console for server 
management from any 
remote PC. You can also 
simultaneously update user 
information on multiple 
servers from a single loca­

your remote clients is easier. 
RLN has always included 

powerful security features. 
But now that we've added 
enhanced data 
encryption, pass­
word aging and 
support for 
Challenge 
Handshake 
Authentication 
Protocol 
(CHAP), it's 
the most 
secure solution 
you can buy. 

So call for 
more infor­
mation and 
a free demo 
copy of RLN software that 
will let you dial in and see 
what it's like to be a remote 
node. We'll also send you an 
informative white paper on 
remote computing. 

Like RLN users th~ 
world over, you'll see what 
lengths we've gone to, to 
make sure no other remote 
solution comes close. 

1-800-348-3221, ext. 57DD* 

E>GA 

TI1e Freedom To Comm1micate. 

'Or ea/I (404) 475-8380. Cl 1994 Digital Co111111u11icntio11stion. And RLN has a 
Associates, Inc. All rights ~. DCA and Rnnote U.N 
Node are regis tered trademark> mrd RUJ is a lmdemark of Custom Client Build • 
Digittd Com1mmica tio11s Associates, Inc. Windaws is n tradt· 

utility, so configuring · ~u mnrk of Microsoft Corporntiou. All otlrcr trademarks arc the 
property of their owners.Net'Mlre 
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THE BEST 


Subnotebooks are the lighte t 
and smallest DOS and Win­
dows portab les . However, 
there is a trade-off between 

portabi lity and functionality . By 
defini tion, all came with external 
floppy drive and downsize key­
boards (the Gateway models also 
have nonstandard 1/0 ports). But 
subnotebooks are also competi ­
tively priced : The average price 
(not including the $2300 colo r 
Sager P440C) was $2 183. 

We tested eight subnotebooks 
with traveling weights (i.e., sys­
tem, externa l 3'/,-inch floppy drive, 
AC adapter, and power cord) of 
under 7 pound . While the system 
size and weight of a subnotebook 
are less than a notebook , keep in 
mind that traveling wi th all the re­
lated subnotebook components can 
be cumbersome. For example, the 
average weight of a subnotebook 

SL-ENHANCED CPUS: POWER MISE.RS, BUT RARE 

The Mitac Micronote Perfonnance Model 4021G/CT is the only notelK!ok in this re· 
view that uses an SL-enhanced processor (33-MHz 486DX). H provides the second· 
longest battery life 14 hours, 9 minutes) among active-matrix color notebooks. The 
Mitac Mlcronote Lite Subnotebook Model 4010F and Sager NP440C-subnotebooks 
also make use of SL-enhanced.technology 125-MHz 486SX processors). The Model 
4010F's battery life 12 hours, 57 minutes) is slighUy below average for subnote· 
books. The NP440C contains a passive-matrix color display that limits its battery life 
11 hour, 55 minutes) in our Thumper 2 battery test. 

Utilizing Intel's system management mode, the SL-enhanced technology provides 
the necessary power for applications while the system is conserving energy. Active 
power management turns hardware co~ponents on and off on a{! as-needed ba,sis~ 
SL-enhanced technology uses clock-throttling, where the CPU can distinguish between 
the amount of power needed to run at a lower clock frequency (e.g., for a word pro­
cessing application) or at a higher clock frequency. Stop Clock lets the 486SL CPU 
operate at any frequency (from 0 MHz to the maximum), and Auto Idle automatically 
reduces the average power that a 486DX2 CPU consumes by as much as 10 percent. 

and battery was only 4 pounds, but when you add the external 
floppy drive and AC adapter, the average weight increases to 
6 pounds. 

All the subnotebooks we tested support VGA resolution 
(640 by 480 pixels) and feature passive-matrix monochrome 
LCDs, except for the Sager NP440C, which uses a passive­
matrix color LCD. In thi s sec tion , we named only a Best 
Overall win ner; we fou nd that overall pe1formance and sys­
tem prices among these un its were too simi lar to j ustify High 
Performance and Low Cost ranki ngs. 

Subnotebooks may be small , but they don' t necessari ly 
lack expansion capabil ities. The eight subnotebooks support 
up to 20 MB of RAM, and you can configure them with IDE 
hard d1ives ranging in capacity from 120 MB (Sager NP440C 
and Altl ma Traveler) to 200 MB (Caf 486 Subnote). With 
thei r 486 processors, external keyboard ports, and support of 
external mon itors in resolutions of up to I 024 by 768 pixel. 
(the Altima Traveler is limited to 640 by 480 pixels exter-

Rankings for This Appfication Considered 

nally), these subnotebooks 
ca n func t ion we l I o n the 
desktop . Each of the sub­
notebooks we tested provides 
a Type II PCMCIA slot for 
network adapter or mo­
dems. 

T he Zeni th Data Systems 
Z-Lite 425SL Model I 70W 
and Packard Bell Diplomat 
I70M Subnotebook pro­
duced the highest overall rat­
ings. However, the runners-

up provided some strong overall competi tion, and unranked 
subnotebooks made strong showings in indiv idua l tests. 

The Alti ma Traveler is a close second to the Zenith unit in 
battery life, running for close to 4 '/, hours on its NiM H batte1y 
pack. The system's 8-inch monochrome display received the 
highe t screen-quality rating among subnotebooks and stand 
out for its smooth transit ions fro m light to dark areas. Per­
formance is not this 25-MHz system 's strength , because it 
possesses a relati vely slow memory subsystem. The Altima 
Trave ler fea tures a high-quality keyboard, and its LCD ind i­
cator panel i visible when the unit is open or c losed. An in­
tegrated trackball is located above the keyboard on the right­
hand side of the system. 

We tested two vers ions of the Gateway 2000 HandBook . 
They're identical excep t for the ir CPUs (486SX/25 and 
486DX2/40). Besides being the smallest ( 1.6 by 9. 75 by 5.9 
inches) and lightest (5. 1 pounds, with accessories) subnotc­
books we received, their Sanyo screens offer similar gray­
scale quality and an overall "excellent" rating. However, the 
HandBook display is on ly 4 inches high and 7.9 inches mea­
sured diago nall y. Battery li fe is only around 2 '/, hours, the 
shorte t among monochrome subnotebooks, using their stan­
dard iMH battery packs. 

The 40-MHz 486DX2 Hand Book provides better overall 
performance than its cousin. However. the 40-MHz model's 
memory subsystem is slow, and the unit performs poorl y in 
BYTE's Wi ndows VGA tes ts. The 25-M Hz HandBook is 
among the lowest subnotebook in its class. The paralle l 
port on both Gateway units is nonstandard and requires a spe­
cial adapter (which could be easi ly lost) to connect a printer 
or the external floppy drive. The HandBooks ' eraser-shaped 
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What do all these 

products have 

in common? 


They're all compatible* w~h 
PORT-ABL__·~ 

PORT·AB LE Sound Plus makes it presentations will be abreeze,and So, go ahead, be compatible. It's easy,all 
possible to put 16 bit Stereo CD quality because it's the most advanced you have to do is plug PORT·ABLE 
where it really counts. technology based on Digital Signal Sound Plus into your parallel port and 

you're ready for beautiful playback orNo matter which one of these fine software Processing, you can be assured that you 
recording anytime, anywhere.programs you use, with PORT·AB LE are getting the highest quality sound 


Sound Plus lighting up those available in the market today. Now, doesn't that sound great! 


Corporate Office: 2464 Embarcadero Way, Palo Alto , CA 94303·Pon· Able Sound Plus ls co rn paUble wlln Sound Bl3ster 1111 , 

and all industry standards lor DOS. WlndovlS OS/2. Telephone (415) 494-8086 FAX (415) 494-8114 
·All olher pradxt names are trademarks or registered Sales Office: 550 Mam Street, Suite J, Placerville, CA 95667 
trademarks ol tnelr r~ pectNe owners. Telephone (916) 621-1787 FAX (916) 621-2093 
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Science has found a 

cure for snoring. 


At least during your 

•presentation. 


It's the new Phaser~ 220 color printer by Tektronix ~ It' s come with an airbag . The Phaser 220 also offers true 

Adobe" PostScript ~ Level 2 and supports PCs, affordable. It' easy to u e. And it's the best . ... ....... . ..: 

Macs workstations and just about every net­way to keep people awake without the use of .. 
' work interconnect. Add to this the fact thatcostly stimulants. How? Quite simply, amaz­

ing color. The Phaser 220's SuperCell 600 ·· it ' reliable, has multiple paper trays and a 

technology allows you to print a huge print capacity and you' ve got 

whopping 600 x 300 dots-per-inch. yourself one tough workhorse. For a 

And in lay terms, that's a Iona dot.~. free Phaser 220 prim sample or the 

And a lotta dots means your annual name of your nearest Tektronix deal-

reports will yodel , yo ur pie charts er, ca ll 800/835-6100, department 

will do backflips and your bar graphs 
1'1w Ph(tsf' r :!OV .tt!ries slU rls ut a suggel tt•d 11•tail JHir1• 

ofont_,­ z.99s. 11 ·1io"''-'"'""'" cm1 ·11,,._,1,,,,,";""'" 341. For faxed informat io n . ca ll 

will announce their presence wi th authori ty. Plus you get 503/682-7450, and ask for document #5003. But don' t 

all this great color at two pages per minute on most com- wai t too long. Because busine . is getting more and more 

ma n laser papers. At this speed, it should TeklrODiX competitive. And if you snooze, you lose. 

/ 

l'hn~e r i!o a tmdt· mark of Td ;l rmm . lfw. Pth t5criJll is a tnulemark of :\dol'I(' S} ..lcm:-. . l1 w. All 01hcr tniu'l:!- nrc lrnl'lt m:irh or regi~krr1 l 1mdt·11 1111 l. · of their n· .. prd in· M111p:111 il"£. 

!k.11.,p r t.1J1Jnng 
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pointing dev ice, EZ Point , .BYTE BEST SUBNOTEBOOKS 
mimics IBM 's acc lai med 
TrackPoint IT but lacks its ease 

For sma ll size w i thout compromise ...of use (see the text box " New 
Pointers" for details). 

111e unranked (see the " Roll 
Call" on page 180) Mitac Mi­
cronote Lite Subnotebook 
Mode l 40 IOF outperforms the 
other 25-MHz subnotebooks in 
each of the application-based 
benchmarks due primarily to 
its fast memory subsystem. Tt 
ran for abo ut 3 hour on it s 
nickel -cadmium ballery pack , 
and its monochrome display 
produces ave rage gray scales 
but an overall rating of" fair." 
The Mi tac Model 40 I OF' s ex­
te rnal floppy drive plugs into 
a PCMCIA slot, leaving one 
available slot when in use, and 
its integrated trackball is cen­
tered on a hand-rest below the 
keyboard, wh ich is ideal for 
ri gh t- and left-handed users . 
The ejec t swi tc hes for the 
PCMCIA slots are located on 
the front of the case and are not 
labeled. Function keys arc half­
s ize , and arrow keys are not 
separated from the cursor di­
rection keys. 

The Sager NP440C ' s 8-inch 
Sanyo passive-matrix di splay 
delivers acceptable color. How­
ever, the trndc-off for color is 
battery li fe- the unit runs for 
only 2 hours on its nickel-cad­
mium battery pack, whi ch is 
over an hour less than the av­
erage for subnotebooks . The 
NP440C perfonncd well in our 
application benchmarks, with 
an overall score of2.43, which 
makes it the tJ1ird fastest among 
subnotebooks tested. Function 
and spec ial keys (e.g., Page­
Down , PageUp, Home, and 
End) are half-size, and LED in­
dicators , the suspend sw itch, 
and bri ghtness /contrast con­
trol s arc bunched toge th e r 
above th e keyboa rd , w hi ch 
saves space. The NP440C's in­
tegrated trackba ll si ts to the 
right of the keyboard , which 
places your hand in an awk­
ward posit ion. 

The Caf 486 Subnote fea ­
tures a high-quality keyboard 
with average-s ize keys. Its in-

KEY 

Poor .6. Fair .6..6. 

Good .6..6..6. Excellent .6. .6..6..6. 

BEST OVERALL Packard Bell Diplomat 170M Subnotebook 

~ This slimline. modular unit (and its more expensive look­

~"'~ alike from Zenith Data Systems) competes with similarly 

- equipped monochrome notebooks in performance. The 

;;ii i"' AC adapter on both systems attaches to the back of the 

external 3 '/ :.-lnch floppy drive. The combined unit then 

attaches to the left-hand side of the system, giving the appearance 

of one seamless unit. A detachable trackball screws onto the front 

of the system and can be used by either hand. However, the keyboards 

are very small and will take some time for touch-typists to adjust to. 

Both units ran for over 4 hours on their NiMH battery packs. Both 

use identical 8 .5-inch monochrome displays that produce slightly above average gray scales and an overall "ex­

cellent" screen.quality rating. 

SUBHOTEBOOK EASE OF BAlTERY LIFE SCREEH SCREEH MAX 
PRICE CPU OVERAU SPEED USE (HOURS1111N) QUAUTY SIZE (IM.) HARO DISK (MB) 

BEST PB Diplomat HOM Subnotebook $2100 SU25 2.65 .......... 4:04 ............ B.5 170 


RUNNER-UP ZDS Z-Lite 425SL Model 170W $2499 SU25 2.65 ......... 4:22 ............ 8.5 170 


RUNNER-UP Altima Traveler $2499 SU25 2.44 ...... 4:21 ............ 8.0 120 


RUNNER-UP Gateway 2000 HandBook 486SX·25 $ 1495 SX/25 2.38 .......... 2:37 ............ 7.9 130 


RUNNER-UP Gateway 2000 HandBook 486DX2-40 $1995 DX2/40 2.98 ......... 2:37 ............ 7.9 130 


tegrated trackball and buttons note books. The Caf's Toshiba subnotebook field. The stan­
are located below tJ1e keyboard IDE hard drive subsystem per­ dard nickel-cadmium battery 
at opposite ends of the system, formed well in our disk-inten­ provided over 3 hours of life, 
and its external 3'/z-inch floppy sive benchmarks. However , and the unit 's monochrome dis­
drive is bigger and bulkier tJum witll an overall score of 2.39, it play stands out for its g ra y­
those provided with other sub- ranks in the second half" of the sca le quality. 

Lithium Promises Longer Battery Life 

Lithium is a volatile and potentially explosive chemical that nevertheless may become the 
power source of cho ice for rechargeable batteries. Several American and Japanese 
companies are currently working to commerc ialize tlle chemical. 

Nicke l-cadm ium batteries, currently the most common used in portables ( 18 in our 
sample used them), may gradua lly be phased out because of memory-drain problems. 
Recharging a nicke l-cadmium battery that's not fully discharged can keep the battery from 
ever be ing fully charged again. NiMH (nicke l-metal-hydride), which doesn' t su ffer from 
this problem and can last longer, has become an alternative for some vendors: we tested 
17 notebooks that used this battery chemistry . 

Recently, Toshiba int roduced the Portege T3400 series of subnotebooks, which arc the 
first portables to use rechargeable lithium-ion batte ries. The Portegc was introduced too 
late to be tested for thi s report , but Toshiba c laims that a lithium-ion battery will provide 75 
percent longer life for the same weight as a ni cke l-cadmium battery and 50 percent more 
life than a standard NiMH battery of equal weight. Lithium-ion batteries do not suffer 
from memory drain. 

Lithium-polymer batteries, bei ng developed by Valence Technol ogy, may become 
another lithium-based power . ource. St ill in its early development, the litllium-polymer 
battery looks like a sheet of plastic about the size of a playing card. Valence Technology 
claims that it weighs 75 percent less and will run four times longer on a sing le charge than 
a nickel-cadmium battery of similar weight. Lithium-polymer batteries can be molded into 
any shape. The batteries support high-energy densities, do not have memory-drain 
problems , and use env ironmentall y safe materials . However, lithium-polymer balleries 
have a limited li fe cyc le o f 175 hours and arc not expected to be economicall y viable for 
several years. 
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HONORABLE MENTIONS 


Dubious Achiever.nen:ts 

To receive a generic manual after spending thousands of dollars for a new system is not reassuring to users who 

want and deserve expert technical upport from the vendor. Aspen, Mitsuba, AMS, and Eurocom don't take the time or 

spend the rnoney to produce their own documentation, which can be invaluable to both novice and experienced users. 

The manual s they include don ' t mention specific vendor or product names and lack key i"tems, such as troubleshooting tips, 

a glossary of 1em1s. and an index. 

The Mitac Micronote Lite Subnotebook Model 4010F attaches 

its external floppy drive through its PCMCIA slor. Although it ' s an 

innovative use of the lates t technology there are a few drawbacks. 

Because the floppy drive takes up a PCMClA lot, it leaves you with only 

one remaining s lot. Also, you must disconnect the floppy drive to instaJJ 

a Type Ill PCMCIA card. 

We liked the AST PowerExec 4/33SL-ColorPlus's 
integrated ti ll stand. Two adjustable pins located under the unit 

le t yo u adjus t the 

typ ing position of 

the keyboard (s imi­

lar to a typical AT­

compat ib le key ­

board). resulting in 

less strain on your 

hands and wrists. 

Unique features of the Olivetti Philos 44 land 

Philos 44c) separate it from the rest of the notebook 

systems. Its keyboard flips up on hinges (no tools are 

needed) to provide easy access to its removable hard drive 

and battery pack. A 

mouse pops out from 

the right-hand side of 

the unit with the 

click of a button, and 

a dedicated numeric 

keypad is positioned 

above the keyboard. 

An integrated 

microphone is also 

a distinguishing 

feature. C> 

The modular subnotebook 
design used by the Zenith Z­

Lite 425SL Model 170W and 

Packard Bell Diplomat 170M 

Subnotebook results in a very 

slimline appearance. The AC adapter 

snaps onto the back of the unit's external 

floppy drive. The combined unit then attaches to the left-hand 

side of the system via a small cable that protrudes from the 

floppy drive. A separate cable for the AC adapter is included 

that lets you bypass the floppy drive and connect directly to 

the system. 

Typical integrated pointing devices can be 

cumbersome for left-hand ers. The 

cabled PS/2-style mice prov ided wi th 

the NEC UltraliteYersa 33C and CR 

Safari 3180 alleviate this problem 

by attaching to e ither 

side of the notebook. 

These mice provide full 

Windows functiona li ty wi th bener feel 

and control than most integrated 

trackballs or other pointing devices. 
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High performance 486"'DX2. 
Blazing 66MHz, backedby our 
exclusiveturbo cache, for unpar­
alleledworkstationperformance. 

Two Full-length ISA Slots. 
Connections are eveiything. 
And this machine allows for 
plcnty- Ecl1emet, video, 
youname it 

Take your entire show on the road. The new Toshiba T6600C Series represents 
the most advanced technology and muscle we've ever put into aportable.With its 
486'"DX2 processor, dual ISA full-slot expansion, and huge storage options, the 
T6600C Series delivers the power and capacity for the most demanding portable 
applications. From network analysis to software development to full-blown 
multimedia, if you need to tour with agreat deal of force, this is your system. 

Feel the force. For your nearest dealer, call 1-800 457-7777. 

In Touch with Tomorrow 

TOSHIBA 


with capacity for video 
clips, graphics, photo CDs, 
or an entiresetof manuals. 

PCMCIA Expandability. 
TheT6600C offers a huge 
wealth of communication 

andexpansion opcions, 
including a 16rnm 

PCMCIA2.0l 
compliant slot la rge 
enough for a ha rd 
drive! 

Built-in Stereo 
Speakers. 
Quality aud io adds 
another dimensim 
to any program. 
With Microsoft 
Microphone'" 
included, your 
work can speak 
foritself. 

The New T6600C Series 
• Imel 480DX2/66MHz 
• SMB RAM expandable to 40MB RAM 
• 10.4' color active matrixTTr-LCD screen 

• SVGA display with 640x480x256 color resolution 
• S!OMBHDD 
• Two full length 16·bit ISA slois 
• One !6mm PCMCIA 2.01compliant slot 
• Built-in SCSI with external SCSI-II pon 
• Microsoft" Sound System" 

• 5.25' half height 200ms double speed CD·ROM 
(T61iOOCJCD and T61iOOC/CDV models only) 

• McdiaShare Mambo" DVl•/Ethemet" boord 


(T61iOOCJCDV model only) 


IO 1993 Toshiba America lnfonnation Systems, Inc.The Intel Inside logo is a trademarkof Intel Corporation. AU products indicated by trademaiksymbols arc trademaiked and/or registered by their respective companies. 
ilm is a regis tered trademark. 

Circle 151 on Inquiry Caret 
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ROJ_JL CALL OF PORTABLES TESTED 
NOTEBOOKS 

OVERALL BATIERY LIFE EASE OF SCREEN 

VENDOR MODEL CPU DISPLAY TECHNOLOGY SPEED ' (HOURS: MIN) USE QUALITY 

AMS, Inc. 5366ACT DX2/66 Color Active 5.42 2:18 ......... ......... 
Aspen Computer Universa DX2166 Color Active 4.01 3:02 ...... ...... 
AST Research , Inc. Bravo NB 4/25 S Color SX/25 Color Dual scan 2.33 1:56 ......... ...... 
AST Research, Inc. Bravo NB 4125 S Mono SX/25 Mono Passive 2.32 2:55 ......... ......... 
AST Research , Inc. PowerExec SU33 Color Active 2.99 3:50 ......... ......... 

4/33SL-ColorPlus 

Austin Computer Systems 466D DX2/66 Color Dual scan 4.80 3:19 ...... ...... 
Austin Computer Systems 466T DX2/66 Color Active 4.98 3:11 ...... ......... 
BilWise Designs, Inc. Model 466/ACP DX2166 Color Active 4.35 NIA ...... ............ 
Commax Technologies, Inc. Smartbook DX2/50 Mono Passive 2.87 2:25 ...... ......... 
Compaq Computer Corp. LTE Lite 4/33C SU33 Color Active 3.35 2:23 ...... ............ 
Digital Equipment Corp. DECpc 425SL SU25 Mono Passive 2.59 5:56 ......... ... 
Eurocom 8200D DX2/66 Color Dual scan 3.17 3:29 ...... ...... 
Eurocom 8200T DX2/66 Color Active 4.79 2:53 ...... ...... 
Gateway 2000 ColorBook 486DX·33 DX/33 Color Passive 2.87 3:26 ......... ... 
Gateway 2000 ColorBook 486SX-25 SX/25 Color Passive 2.22 3:49 ......... ... 
Micro-International, Inc. HCP Performance Series, DX2166 Mono Passive 4.56 4:54 ......... ......... 

Model6500M 

Micro-International, Inc. HCP Performance Series, DX2/66 Color Active 4.73 3:t5 ......... ......... 
Model 6500T 

Mitac U.S.A. Inc. Micronote Value SX/33 Color Passive 3.11 1:35 ......... 
Model 4020G/C 

Mitac U.S.A .. Inc. Micronote Performance DX/33 Color Active 3.69 4:09 ......... ......... 
Model 4021GICT 

Mitsuba Corp. Ninja lll DX2-66 DX2/66 Mono Passive 4.62 5:05 ...... ......... 
NCR Corp. 3150 SX/25 Color Active 1.88 3:12 ......... ......... 
NCR Corp. Safari 3180 SU33 Color Active 3.45 2:54 ......... ......... 

~ NEC Techn ologies, Inc. UltraliteVersa 33C SLJ33 Color Active 3.52 2:41 ............ ............ 
Olivetti North America Philos 44 SU25 Mono Passive 2.32 3:33 ......... ... 
Olivetti North America Philos 44c SU25 Color Active 2.52 3:12 ......... ......... 
Sager Midern Computer, Inc. NP746D DX2/66 Color Dual scan 3.66 2:00 ......... ... 
Sager Midern Computer, Inc. NP846T DX2/66 Color Active 4.72 3:07 ......... ...... 
Scenario, Inc. DynaVision IVMM DX2/50 Color Active 4.47 3:19 ......... ............ 

~ Sharp Electronics Corp. PC-8650 DX/33 Color Active 3.33 3:03 ............ ... ......... 
Tandy Corp. 3900HD SLC/25 Mono Passive 1.36 3:22 ... ... ... 
Texas Instruments, Inc. T ravelMate 4000E DX2/50 Color Active 4.46 2:23 ......... ............ 

WinDX2/50 

Texas Instruments, Inc. TravelMate 4000E DX2/50 Color Dual scan 4.56 2:23 ......... ...... 
WinDX2/50 

Texas Instruments, Inc. TravelMate 4000E SX/25 Color Passive 2.72 2:20 ......... ...... 
WinSX/ 25 

Toshiba America T4600C SU33 Color Active 3.13 4:34 ......... ...... 
Toshiba America T6600C/CDV DX2/66 Color Active 4.64 N/A ............ ......... 
Zenith Data Systems Z-Note 433Lnp+ SU33 Color Dual scan 3.20 3:30 ............ ... 

~ Zen ith Data Systems Z-Star 433VL Model 200 SLC/33 Mon o Passive 1.50 4:26 ...... ............ 
Zenith Data Systems Z-Star 433Vlp Model 200 SLC/33 Color Passive 1.55 3:39 ...... ...... 

SUBNOTEBOOKS 

Altima Systems. Inc. Traveler SU25 Mono Passive 2.23 4:21 ...... ... ......... 
Cal Technology, Inc. 486 Subnote SU33 Mono Passive 2.39 3:19 ......... ......... 
Gateway 2000 HandBook 486DX2-40 DX2/40 Mono Passive 2.56 2:37 ......... ............ 
Gateway 2000 HandBook 486SX-25 SX/25 Mono Passive 2.18 2:37 ......... ............ 
Mitac U.S.A .. Inc. Micronote Lite Subnotebook SX/25 Mono Passive 2.56 2:57 ...... ...... 

Model 4010F 

~ Packard Bell Electronics, Inc. Diplomat 170M Subnotebook SU25 Mono Passive 2.38 4:04 ......... ............ 
Sager Midem Computer, Inc. NP440C SX/25 Color Passive 2.43 1:55 ......... ... 
Zenith Data Systems Z-Lite 425SL Model 170W SU25 Mono Passive 2.04 4:22 ......... ............ 
~ = BYTE Best. Key: Poor_ .a. Fair .6.t. Good .a..a..a. Excellenl 4.a..a..a. NIA=Nol applicable: nolebooks did not Include baltenes. 
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PR ICE PDIHTI HC DIMENSIONS WEICHT MAX IM UM TOLL-FREE INQUIRY 

AS TESTED DEVICE (HxWxD) (LBS.)' RAM (MB) PHONE PHONE NU MBER 


$4875 Integrated trackball 2 x 11 .1 x 8.58 6.50 32 (818) 814·8851 (800) 886-2671 1146 

$4395 Integrated trackball 1.9 x 11 x S.5 7.20 20 (716) 626-0315 (800) 472-3273 1147 

52850 Integrated trackball 1.7 x 11.7 x 8.8 6.00 20 (714) 727-4141 (800) 876-4278 1148 

52045 Integrated trackball 1.7 x 11 .7 x 8.8 6.00 20 {714) 727-4141 (800) 876-4278 1149 

$4565 Detachable trackball 1.98 x 11 .5 x 8.5 6.90 32 (7 14) 727-4141 (800) 876-4278 1150 

$2999 Integrated trackball 2 x 11 .1 x 8.58 7.30 32 (512) 339.3500 (800) 752-15n 1151 

$4499 Integrated trackball 2 x 11.1 x 8.58 7.30 32 (512) 339-3500 (800) 752-1577 1152 

$7995 Cabled mouse 9.6 x 16 x 8.2 22.00 32 (518) 355,9740 (800) 367-5906 1153 

$2432 Integrated trackball 1.5 x 11.5 x 9 6.50 20 ( 408) 435-5000 (800) 526-6629 1154 

$5069 Integrated trackball 2 x 11 x 8.5 7.60 20 (713) 370-0670 (800) 345-1518 1155 

$2499 Detachable trackball 1.8 x 11.5 x 8.5 6.20 32 (508) 493-5111 (800) 722-9332 1156 

$3500 Integrated trackball 2 x 11.7 x 8.5 6.60 20 (613) 224-6122 NJA 1157 

54450 Integrated trackball 2 x 11.7 x 8.5 6.60 20 (613) 224-6122 NJA 1158 

$2964 Integrated trackball 1.n x 11 .7 x 8.5 5.70 20 (605) 232-2000 (BOO) 846-2000 1159 

52264 Integrated trackball 1.77 x 11 .7 x 8.5 5.70 20 (605) 232-2000 (BOO) B46-2000 1160 

$2600 Integrated trackball 1.B x 11 x 8.6 7.70 20 (713) 495-9096 (BOO) 967-5667 1161 

$4100 Integrated trackball 1.B x 11 x B.6 7.70 20 (713) 495-9096 (800) 967-5667 1162 

$3158 Integrated trackball 1.9 x 11 x 8.6 6.50 20 (510) 656-2222 NJA 1163 

$6215 Integrated trackball 1.5 x 10.5 x 7.B 6.50 20 (51 0) 656-2222 NJA 1164 

$2495 Integrated trackball 1.8 x 11.5 x 8.5 6.10 32 (909) 392-2000 (800) 648-7822 1165 

$4160 Detachable trackball 1.9 x 11 x 8.5 6.10 20 (513) 445·5000 (BOO) 637 ·2600 1166 

$4890 Detachable trackball 2.1 x 11 .7 x 9.3 7.00 12 (513) 445-5000 (800) 637-2600 1167 

$5428 Cabled mouse 2.09 x 11 .69 x 9.33 6.80 12 (508) 264-8000 (800) 632-4636 1168 

$2394 Pop-out mouse 1.7 x 11 x 8.5 6.10 32 (509) 927-5600 (800) 633-9909 1169 

$3720 Pop-out mouse 1.9 x 11 x 8.5 6.10 32 (509) 927·5600 (800) 633·9909 1170 

$3075 Integrated trackball 1.92 x 11.4 x 8.6 7.20 16 (818) 964-8682 (800) 669-1624 1171 

$4125 Integrated trackball 1.93 x 11 x 8.6 8.10 20 (B 18) 964-8682 (BOO) 669-1624 1172 

$6995 QuickPort mouse 3.4 x 11 x 8.5 11 .60 20 (617) 965-6458 (BOO) 46B-1119 1173 

$3699 Detachable trackball 1.81 x 11 .42 x 8.86 6.40 20 (201) 529·9593 (800) 237-42n 11 74 

$2069 Integrated trackball 1.65 x 11 x 8.5 5.80 B (8 17) 390-3011 NIA 1175 

$4678 QuickPort mouse 2.1 x 11 x 8.5 7.30 20 (817) n4-6001 (BOO) 527-3500 1176 

$4178 QuickPort mouse 2.1 x 11 x 8.5 7.20 20 (817) n4-6001 (800) 527-3500 11n 

$2499 QuickPort mouse 2.1 x 11 x 8.5 7.00 20 (81 7) 774-6001 (BOO} 527-3500 1178 

$4898 QuickPort mouse 2 x 11.7 x 8.3 6.90 20 (714) 583-3000 (800) 334-3445 1179 

58999 Cabled mouse 4.7 x 15.4 x 12.6 19.30 40 (714) 583-3000 (800) 334.3445 1180 

$3878 Detachable trackball 2.1 x 11 x B.5 7.50 28 (708) 808-5000 (800) 553-0331 1181 

$1999 J-Mouse 1.9 x 11 x 8.5 7.80 12 (708) 808·5000 (800) 553-0331 1182 

$2699 J-Mouse 2.1 x 11 x 8.5 8.30 12 (708) 808-5000 (BOO) 553-0331 1183 

$2499 

$1708 

$1995 

$1495 

52515 

52100 

52300 

$2499 

Integrated trackball 

Integrated trackball 

EZ Point 

EZ Point 

Integrated trackball 

Integrated trackball 

Integrated trackball 

Integrated trackball 

1.6 x 10 x 7.1 

1.5 x 11 x 7.1 

1.6 x 9.75 x 5.9 

1.6 x 9.75 x 5.9 

1.5 x 10.5 x 7.B 

1.5 x 9.9 x 7.6 

1.46 x 11 x 7 

1.5 x 9.9 x 7.6 

6.00 

6.70 

5.10 

5.10 

6.30 

5.90 

6.50 

5.90 

20 

20 

20 

20 

20 

20 

20 

20 

(510) 356-5600 

(B 18) 369-3690 

(605) 232-2000 

(605) 232-2000 

(510)656-222 

(818) 886-9998 

(B18) 964-8682 

(708) 808·5000 

(800) 356-9990 

NIA 

(800) 846-2000 

(800) 846-2000 

NJA 

(800) 733-4411 

(800) 669- 1624 

(800) 553-0331 

1184 

11 85 

1186 

11B7 

1188 

1189 

1190 

1191 

' Higher numbers mean better performance. ' Notebook weigh! includes ballery and AC adapler; subnolebook weigh! also includes external floppy drive. 

MARC ii 1994 BVTE/NSTL I AB H E P ORT 1.81. 



Finally, an Xrated P,roduct 

you can use anywhere. 


eXceed/Xpress PC X connectivity software from Hummingbird. 

Now that home and mob ile com­
pu ting are firmly established, there is a 
strong demand for access to corporate 
networks from remote locat ions. 

Until now, remote connection to 
graphics oriented, X Windows based 
applications posed a seriou challenge: 
The existing on-l ine protocols (SLIP, 
CSLIP, PPP) have not provided 
acceptable performance fo r effective 
use of these graphical applications from 
remote sites. 

Hummingbird Communications 
Ltd., the PC X Windows connecti vity 
specialist, has addressed this issue with 
eXceed/Xpress, a PC X server for serial 
connection, based on eXceed/W, the 
world's best se lling X server for PCs 
running MS-Windows. 

Utilizing an innovative combina­
tion of compre sion and decompression 

techniques inherent in the Xpress pro­
tocol, eXceed/Xpress gives you 
unprecedented performan ce. While 
accessing X applications running on 
UNIX or VMS hosts, you may also run 
local MS-Windows appli cations at the 
same time. And, since you can eas il y 
copy and pas te text and graphi cs 
between remote X environments and 
loca l MS-Windows applications, 
eXceed/Xpress becomes a powerful 
integration tool. 

So, wh' rever you go, go with 
eXceed/Xpress. Hummingbird' products 
are sold and supported in over 40 coun­
tries around the world. 

Other Hummingbird PC X servers: 

eXceed/W for MS-Windows 
eXceed/NT for Windows NT 
eXceed/082 for IBM OS/2 
eXcecd/OOS fo r DOS 

O ther Hummingbird Products: 

eXceed/NT-XDK to port and develop 
X applications 
eXceed/W-MDK OSF/Motif toolkit for 
MS-Windows 
eXtend Host-based PC to UNIX file 
management system. 

Contact us for more information, or for 
the Hummingbird reseller nearest you. 

2900 John Street, Markham, O ntario, Canada UR 5G3 In Europe: 
Telephone: (905 ) 470- 1203 F x: (905) 470- 1207 37 rue de Vcnnont, 1202 Geneva Swi tzerland 
e-mail: sales@hcl.com Telephone: 4 1 (22) 733 18 58 Fax: 41 (22) 733 64 03 -..UMMINGBIRD~MMUNICATIONS LTD. All trademarks and registered trademarks are the property of their respect ive companies. Circle 99 on Inquiry Card. 
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l:flif,S1rn Under the Hood 


AClose-Up of OpenDoc 
A n ew v e ndor-ne utral standa rd for compound documents offers 
cross-platform support 

KURT ·PIERSOL 

In recent years, there 's been an indus­
try shift toward document-based com­
puting and away from application­
based computing. Starting in the 1970s 

at Xerox, and continuing with architectures like OLE 
from Microsoft, thi s movement toward more natural 
ways of assembling documents is now gathering signif­
icant industry momentum. 

OpcnDoc is a new entrant into thi s field-one in­
tended to be a vendor-neutral, open standard for com­
pound documents. Compound dornmems, the key to thi s 
type of computing, are documents composed of many 
differen t kinds of content, a ll of which share a single 
file. These documents can contain almost any type of 
data, such as tables, charts, and text, as well as video, 
sound , note cards, or 3-D graphics. 

AQuick Tour of OpenDoc 
Typically, you can edit any or all of these types of content 
in place in a compound document. Thi s means that sev­
eral edi tors can work on a document at the same time, un­
like in today ' s computing env ironment , where one ed­
itor owns the entire document. 

Given a et of edi tors working toget her on the 
same document , the re must be boundaries to 
sort out where one ki nd of content ends and 
another kind begins. Otherwise, it would be 
imposs ible to discern which editor should work on 
particular sections of the document. In OpenDoc par­
lance, these bounded ·ets of content are called parts. 

Of course, the whole point of a compound document is 
to be able to mix the types of content , so a mechani sm is 
needed that can put one part inside another without the 
parts' losing either their identity or the ir boundedness . 
Thi s process i. ca lled embedding because it ·s rather like 
the typica l real-world embedding process. You can em­
bed rais ins i1110 bread, for instance, but doing so doesn't 
change the fac t that the bread i. still bread and the raisins 
are still raisins. Still, the resulting raisin bread is tastier 
than ei ther ingredient alone. 

Thus, a compound document has various types of con­
tent , as well as parts embedded inside othe r parts. Each 
type of part has its own editor. All these parts share the 
same windows, as well as the same file on the disk or 
storage server. When you open an OpenDoc document, 
you ' re real ly look ing at a collection of parts. When you 
edit the document , you ' re using a collection of ed itors. 

These ed itors must work together smoothly. Ed itors 
have only a few basic tasks: storing the contents to di sk 

(if needed), drawing the contents out to the screen o r 
a printer. and lelling the user ac t on the conte nts by ac­
cepting events such as mouse-clicks and keystrokes. 

A compound-document system needs to son out the 
boundaries between the editors so that efficient ed iting 
can occur. Open Doc does thi s by using a eries of librar­
ies that sort out the boundaries for the part edi tors. While 
th is is an object-oriented system, it 's important to note that 
Open Doc isn ' t an object-oriented framework, becau ·e 
it was n 't designed to be ex tended through in heri tance. 
Instead, it's an object-oriented interface between part 

edi tors that can be wrillen in different programming lan­
guages and by diffe rent organizations. These libraries 
can be used via procedural code if required. 

OpenDoc Components 
OpenDoc has everal important components that are used 
to organize a document's content and implement the sort­
ing mechanism. The first of these is OpenDoc ' s layout 
system. OpenDoc helps the parts negoti ate about layout 
so that they can avoid blasting bits over one another. The 
same layout system helps detem1ine what ed itors are in­
voked and when they get mouse events. The layou t sys­
tem works fo r on-screen windows, off-screen bit maps, 
and primer con texts. It handles 2-D and 3-D graphics, 
overlapping part s, and mu ltiple active parts that are 
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updating asynchronously. 
OpenDoc has an evenl­

di s patchin g sys te m th at 
routes even ts lo the correct 
part. It uses the layout sys­
tem to let you activate parts 
directl y , without allowi ng 
double-clicking or menu s 
to get in the way. 

OpenDoc 's storage sys­
tem helps parts store com­
plex information in a shared 
fi le. It even helps wi th stor­
ing multipl e doc um e nt 
drafts and e mbedding in­
forma tion . Thi s includes a 
data transfer sys te m th a t 
he lps the parts ship in for­
mation-inc luding embed­
ded information- through 

ship in the second phase. 
e tworking and mul­

ti processi ng expert s wil l 
recognize this tec hnique 
as a standard way o r pre­
ve n1i ng dead locks in ­
vo lving resources. For 
ex ample, imagine th a t 
one part ed itor owns the 
me nu ba r, and anothe r 
has ownership of the key­
stroke stream. If each ed­
itor wan ted the othe r 's 
reso urce but refused to 
g ive up the one it owned, 

How the OpenDoc arbitrator wtd clisparclter ll'ork. A s/1'<'11111 t!f 111011se and keyboard the re wo uld be a dead­
e1·e111.1· are direcred ro tlte cli.l'fHtlclter, 111/t iclt directs tlte111 w the appropriate editor lock . By as king for re­
lta11dii11g that portion ofthe doc11111e11t. Wit ere 11ecesrnry, as i11 till' case oftill' key/Joa rd sources as a . et and as­
eve11t shol\'11 here. wt arbitmtnr moc/11ie may /Je required to decide 11·/t ich editor receii·es sign ing ownership in two 
the keystmke. 

the Clipboard. by linking, or by use of the drag-and-drop mec h­
a111sm. 

Lastly, OpcnDoc has a scripting system that le ts users coor­
dinate the act ions of various part editors , either wi thin a document 
or across a network and across platforms. 

Rather than describing all these capabilities, 1wi ll instead fo ­
cus on severa l of these areas in more detail. Some o f' the most 
int eresting parts of Open Doc revolve around how it dispatches 
events, handles s torage. and does scripting. 

OpenDoc Event Handling 
OpcnDoc is a cross-platform architecture. and event handling 
varies considerably in diffe rent GUl environments. For exam­
ple, in the X Window System, keystrokes go to the window that 
the cursor is over at that moment. On a Macintosh they go to the 
front most window , at the insertion point. Other systems have 
ye t other ways to detennine where keystrokes should go. Similar 
interface d iscrepancies arise when you cons ider how to hand le 
me nus, windows, clipboards, and dialog boxes. 

We members of the Open Doc team made an early decis ion 
during the design process: Don' t demand alterations of the human­
interface environment. A good deci ion, but it left us with a prob­
lem. How could we make a mechanism that worked generi ca ll y 
if the interface changed among platfonns? 

The re were two options. One was to treat human-inte rface 
elements as a collection of specia l cases on each platfonn. The oth ­
er, which we chose to implement, was to come up with an ab­
stracti on of the fundamentals of our proble m and then fit it to 
each platfom1. Our solution was to build two major structures, the 
dispatcher and the arb itrator. The dispatcher is an objec t that 
he lps the underl y ing platform's dispatcher to find the correc t 
part editor. The arhilrator is a way for part s to te ll the dispatch­
er which edit or owns the stream of keystrokes. the menu bar, or 
any o ther shared resource. Together. they let Open Doc work 
with the diffe rent human-interface models of different platfonns . 

The arbitrator is actually a table that shows the resources that 
can be owned and what part edi tor owns them. Each of these re­
sources is called a.focus of arbitration . To get resources, a part ed­
itor asks the arbitrator for a set of foci by name. The arbitrator then 
uses a two-phase commit mechani sm to ask the present ow ners 
to g ive up ownership. T he arbitrator asks the vari ous owners to 
give up the resource in the first phase and then reassigns owner-

phases , OpenDoc pre­
vents this sort of "deadly e mbrace" between part edi tors. 

OpenDoc 's arbitrator is ex tensible, by both platform imple­
menters and applications developers. At any point, a new arbitrator 
focus can be added by creating an object called aforns 111od11/e ;md 
add ing it to the arbitrator. This extensibi lity means that new hard­
ware resources can be managed through the arbi trator, as we ll as 
new software resources, such as server connections. 

Most systems del iver e v1;;nt s to wi ndows, but because com­
pound documents have parts th at divide up those windows , a 
second stage is needed to get the events from the windows to 
the parts inside the m. The Ope n Doc dispa tcher does this by tak­
ing human-in terface events from the operating system and hand­
ing them to the correct part edi tor. This dispatcher is simi larly 
open-ended. 

Although some systems have nested windows that could the­
ore tically be used fo r embedd ing. they usually don ' t have enough 
in forma tion abou t layout to make a very e ffective embedding 
tool. So OpcnDoc provides a more sophi stica ted mechani sm , 
called a.fiw11e. Frames are a part of Open Doc's layout system, and 
they he lp the parts di vide up the drawing area of a window into 
separate regions fo r each part. The use of frames a llows Open Doc 
to support overlapping parts that are simult aneously active. a re­
quirement fo r man y multimedia documen ts. The OpenDoc dis­
patcher reads the arb it ra tor and frame information to decide 
which part edi tor sho uld get an event (see the fi gure " The Open­
Doc Arbitrator and Dispatcher") . 

Some systems. such as Windows, have a tremendous array o f 
events that can be passed to applications. Others, li ke the Mac­
intosh. have a much smaller set of such events. The Open Doc dis­
patcher must be able to handle both ex tremes. It can have a new 
behavior added at run time to handle new kinds of events. In ad­
dition , any part ed itor can monitor the d ispatche r and watch the 
st ream of event s that passes through the dispatcher. Both moni ­
tori ng and exte nsion are accompli shed through objects called 
dispalch modules. which are added al run time to the dispatcher. 

Storage in OpenDoc 
Probabl y the s ing le most interesting part o f Open Doc is its ap­
proach to storage. There are many different data fonnats on many 
diffe rent syste ms. Superfic iall y. it appears that programme rs 
have a perverse desire to defi ne new storage fomia ts that arc dif­
ferent and incompatible. Even the same applications oft en have 
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different formats on different machines. 
But there are some really good reasons for the differences, 

however annoying they may be. There are some trade-offs that 
make choosing a file form at difficult. The two most common 
trade-off come when you must choose between standardization 
and innovation, and between publication and effic ient editing. 

The first trade-off problem arises when you want to add new 
features , but you have an ex isting file format of your own or 
there is a market need to support a particular format. Unfortu­
nate ly, file formats are seldom extensible in a convenient way. 

Then there's the second problem, which tends to arise when a 
standard inte rchange format has been proposed. The design of 
such formats is almost always centered around making them 
easy to read and extend . Unfortunately, thi s often means that 
they aren't designed for efficient edi ting or high performance 
on a parti cular machine. The compromise is often to support 
both format and allow one to be rewritten as the other. 

The worst problem from a compound-document poinr of view 
is that these format · don ' t mix very well. Efficient editing fom1ats 
are often based on replaceable pieces (i.e., strings of bytes) that 
can be randomly accessed through some sort of table of con­
tents. This makes them very easy to edit efficiently, but they are 
very specific to a particular editor. 

Efficient publication formats are often stream oriented, mak­
ing them easy to understand for a program, without regard to its 
internals. Problem. ari e when you try to mix piece-based fomiats 
and sequential format s. If you insert piece-based information 
into sequential information, there are often unacceptable con­
straints about when and how new pieces can be added. When 
you put sequential infom1ation into piece-based fomiats, there are 
often problems with the size of the sequential information , and 
there's no way to extend the equential information without un ­
derstanding the piece-table structure of the container. 

OpenDoc addre ses these problems by creating an open meta­
format, a way to store both sequential and piece-based infonna­
tion in a fil e without conflict. Although OpenDoc can support 
many different storage systems, it specifies one implementation 
on each platform based on Bento, a compound-document-storage 
fom1at developed at Apple that was designed to address many of 
these problems, support multimedia, and work on many plat­
form. (see the figure " The Bento Storage Fom1at") . OpenDoc 
storage makes no assumptions about whether formats are se­
quential or piece-based. It allows random or sequenti al access. 

To explain OpenDoc 's storage model, I ' ll work up from the 
simplest elements of storage to the full document structure. Al the 
base of OpenDoc documents are stream-like entities called val­
11es. Every one of these values looks 
10 an editor like a complete file . Each 
value has read, write, and seek op­
erations, just like any typical fi le. 

In addition, OpenDoc supports two 
extra operations, insert and delete 
that insert and de lete data into the 
middle of a stream without copying 
mass ive amounts of information. It 
does thi s by maintaining a table of 
co nt e nt that assembles random 
chunks of the fil e into the appear­
ance of a stream. Inserts and delete 

stream operations, and piece-based formats can use insert and 
delete operations to alter data in place. 

Values arc collected inside objects called storage units. Every 
OpenDoc part has its own storage unit , which consists of a list of 
named properties, each of which has a list of typed values. Thus, 
a storage unit is a lot like a directory in a typical file system. 
Properties are a lot like named files , and values fonn the contents 
of each file. 

Unlike a directory in a typica l fil e system, however, a storage 
unit has the added advantage of be ing able lo store multiple for­
mats for every property. A file system has only one set of contents 
per name, whereas a storage unit can have severa l, each with its 
own type. This makes Open Doc uniquely suited to storing mul ­
tiple representations of a part . An OpenDoc part editor could , 
for instance, store both a standardized format and an eflic iently 
editable format with a single name. 

Storage units are collected into strucn1res called drafts. A draft 
is rea lly a li st of storage units-a snapshot of the state of a doc­
ument. When you make a draft in Open Doc. you're really sav ing 
the state of the document for late r retrieval , even if changes are 
made. Open Doc is very effici ent about how it stores drafts. using 
the infomrntion from read/write/i nsert/delete operations to store 
only the change from the last draft. 

One exci ting thing about drafts is that va lues cm1 use them to 
refer to storage units in a very robust and flexible fashion. Any val­
ue can include a reference to another storage unit in a draft. This 
allows pieces of data in various formals to have a standard way 
of referring to one another. As a result , a draft can support many 
different organizational structures, from simple hierarchies such 
as a file system to full hypertext webs. 

Every dra ft has a pointer to the topmost part, or root part , of a 
document, which is used to open the draf1 into windows or to 
print the document. The rest of the document embedding is done 
using OpenDoc 's reference mechani sm. Thus, documents can 
have many different structures. The root part is in charge of it all , 
and it sets up the document structure based on its own content 
rules. A spreadsheet, for example, might allow embedding only 
on the main sheet, while a Rolodex editor might allow it on any 
card. The same pan can be embedded in many locations. 

Finally, there are documents that are just lists of drafts. One spe­
cial draft, the current draft , represents the latest state of the doc­
ument (sec the fi gure " The OpenDoc Storage Model' on page 
188). Users see the current draft upon opening a.document. This 
structure is one of the key design points in OpenDoc. 11 supports 
more kinds of documents than any prev ious compound-docu­
ment system. Even better, for part editors that don ' t need all its 

power, they can simply do stream 
l/0 operations and ignore the rest. 

OpenDoc Scripting 
OpenDoc scripting is designed with 
two majo r points in mind . First, 
scripting is a human interface, in ­
tended for users-not C program­
mers. Second, scripting is most valu­
abl e in th e context of work-flow 
applications, where everal kinds of 
data are used in some sequence to 
accompl ish a task. 

generally alter the table of contents It 's te mpting for a des igner to Document parts can be stored a11.1where withi11 thejile. These 

in tead of moving the contents parts can the11 be reconstructed imo a single stream ofdata by imagine th at scripting . like au­

around. Sequential formats can use referc11ci11g the file ' .1· table ofcontents. tomating user tasks, is just another 
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Thats one reason we're the choice of the pros. 

So, what's the big deal about just 

making monitors? It's called picking 
one thing and doing it right. 

That singular focus helped CTX 
leap into color monitor leadership. 

Remarkably, now every 15 seconds 
someone in the U.S. buys a CTX moni­
tor. That's more monitors than sold 
under household names like NEC, 
IBM, Sony, Samsung, and Mitsubishi.* 

CTX GREEN MONITOR FEATURE SUMMARY 
WStGMMOOE!. 616SGM M&2GM 

14'"' 14'Sire 
DotPitdl(mm) 0.28018 0.28 

30-QHor. Freq. (KHl) 30-38 »SO 
1600 x1280 NI -
1280 x1024 NI - - -
1024x 168 NI 81Hu1 60Hz/NI 15H!INI 
Mac Comp;ltiblltty Yes- -
FlatSquare - --
Color Maten - - -
Dialtal Cootrols - - -

YesMffi.l &IS0024\.3 Yes Yes 
PowerSavms <'mi <':!IN/<':!INI 

!562GM 1565GM l765GM 1785Gl.I 
15' 15' 17' 1r 

Q.280.28 017 O.l6 
30-Q ~ ~ Ja.05 

YeSIWtill 
- Yesrrn-17\Ye strif1-111Ye•"""'' 

75H!INI 75Hz/NI 75H!INI 75Hz/NI 
Yes Yes Yes Yes 
Yes Yes Yes Yes 

Yes Yes- -
Yes Yes Yes 

Yes 
-

y., Yes Yes 
<':/JN <SW <51'1 <9.Y 

Unlike our more famous colleagues, we don't mess around 
with cars, radios, or toasters. We just make great monitors. 
All built around the clock in our IS0-9000-certified factories. 

CTX multifrequency monitors offer all the features like flat 
square tubes. Anti-glare screens. Wide PC and Mac compati­
bility. Low radiation and energy-saver models. 

All come complete with a new two­
year warranty and very affordable prices. 

We even have new outrageous LCD 
color monitors. 

But don't take our word for it. Ask 
the systems integrators and high-end 
resellers who buy them and put systems 
together for a living. 

Their livelihood depends on repeat 
business. So they only resell equipment 

that offers exceptional performance, value, and reliability. From 
companies they can rely on for quick service and local support 

That's why they buy more CTX monitors than any other kind. 
For more information, call the CTX branch office in your 

area. Insist on the monitor brand the pros demand. From the 
company that doesn't make TVs or toys. 

Circle 8 3 on Inquiry Card (RESELLERS: 84). 

We just make great monitors. 

USA Headquarters 20530 Earlgatc S1ree1. Walnut, CA 91789. 909-59:.6146, Fax 909-595-629~ Technical Support l-S00.888-2012 BBS909-594-8973 Southern Region 6624 Jimmy Carter Blvd.. 

Norcross, GA 30071, 404-729-S909. Fax 40<1-729-8805 Eastern Reiiion 481 Edward Ross Drive, Elmwood Park, NJ 07·107, 201-6'16-0707, Fax 201-646-1998 Midwestern Region 500 Park Blvd .. Ste. 295C 


Itasca, IL601~3. 708-285-0202, Fax 708-285-0212 Southwestern Region 1225 E. Crosby Rd., Ste. A2 1. Carrollton,1X 75006, 214-416-96 10, Fax 214-2-15-7447 

'Based on offk ial 1!1li Monitrak U.S. monitor sales research.© 1994 CJ'X lntcmntional. Inc. 1\11 brand names arc tradL·m:irks or registeredtrademarks of their rc..-spcctivc owners. 



1:ti1ti!1rn Under the Hood 


programmatic interface: Just expose 
th e innards of your ed itor and le t 
users program it any way they li ke. 

This doesn' t really work, though. 
Imagine that you're creating a script­
ing system for a word processor. In­
ternall y, run-length encod ing i. an 
efficient way to store character-for­
matt ing in formati on . However, at 
the scripting interface, you 'd hardly 
want your users to unde rstand the 
arcana of run-length arrays so they 
can set the fo nt of a word. Instead, 
you 'd create an abstrac tion of the 
da ta that lets them se lect words , 
lines, or paragraphs, and let them 
set the font of any of those thi ngs. 

The second major po int of Open­
Doc, work fl ow, is just as important 
as the first poin t. A user usually has 
a task to complete that involves many 
distinct actions on many distinct kinds 
ofdata. To have a useful automation 
system for OpenDoc, you need to be 
able to script the actions ormany parts 
in a sing le script. These part could 
be in many documents, on many ma­
chines, across a network on many di f­

Draft (current) 

Storage unit (root part) 

Property 

OSA also includes a standard way 
for applications to publish the kinds 
or objects they make avail able fo r 
script ing, as we ll as wha t can be 
done to those objects. This user te r­
minology is described in a resource 
and allows OSA scripting languages 
to support many different language 
syntax fom1s. Thus, they can be in ­
ternationali zed to resemble natu ra l 
spoken languages as well as exi st­
ing computer languages. Since OSA 
was intended to be a cross-platform 
a rchitecture, it fi ts in n ice ly wi th 
OpenDoc 's goals. 

However, the O penDoc team 
needed to extend thi s naming archi ­
tecture to handle embedding. Open­
Doc inc ludes a serv ice, called the 
name resolver, that allows part edi­
tors to easi ly hand le object spec i­Values contain the basic atoms ofdata and look like fi les to 
fie rs. This serv ice parses the objectOpen Doc editors. Values are collected i11side storage 1111its. which 

co111ain a list of typed values. J\ storage unit fl111ctions as a speci fi er and then calls back into the 
directoJ)' in a file system and can refer to multiple copies of the part editor to resolve object speci­
tiara in dijfen'11t fom101s. Storage units are collected i111n drafts. fiers into pointers to the part edi tor's 
Each draft is a snaps/wt of the information. A document is data structures. lf the specifica tion 
composed ofdijferelll drafts. the Jarest .maps/Jot ofwhich is cro:ses a part bounda ry, the name 
co111ai11ed in the rnrrent droft. 

ferent kinds of hardware and operating systems. Even worse, some 
of the instructi ons need to be delivered through store-and-forward 
systems, such as E-mail. Clearly, th is is a tough-but important­
problem to solve. 

T he OpenDoc team chose to ex tend an ex isting solution to 
thi s problem. Over the pa. t few years, Apple has created a script­
ing architecture th at it ca lls OSA (Open Scri pting Architecture) , 
which solves much of th is problem fo r the Mac intosh. 

OSA is a series of libraries that each address pan s of the prob­
lem. There 's a standard calling convent ion, called Apple Events, 
that allows applications to call one another over a network or on 
a single machine. OSA scripting ·ys tems can coord inate activi­
ties among many machines and many applications from a sing le 
script. Another li brary, the Apple Events Manager, simplifies 
the process of making and receiv ing Apple Event ca lls. 

Another OSA library al lows different scripting languages to call 
one another and can even be used to plug other scriµtin g archi­
tectures into OS A. A good example of such an architecture is 
the OLE 2.0 automation interface. OSA provides a standard way 
to adapt other scripting architectures so tlrnt they can be ca lled 
from OSA-compatible languages. 

There's also a standard record of calls. called the Registry, 
tha t defi nes a common set of operations tha t most edi tors can 
support. Operations such as copy, paste, create, delete, and move 
are al l defi ned in a s tandard way in the Registry. 

Cent ra l to the des ign of the Reg istry commands is a stand lu·d 
way of naming selections in ind ividual applicati ons. Thi s is one 
of the keys to verbal intuition and consistency in OSA. OSA 's 
naming scheme, ca lled object specifiers, lets users name ind i­
vidual objects or groups in a standard way. It lets users treat the ir 
documents as if they were a giant object da tabase that they can 
query in a natural way. For instance, it ' s quite easy in OSA to set 
the color of "every cell whose value is less than zero" in a spread­
sheet to simply " red" or to set the color of"cell R 1C2" to "green." 
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resolver can switch contex ts and be­
g in reso lv ing in the new part. It handles query- type spec ifi ers 
and even docs query optimization in some cases. 

The O penDoc team also needed to extend the O penDoc dis­
patcher to de liver the App le Event (which is called a semalllic 
event in OpenDoc) to the correct part . This involved usi ng the 
name resolver to de te rmine which part shoul d hand le the se­
mantic event and then dispatching the event to that part. 

The result is quite striking. Users can refer to objects using 
the visible embedding structu re of the document, saying things li ke 
"delete seconds I through 30 of the fi rs t movie of paragraph I o f 
my document. " These instructions can be de li vered e ither in real 
time or th rough store-and-forward systems, thanks to OpenDoc's 
sophisticated naming scheme. 

Getting Your Hands on OpenDoc 

OpenDoc is bei ng implemented right now. By the time you read 

this, it will probably be in its alpha-testing ph<L~e . Once that is fin ­

ished, we plan to release the source code generally. A vendor-neu­

tral organi zation, CTL (Component Tntegration Labs), will be the 

owner of Open Doc (incl ud ing a cross-platform version of OSA) 

and will be the point of contact for obtain ing the source code. You 

can con tact C lL at 688 Fourt h Ave. , San Francisco, CA 94 11 8, 

(408) 974-6549, or on the Internet at ci l@ci l.org. 

There are wh ile papers specificati ons, and othe r document a­
tion avai lable from CIL right now, with more on the way. In the 
meantime, look for the various CIL companies to begin releasing 
seedings of the technology on the ir respecti ve platfonns. • 

Kurt Piersol is a .mftivare architect at Apple Computer (Cupertino. CA). 
where he leads design teams and c11ordi11111es design ele111e111.1· on a number 
of projects. Currently working 011 Open Doc. he prel'iously Jed the Apple 
El'ellts project. coordinated the design of a Mac lm erapplication Com­
11u111ication system. and was the early technical leader for AppleScript. Yau 
can contact him 0 11 BIX do "editors. .. 

mailto:cil@cil.org


Mathen1atica 


OTHER SYSTEMS 

CAN GET You ONLY So FAR • • • 


Eng ineers and sc ie ntists wh o sta r t 
with o ther technica l soft­
wa re programs soon reach 
a po int th ey ca n ' t ge t 
pas t. The project isn't fin­
ished, but the software is. 
What can they do then but 
buy and learn yet another 
program for the next leg of 
the p rojec t, o r return to 
pencil and paper to finish 
it out. 

Fortunately, many eng i­
nee rs and scientis ts s tart 
with Mathematica . And 
they just keep going. 

Mat /r e111 atica helps them 
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Only Marhemarica norebooks enable users 10 creale inreracrive documenrs 
combining rexl. live formulas. and graphics rhal c,111 be modified wirhin rhc 
document al any rime and easily organized inro a l1ie:a1cllical outline. 

q uickly and eas il y . For eve n mo re 
sup port, you ca n a lways turn to one 
of th e ove r 30 Mal /r ematica- rela ted 
boo ks, tuto ri nls , a nd jo urn a ls, o r 
ca ll o n o n e o f o u r u se r s upp o rt 

s taff fo r pe rsonal assis tance . 
So you see, Mathematica is the 
comp lete s ys tem tha t neve r 
leaves you stranded. 

To gel tire latest informatio11 en /I: 

1-800-441-MATH 
(U S.. Canada) 

Wolfram Research 
Wolfram Research. Inc. 
+1·217-398-0700: fax: + 1·217·398·0747: email: info@wli.com 

Wolfram Research Europo Ud. 
t44101993-883400. fax. +4410)993-88311XJ 
email:inf~uro®.vri.com 

Representatives in O\'l!r JO coontries: contact main offices. 

pnst the standa rd calcula­
tions, and on to the more complex . 
Thousands of algorithms a re a t their 
fingertips to help them solve all kinds 
of technical problems. And nea rl y a 
hundred special-purpose packages are 
inclu ded fr ee with Ma tlrematica to 
take you even further. Add to tha t a 
revolutionary user interface, graphica l 

abilities beyond comparison , a nd a 
symbolic programming language that 
makes it unprecede nted ly easy to 
trans la te ideas into programs-and 
your possibilit ies are endless. 

The awa rd-w inning guide that come 
with th e p rogram ge ts yo u started 

For Macintosh information circle 162, For IBM/Compatible information circle 163, For UNIX information circle 164 on Inquiry Card. 
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PROTECT YOUR SOFTWARE 


NO aunoN, 
NO ACCESS. 
Dallas Semiconductor is re-shaping the world of software 
protection and distribution control with a new family of 
microchips called Authorization Buttonsr ... 

Put a Lid on It 
We put the lid on software piracy by packaging microchips 
in button-shaped, stainless steel cans. The chips contain 
missing but critical information to make the software run. 
Execution rights are determined by possession of the 
Authorization Button. And thanks to the high-volume, 
low-cost nature of canning, Buttons are the lowest cost way 
to protect software. 

Pick Your BuHon, Name Your Price 
We offer a variety of Authorization Buttons and features so 
you can select the level of protection and price point 
that are right for you. 

Current offerings include a laser-engraved serial number, 
a memory with an expiration date, and a multi-level, 
password-protected memory. 

Security Continuum 

Encourage the Trial 

Unique DecoyRead/Write Password ExpirationButton Type 
Serial # ResponsesMemory Protection Timer 

D51420 ID Button x 
D51427 Time Button x 4K bits x 
DSl42S Multi Button xx 2K bits x 

Snap-In, Snap-Out 
Buttons interface to the PC's parallel port via the DS1410 
Button Holder. They simply snap in and out. So an 
inexpensive Button can be sent out for a new release, a 
security update, or a lease extension. Each Button Holder 
accepts two Buttons, so your customers don't have to 
piggy-back dongles to protect multiple packages. 

The future will be a dongleless world. New computers 
that accept Buttons directly, including palm and note­
books, are being designed at OEM's today. Buttons are not 
parallel port-dependent. 

Software Protection with Complete 
Compatibility 
Dallas Semiconductor Buttons are compatible across all 
ISA, ETSA, and MCA machines - on underpowered 
notebooks as well as the anti-compatible Brand X's. We 
achieve this total compatibility through microchips that 
are self-powered, unlike other protection devices that must 
draw power from the host machine. 

Made in the U.S.A. 
At Dallas Semiconductor, we design and manufacture our 
own microchips. And we're the only ones in the software 
protection business who do. Sixty intricate process steps 
and a 64-bit unique serial number lasered into each chip 
prevent duplication. 

To learn how to button down your software, give us a call. 

With the DS1427 Time Button, you can actu­
ally encourage software trials (and still sleep 
at night). Trial or lease plans can be based on 
calendar time, elapsed time, or the number of 
times an application has been accessed. 
When the trial period that you specify is up, 
the software no longer fwlCtions . 

DALLASCircle 317 on Inquiry Card (RESELLERS: 318). 

SEMICONDUCTOR 
4401 South Beltwood Parkway Dallas, Texas 75244-3292 Telephone: 214-450-0448 FAX: 214-450-3715 
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Life with NewtonScript 

Generating cellular automata may not be what the Newton was designed for, 

but it makes for a good demonstration of the PDA's programming language 

DAVID BETZ 

Apple' s 'ewton Message Pad comes 
with applications software built in , and 
other applications are coming to mar­
ket for Apple 's PDA (persona l digital 

as ·istant). But you can also program your own Newton 
applications using Apple's NTK (Newton Tool Kit). The 
NTK consists of two pieces: an application !hat runs on 
the Mac and one that run on the Newton itself. These ap­
plications communicate through the Newton 's serial port. 
The communications li nk can be either a stra ight serial 
connection or an AppleTa lk connection. 

You develop a Newlon application us ing a Macin­
losh-based graphica ll y oriented development environ­
ment. Newlon programs are based on a hierarchical col­
lection of views. A view can be a drawing area, an area 
where pen input is recognized , a button , a pop-up menu , 
or any of a number of 01her user-interface 
fealures. The NTK allows you lo draw these 
views directly, usi ng a tool pale tte and a 
simulation of the Newton screen. 

I am going to describe a simple Newton 
application that I built based on one of the 
sample progrruns that comes with the NTK. 
lt is an implementati on of John Conway 's 
game of Life. (For a complete discussion of 
Life, see Martin Gardiner's column "Math ­
ematical Games" in the October 1970 is­
sue of Scientific American.) 

l chose Li fe as my first attempt at New­
ton programming because I thought that 
the high-speed ARM RISC ch ip on which 
lhe Newton is based would allow me to 
compute new generations quickly. Unfor­
tunately, this didn ' t tum out to be the case . 
Currently, the only language available for 
programming the Newton is ewtonScript , 
and even the fas t ARM chip gets bogged 
down interpreting the byte codes that the 
NewtonScript compiler generates. I'll have 
10 wait for a NewtonScript native code 
compiler or a Newton C compiler before I 

can really use the Newton as a platform for experiment­

ing with cellul ar automata. Still the Life program serves 

as an interesting example of NewtonScript programming. 


Structure of NewtonScript 
NewtonScript is a dynamic language wi th an interesting 
object system. It u ·es an ALGOL-like syntax and un­
typed variables simil ar to those in Lisp and Smalltalk. 
In other words, the daia itself is ty ped, and any dat a type 

can be ass igned to any variable. The language includes an 
automatic storage manager that reclaims unused structures 
behind the scenes so that the programmer doesn ' t need to 
keep track of when an object is no longer in use. 

NewtonScript has two data classes: sca lars (i.e., sym­
bol s, integers, floati ng-point numbers, characte rs, and 
Booleans) and compos ites ( i.e ., s trings, arrays , and 
frames) . it implements an object-oriented programming 
model by means of its composite data type, thejiwne (a 
Ort of associative array), which is composed of slots 

(the paired e lements of the associative array). Each slot 
ha - a name and a value, and the value can be of any data 
type, including another frame or a function. Methods are 
simply slots that have functions as their values. 

Frames can a lso inhe rit from other frames. Unlike 
more traditional object-oriented language like C++ or 
Smallta lk , ewtonScript doesn ' t have the concept of 
classes. Instead, it supports two types of inheritance, 

prototype inheritance and parent inheritance. 
Prototype inheritance is used the way classes are in 

Smalltalk and C++. The prototype on which a frame is 
based is indicated by the value of its _ pro to slot. Proto­
types are considered read-only at run time. Any prototype 
slot that you change at run time is copied to the inherit­
ing frame and changed there. Therefore, the inheri ting 
frame consists only of the _pro to slot and those that dif­
fe rentiate it from its prototype-a design that conserves 
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memory by avoiding any un­
necessary replication or data. 

Parent inheritance differs in 
that a change to a slot in a child 
frame affects the parent and oth­
er ancestral frames. The parent 
of an object is indicated by the 
value of its _parent slot. Parent 
inheri tance is generally used to 
represent the view hiernrchy. A 
frame also inherits slots from 
its parent and its parent 's par­
ents. Unlike prototypes, par­
ents are not read-onl y. 

When a frame inherits from 
both a prototype and a parent , 
prototype inheritance takes 
precede nce. The sea rch se­
quence starts with the frame it­
self. If the slot is not found in 
the frame, the search continues 
through the prototype chain of 
the frame. If the slot is still not 
found , the search continues 
with the parent or the frame 
and then to its prototype frame, 
and so on. The search fails only 
if the fra me and all its proto­
types and its parent s and their 
prototypes fail to have the slot. 

Notation in NewtonScript 

viewSetupFonnScript 
viewSet upFormScripl : fu nc() 
begin

local width :- viewBounds.right ­
local height :- viewBounds.bottom 

II create 
sizeX :­
sizeY :• 
un·verse 

end 

the universe 
wi dth di v ce l l Si ze · 2: 
height div cell Size · 2: 
: ~ :makeUniverse(l : 

viewDrawScript 
viewDrawScript: fu nc() 
begi n 

local dot := MakeOva l (O. O. cel1S i ze . 
local rowWidth :• sizeX + 2: 

II loop th rough each row 
fo reach row i n universe do 

beg in 

II loop through each cell in the row 
foreach cel l In row do 

begin 
i f ee l 1 

t hen 
: DrawShape( dot . ltransferMode: modeCopy . 

fillPatte rn: vfB lackJ) : 
OffsetShape(dot . cellSize . OJ : 

end : 
OffsetS ha pe(dot . -cellStze * rowWi dt h. 

end : 
end 

You refer LO a slot within a frame using 
dot notation. For instance, the expres­
sion foo . bar refers to the slot bar in 
the frame Foo. Within a definition of a 
method, you can abbreviate the slot 
name Lo its first element, since the frame 
to which it belong is implicit in the 
method. 

You send messages using the colon 
syntax. For i'nstance, the expression 
foo : countNeighbors<x .yJ calls the 
count Neighbors method of the frame 
foo , passing it the parameters x and y. 
You can refer to the current frame from 
within a method by omitting the frame 
expression. For instance, : Dirty( J 
calls the Dirty method of the current 
view when called from within a method 
of that view. 

The Root of Life 
The root of the Life applicati on is the 
base V·ie1v. As with the base vi ew for 
any Newton application, it defines the 
area on the screen used by the applica­
tion and provides bas ic functionality to 
the application. like a title bar and a close box. Nested within 
the ba se Viev1are the nex t Button view and the clearBut t on 
view (screen bunons with associated actions) and, most important. 
the uni ve rseV i evi . 
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viewBounds . left: 
- viewBounds.top : 

ce l lSizel : 

viewClickScript 
viewClickScript: func( nit) 
begin

local globnlBox :- :GlobalBox() : 
loca l clic kX. clickY : 

II get pen -down location 
clickX :- GetPoint(firstX. unit) : 
clickY :- GetPoint(firstY . unit) : 

II convert to l ocal coordina t es 
clickX :e clickX - globalBox . left ; 
clickY :- clickY - globa l Box . top : 

I I convert to grid coordinates 
cl i ckX :- cl i ckX div cellSize : 
clickY :• clickY di v cellSize : 

II toggle the speci -led ce ll 
if clickX >- 1 and clickX <- sizeX 

and clickY >- l and cli ckY <- sizeY 
then 

begin 
loca l row :- universe[clickY]: 
row[clickX] :- not row[click X] : 

end: 

II then force redra w 
: Dirty(): 

end 

ce ll Si zel : 

The univer se Vi e1·1 is where 
the Life universe is di splayed. 
In it , a live cell is represented by 
a dot, and a dead cell is simply 
lefl blank. The most important 
methods assoc iat ed with th e 
uni ve r se Vi ew are the vi e1-i­
SetupFormScri pt . the vi ew­
Dra1vScri pt , and the vi e1v ­
Cl i ckSc ri pt . Th e Newt on 

view system uses these as stan­
dard methods to handle events. 

In the sample Life program, 
th e viewSetupFormScripL 
(see the listing) initializes a 
view. It computes the size of 
the uni ve rseVi ew in cells and 
crea tes th e initi a l uni verse 
array. Since the viewSetup­
FormS r i pt is a method forthc 
uni verse View, the symbols 
cell Si ze, si zeX , and s i zeY 
refe r lo slots within the uni­
verse Viewframe. 

The system call s the view­
Dra~isc ri pt (sec the li sting) 
whenever it needs 10 draw the 
contents of a view. Mine sim­
ply loops through the universe 
array an d draws dots corre­
sponding lo li ve cells. 

The universe array is actual­
ly an airny of arrays. NewtonSc1ipt docs 
not support multidimensional arrays, 
but ii does support arrays of arbitrary 
objects, including other am1ys. I've used 
an array of arrays Lo simulate a 2-D ar­
ray. Also, I' ve used the foreac h con­
struct to loop th rough each row of the 
un iverse and each cell in a row. For­
eac h binds each element of an array or 
fram e to a variable and executes the 
body of the loop for each clement; thi s 
is supposed to be fas ter than using an 
explicit index. (My arrays have a border 
of empty cells, and the row size is two 
larger than the width of the universe.) 

The predefi ned Mak eOva l function 
creates an oval shape. I use this shape LO 

indicate cells that are alive. I use the 
same shape object for all the live cell s 
by moving it to the appro priate loca­
tion using the OffsetShape function. 
The predefin ed Dra ~1 Shape method 
draws the spec ilicd shape in the vi ew. 

Another feature of the vi e1·1Dr a ·11­
Sc rip t is the . cond parameter to the 
Dra1vShape method. Jt is a literal frame. 

You indicate a literal frame by enclosing a list of slot definiti ons 
in a pair of braces. Each slot definiti on consists of a slot name, fol ­
lowed by a colon, fo llowed by the slot's value. The va lue of thi s 
expression is a frame with the specified slots. You can construct 

http:foo:countNeighbors<x.yJ
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entire programs using thjs notation, but the NTK provides a much 
easier graphical means of defining views and view templates. 

The system calls the vi ewe l i ck Script (see the Listing) when 
the user taps the pen within a view. My vi ev1Cl i ckScri pt first 
converts the coordinates where the cljck occurred to local view 
coordinates. The system-defined function Get Point returns the 
X and Y coordinates of the point where the pen first touched the 
screen in global coordinates. The system-defined Global Box 
method returns the bounding box of the view in global coordi­
nates. My vi ewCl i ckScript then converts the local coordinates 
to a grid location and toggles the state of the corresponding cell. 

AView of the Universe 
Within its definition , the frame universeVie11 contains some 
data slots and utility methods. The data slots are as follows: 

sizeX width of uni verse in ce!Js 
sizeY height of uni ver e in cells 
cell Size diameter of a single cell 
universe the 2-D array of cell s 

The methods are 

makeUnive r seCl create a uni verse array 
nextGeneration() compute the next generation 
countNeig hbors(x,yl count the live neighbors of a cell 
clear ( l clear the uni verse of live cells 

The uni verseVi ew li sting contains the methods that I have de­
fined for this applicatio11. 

The makeUni verse method is fa irly straightforward . IL cre­
ates the 2-D array used to represent the grid of cells by calling the 
system-defined Array. The first parameter of Array specifies 
the Array size; the second specifies the value for each element. 

The calculated grid for my Universe covers I to s i zeX in the 
X direction and 1 to s i zeY in the Y djrection, but the total grid 
covers 0 to size plus 1 (NewtonScript arrays are zero-based) . 
This creates a no-calculate border around the calculate grid, sim­
plifying the computing of the next generation: 1needn't check for 
the special case of cells on the edge when computing neighbors. 

The Universe, Next Generation 
The nex tGene rat ion method is the core of the application. It cre­
ates a new urn verse array and loops through the cells in the cuITent 
generation, computing which live and die based on their neigh­
bor counts. It then replaces the current generation with the new­
ly computed generation and forces a redraw of the uni verse Vi ev1 
by invoking the Dirty method, to mark the view as dirty and 
refresh the screen on the next pass through the idle loop. 

The nex tGenera ti on has a suppo1ting funct ion, coun tNei gh­
bo rs. It simply counts the number of li ve neighbors a cell has. 

Pushing the Buttons of the Universe 
The nextButton view is a creen-based button that sends off 
the message to calculate and display the next generation. Likewise, 
the cl earButto n view is a button that clears the universe. Be­
cause these buttons act on the contents of the uni verseVi e1·1 , 
they must be able to send messages to it. The NTK permits this by 
having a slot in the ba seV · ew that points to the un i verseV i ew. 

That's all there is to the Game of Life application. Not every­
thing is described here; for example, Newton applications usually 
include a close box that closes down the application. Because 
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universeView 
makeUniverse : func(l 
begin


local u : ~ Array(sizeY + 2. nil l : 

for y :- O to sizeY + 1 do 


u[y] :- Array(sizeX + 2,nill: 

return u: 


end 


nextGeneration : func(l 

begin


local newUn iverse :• :makeUniverse() : 


II compu te the next generation 

for y :- 1 to sizeY do 


begin

local row :- universe[y] , newRow := 


newUniverse[y] : 

for x := l to sizeX do 


begin
local neighbors :countNeighbors(x, y):
if row[x] 

then 
begin

if neighbors - 2 or neig hbors - 3 
t hen newRow[x) :• true: 

end: 
else 

begin 
if neighbors - 3 

then newRow[x] t rue; 
end ; 

end ; 
end : 


universe : = newU niverse : 

:Dirty(! : 


end 

countNeighbors : func(x .y) 
begin


loca l cnt := if universe[y][x] then -1 else 0: 

for yy :- y - l to y + 1 do 


begin

local row :• universe[yy] : 

for xx :- x - 1 to x + 1 do 


if row[xx] 

then cnt :• cnt + 1: 


end : 

return cnt : 


end 
 1 

clear : func( l 
begin


uni verse := :makeUniverse( J : 

:Di rty( l: 


end 

of inheritance, the Life application gets that, along with other 
functionality , free through the prototype of the ba seV i ew. · 

To create a Newton application, all you do is add your own ap­
plication-specific functionality (i .e., frame and methods) to the 
Newton 's base functionality and prototypes. This is the advantage 
of using an object-oriented design that supports inheritance. 

The Newton provides tools for handwriting-recognition soft­
ware, the soup (for permanent storage of objects), and the com­
munications facilities. NewtonScript provides the glue with which 
these fac ilities are easi ly combined to form useful applications. • 

Editor's note: The complete listings for this article are available 
electronically. See page 5 for details. 

Da11id Bet~ (Peterborough, NH) is the creator ofXL/SP and a fo rmer BYTE 
editor. Besides implementing languages. he works for a large software de­
veloper. He can be reached on the Internet or BIX at dbetz@bix.com. 
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C, C++ and BASIC programmers, 
now you get much more than 
xBase compatible DBMS power. 

l:..ousands of programmers have 
already di scovered how to get dBASE, 
FoxPro and Clipper compatibility from 
their favorite language and hardware 
platform. For example, one customer 
has C programs running on PC and Sun 
workstations sharing data with 
concurrently running FoxPro for 
Windows applications. You see, 
CodeBase technology is simply the best 
way to add multi-user xBase compatible 
DBMS power to C, C++, or BASIC. 

Introducing the new CodeControls, a unique set 
of data-aware custom controls. Now simply drop 
them into your Windows applicat ions via your 
favorite visual interface builder. 

NEW-You get formatted data entry 
Experienced Windows programmers 
know formatted data entry is difficult 

to program under Windows. But with 
our new CodeControls, you can simply 
'Point & Click' to design data entry 
windows for date, numeric, and character 
information- formatted just the way you 
want it. 

NEW-Data-aware controls 
Our custom controls are data-aware, so 
now you can easily build a scrolling list 
box that's tied to a data file , or look up 
matching combo box entries-even as the 

NEW-You get interactive queries, 
sorts,& relations 
Use CodeReporter to 

visually design reports 
easier than ever. For 
example, you can 
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quickly build query and sort 
expressions using our calculator-style 
expression builder. In addition, you can 
easily relate data files together using 
our graphical relation builder. 

You still get highspeed & small size 
CodeBase users really appreciate our 
small executable size. Unlike SQL 
engines which are a Meg or so in size, 
CodeBase 5.1 EXE's can be as small as 
45K! You'll also like the speed- with 
our Intelligent Queries you get the 
execution speed of C plus stunning 
query performance from our smart use 
of available index information. 

Introducing CodeControls 
Now formaued data e1111 y i11 Windoll'S is as easy 
as point & click! 

user types. 

Introducing CodeReporter 2.0 
Now use 1he new f11 s1a111 Reporl Wizard 10 crea/e 
a variely ofreporls-inslant~y. 

Quarterly Sales 

Atlas 
Software 

Introducing the new CodeReporter 2.0, our inter­
active xBase report writer. We designed it with 
developers in mind, but end-users will love it. 

NEW-You get instant reports 
Use our new Instant Report Wizard to 
quickly create a wide variety of 
reports- in an instant, then easi ly refine 
them as necessary, or let your end users 

"There's never been a better time to buy 
into CodeBase techno logy. You get 
complete xBase compatibility, full 
DBMS power, plus an interactive report 
writer and a set of un ique data-aware 
custom controls for Windows." 
-Ken Sawyer, President, Sequiter Software 

Buy One, 
Get Two FREE. 
Now when you buy any one of our xBase 
library products: CodeBasic, CodeBase++, 
or CodeBase (for the language ofyourchoice), 
you'll get both the new CodeReporter 2.0 

AND the new CodeControls absolutely 
FREE- for a limited time only. 

build their own special reports! 

NEW-You get drag & drop 
We've added drag & drop capabilities to 
CodeReporter, so regardless of whether 
you want data, totals , or text, simply drop 
a report object onto your layout screen. 

To Order Now Call 

403-437-2410 


Unco11ditio11al 90-Day Money-Back Guarantee 
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Visual Basic Custom Controls Meet OLE 
1994 may finally be the year that distributed object 
computing becomes a reality 

.JON UDELL 

C++ components in binary form for use in Windows. In 

"We prototyped our application in Vi­ theory, you ought to be able to bundle a C++ class library 

sual Bas ic, expecting 10 rewrite it in into a DLL for use by other C++ programs. But in prac­

C," said a friend of mine recently. "But tice that 's hard , because DLLs don ' t do OOP-style 

in the end we just shipped the proto­ method dispatching and can't smooth over differences in 


type. " I have heard this same story from more than a the binary objects produced by different C++ compilers . 

few programmers. How can a mere BASIC i111e rpre1er IBM 's SOM (System Object Model), which can solve 

power a commercial Windows application? By exploit­ these problems and is slated to debut on Windows, cur­

ing prebuill components. You use VB 10 evolve a user rently runs only on OS/2 and AIX. And while Sun Mi­

interface that VB itself can , in many cases, run accept­ crosystems has now anointed NextStep as its object stan­

ably fast. Then you bind that user interface 10 DLLs or dard, no one is talking about moving it lo Windows. 

VBXes (Visual Basic custom controls) that do the real Hence the unholy alliance of C ++ and VBX technologies. 

computational work in compiled code. Windows programmers want to be able to build and use 


The first wave of VB applications leaned heav ily on components today, and the ir binary object standard­
DLL support. Two years ago I built a VB database ap­ for better and for worse-is VBX. 
plication using standard VB controls (i.e., bultons, text 
fields , and listboxes) and Sequiter Software 's CodeBase 
DLL. The glue holding it together was my own VB code. 

Nowadays l use VBXe like Q+E's MultiLink/VB 
and Coromandel's lntegra VDB to write much fancier 
database app lications with much less effort. These new 
data-smart custom contro ls understand complex idioms 
such as navigating related tables. That means less VB 
code to write (i.e., faster development) and less to inter­
pret (i.e., faster execution) . When you do write VB code, 
it ' s often just a snippet to handle a navigation or update 
event generated by the custom control. 

VBXes aren '1 just for database work, although that' s 
the most popular category. There are custom controls 
for many application domains, including imaging, CAD, 
telephony, communications, data acquisition , and finan­
cial mode ling. In fact , the dramatic success of VBXes 
is quite embarrassing to OOP (object-oriented program­
ming) puri sts. A VBX is, after all, only an odd son of 
DLL that co-opts the VB message pump in a useful way. 
(VB, in turn, co-opts the Windows message pump in VBX at the Crossroads 
a useful way.) While a VBX encapsulates methods and Developers were ·haken when Microsoft announced that 
data, it isn' t inheritable or pol ymorphic. the 16-bit Windows platform was the end of the line for 

But despite these theoretical shortcomings, VBXes VBXes. Exi sting custom controls will operate on Win32 
are just what C++ and other OOP languages have long platforms (i.e., NT and Chicago), because these operat­
promised yet conspicuously failed to deliver: reusable ing systems can run VB and other 16-bit VBX hosts. 
software components. The culture clash became brutal­ But you won't see Win32-based VBXes on Chicago, 
ly obvious when Microsoft and Borland were forced to or portable versions of them oi1 T . What you will see 
add VBX uppon 10 the ir C++ compilers. To enable a instead, Microsoft says, are Win32-based OLE 2.0 ob­
C++ program to host a VBX, the compiler has to supply jects that export methods and properties using the OLE 
emulation code that fool s the VBX into thinking it ' s run­ automation inte rface, IDispatch. Clients that can ca ll 
ning in the VB environment. those methods and edit those properties will include cur­

If native C++ components were abundant and easily rent and future versions of VB, applications (e.g., Ex­
reusable , C++ programmers would surely prefer them. cel) that have VBA (Visua l Basic for Applications) em­
Why isn' t this the case? There 's no good way 10 package bedded in them, and any Win 16 or Win32 application 
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• Reduces operating costs. support. 
TRY THIS DEMO : •Provides answers, while 

708/924-3030 customer's interest is peaked. 
DOC. NO. 889812 •Credit card charge per fax.h -v-C-. •Easy to install by FtA..A;qctS mm-techoical ''"°' 

by Copia International Ltd. 
Wheaton, Illinois 60187 708/682-8898 

Your PC goes Mac!! 
Mac Disk* 

Reads, writes and formats 
Mac 1,44 MB floppies. 

Under Windows, fil e exchanges between 
Word, Exce l, PageMaker, XPress, 

and other ibli ng applications, 
withou t any hardware modifica tion. 

MacSQ* 
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Transfer of scan files. colour separations. 
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(Puma. 0 2-Para) . Under Windows wi th ASPI, 
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MacScuzzy* 
A superset of Mac SQ. fo rmerl y announced and adverti sed as MucDisk Pro, 
also drives 128 MB MO cart.ridges and 90 MB Bcrnouill is and soon even 
bigger Mac SCSI volumes (600 MB MO). 

Logiciels & Services DUHEM 
2 1, rue La Bru yere · F-75009 PARJS (France) 

Tel. ( 33. I) 49 70 04 55/Fax (33. l ) 49 70 04 56 


Free leaner and demo disk. Offer good until supply lasts. 

MacDisk 125 $. MacSQ 200 $, Mac cuzzy 245 $ (without S&H fees). 


EEC residents. add French VAT(IS.6 'k). We accept most credit cards. 

Dealers welcome. Software in Frcnch!Engli h!Gcmrnn. :\1anual in French/English. 


• Registered trademark of LJ,> D in France and trademarks of LSD elsewhere. 
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that conforms to the !Dispatch c li ent protocol. 
Were developers reassured by thi s statement of d irecti on? 

Quite the contrary. Many were horrified, because OLE 2.0 rep­
resents the most stupefy ingly complex software technology Mi­
crosoft has eve r created. fDi spatch-style automation is just one 
of the beast's many heads. Other interfaces govern linking, em­
bedding, in-place acti vation, data transfer, and structured storage. 

Once mastered, however, OLE 2.0 de li vers tremendous bene­
fi ts. W itness Excel 5.0, which, among other things, can function 
as both an OLE automation client and server. The client capability 
fl ows from VBA, which Excel 5.0 offers as an alternative to its 
ex isting macro language . An Excel V BA script can contro l any 
OLE 2.0 server, including, most notabl y, Exce l itself. OLE 2.0 
clients, rec iprocall y, can tap into the Excel 5 .0 object library, 
which contains dozens of objects and hundreds of methods and 
properties. You can, fo r example, quite easily wri te a VB appl i­
cation that uses Excel 5.0 as though it were a high-powered cus­
tom control for charting or data anal ysis. 

Windows component builders know that OLE objects will 
somehow replace VBXes, but they ' ve found cl.imbing the OLE 
learning curve to be like an oxygenless assault on Everes t. For­
tunately, help has arri ved. 

Make Friends with MFC 
The latest release of Vi sual C++, version 1.5, which includes 
version 2.5 of the MFC (Microsoft Foundation Classes), deli vers 
a stunningly powerful encapsulation of OLE embedding and au­
tomation. "We've written the 20,000 lines of C++ that make 
OLE useful ," says Visual C++ product manager Deni s Gilbert. 
Whether an operating-system ex tension should require 20,000 
lines of code to be usable by mere mortals is an interesting ques­
tion. but in any case, MFC 2.5 is here, and it works wonders. 
Expe1i menting with it has given me a g limpse of how OLE-style 
custom contro ls-the VBXes of tomorrow-will work . 

I started with a simple MFC database application. Because 
MFC 2.5 also encapsulates ODBC (Open Database Connectiv­
ity) database access, it required essentia lly no code. I used a 
checkbox in App Wi zard to pull in the database classes, laid out 
a fo rm in AppStudio, and bound database fie lds (v ia member 
vari ables) to the form in Class Wizard. When I built the resulting 
application, it connected to a SQL Server database, and I could use 
its VCR-style toolbar to advance through a set of records. 

There' s more. Because I' d used another AppWizard check­
box to indicate that the application should work as an OLE 2.0 
in-place server, it was automatica ll y embeddable in OLE 2.0 
conta iners. Using Excel 5.0 's Insert Object command, for ex ­
ample, I was able to place an instance of my application on the sur­
face of a spreadsheet; when act.i ve, my application 's menu and 
too l bar replaced those of the Excel container. 

MFC prov ided the implementati on of multiple OLE inter­
faces , including IOleObject, IRunnableObject, IViewObject, and 
!Dispatch-things I' ve read about and understand in a general 
way but can scarcely conceive of programming with raw OLE 
AP! ca lls. And Visual C++ took care of housekeeping details 
such as adding the document type to the Windows registry. 

Together, MFC and Visual C++ made a mounta in of com­
plex ity just di sappear and handed me a usable OLE toolkit. I' m 
no hotshot Windows programmer, but I was able to construct 
what was beginning to feel like a database custom control. 

There ' s more. Because I' d also to ld AppWizard that my ap­
pl icati on should include support fo r OLE automation, C lass ­
Wizard invited me to export methods and properties for use by VB 
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rom time to time we make the 
BYTE subscriber list available to 
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readers. We take great care to screen 
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Putting Technology to Work 

or other OLE automati on c lients. rdecided to expo11 a GetCom­
pany method that returned a value from the cu1Tent record, and a 
NextRecord method that would advance the record pointer. 

Here, fi nall y, l had to write some code. Implementing these 
methods took only a few lines of C++, but 1spent hours discov­
eri ng which lines I needed and where to put them. lt all hinged 
on how MFC' s generic document and view classes related to 
each other and to the deri ved RecordSet and RecordYiew class­
es. Tn MFC, as in Smalltalk, you swim in a sea of objects that you 
know are all somehow connected. Discovering how they ' re con­
nected, and learning to manipul ate the connections, is the trick. 

Eventually-and certainly weeks sooner than had I attempted 
the feat unaided by MFC-I could launch my application and 
control it from VB . Now it was really starting to feel like a data­
base custom control. 

Missing Pieces 
There 's plenty of work still to be clone before OLE custom con­
trols can fully replace VBXes. OLE 2.0 lacks an event model. VB 
can call my application 's NextRecord method, but the application 
can' t report a NextRecord event back lO YB . Enabling OLE serv­
ers to fire off events, and OLE clients to register handlers for 
those events , wi ll require extensions to the cuITent OLE 2.0. 

Further extensions will be required to extend OLE's inter­
process communication across networks. Finally, for visual pro­
gramming environments like VB, OLE objects wi ll also need a 
framework for design-time form layout and property edi ting. So 
OLE custom controls are still hazily defi ned. 

Component builders shouldn ' t wait until the picwre clarifies, 
however. The toughest job wi ll be to define which methods and 
properties your applicati on hould export and how to organize 
them. The hard work of engi neering dual-purpose applications that 
function interacti vely and as programmable components can and 
should begin now, .because the component software revolution re­
ally is-finally-about to happen. 

OOP purists bothered by the seeming primacy of BASIC can 
relax-it's just an accident of history. VB and VB A were the 
first languages enabled for OLE automation, but r predict that by 
the end of 1994 you' ll see Li sp, Smalltalk, and other interpreti ve 
OOP languages acquire OLE bindings as we ll. Meanwhile, C++ 
will enable OLE component builders to leverage the power of 
a compiled OOP language. There's nothing wrong with C++ that 
a decent binary object standard can' t fix. OLE 2.0 wi ll be one of 
the most important examples of such a standard. 

Microsoft detractors bothered by the seeming primacy of OLE 
can also relax. OLE will likely become network-capable rather 
sooner than Microsoft' s own leisurely schedule for Cairo (ship 
date: 1995) implies. Disu-ibuted object computing can ' t wait that 
long. Microsoft and DEC are already worki ng to make DEC' s 
COREA-compliant ObjectBroker interoperate with OLE. Mean­
while, Symbiotics has announced that its Networks Connect 2.0 
wi ll extend OLE linking and automation across networks. 

These are just a few of the proposals that will be submitted 
to the OMG (Object Management Group) thi s year in response to 
its request for a next-generation disnibuted object architecture. As 
a result, it now seems possible-even likely-that the OMG's in­
fluence will prevail and that Microsoft 's OLE, IBM ' s DSOM 
(Distributed System Object Model), and Sun ' s DOE (Distrib­
uted Objects Everywhere) can meet on common ground . • 

Jon Udell is a BYTE senior tec/111 ical editor at la rge. He can be reached 0 11 

the lmernet or BIX at judel/@hix.co111. 
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.JERRY POURNELLE 

Booting, Benchmarking, and 
Bob's Your Uncle 
T here's so much to talk about this month that it's 
hard to choose a lead, but let's start with Bootcon 2.0, because 
it let us do more testing with less trouble. Bootcon offers you up 
to 26 different combinations of CONFIG.SYS and AUTOEX­
EC.BAT; choose any one at start-up. It 's a godsend for any­
one who regu larly uses the same system in different ways : for 
example, running AutoCAD on a bare system to avoid the 
Windows performance penalties, different networks, or dif­
ferent memory managers. 

It 's even more important for testing hardware 
and software, because if you get your system 
into an unbootable configuration-and Lhat hap­
pens to us more often Lhan I like-you don ' t 
have to fish out your panic boot-up floppy . Also, 
if new software crashes, you can easily boot up 
your system in bare bones with no memory-res­
ident programs at all and see if it works that 
way. (There's a Clean Boot option for just thi s.) 

You can choose among severa l incompatible 
memory management programs such as QEMM 
and HIMEM, enable CD-ROM or leave it out to 
have more memory, load different sound driv­
ers, run different setup programs, come up in 
Windows or in DOS, and even switch over to 
Dual Boot OS/2, all without having to write 
(and maintain) a whole bunch of batch files. 

1 recommended the original Bootcon 1.0 a 
couple of years ago. The new version not only 
handles MS-DOS 6 and compressed drives, but 
it has a completely new interface , making it 
much easier to use. If you know how to edit 
your CONFlG .SYS and AUTOEXEC.BAT 
files- and that 's easy to learn if you don ' t­
you can use Bootcon, and indeed , if you have 
Bootcon you can learn how to edi't those files 
without having to worry about getting into an 
unrecoverable attitude: just leave your original 
start-up configuration as the Bootcon default . 

ILLUSTRATIONS: MIKE McGURL O 1994 

It 's not perfect , however. When we installed 
Federal Soapbox (which I'll di scuss later) it 
wanted to change CONFIG .SYS by setting 
BUFFERS=20 rather than the 10 we had. We 
use orton Speedcache, and that doesn 't need so 
many buffers, but in the interest of getting on 
with it we let the Soapbox installation program 
change CONFIG.SYS. 

Alas, it apparenlly clumges evel)' buffer state­
ment it can find, which means that when Boot­
con came up after rese t it wanted a confirma­
tion of that change in every configuration- and 
we have a lo! of them on SuperCow, the Gate­
way 2000 we use as a test-bed system. Bootcon 
will show you the configuration it believes has 
changed, but it doesn' t show what ha changed; 
and it insists that you eiLher accept Lhe changes 
or put it back the way it was for each configu­
ration it detects changes in . 

I didn't quite understand what was going on, 
and I really dislike programs that do things I 
don ' t expect; but there was no harm done, and 
on reflection I suppose a warning that you have 
changed your CONFIG.SYS is a good idea. 
(Gary Palmer insists that the next version will 
high I ight changes for your approval.) 

Bootcon does offer a nonmenu mode, which 
crea1es a "pure" CO FIG.SYS and AUTOEX­
EC.BAT, for just such ill-behaved programs as 

Jerry's ongoing 
exploration of 
Windows takes 
him to novel 
boot-up utilities 
and more 
benchmarking 
of video cards 
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SCORES RELATIVE TO 486SX/20 WITH WIN TACHOMETER 

Win Tachometer on Jerry's machines. Higher numbers are better. 


WORD PROCESSIN G CA D SPRE ADS HEET PAIN T OVERAL L 

20.37 32.76 38.60 44.37 34.02 

17.65 

486DX2/25 (119GXE) 
Gateway 2000­
486DX2/33 (Jl~GXE) 

28.16 

31 .12 

52.73 

66.76 

33.28 

38.19 

27.03 35.43 

4.2.57 

Cheetah 

with a Number Nine #9GXE Profe ional 
Graphics Accelerator, with an overall score 
of 42.57 ; and Little Kat. the Cheetah 
486DX2/25 with the #9GXE, wi th an 
overall score of 35.43. (The #9GXE was 
not run as a local-bus card, although Su­
perCow has that capability .) All were run 
at 1024 by 768 pixels at 65 ,536 colors (al­
though Win Tachometer reports 32,767 
colors); oddly, shifting to.256 color slows 
things way down. 

Except for the video boards, we made 
no other changes in these systems. 

We had one inexplicable compatibility 
problem: with the #9GXE in the 25-MHz 
Cheetah, but only in that Cheetah, there 
are some weird problems with Video for 
Windows and every sound card we have in 
the house. That Cheetah was one of the 
earliest 486 machines, and we think it 's a 
BIOS problem. We had no such problems 
with the #9GXE or any sound card in Su­
perCow. 

There is just a lot to like about that 
#9GXE board. Installation is exception­
ally easy, there are lots of drivers, and it 
understands a whole slew of monitors, in­
cluding the big 21-inch Hitachi HM-4319­
D that has sat on Lillie Kat for four years. 

co111i1111ed 

Federal Soapbox . It's also good for OP­
TIMIZE, and so forth . 

Bootcon works quite well, and if you 
experiment with your system at all, you 
need it. Recommended, but do spend a 
few minutes with the manual. 

We may seem obsessed with video 
speed, but there's a reason: mu ltimedia is 
growi ng in importance. You may not care 
whether it takes an extra 2 seconds to re­
paint you r word processor screen when 
you change fonts-although remember 
when that took nearly a minute?-but you 
will care if your full-motion video gets 
jerky. Like it or not, video peed and audio 

fidelity are important, because you will 
soon see a lot of multimedia educational 
software and multimedia enhancements to 
many of our daily tasks. 

Last month I reported some times with 
the Win Tachometer benchmark. We like 
Win Tachometer (freeware from Texas In­
struments. available on BIX in "tojerry/ 
listings") because it's based on a number 
of things that you actually do with small 
computers. The winner was the Cheetah 
486DX2/33 with the ATI Mach 32 video 
board, followed by the Gateway 2000 
486DX2/33 with the ATI YL-Bus card. 

In short order we got two new winners: 
SuperCow, the Gateway 2000 486DX2/33 

Your Choice of Keyboard Monitor Switches 

Access multiple computers with a single keyboard and monitor 

to cut equipment costs, save valuable space, and end clutter Typical Application 
CPUs/Servers 

• Simplepushbuttonoperation forquickselection 

• Four, eight,or twelve ports per unit 
• Daisy-chaining connecls unlimited number of CPUs 

• Compatible with EGA, VGA, Macintosh, Sun, and others 
1 2. ~ ' • Optional keyboard booting for 286,386, and 486 

• Optional RS232 or PS/2mouse interface 
10" ..lo·········..•··lf~-!IOae· • PCB construction for high reliabili tyand low crosstalk 

• Rack mount. matrix, and customized units availableManually controll ed unit 

• Switch by keystroke, from front panel, or RS232 port 
• Two or four ports per unit 
• Cascade units to support up to 255 CPUs 

• Supports monochrome, EGA,and VGA 

• Includes keyboardbooting fo r286,386, and 486 
• Includes RS232andPS/2mouse interface 

• LEDsdisplay selected CPU and CPU power-on 
• Scan function switches among CPUs automatically 

Keyboard control led unit 

- =-­

Ca to- free n_~~~~ =~ ---~-ll- 11--__ow
for your copy of our 
Switching and Sharing 
Solutions catalog. 

.:::::::df 

Other Rose products: Print servers. printer sharing unUs. 
print buffers, keyboard monitor extenders, vldeo splitters. 
All Rose productsare US·mado and have a 1·year warranty. 

Make the Rose Connection 't:~~~) ROSE 
ELECTRONICS 

10850 Wilcrest Drive• Houston, Texas 77099 •Phone (713)933-7673 •Fax (713)933-0044 1-800-333-9343 
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Master the art of multi-platform GUls. 
XVT Software is the leading choice of world-class 

developers for one reason: It is thesimplest, quickest path 
to buildingquality applications that port to every GUI 
without compromises in look-and-feel or perforn1ance. 
Plus, it's easier to learn and use than native toolkits,so your 
time and effort goes into your application,not your GUls. 

XVT gives you simultaneous original GUls. 
Because XVT uses native GUIobjects, your applica tion 

is indistinguishable from one wrillen directlyto thenative 
toolkit. Through ourlayered architecture, you achieve 
equivalent cross-platforn1 functionality appropriate to each 
GUI, withom the overhead and inncxibility of proprietary 
emulation-based systems. • 

XVI puts complete C/C++ · . · 
solutions at your fingertips. 

XVT Development Solutions for Cinclude an 
interactive Design Tool. Solutions for(++ include an 
object-oriented application framework. Both includethe 
XVT Portability Toolkit. 

When combined with in-depth rnnsulting, training 
and support,plus awide range of Partners produm, XVT 
formsthe mostcomprehensive and advanced solution 
fordeveloping completely portable GUI applications. 

Developers Judge XVT to be amasterpiece. 
XVT is the base document for theIEEE's GUI 

standardization effort. Our thousands of customers include 
internal and commercial developerslike: Alcoa,Amoco, 
AT&T,A1~s. Ford,General Motors,Grammatik!Refcrence 
Software, Kodak, Lockheed,NCR, EC, IST,Novell , 
Rockwell,Siemens,Sony, Southwestern Bell,Tandem, 
Uniplex,Unisys,US Anny and US West. 

Call now for aFree XVT Demo 
andTechnical Overview. 

1-800-67.8-7988 

' · 

SOFTWARE INC 
Theportable GUI development solution. 

XVT SoftwareInc. 4900 Pearl East Cir. Boulder, CO 80301 
(303) 443-4223 FAX (303)443-0969 

ForEuroixanmquiries, contact: PrrruionSoftware GmbH 

Phone:i9 0 61OJl3i94 0 Fa~: 49 06103136 955 
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It knows about Nanao moni tor , includ­ everything looks crisp and sharp. As a mat­
ing the newest models with Energy Star ter of fact , we didn ' t know how much bet­
power-saving featu res. It has beaucoup ter a monitor could look until we installed 
monitor-adjustment fea tures, inc luding the #9GXE. Video from a CD-ROM looks 
resizing and moving the di splay image great, and Classic Clips (Starlite Software, 
around on the screen right from within the SG 11 900 Grant Place, Des Peres, MO 
control panel. Indeed, that "Hawkeye" con­ 6313 I , (3 14) 965-5630) movie previews 
trol panel is about the be t we've ever seen. are now watchable. See Alfred Hitchcock 
(A minor nit: the control panel is "unk.ill­ give you a guided tour of the Bates Motel, 
able" ; even pressing Alt-F4 doesn' t real­ and Steve McQueen trying to convince 
ly make it go away.) Images on the Hi­ people The Blob is coming .. . . 
tachi are steady, Berkeley System ' Flying Number Nine advertises their board as 
Toasters just zoom across the screen, and the best Windows accelerator you can buy, 

WHBSAYS GET 
.~~ClWCHARTS R~OW GHARN·™G3 

If team members drag their feet when it 
comes to creating flowcharts, you need ~RE 
Flow Charting 3. Its straightforward, no ­
nonsense approach makes it easy to 
learn, yet powerful to use. M~RD? 
A must in today's competitive world, flow­
charts are essential to documenting, 
steamlining, and improving processes 
and procedures. Flow Charting 3 lets you : 

• 	 Chart fast with "Hot-Keys" or mouse 
• 	 Put shapes, lines and text anywhere 

you want them 
• 	 Create unlimited custom shapes 
• Print boardroom perfect charts on dot 

,_....-~ ------- matrix and laser printers 
• 	 Access context-sensitve, on-line help 
• 	 Use on a LAN- share files, set up 

work groups, access usage reports 
• 	 Import and export between other 

popular programs 

And Flow Charting 3 is backed with 
unparalleled post-buy support including 
free unlimited technical support, free sub­
scription to "The Flow Charter™", access 
to valuable flowcharting resources, and a 
full 90-day, no-risk guarantee. 

See your dealer today, or for a full 
interactive demo disk, call now: 

800-525-0082 Ext.113 

PATIDN&PATION 

Excellence In charting the flow of Ideas! 
4a5 Cochrane Circle, Mo<gan Hin. CA 95037·9932 408·778-6557 Fax:408·778·9972 

Al company and product names are ~ °' regt$t«ed trader.larks ot their respectrye oornpatll8S 

and we sure can ' t argue with that on per­
formance grounds, provided you're not 
talking about the local bus; and you' ll note 
that for CAD it wi ns even there. 

Nits: the #9GXE uses more Windows 
resources than the A TI Mach 32 card. The 
#9GXE card that we have does not have a 
VGA feature connector, meaning that you 
cannot use it to run Creative Labs' Video 
Spigot, or the Watchlt TV input board, 
which in turn means the VideoLabs little 
Flexcam video camera is right out. (The 
feature connector is the 26-pin edge con­
nector on the top of your VGA <.:anl. In­
terestingly, the AST Bravo has a feature 
connector, even though the A TI video sys­
tem is built onto the motherboard .) 

Feature connectors are important: there 
is still a lot you can do in analog that' s too 
fast for the di gita l bus. When you read 
this, most versions of the #9GXE will have 
a feature connector: look before you buy . 
Their VL-Bus and PCI cards already come 
with one. They' re also deve loping con­
trol-panel software that will work in DOS . 

All told , the #9GXE is very fast and 
looks great. We li ke the colors. Recom­
mended. More next month. 

While we're on the subject of 
Win Tachometer benchmark scores, I tried 
to get one for the PS/2 Model 77, which 
runs OS/2. Alas, it doesn' t work: the usu­
al result of running Win Tachometer is a 
message proclaiming a protec tion fault 
error. The message also says that Win 
Tachometer will shut down. 

Actually, it doesn' t quite shut down: it 
leaves a ghost image on the screen. Invis­
ible under that image is the Windows Pro­
gram Manager, and if you know where 
things are in Program Manager you can 
still click on them to make something hap­
pen; and for that matter, if you have Pro­
gram Manager at less than full- creen size, 
the OS/2 desktop is under there somewhere 
as well. 

Oddly enough, when I apphed the OS/2 
Migrate utility to Win Tachometer, OS/2 
found 1he program in its database, mak­
ing me think I might be able to run Win 
Tachometer directly in Win-OS/2 witl1out 
Presentation Manager. It started up just 
fi ne, but I got the same protection fault er­
ror, on ly thi . time it really did shut down 
on acknowledgment. 

Win Tachometer almost runs, and you 
can see enough of it to get a notion of how 
fa t Win-OS/2 is; and a couple of times I 
was actually able to get it to run to com­
pletion although I don' t quite know how I 
did it. The result wa about 11 seconds for 
word processing and similar scores for the 
other components. This squares with my 
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INCREASE SPEED 
WINProbe uncovers the secrets to faster 
Windows operation. Simply click your mouse 
on "Tune Up" and WINProbe analyzes your 
system, then gives you up to 35 suggestions on 
how to speed up your system ... 

• 	 Analyzes SmartDrive settings to improve 
hard drive performance 

• 	 Identifies and explains how to set up a 
permanent swap file 

• 	 identifies which mode is best, Standard or 
Enhanced 

• 	 Pinpoints the optimum driver for your VGA card 
• 	 Optimizes and frees fragmented memory 
• 	 Analyzes and suggests the best Windows setup 

for your system S 0 U R C E S 

TROUBLESHOOT 
YOUR OWN PC 
Few things are more aggravating than computer 
downtime and lockups. You waste time waiting for 
help and usually pay a dear price to get it when you 
finally do. Your time is valuable, so let WINProbe 
troubleshoot the problem for you. You'll be able to 
quickly identify the source of the problem; hard· 
ware, software, or configuration. Telephone support 
time is slashed. Repair bills drop like a rock (50% 
and more of your repair bills are for diagnosing the 
problem, WINProbe does it for you at NO COST!). 
Tests include... 

• 	 CPU and system board in 16 and 32 bit operation 
• 	 Math coprocessor 
• 	 Memory; conventional, extended, expanded, 

and XMS 
• 	 COM ports and MODEM control lines 
• 	 Floppy drive speed and surface analysis 
• 	 Hard drive surface analysis 
• 	 Keyboard and scan codes 
• 	 Video adapter and screen 
• 	 Mouse initialization and interrupts 
• 	 Printer operation, output, and cable 

_ 
==-J~~~-®COMP

'"'-~.. 

... ~ " ~ . . 

"This $99 toolkit deserves high praise for 
ease of use, completeness, and accuracy. " 

W111doM Sou1Ces 

''A bargain worth writing /10111eabout." 
PC Computing 

"WINProbe's most impressive o ering is its 
memory-reclamation capability. This feature 
alone is worth the pri5e ofadmission.I' 

PC Compuling 

RESOLVE SETUP PROBLEMS 
Say 'goodbye' to software and hardware configura· 
tion and setup problems. WINProbe provides 
helpful information on .. . 

• 	 installing a new hard dri ve 
• 	 CMOS display and edit 
• 	 IRQ, OMA, and UMB usage 
• 	 What to do when installing an add-in card 
• 	 Cleaning up '. INI and •.G RI' files 
• 	 Memory allocation and management 
• 	 Locating and removing duplicated system files 

OPTIMIZE MEMORY 
WINProbe includes a memory optimization feature 
which lets you reclaim memory that Windows applica­
tions use but don't properly make available when 
you're in another program. Now you can avoid system 
crashes and other problems caused by reduced ava.il­
able memory. 

_..._ 

COMPATIBILITY 
WINProbe requires an IBM AT, 386, 486, PS/2 or 
compatible with at least IMil of RAM, DOS 3.1 or 
higher, Windows 3.0 or higher, and either a 
Hercules mono, EGA, VGA, or SVGA video. A 
mouse is recommended but not requ ired. 

BUY WINPROBE OR 

BUY THE BUNDLE 

WINProbe is available by itself or in a special 
bundle with PC Certify, Landmark's DOS trouble· 
shooting software and Landmark DOS for Win· 

dows, the remarkable DOS-like operating shell fo r 
Windows. 

2 GREAT DEALS! 
YOUR CHOICE: 

WINPROBE.. ' \I 

ONLY $49} 

,...../I'\ 

WINPROBE BUNDLE... 
WINProbe • PC Certify 


Landmark DOS for Windows 


ALL 3 PROGRJ\~~/ 

ONLY $~ 


,. 90 Day 
~~:· Money-back 

Guarantee! 
TO ORDER, ORF-OR THE DEALER NEAREST YOU, CAll 

(800) 683-6696 

FAX: (813) 443-6603 • lnt'I (813) 443-1331 
Mon-Thur:8AM-9PM, Fri:8AM-6PM, Sat:10AM-3PM 

nIANDMARK 
RESEARCH INTERNATIONAL CORPORATION 
703 Grand Central Street• Clearwater, FL 34616 

---... --~\'­
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SIMPLY 

THE BEST 


RESOURCE 

FOR 


DIRECT 

BUYERS! 


Use BYTE's fast, conven­
ient card deck to find 
the best deals on 
computer products and 
services. Each mailing is 
loaded "~th essential 
hardware and software 
product information for 
making purchases direct 
fr0111 the 111ai1ufacturer 
- and it's absolutelyfree! 

The BYTE Deck is your 
#l resource for: 

• CD-ROM 
• Networking 
• Multimedia 
• Windows 

and il1ore! 

The next edition of the 
BYTE Deck mailing will 
arrive in your mailbox 
soon. Don't miss it! 

Advertisers: 

Call today at ( 603) 924-_ 596 or 


fax your order to (603) 924-2683 


subjective judgment that performance of 
Win-OS/2 on the PS/2 Model 77 is very 
similar to what we got on the Cheetah 
486/33 with the older A TI board and 8514 
video drivers-which, you' ll recall , was 
slower than the 486/25 with A TI acceler­
ator drivers. 

While we're on bugs: there is a 
limit to the number of groups you can have 
in Windows. That 's probably documented 
somewhere, but I don ' t know anyone who 
has read the entire collection of Windows 
documents. I sure haven't. 

l found this fact out while installing sev­
eral of the Microsoft Multimedia library 
program . I did that ostensibly to test the 
new Crealive Labs Multimedia Kit we in­
staJled in Big Kat. This comes with a fast 
two-speed CD-ROM drive, a set of pow­
ered speakers, the Sound Blaster Pro sound 
board, and a whole bunch of°CD-ROMs. 

Installation wa~ simple, or it would have 
been except that 1 had a bad cable: I spent 
a couple of days finding that out. I have 
said it many times: if you have mysteri­
ous prob lems, check your cables as the 
first step. In our case it was the wide ribbon 
cable from the Sound Blaster ,.,.- ­
Pro board to the CD-ROM 
drive: as soon as that was 
replaced, all was well. 

The Creative Lab Mu lti ­
media Kit work just fine, and 
1 like the speakers. The pow­
ered speakers make a big dif­
ference. Later we installed the 
Media Vision Pro 16 Multimedia System 
upgrade kit . wi th its much better speak­
ers, and even 1 could hear the difference in 
ou nd quality. This was especially true on 

good music recordings, like the Microsoft 
Multimed ia Strav insky (one of my fa­
vorites); more on th at next month, too, 
when we' ll have a sound board shoot-out. 

Anyway , we installed Microsoft 's Mo­
zalt multimedia CD-ROM and discovered 
that Windows lets you have only a Limited 
number of groups. What actually happened 
was that once the Mozait program was in­
stalled. I got the message "Cannot display 
Microsoft Multimedia Group," together 
with the ubiquitous "OK" prompt. I rather 
resent it when the computer tells me I can't 
do somethi ng. won' t tell me why, and then 
makes me say that that ' s OK. 

1 de termined th at the re was no such 
thin g as th e " Microsoft Multimedia 
Group ' · and att empted to create one in 
Program Manager: this time l got the mes­
sagc that 1 had too many groups and would 
have to delete some. That wasn ' t a difficult 
task: about ha lf of the Windows programs 
create a group that I don' t need, since I 

tend to organize programs by functions; 
so it was no great trick to delete a dozen 
groups. 

Having got past that annoyance, I in­
stalled several other Microsoft Multimedia 
CD-ROMs, and I have to say I like every 
darned one of them. Their Encarta is one 
heck of a history encyclopedia CD-ROM, 
the kind of thing that I would have sold 
my soul for when I was in eighth grade 
(or fifth grade, or high school for that mat­
ter). Their music collections, from the In­
struments of the World, to Beethoven, to 
Stravinsky, to Mozart, are wonderful. Mul­
timedia is coming of age, and if your sys­
tem doesn ' t do multimedia, you ' re missing 
something. 

The BYTE editorial staff selects 
the winners of the Shelly Awards, which 
are given for the bes t products being 
shown for the first time at Comdex. It 's a 
very hectic experience trying to look at all 
the new stuff and deciding what's best in 
half a dozen categories, but we get the job 
done, and our final editorial meeting to 
decide on the winners is about the best 
meeting I get to all year. You ' II find the 

----.._ awards described elsewhere in 
BYTE, so I won ' t li st them 
here. 

We really do attempt to 
look at everything, but there 

were 2200 exhibits at Com­
dex this year. We have about 
20 editors at the show. Most 

of them have an assigned floor 
area, but I'm senior enough that in 

theory I should look at the whole show. 
Of course, if I spent I minute at each ex-
hi bit , and another to get to the next, it 
would still add up to more 12-hour days 
than Comdex runs. It 's clear I have to be 
selective. 

Before the show I go through press re­
leases to li st interesting new stuff. I also 
read the show daily. All that helps, but 
when it comes down to it, we still have to 
rely on what we see: if a new product is 
hidden away in a booth, we may find it, but 
it 's more likely we won ' t. However, if we 
do see something we like, we tell other 
editors so they can look , too. The process 
actually works preuy well. 

IBM introduced a product at Comdex 
called OS/2 for Window . That's a mis-
namer: it ' s actually OS/2 for Windows 
Users. You install thi on a system that ' s 
already running Windows, and it makes 
your Windows, complete with your desk­
top and applications, rnn under OS/2; there 
is no Win-OS/2 in the package. However, 
IBM has figured out a way to enable you 
to launch Windows program s without 
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Simply the best all-in-one Desktop Video Studio, for 

• video editing 
• animation-to-video 
• video presentation$ 

All hard- and software included. And it runs on your 
standard Windows-PC or Macintosh! • 

Features include an edit control unit, a video mixer 
with 6 inputs, a character and graphics generator for 
titling, a -300+ c;j igital video effects unit, and 4-chan­
nel audio re-recording in CD stereo quality. 

Video Machine gives you full studio quality for a price 
you can afford! 

But don't just take our word for it: 

"A Dream Machine... FAST has produced a real win­
ner" AV Video 

"Seems like magic... an outstanding achievement .. " 
Byte 

"The FAST Video Machine is the closest thing to a one­
step solution you will find. Video Machine offers the 
most bang for the buck of any solution on any plat­
form" High Color Magazine 

"Add up prices for stand-alone gear. and you'd be 
hard-pressed to top this board tor ten times the mo­
ney" Videomaker 

" Seeing is believing !" Broadcast Mardware 

We couldn't say it any better. 

FAST Electronic U.S. Inc.11/IFRST USA: 

5 Commonwealth Road 
Natick MA 01760 
Tel. !800) 248-FAST 
Fax (508) 650-0447 

Fast Electronic GmbH 

International: 
FAST Electronic GmbH 
P.O. Box 20 07 19 
D-80007 Munchen 
Tel. ++49 89 50206-0 
Fax + +49 89 50206-199 
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Imagination. Made in Europe. 

YES, I take your word for it! Send me 
more information about: 

D Video Machine for PC 
D Video Machine for Macintosh 

Address 



Save Disk Space 

•version 2.0PKZIP 
PC WORLD PKWARE 

0 

introduces the next generation of its award 
winning compression utility. PKZIP 2.0 yields greater 
performance levels than achieved with previous releases 
of the software. PKZIP compresses and archives files. 
This saves disk space and reduces file transfer time. 

Software developersl You can significantly reduce 
WORLD CLASS product duplication costs by decreasing the number of 

disks required to distribute your applications. Call for 
AWARD Distribution License information. 

Put Your Executables on a Diet 
Software developers! Save dis~ space and 
media costs with smaller executables. You can 
disttibute your software In a compressed form 
with PKLITE Professional. PKLITE Professional 
gives you the ability to compress files so that 
they cannot be expanded by PKLITE. This 
discourages reverse engineering ofyour 
programs. 

PKLITf: increases your valuable disk space by compressing DOS 
executable (.EXE and .COl'1) files by an average of 45%. Tbeo~ration of 
PKLrre is transparent. all you will notice Is more ayaUable ~~ ))<!eel 

Program Manager, exactly as you do with 
Win-OS/2 . Now if they can make thi s 
work with Windows for Workgroups 3.11, 
IBM will have a real winner. 

Roberta has been developing the 
latest Macintosh version of her reading­
instruction program on the Quadra 700, 
and it 's coming along nicely. The present 
version needs an instructor: at one local 
private school , that's a LO-year-old stu­
dent who loves using the software to give 
reading lessons to first-graders. Roberta' s 
goal is to use text-to-speech software to 
read the instructions so that the program 
can operate without an in tructor. 

That was proceeding on schedule when 
the Quadra's hard disk got flaky . Things 
quickly went from bad to worse, until the 
machine was barely running at all. Some­
times it would endless ly reboot itse lf. 
Other times it would restart when you at­
tempted to access certain files. It was one 
sick puppy. 

Disk First Aid said there was a prob­
lem, but it had no idea what to do about it. 
Version 2 of Norton Utilities for Macintosh 
couldn't find any problems to fix . Things 
got worse, and Alex decided the only rem­
edy would be to save what we could and 
then reformat the hard di k. My primary 
backup system (for DOS and Windows) 
is Palindrome's The Network Archivist; 
that uses a SCSI DAT (digital audiotape) 
dri ve. It ' s small and portab le, so all we 
needed was a cable to connect the DAT 
drive to the Quadra, and software to u·ans­
fer the files to tape. 

The cable was standard. One of the ma­
jor advantages of a Mac is that all you 
have to do i hang something like the DAT 
onto the SCSI chain and address it, and 
the Mac will see it on reboot. The SCSI 
Probe freeware program immediately saw 
it and knew that it was an Archive (now 
Conner) Python 2500 DAT. 

We then installed Retrospect 2.0, which 
will bac k up Mac data to just about any 
conceivable SCSl dev ice, including al­
most all tape drives . It automatically uses 
the be t compression hardware or software 
avai lable, and Retrospect Remote wi ll back 
up remote Macintosh systems over a net­
work. It will also back up to floppies , for 
that matter, but I strongly recommend that 
anyo ne seriou about computers should 
gel a better backup storage system: floppies 
are so much trouble that you ' ll put off do­
ing backups until it ' s too late. 

Alas, the Quadra was so flaky that we 
couldn ' t get Retro pect to install on its 
hard drive . There ' s a lesson here: don ' t 
wai t until your drive die to install you r 
backup sof1ware. Fortunately, the internal 



Discover the basic principle ofconnectivity... 


Look to SmarTerm® for visionary emulation 
and multi-platform connectivity. 
It's a basic principle worthy ofGalileo: 

SmarTerm's stel/,ar PC-to-host connectivity puts you at 

the center ofyour system. New SmarTenn emulation 

software for Windows will expand your vision with a 

galaxy ofUNIX, VMS, and DG host applications. 

SmarTerm 420 for Windows and SmarTerm 340 for 

Windows have both been upgraded. We also offer 

SmarTenn 470 for Windows, the first full-featured 

Data General 470 emulation product for Windows. 

And coming soon-Smar'l'erm for Windows NT! 


New Windows Sockets TCP/IP and more! 

Assure your system a window on the future with great 

new features like SmarTerm TCP/IP as a Windows 

Sockets DLL, drag-and-drop FTP, a dialing directory, 

a script recorder, and SmartMouse'" enhanced mouse 

support! 


Test a proven theory for reducing support costs. 

It's a fact. You'll save money and time with SmarTerm's 

pioneering corporate support tools and utilities. 


These corporate support tools include simplified 

keyboard remapping, pop-up keyboard, toolbox, 

customizable help system, and enhanced button 

palettes with icons or text. 


Discover SmarTerm. 

It's the only emulation software that includes LAT 

and SmarTerm TCP/IP 
as a Windows Sockets I 
DLL (a $199 value) FREE 
in every package. Discover 
the basic principle of 
connectivity today. 

Call 1-800 EMULATE Jll 
(1-800-368-5283). 

persnff· 
CONNECTIVITY SOLUTIONS 
DOS • Windows • Elhernel • Token Ring 

Persoft U.S.A. 465 Science Dr.• Box 44953 Madison WI 53744-4953 • Phone (608) 273-6000 • FAX (608)273-8227 

Persoft Europe World Trade Center • Beursplein 37 • Box 30237 • 3001 DE Rotterdam, The Netherlands • Phone +3110 405.3560 • FAX +3110 405.5073 


©1993 Person, Inc. Smart.Mouse is a trademark and Person and SmarTerm nrc registered trademarks of Persof\, Inc. Other trademarks mentioned nrc properties of their respective companies. 
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drive is no t the only hard di k on that 
Quadra: we also have an ancient Priam 
Emm330 MacDisk, which longtime read­
ers will remember was originally installed 
on a Fat Mac about six years ago. ft ha 
been on eve1y Mac we've had since, and 
like that ubiquitous bunny, it just keeps 
going and going. 

Alex got Retrospect in tailed on that, 
after which it was a snap to transfer every­
thing from the Quadra's drive to a new 
DAT canridge. Retro pect fo rmats the tape 
as it copies, and it's pretty fast: with veri­
fy , it bac ked up 5715 fi les, compri sing 
266.8 MB, in 39 minutes, for an average of 
3.7 MB per minute (6.8 copy, 8.4 com­
pare). 

W c then reformatted the Quadra' s hard 
di k. The di sk's problem appeared to be 
with the Mac' s HFS, and we did lose one 
unimportant directory, but all's properly 
restored now. 

DAT drives aren ' t cheap-you' ll pay 
between $ 1500 and $2000 for a new one; 
refurbi shed dri ves are less-but they' re 
about half the price they were two years 
ago. A good DAT drive will work equally 
we ll with DOS and Mac systems: when 
we were through back ing up the Mac, I 

put the DAT back on Big Cheetah where it 
belongs. DAT and 8-mm dri ves are con­
siderab ly (like 2 to 4 times) fa ter than 
the ir quarter- inch-cartridge cousins, and 
they can move between more systems. 

DAT tapes are available everywhere. 
We get ours at Tower Record for maybe 
$ 15 a pop retai l. Each holds 2 GB, which 
means that data-storage media cost are 
lost in the noi se. ff you re serious about 
the computer work you do, a DAT with 
good backup software is one of the bener 
investments you can make. 

Alex found an interesting prob­
lem with memo1y addressing the other day. 
He had an old clone with no memory ex­
pansion on the motherboard, so he used 
an old Cheetah memory board ·with it. 
Alas, he addressed the board wrong, so it 
overlapped with already-installed mem­
ory. The mac hine would come up . but 
whenever he ran a program that accessed 
that memory area, everything would go 
weird . 

He got out various test programs, with 
interesting results: Checkit couldn't find 
a problem. Checki t Pro died . QEMM and 
its Manifest acted as if there were no prob­

lem at al l. The new H!MEM .SYS that 
comes with W4WG 3.11 announced the 
problem at start-up, and it was the only 
diagnostic he tried that did find it. 

There are other interesting features to 
W4WG 3.11 , including 32-bit file access 
("Taken forward from Chicago," accord ­
ing to the beta documentation) and a great­
ly improved file manager. W4WG 3. 11 
isn'tjust an improved W4WG; it 's an im­
proved Windows, and we' ll see many of 
those in upgrade releases to Windows itself 
from time to time. 

Meanwhile, Alex has found the secret to 
getting W4WG 3.1 J to work with Novell 
NetWare. The secret, which cost him many 
hours of fooling around to di scover, is that 
Novell drivers are not Microsoft in tal­
lable. You must install W4WG and then 
use the Novell installer. You also must 
have a LASTDRlVE=Z statement, or you 
won' t be able to access all the NetWare 
drives. Get all that done, and Bob 's your 
uncle. 

In the course of trying to make Net Ware 
and W4WG work together, Alex found 
that you can get great help from Microsoft 
if you are a beta tester (he had hi s own 
beta copy of W4WG 3.11 ). However, the 

TIM HEFLIN 

.Manager, End-User Services 
Microsoft, Inc. 

Network Topology: Ethernet 

N etworking Protocol: TCP/IP 


"DynaComm® is Microsoft's® 
choice for terminal emulation." 

It should be yours. 
Evaluating terminal emulation software? Consider the one Microsoft 
chose for communicating across their world-wide nerwork. FurureSoft's 
D ynaComm for Windows''·' offers a single solution for PCs 
communicating across multi-platform networks to host computers. 

DynaComm features: • 19 Network interfaces 
• 16 Terminal emulation types 	 including TCP/IP and IPX 

for UNIX, DEC, Hewlett­ • Powerful development tools 
Packard, IBM, and Dara for creating GUI front ends to 
General systems host applications 

·­

800-989-8908 
+-FutureSott. 

12012 Wickchester Lane, Suite 600 • Houston, Texas 71079-1222 USA 
113.496.9400 • 113.496.1090 FAX • 800.989.8908 Sales (USA) 

Wmdovr.; is a1radema1k of Microsofl Corporation. Mi:1osofl is a rf9 slered tr2dema1k of Microsofl 
Corporation. DynaComm and FulmeSo are rf9iste1ed trademarks of Future Soft Engineering. Inc.Host: DEC VAX 
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Welcome to the 

NEW communication generation 

Complete access to the Internet-the data superhighway 

connecting 15 million people worldwide. 
• Local dialup numbers worldwide 

2400/9600 bps access 

• Unlimited electronic mail Graph ics, 
icons, music. Private and public fi le areas 
compl iment ary to all members 

• Financial services End of day market 
reports and financial news, electronic 
periodicals, online financial advisors 

• Business to business Floppy Pages 
directory of services 

• Online periodicals BBS Callers Digest, 
10 PERCENT, USA Today, financial dailies 

• Sports Live sport.s updates throughout 
the day in the Sports Forum, plus daily 
schedules, daily lines, and SportsTalk 

• Online shopping Shocking Gray, 
DEBSCO Discount Warehouse, 
International Merchandise Marketing, 
Floppy Pages, Video Learning Library 
and other electron ic catalogs 

• Home Kacera Industries Do-It-Yourself 
Forum, featuri ng household tips, design 
plans, online advice, and a national 
directory of related services 

• Travel Full-service on line agency, 
Travel 'Ta inment 

• Thousands of Shareware files 

• Real time chat Converse one-on-one 
or with a group in one of our many 
meeting rooms 

• Trade exchange Join the rapidly 
growing barter arena 

• Real estate Shop for a home by viewing 
full-color phot ographs, quali fy for a 
mortgage, shop insurance rates, use the 
onl ine mortgage calculator, and more 

• Mercury trade Antiques and collectibles 
have entered the future. Online 
auctions, national directory of related 
services, int erior design forum, appra isals 
and cata logs 

• FYI entertainment Electronic movie 
guide, tr ivia contest. Check out local 
bands or dinner specials in the national 
directory of hot spots, then make your 
reservat ions onl ine 
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Subscription 

Problems? 


I
f you have a problem with 
your BYTE subscription, 
let us know! For best ser­

vice, provide a brief descrip­
tion of the problem and a 
copy of a recent magazine 
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your label is unavailable, just 
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800-232-2983 (U.S.), 
or 609-426-7676 
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Puffing Technology to Work 

diagnostic tools are pretty awful: MSD 
(Microsoft System Diagnostic), the pro­
gram that supposedly takes a complete 
snapshot of your system to enable the Mi­
crosoft help-line people to see what's go­
ing on, is quite an old program and doesn't 
understand a number of new features. 

He also found that you really must go to 
CompuServe if you want Microsoft to hear 
your bug reports. Sending them in by fax 
or mail , or leaving a report on voice mail , 
produced no discernible result, but reports 
posted in the Microsoft area on Compu­
Serve seem to get quick attention. 

If you want or need Windows and 
you have any networki ng requirement 
whatsoever, I strongly recommend you get 
W4WG 3. 11-not just for the network­
ing, but because, as I noted above, it ' s a 
better Windows. On the other hand, while 
MS-DOS 6.x gives you quite a lot for the 
money, there are superior alternatives to 
each of its parts. 

MS-DOS 5 works fine as DOS; it's very 
stable and reliable, and if MS-DOS 6.x 
has any speed improvements, I can't find 
them. Bootcon takes care of alternate con­
figurations. Stacker is a better compres­
sion utility than what you get with MS­
DOS 6 and works with PCMCIA cards 
(Doublespace will not); and while the 
HIGHMEM .SYS with W4WG 3. 1 I is 
much improved over previous models, 
QEMM from Quarterdeck is still the su­
perior memory manager. Finally, although 
MS-DOS 6.x gives an improved Smart­
drive over the one in MS-DOS 5, Norton 
Speedcache is better still-and it handles 
CD-RO Ms. 

I drove to Comdex this year, so 
I was able to carry a whole bunch of ma­
chines to experiment with. Alas, things 
conspired to keep me from doing that. 
The first three days were eat­
en by running around looking 
at candidates for the Shelly 

dows, there ' s an ingenious little device 
that becomes a mouse, and there are four 
PCMCIA slots. The screen is not backlit 
but is readable in most normal light. When 
you tum it off, it remembers where it was, 
so when you turn it back on it's right there 
in Microsoft Word for Windows or wher­
ever you left it. 

That's the good news. The bad news is 
that there's no hard drive; that plus the 
lack of backlighting is how they manage 
both light weight and long battery life. 

Instead of a hard drive, you use the four 
PCMCIA slots. Two of these contain sys­
tem software, applications (Word for Win­
dows and Excel are bundled in), and work­
ing space. The other two slots will accept 
standard PCMCIA cards-I plugged in a 
Seiko Epson IC memory card that I've had 
here for a couple of years, and while the 
OmniBook told me the memory card had 
a low battery that ought to be replaced, it 
formatted it and wrote a Microsoft Word 
file onto it. 

Incidentally, I couldn 't format the card 
in drive A with Fi le Manager in Windows: 
I had to open a DOS prompt and do it from 
the command line. Interestingly, the system 
prompt told me to insert a blank "card" 
rather than a disk. On the other hand, the 
File Manager help file doesn't know what 
"cards" are, and it tells you that you can 
format "floppy disks" from the Disk menu 
in File Manager; only you can't. The For­
mat Disk option in the Disk drop-down 
menu is grayed out. 

Roberta managed to break a leg­
that' s what got me home early from Com­
dex-so we've spent a few hours out at 
Kaiser, giving me some opportunity to ex­
periment with the OmniBook 425. Mostly 
I used Microsoft Word, but I also played 
with Excel. There' s no floppy disk: the 

OmniBook comes with a new file 
transfer program from Travel­
ing Software ca lled LapLink 
Remote Acee s. 

Awards, Tuesday night was lit­ -~~~~Cf( Once installed, this program 
erally eaten by my being the automatically moves stuff back 
chef for BYTE's entry into the and forth between the Omni-
Micrografx Chili Cook-Off- Book and whatever it "s con-
we didn't win the formal vote, nected to, but fair warning: it 
but there seemed to be a gen- '-------~.....-:::..' does that by continually polling 
eral agreement that mine was the best 
there-and then things happened at home 
to cause me to come back early instead of 
staying the whole week. Consequently, I 
wasn't able to do much laptop testing. 

1 carried, in addition to Old Reliable 
(the ancient Zenith Mastersport), the new 
Hewlett-Packard OmniBook 425. This is 
the smallest and lightest full-size laptop 
I've ever seen. It has a 486, it runs Win-

the port you 've specified. ln my case, 1 in­
stalled the other half of that program on 
the Zenith, and I about went nuts trying 
to figure out why I couldn ' t attach a mo­
dem to the Zenith ' s seria l port. The an­
swer was to remark out the stuff in CON­
FIG .SYS that Trave ling Software put 
there; otherwise you get continuous poll­
ing, which makes the modem soggy and 
hard to light. continued 
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We've Made It 
Perfectly

Clear. 

• Multiple compression formats - ISO/MPEG/MUSICAM, 

Dolby AC-2. CD-ROM XA, MS ADPCM, IMA 

• AES/ EBU/SPDIF Digital 110 

• Programmable floating point DSP 

• Onboard EEPROM for software security 

• 16-bit stereo, 64x oversampling Sigma Delta 

• High-level DOS/Windows drivers -• Dual-device and multiple adapters digital 
• Voice wavetable synthesis 

• SCSI/MIDI interfaces AUDIO 
The difference is clear. 

800/ 338-4231 • 3 10/ 532-3092 • FAX 310/ 532-8509 
16100 So uth Figueroa Street, Gardena, California USA 90248 

In Touch With Tomorrow's Consume 

The Los An,eles Computer Fair 
March 18, 9, 20, 1994 
The Nation's Largest Direct-to-the-Consumer Compuler Show 
Come see, compare and learn more about hundreds of products. Toke odvontoge of special 
showpricing, great bargains, andFREE seminars while building your knowledge base. 
Fairplex ExP,o Center Opening Day Keynote,
Pomona, California 	 Friday, Marih 18 al 12 Noon 

Jerry Pournelle, Senior ContributingFriday Morch 18: 11 om ta 8pm Editor BYTE MagazineSaturday, March 19: 10 om ta 6pm 
Sunday, March 20: 10 am to 5pm Presenting:
Computer Fair Three Doy Poss • 	Mark Eppley

1
_Chairman &CEO

including Seminars:S15 Traveling Sorrware, Inc. 
One Day Pass including Seminars:SJ 0 LA.Times,Washin9ton Post 

• 	 Larr'{ Magi~ ,S~nd1cated Columnist1
II you' re looking fo rgreat buys and solid L.A.Times, washinglon Posl 

Li ndo Latham Proyrom Managerinformation, the Los Angeles Computer Fa ir is 	 • 
EPAEnergyStar Computers Programtl1eplace to be. Lookforus in LosAngeles in • Mic~oel Goldstein, Editor-in·Chiel March, '94, Atlanta in October, '94, and PC Laptop Mogozme

Boston in April '95. • 	 Presentations by Borlon(Broderbund, 
(omplon 's NewMedio, IBMKnowledge1·800·800·5600 Adventure, Microsoft, WordPerfect, 

Co·Sponsors: 	 plus many more... 

MOBILE0FFICE PIBMUGMICROliMES. MAGAZINE P252dfna IBA Users Group 

Notional Productions, Inc. 
16175Monte re~ Roo~ Ste. 4-=~~- Morgon Hill, CA 95031 -=-=-~'~
TEL (408) 778-5200-======'~'~ FAX (408) 779-1 374 
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l haven ' t made up my mind about the 
OmniBook 425. On one hand , it 's one 
heck of a lot of machine in a small and 
light package. The keyboard is a little bi t 
cramped, but it can be used in awkward 
pos iti ons as well as when it 's sitting on 
a tab le, and it docs the job. Simi larl y, 
the li tt le mouse thingy that pops out on a 
hinged arm seems a 
li tt le squ irrelly, but 
it does work , and 
while it takes some 
getting used to, you 
can use it. There' s 
no fl oppy dri ve (I 
am told a thi rd-par­
ty floppy dr ive is 
available, but I have 
not seen it), bu t I'm putting a PCMCIA 
drive into one of my networked desktop 
machines, and for that matter. the LapLink 
Remote Access communications package 
works. The lack of a hard di sk is com­
pensated for by the conve nience of the 
PCMCIA slots: just ca rry a pocket fu ll of 
PCMCIA cards. and you' ll never lose your 
work lo a dyi ng hard disk. 

Laptops tend to be personal: you li ke 
them or you don' t. I am certainly fo nd 
enough of the HP Omni Book 425 to rec­
ommend that you have a look at it. You 
may like it a lot. 

At the other extreme from the HP 
Om niBook 425 is the Zenith Z-Note 
325Lc active-matrix color laptop. Mari­
lyn Niven, my partner' s wi fe, is very fond 
of her Z- Note 325Lc. It' s not very light, 
and the battery life is under 4 hours: but 
it' s certainly portable. the screen is bright 
and clear, and it 's a powerful Windows 
machine. 

The hard di sk died one day after the 
warra nty expired. but Conner was kind 
enough to replace it free anyway, although 
the symptoms arc that it looks li ke some­
one dropped it. That' s about the only prob­
lem the Nivens have had with the machine. 
I've had enough experience with Zenith 
portables· to know they are reliab le and 
rugged; after all , I' ve been carrying them 
since they invented the clamshell portable. 
You might even be tempted to make the Z­
Note 325Lc your one and only machine, 
forgoing a desktop system entirely. 

When the Ni ven laptop's hard disk died 
just before Mari lyn was scheduled to use it 
to run the art show at a science fic tion con­
vention, we loaned them a BSE Flashdrive. 
For those who don' t remember, thi s is a 
portable battery-powered hard dri ve that's 
smaller than a cigar box. Used with Norton 
Speedcache, it even made Wi ndows tol­
erable, which is quite a feat for a para llel­



For Engineers 

who Excel. 


DADiSP co mbines more than 500 functions for displaying and 
analyzingyo ur type of data with the power and fl ex ibility of a 
spreadsheet. Construct sophisticated data analysis in windows, 
in seconds, at a new level of price/performance. 

Now Data Analysis is as 
easy as pushing a button. 
No more fumbling with business software. And no need to 
learn a new programming language. Justpoint and cl'ick 
and DADiSP displays your results immediately . Load 
a new data se ries, matrix, signal or image, and all 
cells update automatically. 

Extended features tackle your 
toughest Data Analysis problems. 
With DADiSP,you can build an endless number of new work­
sheets and evenyour own custom menus. And DADiSP/DDE 
let's you run external software-IEEE 488 drivers, data 
acquisition software,even your own analysis progra:m.s. 

Call today: 1-800-777-5151 
for your Pree DADiSP Trial Kit. DADiSP is available for SUN, 
HP, IBM, NeXT, DEC,Concurrent, and Silicon Graphics work 
DSp stations, and of course, IBM PC compatibles. 

Development 

Corporation 


One Kendall Square Cambridge, MA 02! 3!l 

Phone GI7-577- IJ 33, FAX Gl 7-577-82 1 I 


DADiSPjWindows 
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port hard dri ve. 
You can' t boot from a Flashdrive, but 

you can do everything else. They' re also 
great for storing c1i tical files and are a con­
venient way to sneakemet lites from one 
place to another. Early versions of MS­
DOS 6 had a bug that wouldn ' t let you 
have Flashdri ve partitions larger than 33 
MB, but MS-DOS 6.2 has fi xed that (and 
yet it was a bug in DOS, not in the BSE 
software). 

A BSE Fla. hdrivc is a good combina­
tion to use with an I-IP Omni Book: put the 
Flashdrive in your checked luggage, and 
it's available in your hotel room whi le you 
use the OmniBook as a notebook. I also 
use one that way with the Gateway Hand ­
book. If you don' t know about Flashdrives, 
you should . 

I know how to solve power and 
cooling problems with Pentium machines: 
get PC Power & Cooling power upplies. 
Longtime readers wil l recall that I have 
been recommend ing PC Power & Cool­
ing power supplie. ever ince my fi rst 
Cheetah machines were assembled with 
them. In the years since, I have had one 
wear out, and it fa il ed quite gracefu ll y, 

harming nothing else, and it was easy to 
replace. 

Several industry sources report that Pen­
tium systems have had cooling problems, 
which isn' t surpri sing: you cannot merely 
fry , but boil an egg on top or a Penti um 
chip. At Comdex, PC Power & Cooling 
had exh ibi ts of cooled and uncooled Pen­
tium systems. They also sell a tempera­
tu re sensor that screams bloody murder if 
the internal temperature in your computer 
goes over 110°F. It 's worth gett ing one of 
those, whatever else you do. 

If your systems are getting tlaky and 
you suspect either a power problem or a 
dying cooli ng fan, replace your power sup­
ply with one from PC Power & Cooling; T 
think you will be glad you did . Recom­
mended. 

It's short-shrift time: there are a 
bunch of things, each wort h a lot more 
space, but which I simply won ' t have time 
to say much about. 

I'll start with Federal Soapbox: th is is a 
program that impressed my policy-wonk 
son Richard . If you have an interest in leg­
islati on or regulations, thi s tell s you pre­
cisely which officials or congresspersons 

are relevant. It gives their addresses, and it 
wi ll make mail ing labels, send MCI Mail, 
or generate faxes as you choose. Special­
ized, but extremely useful if you need it. 
Recommended. 

I wouldn ' t have thought that you could 
make an indestructible keyboard, bu t one 
appeared in my mail from Eve rswitch 
USA. The top is like a solid block or alu­
minum with a keyboard painted on it. You 
might hurt it with a sledgehammer, bu t 
you'd have to work at it. I wou ld hate to 
do rapid typi ng on it- no sense of fee l at 
all - but if you need to expose a keyboard 
to the public or lo guys in work gloves , 
thi s is the thing to use. 

The Random House Book and C D­
ROM Random House Unabridged Dic:­
Eionary is preci ely that: the whole thing in 
both book and CD-ROM fo rm- all the 
retrieval software you want, plus the hard 
copy- 30 pounds of Engli sh. Nex t to the 
Oxford English Dic£io11a1)' on CD-ROM, 
this is as good a you can get. There are a 
couple of minor gli tches: for instance, you 
can' t find the word mmher except as 111mh­
br. That's small beer, though. This is the 
real thi ng, and if you li ke words you' ll 
love this. 

co111i11 11ed 

There Are 275,000 Good Reasons to Advertise in the BYTE Deck! 

The BYTE Deck mails to a select group of 275,000 BYTE subscribers who are proven di rect market buyers. 
In fact, BYTE subsc1iber surveys show that many readers prefer to buy through the mail order/direct channel: 

Direct Channel Preference 
for Purchases of: Software 76°/o 

Computer Systems 69% 

Networking 48% 
Source: 1993 Subscriber Suu~· 

The average BYfE reader influences the purchase decisions of 107 others, works in a company with more 

than 1,000 employees, and influences more computer product purchases than any other person in 

his/her organization. The BYI'E readership provides quality leads. 

Why settle for anything less? 


Call today at (603) 924·2S 18 or fax your order to (603) 924-2683. 

The BYTE Reader: Simply the Best I;''JI '™ ri~I 

Peripherals 
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SCOTTY _ d_ .
Personal Computers V" ' . The Fme Art of Computing for the Fine Art of People 

ISANESA Bus /.iB. Intel Procesror of yoor choice (SX25, SX33, DX33, DX2-50, DX2-66) (Upgradeable to 
25 MHz l486SX $ 1,269 ~Pentium OVerdrive Procesror), 4MB of RAM (MAX 64MB RAM), up to 256KB Superfast 
33 MHz l486SX $ 1~49 Cache RAM. Space saving Tovver Design with 200 watt power supply and 8 drive bays, 

33 MHz 1a6DX 3.5" l .44MB & 5.25" l .2MB floppy drives, 2 serial, 1 parallel and 1 game port, 212MB IDE$ 1,499 
50 MHz1a6 DX2 	 Hord Drivel 4ms, lMB SuperVGA Video Accelerator VESA LocalBus Graphics Adapter, $ 1,a99

MH DX2 $ ,669 14' SuperVGA Color Monitor (l 024 x 768, .28mm, NI), Internal FAX/MODEM 9600/2400,
66 1486 1z 	 Microsoft compat1ble serial mouse, MF-1 01 enhanced keyboard, Microsoft DOS 6.2, 

Microsoft Wlndovvs 3.1, Quicken for Windows, PFS: Window Works, Prodigy and other 
FAX/MODEM Communications software. 

EISANESA Bus 
33 MHz l486DX $ 3,599~ Intel 486DX2-66MHz, 16MB of RAM (MAX l 28MB RAM), 5l 2KB SuperFast Cache RAM, 


~ (EISA-Bus), SCOTTY POWER Tower Design wtth 250 watt power supply and l O drive bays, 

50 MHz l486DX2 $ 3,669 3. 5" 2.88 floppy drive, 2 serial, l parallel and 1 game port, EISA-Bus SCSl-2 Caching 


Controller with 4MB, 660MB SCSl-2 Hard Drive 1 Oms, 1MB SuperVGA Video Accelerator 

66 MHz l486DX2 $ 3,889 	 VESA LocalBus Graphics Adapter, 14" SupeNGA Color Monitor (1024 x 768, .28mm, NI), 

Microsoft ser1al mouse, MF-101 enhanced keyboard, Microsoft DOS 6.2 & Microsoft 
Windows. 

ISA/PCI Bus 
MMH:a: Pentium PS-60 S 2,699 	~ Intel Pentium P5-60/66MHz, 8MB of RAM (MAX l 28MB RAM), 512KB SuperFast Coche 

~ RAM, (3 PCI Slots), Space SOvlng Tower Design with 200 watt power supply and 1Odrive 
66 Mlb: Pentlu• PS·66 $ 2,999 	 bays, 3.5' 2.88 floppy drive, 2 serial, 1 parallel and 1 game port, 420MB IDE Hard Drive 

l 4rns, 1MB SupeNGA Video Accelerator PCI LocalBus Graphics Adapter, 1 4" SupeNGA 
Color Monitor (l 024 x 768, .28mm, Ni), Internal FAX/MODEM 14.4/9600, Microsoft serial 
mouse, MF-1 01 enhanced keyboard, Microsoft DOS 6.2, Microsoft Windows, 
FAX/MODEM Communications software, RAID Seiver ut1111y software. 

EISA/PCI Bus 
Intel Pentium P5-60/66MHz, 32MB of RAM (MAX 256MB RAM), 51 2KB SuperFast Cache 
RAM, (3 PCl/6 El&\), Server-Tower Design with 3 redundant 350 Watt Power Supplies andPLEASE CALL! 1O hard drive bays, 3.5" 2.88 floppy drive, 2 serial, 1 parallel and l game port, 10 
425MB SCSl-2 Hard Drives l 2ms, EISA-Bus 3-ln-1 Ethernet LAN Adapter, MYLEX PCISCOl1Y P~/66 
LocalBus DRIVE ARRAY RAID SCSl-2 Host Adapter (RISC Intel 960) (RAID Levels 0, l ,2and 5), 

w 	 external SCSl-2 adapter, 1MB SupeNGA Video Accelerator PCI LocalBus Graphics 
Adapter, 14" SupeNGA Color Monitor (l 024 x 768, .28mm, NI), Microsoft serial mouse, 

IAIDsnvtl 

MF-101 enhanced keyboard, Microsoft DOS 6.2, Microsoft Windom. 3.1, RAID Server 
ut11iiy software 

TO ORDER, CALL ,.aoo.scom1 
Addltlonal Prldng for Upgrades HOURS 

MJN-FRI 8AM-81'M El 
~T 9AM.SPM84M8 Additional RAM 	 $ 175 
SUN 12PM·SPM El 


340M8 IDI HD $ 140 

420M8 IDI HD $ 240 
 WAYS TO PAY 
540M8 IDI HD 	 $MO 

Mmte.C•nl, VIM. SCOTIT U..c.r.I, 

15• SuperYOA Monitor $ 175 c..w.n Check. -._, on1.., 

1r SuperYOA Monitor 	 $ 549 ..._ .Pe--· Fl......... •
........ .,,.............,....,,.., 


9'W9ys MME Al CAlllt, COD.SCOTTYMultlMedla MPC2 	 $ 449 
2YEAR16-Blt ..utHI Card, IONY Gt.W>ANT'Ee 

Pol1J& l D.uble lpln CDROM, 

USA Teclay CDROM, COMPTONI 


TECH SUPPORT:
lnterAdlwe Encrdepeda. 

(407)-692-4223 

SCOTIY SYSTEMS INTERNATIONAL. INC.• 1784 rf.N FEDERAL ff#'{.. STUART. Fl 34994, PHONE : (407)692-4223 FAX: (407)692-3323 
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Something Missing? 

Complete your BYTE collection by

ordering Baclc Issues today! 
1990 1991 1992 1993 1994 

January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 
Special 
Issues 

Ill.II Outlook '92 Windows '92 

Portability '92 

Windoa's '9l 

II Guidt Sumratr 19) 

8 Guide hll '?j 

Special Issues U.S. Delivery $3.00 Foreign $4.00 . 
1990 through 1994 U.S. Delivery $6.00, Foreign Delive1y $8.00, Cm1ada & Mexico 
$6.50 
All issues prior to 1990 U.S. Delivery $3.00, Foreign Delivery $4.00 

All checks must be in U.S. funds and drawn on a U.S. bank. 

Please indicate which issues you would like bychecking ('1) the boxes. Send 
requests with payment to: 

BYTE Back Issues, 
One Phoenix Mill Lane 
Peterborough, N.H. 03458 
(603) 924-9281 

D Check enclosed Charge: O VISA D MasterCard 

Card# _______________ _ ________ 

Exp. Date ----------------------- ­

Signature_ _ ________ _____________ ___ 

Name 

Address 

City______ _________ 
~,,~ 

1tn11State ______Zip Putting Technology to Work 

1W orders must be prepaid. Plc:1se allow four weeks delivery. 

Books of the month: John Keegan 's 
A His101y 4wwfare (Knopf, 1993) is one 
of the few books I'll call important: it 's 
an examination of why men- and that ' s 
not sex ism. but the subject of the book­
fight, and whether we st.ill need war. Agree 
or not, you're in for a heck of a ride. And 
so you are with John Podhoretz' s A Hell Of 
A Ride (Simon & Schuster, 1993), an in­
sider's story of just what happened to send 
George Bush from an unbeatable 91 per­
cent popularity to defeat by an Arkansas 
governor. Not quite as funny as O' Rourke, 
and perhaps a bit more serious. 

The computer book of the month is 
Francis Hamil 's Virtual Reality and the 
Exploration o.f Cyberspace (Sams, 1993). 
l wrote the preface for thi s because I think 
it's a realistic cut through the hype to look 
at virtual rea lity. It 's also a key to access 
David Mitchell's DIASPAR Virtual Re­
ality Network, and anyone who is really 
interested in virtual reality cannot afford 

For More Information 

Next to the Oxford English Dictionary on CD­
ROM, the Random House Book and CD-ROM 
Random House Unabridged Dictionary 
($159; book only, $100; CD-ROM only, $79) 
is as good as you can get. Contact Random 
House Reference and Electronic Publishing, 
201 East 50th St.. New York, NY 10022, 
(800) 733-3000 or (212) 751-2600; fax 
(800) 659-2436. Circle 1060 on Inquiry 

Card. 


The smallest and lightest full-size laptop I've 
ever seen, I'm fond of the Hewlett-Packard 
OmnlBook 425 (with 40-MB hard drive, 
$2125; with 10-MB flash disk, $2375). 
Contact Hewlett.Packard Co., 1000 
Northeast Circle Blvd., Corvallis, OR 97330, 
(800) 433-1254 or (503) 757-2004; fax 
(800) 333-1917. Circle 1061. 

The #9GXE Professional Graphics 
Accelerator ($345 to $1095) is very fast and 
looks great. Contact Number Nine Computer 
Corp., 18 Hartwell Ave.. Lexington, MA 
02137 , (800) 438-6463 or (617) 674-0009; 
fax (617) 674-2919. Circle 1062. 

If you experiment with your system at all , you 
need Bootcon 2.0 ($79). Contact Modular 
Software Systems, 25825 104th Ave. SE, 
Suite 208. Kent, WA 98031. (800) 438-3930 
or (206) 631-5781; fax (206) 631-5779. 
Circle 1063. 

Retrospect 2.0 ($249) will back up Mac data 
to just about any conceivable SCSI device. 
Retrospect Remote ($449) will back up 
remote Macintosh systems over a network. 
Contact Dantz Development Corp., 4 Orinda 
Way, Building C, Orinda, CA 94563, (510) 
253-3000; fax (510) 253-9099. Circle 1064. 
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not to know about that. 
One of the games of the month is Mi­

croProse·s Master of Orion, a game of stel­
lar conquest with diplomacy : it keeps 
growing on you; be sure to get on- line and 
download the latest upgrades, since the 
original wa. a bit buggy. The other is Dy­
namix· s Betrayal at Krondor, abou t the 
best fantasy role-playing game [ have come 
across. It' s based on Ray Feist 's Magician 
serie , and it plays like reading a novel. 
Warning: both of these are time eaters. 

Critical Path from Media Vision is a 
chase game of a kind that L' m not terribly 
fond of, but it 's a damed good illustration 
of just what you can do with multimedia 
now: the action was filmed with Holly­
wood ac tors in Chroma-Key with com­
pres ed rea l-time (a lbei t rather small ) 
video. It also features my friend Min Yee, 
Media Vision vice president and formerly 
the publisher of Microsoft Books; it 's just 
about worth the price of the game just lo 

A portable battery-powered hard drive thars 
smaller than a cigar box, the BSE Rashdrlve 
(210 MB, $749: 340 MB, $849; 500 MB, 
$1099; smaller sizes are also available) Is great 
for storing critical files. Contact The BSE Co., 
Inc., 2114 North Fourth St .. Flagstaff. ta. 86004, 
(602) 527-8843; fax (602) 527-1540. 
Circle 1065. 

If your systems are getting flaky and you suspect 
either a power problem or a dying cooling fan, 
replace your power supply with one from PC 
Power & Cooling, Inc. ($89 to $349), 5995 
Avenida Encinas , Carlsbad, CA 92008, (800) 
722·6555 or (619) 931-5700; fax (619) 931· 
6988. I think you'll be glad you did. 
Recommended. Circle 1066. 

Federal Soapbox ($129) tells you precisely which 
officials or congresspersons are relevant to 
certain legislation or regulations. gives their 
addresses, and will make malling labels, send 
MCI Mail, or generate faxes as you choose. 
Contact Soapbox Software, 10 Golden Gate Dr.. 
San Rafael. CA 94901, (800) 989--7627 or (415) 
258-0292; fax (415) 258-0294 . Ctrcle 1067. 

The Creative Labs Multimedia Kit ($549.95 to 
$999.95) works just fine, and 1 llke the 
speakers. Contact Creative Labs, 1901 

McCarthy Blvd., Milpiias, CA 95035, (800) 998­
5227 or (408) 428-6600; fax (408) 428-6611. 

Circle 1068. 


I could hear the difference in sound quality from 

the speakers in the Media Vision Pro 16 

Multlmedla System upgrade kit (System 1. 

$1049; System 2, $1195). The action in Crltlcal 

Path ($79.95) is a damed good illustration of 

just what you can do with multimedia now. 

Contact Media Vision, 47300 Bayside Pkwy .. 

Fremont, CA 94538, (800) 348-7116 or (510) 

770.8600: fax (510) 770.9146. 

Clrcle 1069. 


hear hi s maniacal laugh. 
Next month. more multimedia, includ­

ing ReclMagic from Sigma: full -screen 
rea l-time video from a CD-ROM. The lirst 
time you see it, you ' ll be amazed. Also 
next month: a multimedia shoot-out. and 
some words about the DTR Dauphin , a 
small , pen-based 486 Windows machine 
that ' s getting closer to the pocket com­
puters I wrote about 20 years ago in The 
More in God's Eye. There·sju. t a lot going 
on out there in Micro land .. . . • 

Jen )' Poumelle /10/ds a doc/Orate i11 (lsyclwlogy 
and is a science fiction 111riter 111/io alsn earns a 
comfmwble living writing abnw computers present 
and future. Jerry 111elcomes renders· cn111111ents 
and opi11ions. Se11d a self-addressed, stamped en-
1•elupe tu Jerry Pou me/le. c/o B 'YTE. One Phoenix 
Mill Lane, Peterborough. NH 03-158. Please /lllt 
yuuraddre.H 011 the /eueras 111el/ as 011 the enve­
lope. Due to the high vo/11111e ofletters. Jen :r c1111­
110 1 guarantee a personal reply. You can also co11­
mct l1i111 0 11 the lmemet or BIX at Jerryp@bix.com. 

Microsoft Encarta ($395) is one heck of a 
history encyclopedia CD-ROM. I have to say 
1llke every darned one of Microsoft's 
Multlmedla CD-ROM music collectlons 
($79.95 each). Contact Microsoft Corp., 1 
Microsoft Way, Redmond, WA 98052, (800) 
426-9400 or (206) 882-8080; fax (206) 883­
8101. Clrcle 1070. 

You Install OS/ 2 for Windows ($49) on a 
system already running Windows. and it makes 
yourWindows, complete with your desktop and 
applications, run under OS/2. Contact IBM 
Corp., 1 Old Orchard Dr .. Armonk, NY 10504, 
(800) 342·6672 or (914) 765-1900: fax (313) 
225-4020. Circle 1071. 

The LapUnk Remote Access file transfer 
program is available from Travellng Software, 
18702 Nortll Creek Pkwy .. Bothell. WA 98011, 
(800) 343-8080 or (206) 483-8088; fax (206) 
487-1284. Clrcle 1072. 

Master of Orlon ($59.95), a game of stellar 
conquest with diplomacy, keeps growing on me. 
Contact MlcroProse, 180 Lakefront Dr., Hunt 
Valley. MD 21030, (410) 771-1151; tax (410) 
771·1174. Clrcle 1073. 

Betrayal at Krondor ($69.95) is based on Ray 
Feist's Magician series, and it plays like 
reading a novel. Contact Dynamlx, 1600 
Millrace Dr., Eugene. OR 97403, (503) 343­
0772: fax (503) 344-1754. Circle 1074. 

You might hurt the Everswltch indestructible 
keyboard ($795) with a sledgehammer. but 
you'd have to work at it. Contact Everswltch 
USA, 12079 Tech Rd.. Silver Spring. MD 
20904, (800) 794-.8243 or (310) 680-3100: 
fax (301) 68().9425. Circle 1339. 

Just Add Code. 


(800) 548-4778 
Free, Unlimited Technical Support 

30-Day Money Back Guarantee 
Same-Day Shipping 

(702) 831-2500 - Fax: (702) 831-8123 
P.O. Box 6091 

Fortran is our forte Incline Village, NV 89450 
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l'1'Jtm.1m Hardware 

WATCH THE SHOP FROM YOUR 
MONITOR 
T he Model 722 PC Workm ate 
(S525) lets yo u watch a live 
video in a window on your VGA 
display. From Te lebyte Tech­
nology (Greenlawn, NY), tJ1e de­
vice incorporates a full mult i­
band V HF/UHF/CAT V tu ne r 
that can receive up to 70 chan­
nel s ofTV information. T he PC 
Workmate a lso has direct video 
inputs fo r a VC R, a v ideodisc, 
a camcorder, or a survei ll ance 

camera wit h a built -in speaker. 
T he unit merges the VGA signal 
with Lhe video signal and sends it 
to your monitor. You eomrol the 
display mode. window position, 
video source, and channe l from 
the front pane l. 
Pliu11e: (800) 835-3298 or 
(5 16)423-3232. 
C i rcle 1279 o n Inquiry Card. 

DATA ACQUISmON VIA THE 
PARALLEL PORT 
An analog-input and d ig ital-1/0 
dt:vice, the Datashutt le ( from 
$995) connects to desk top and 
po11able PCs via the parallel port . 
A high-speed pass- through in­
terface lets you conti.nue to use 
yo ur printt:r or modem . From 
Strawberry Tree (Sunnyvale, 
CA), the Datashuttle ships with 
Q uicklog appl ications software 
for signal cond itioning, logging. 
graphing, set-point and PID con­
trol. and alarms. The device has 
an accuracy of0.005°C for ther­
mocouple measurement. Since 
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sensor terminals are integrated, 
you don ' t need a term inal pane l. 
You can connect up to 15 uni ts 
to one para lle l port with the ex­
pandable unit. 
Phone: (800) 736-8810 or 
(408) 736-8800. 
Circle 1274 on Inquiry Card. 

HIGH-SPEED IMAGING 
T he Chromax 2400S graphics 
accelerator ($899) uses three S3 
accelerator chips, each of wh ich 
controls an 8-bi t-color channel 
of 24-bi t RGB co lor displays. 
Resolu tion goes up to 1280 by 
1024 pixe ls with 16.7 mil lion 
colors. From Umax Techno lo­
gies (Fremont, CA), the card is 
avai lable fo r ISA, VESA, and 
PCI systems. T he 3-MB-DRAM 
ISA vers ion is expandable to 6 
MB; the . tandard VESA and PC! 
versions have 6 MB of DRAM 
built in . Built w ith the de luxe 
version of the AutoCAD driver, 
the Chromax 2400S prov ides a 
display list, a spygla. , real-time 
panning and zooming, a bird's­
eye v iew, and on- line he lp. A 
virtual screen helps with tJie pan­
ning and edi ting of large piece 
of artwork , and a moni tor-cali ­
bration uti lit y is avai lable for 
gamma correct ions. 
Phone: (800) 562-031 I or 
(510) 651-8883. 
Circ le 1275 on Inquiry C a rd. 

VESA AND PCI CACHE 
CONTROLLERS 
T he KT-4 10A VL-Bus ($ 175) 
and the KT-9 10A PC I ($255) 
IDE cache comro ller ki ts sup­
port four IDE drives, with a ca­
pacity of up to 4 GB each, and 

two floppy drives . The cache, 
expandable from 512 KB to 16 

INTEGRATED AUDIO ON 
APCMCIA CARD 

card with its own 
high-fidelity speak­
er and a DSP chip, 
the Port•able Sound 
PCMCIA supports 

most programs written for Sound Blaster. The Type II PCMCIA 
card lets you record and play back CD-quality, 16-bit digitized 
voice, music, and sound. You can simultaneously play synthe­
sized and digitized audio files. The card has built-in volume 
control, a jack for a second speaker, and a stereo headphone 
jack. The compact speaker is detachable. Cost is $279.95. 
Contact: DSP Solutions, Palo Al to, CA, (916) 62 1-1787. 
Clrcle 1271 on Inquiry Card. 

MB, is composed of DRAM op­
ernting at 80 ns in 256-KB and l­
and 4-MB SJMMs. From Bus­
Logic (Santa C lara, CA), each 
card has an IDE-d isk data ra te 
of 5 M Bps, a system-bus da ta 
rate of20 MBps. mid an average 
disk seek time of less than 0.3 
ms . In addi ti on to support ing 
DOS and Wi ndow s, the cards 
prov ide 32-bit support for Net­
Ware, OS/2, and Unix (SCO, In­
teractive, and AT&T). T he KT­
91 OA PCI controller is software 
configurable. 
Phone: (408) 492-9090. 
Circle 1280 on Inqui ry Card. 

CD MULTIMEDIA 
Aztec h Labs ' (Fremont, CA ) 
C DA 268-0 l A do ubl e-speed 
CD-ROM drive ($ 199) is MPC 
2-compliant and features MOR 
(motorized di ·k return) technol­
ogy, which eli minate. the need 
for cadd ies and frees you from 
manual tray-load ing. Compat i­
ble wi th Kodak' s Mu ltisess ion 
Photo CD software, the drive lets 
you view multiple photo-realis­
tic image on your PC screen in 

DOS or Wi ndows. The 630-MB 
drive has a da ta transfer rate of 
300 K Bps, an average access 
time of less than 380 ms, and a 
64- KB interna l buffer. Dig ita l­
audio output lets you play back 
74 minutes of full-motion video 
from a 12-cm disk using video 
in CD fonnat. You can also play 
your favo rite aud io C D w hile 
you're work ing in an application. 
Phone: (510) 623-8988. 
C i rcle 1277 on Inqui ry Card. 

FASTER PRINTING 
An 1/0 PC card , the PowerPort 
($59) from Buffalo Produc ts 
(Salem, OR) increases tJie print ­
ing speed of your parallel print­
er, such as the Hewlett-Packard 
LaserJet 4, to as fas t as 150,000 
characters per second. Compati ­
ble witJi all ISA-bus PCs running 
DOS or Windows, the Power­
Port plugs into any 8- or 16-bi t 
slot on your computer's mother­
board; it can use the LPT I o r 
LPT2 port address. 
Phone: (800) 345-2356 or 
(503) 585-3306. 
Circle 1276 on Inquiry C a rd. 
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PLUG-AND-PLAY NETWORK 
ADAPTER 
The Ethe rGo ne twork adapter 
($99) from Alta Research (Deer­
fi e ld Beach. FL) features a a­
tional Semiconductor AT/LAN­
t ic Ethe rn e t controll er wi th a 
custom AS IC that lets ISA cards 
support the Inte l/ Microsoft Plug 
and Play ISA spec ification. The 
adapte r ships with a utility that 
provides automatic sel f-config­
ura tion for systems that do not 
support Plug and Play. 
Phone: (800) 423-8535 or 
(305) 428-8535. 
C trcle 1278 on Inquiry C a rd . 

MULTIMEDIA ON ACARD 
HiPcrVidco 928 Movie , which 
was developed in conjunc tion 
with IBM , combines a Windows 
gra phi cs accelerator card wi th 
software mov ie acceleration, 16­
bit audio, and a VESA Med ia 
Channel expansion option. From 
VideoLogic (Cambridge, MA), 
th e ca rd uses th e compan y's 
Powerp lay Digital Movie Ac­
ce le rator. a custom AS IC th at 
provides seamless integration or 
the video and PC graphics sub­
systems. enabling you 10 play 
back fu ll -screen video at 30 
frames per second. T he VESA 
Media C hanne l connector sup­
ports a video data connection be­
tween peripherals, such as video­
capture cards or MPEG playback 
devices, and the graphics sub­
system. 
Plto11e: (6 17) 494-0530. 
C ircle 1281 o n Inq u i ry C ard. 

EASY SCSI CONNECTION 
A 16-bit PCMCIA SCS I con­
tro ller, the SCSl2Go (from $329) 
lets you easily add SCSI storage 
dev ices and 1/0 periphera ls to 
your notebook or deskto p com­
puter with a PCMCIA Type II 
s lot. From Future Domain (Ir­
vine, CA), the card has SCSl -2 
data transfe r rates of up to l.O 
MBps and a 2-K B internal FlFO 
buffer. With the card in tailed, 
your system automatically re-

ACROSS-PLATFORM, PAPER-DRIVEN 
SCANNER 
Wrth no on/off switch, the pa­
per-driven PaperMax per­
sonal scanner is automati­
cally activated and begins 
scanning when you insert pa. 
per into it. A typical typed 
page scans in less than 6 
seconds, and the image im· 
mediately appears on your 
PC (running either DOS or 
Windows) or Mac screen on 
top of whatever application 
you're running. Image enhancement and compression during the scanning process produce a 
small, file-size image suitable for communication via fax or E-mail. 

MaxMate software supports such image fonnats as PCX, BMP, TIFF, and PICT, in addition to its 
own file format. You can annotate scanned documents with "sticky notes" and highlight them with 
an electronic marker; annotations can be viewed across platfonns. You can view, save, and print 
a MaxMate document received through E-mail regardless of the type of sending or receiving plat· 
fonn. The 2'/r pound scanner fits between your keyboard and monitor. The unit costs $499. 
Conflict: Vis ioneer, Palo Alto, CA , (800) 787-7007 or ( 415) 812-6400. 
C i rcle 1272 on Inquiry C a rd. 

configures itself and installs the 
SCSI peripheral. 
Phone: ( 714) 253-0400. 
Ci rcle 1282 o n Inquiry C ard. 

PORTABLE CONNECTIONS TO 
TOKEN RING 
Olicom' s (Plano, TX) PCMCIA 
Adapter ($495 ) conn et: ls your 
notebook or laptop PC to token­
ring networks via the PCMCIA 
Type II or Type Il l port on the 
PC. The adapter uses Olicom 's 
PowerMac drivers and complies 
with the PCM C IA revis ion 2.0 
specification. The adapter sup­
port~ network operating systems 
such as NetWare and LAN Man­
ager; it is compatible with DOS, 
Windows, and OS/2. 
Phone: (2 14) 423-7560. 
Circ le 128 3 o n Inqu iry C ord. 

Xircom's (Calabasas, CA) Cred­
itCard Token Ring Adapter and 
Pocket Token Ri ng Adapt.e r 11 1 
($599 each) feature SmartRing 
software and a complete LA ­
su pport program that supports 
most network operating systems. 
The 16-/4-Mbps Cred itCar<l To­
ken Ring Adapter fits into any 

PCM CIA Type II or 111 slot. The 
Pocket Token Ring Adapter IJI 
connects portable and desktop 
PCs to a 16-/4-Mbps token-ring 
network through the paralle l port 
and supports enhanced parallel­
port d<lla transfers; its Phantom 
Power Cable powers the adapter 
d irect ly from a PCs mouse or 
keyboard port. Both adapters in­
clude cable connectors fo r STP 
and UTP token-ring cabling. 
Phone: (818) 878-7600. 
C irc le 128 4 on Inquiry C ard. 

COMPUTER TALK T 
A three-piece computer speaker 
system, the ACS3 ($200) from 
A ltec Lans in g (Milford , PA ) 
cons ists of two self-powered, 
shie lded satellite speakers and 
an amplified subwoofer. The 
subwoofer has a multjpath cham­

ber 10 enhance sound reproduc­
tion. Frequency response is 40 
Hz to 20 kHz ±3 dB, and the sig­
nal-to-noise ratio is 78 dB . The 
system runs on AC power. 
Phone: (7 17) 296-4434. 
C ircle 1285 on Inqui ry C ard. 

The magnetically shielded CS­
1400 speaker system ($ 149.99) 
from Labtec Ente rpri ses (Van­
couver, WA ) is a 15 -W RMS 
·ystem with a 3-inch rolled-edge 
woofer and 2-inch alnico tweet­
e rs. The system 's controls for 
volume, treble/ bass, and balance 
are on the front of one speaker. 
Two line inputs are ava ilable for 
secondary source applications. 
Phone: (206) 896-2000. 
C ircle 128 6 o n Inqu iry C a rd. T 
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hand-held scan­
ner. From Log­
itech (Fremont, 
CA). the 256­
gray- cale scan­
ner is TWAIN­
and OLE 1.0­
co mpliant and 
has a 25- to 
400-dpi resolu­
tion. TI1reshold­
ing and dither­

ing features automatically adjust 
tex t and image contras t to pro­
duce high-quality copies and fax­
es. Communicat ion between the 
computer and the scanner is soft­
ware contro lled . 
Phone: (5 10) 795-8500. 
Circ le 1.288 on Inquiry Card. 

TV-TO-PC INTERFACE 
A video interface card that a l­
lows you to watch TV on your 
VGA monitor , Video Galaxy 
($293) is compatible with major 
video standards and image file 
fomiats. From Aztech Labs (Fre­
mont, CA), the 16-bit card pro­
vides live TV displays at a reso­
lution of 1024 by 768 pixels in 
up to 16 million colors. An on/ 
off TV timer le ts you preset the 
TV to turn on at a specified time; 
a digital clock and preset status 
ca n be di splayed on the VGA 
screen. The card , which accepts 
video from a TV, a videotape, a 
camcorde r. or a laserd is<.: play-

CABLE TESTER • 
A PC-based cable tester wi1h a 
graphical wiring display, the Ca­
bleEye ($ 1495) from CAMI Re­
search (Lex ington. MA) feature. 
an intern al cable database with 
descriptive notes, label-printing 
capabi lity. hard-copy wiring out ­
put on laser or dot-matrix print ­
ers, and ma<.:ro funcl ions for un­
sk i I led operators. The ystem 
includes an expandab le hard ­
ware-lest fixture 1hat links to 
your PC via a serial port. 
Phone: (6 17) 860-9137. 
C ircle 1.289 on Inquiry C ard. 

PERSONAL PRINTER 
The OL41 Oe ($899) from Oki ­
data (Moun t Laurel. J ) is a 
compact. 4-ppm LED/laser print­
e r with 600-dpi output. It in ­
cludes 12 resident scalable fonts. 
2 MB of RAM. and a RISC mi­
croprocessor that le ts you print 
the first page of your documen t 
just 25 seco nds afte r you 1urn 
on the printer. Para lle l and serial 
int erfaces wi1h auto-switching 
let you connect the printer ro any 
type of computer or allow two 
PCs to share a printer. A power­
save mode mnomaiically reduces 
power use to less than i5 W 
when the printer is inact ive. 
Phone: (609) 235-2600. 
C ircle 1.287 o n In q u iry C ard. 

FLEXIBLE SCANNER 
ScanM an PowerPage ($799) i 
a compact, motorized. boardless 
sca nn er. You ca n use it as a 
shee t- fed, full -page scanner or 
de tac h the motorized scanning 
head from iis base and use it as a 
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er. has four audio sources and al­
locates each video source to a 
specific audio source. 
Phone: (510) 623-8988. 
C ircle 1.291 on Inquiry C ard. 

LABEL AND BADGE PRINTER 
A dedicated label printer. the P­
Touch PC ($449) from Brother 
International (Somerset, J ) leis 
you print images from your com­
puter screen onto lami nated ad­
hesive labels. Mac- and PC-com­
pat i ble. P-T ouc.;h PC can print 
most combinations of on-s<.:reen 
fonts, graphics. bar codes, and 
company logos. P-Touch PC cm1 
do thermal-transfer printing and 
import bit-mapped graph ic., as 
well as print mail ing labels with 
the option of automatically print­
ing the date and time on each la­
bel. The unit supports ATM and 
TrueType fonts and indudes 
more than 250 scalable symbols. 
Plume: (908) 356-8880. 
C ircl e 1292 on Inqu iry C ard. 

INTERNAL FAX MODEM 
A V .32bis/V.42bis fax modem 
card . the T/PortModem 1440PT 
($299) sends and receives data 
or faxes in the background while 
you work on your PC. The Tel­
cor Systems (Natick, MA ) card 
has a coprocessor, 14 KB of 
tran sm it buffe r. and 16 K 13 of 
rece ive buffer dedicated to the 

TALK AND SEND DATA, Too 

The enhanced MT1932PCS 
MultiModem ($949), which 
is based on V.32terbo tech· 
nology, has a Talk Anytime 
feature that activates voice­
over·data communications 
whenever the handset is 
picked up. From Multi-Tech 
Systems, the voice/data/fax modem operates at 16.8 Kbps 
and 19.2 Kbps. When you use Talk Anytime, you can switch to 
simultaneous voice-over-data mode without having to configure 
the modem. 
Contacr: Multi-Tech Systems. Mounds View, MN, (800) 328­
9717 or (6 12) 785-3500. 
Circle 1273 on Inqui ry Card. 

management of the modcm/PC­
bus serial interface. which per­
mits data transfer rates of up to 
I l5 .2 Kbps. The Hayes-compat­
ib le modem s uppo rts existing 
DOS com munications software 
and does no t use IRQ lines or 
DMA channels in Windows. 
Phone: (508) 653-3995. 
C lrclo 1.293 o n Inquiry C ard. 

HEAT ALERT• 
The I I 0 Alert alarm ($29) sig­
nals when your computer's in­
ternal temperature reaches I I O' F; 
when the temperature drops back 
be low I I 0 °F, th e alarm s hut s 
off. From PC Power & Cooling 
(Carlsbad. CA), the device uses a 
thermi stor to mo nitor the tem­
perature. Compatible with any 
computer, the device connects to 
an unused drive plug. 
Phone: (619) 931-5700. 
C irc le 1.290 on Inquiry C ard . 

NETWORK-PERIPHERAL 
SHARING 
The Print Server Plus PS-4 se­
ries (from $595) enables you to 
share modems and printe rs on 
your Ethernet or token-ring net­
work. The BayTech (Bay St. 
Louis, MS) units support up to 
32 queues on as many as 32 file 
servers; they ca n support four 
periphe ral s. The print serve rs 
provide continuous parallel prim­
ing speeds of I00,000 characters 
per second and seria l prin t ing 
speeds of 46,000 cps; they sup­
port asynchronous speeds or up 
to 460.000 bps. You can cont rol 
you r printers re motely and are 
notifi ed of print e r e rrors and 
form changes. 
Phone: (601) 467-8231. 
C ircle 129 4 o n Inqu iry C ard. 
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POWER TOOLS FOR IMAGING 
Kai's Power Tools for Windows includes 33 filters and exten· 
sions for expanding the capabilities of Windows image-ma­
nipulation programs that support the Adobe standard plug-in 
architecture. Such programs include Photoshop, Fauve Ma· 
tisse, Fractal Design Painter, PhotoStyler, and Picture Pub· 
lisher Plus. 

The Texture Explorer lets you generate an unlimited selection 
of textures, backgrounds, and materials that you can apply to 
images, text, backgrounds, or objects. The Gradient Designer 
allows the use of up to 500 colors at any time. Gradients on 
Paths wraps any blend around a free-form user path or text se­
lection; the Julia Sets fractal explorer lets you generate and ex­
plore using fractals or zoomed fractal segments for masking and 
mapping. $199. 
Con.tact: HSC Softw.are, Santa Monica, CA , (3 10) 392-844 1. 
Clrc le 1298 on Inquiry Card. 

DATA _... 

ACQUISmON 

Ic on - ba se d 
app lic ation s 
so ft ware for 
d ata acqui­
s ition , Work­
bench for Win­
dows ($995 ) 
is targeted to ­
ward scienti. ls 
and ·eng ineers. 
From Strawberry T ree (Sunny­
va le, CA), the program doe n ' t 
require any programming. The 
Wi ndows environment enables 
s pcc ia l g raphics and live dy­
namic data export to other DDE­
compatible programs. Optiona l 
modu les, such as FFf/fillering 
and advanced mathematics, are 
planned. 
Phone: (408) 736-8800. 
C l rc le 1302 on Inqui ry C a rd. 

nisms. IL provides hypertext. hy­

perdata, and hyperque ry search 

and reporting capabilities. 

Phone: (2 15) 649-4740. 
C lrcle 1321 on Inquiry C a rd . 

IMAGING TOOL 
An im ag in g e xte ns ion lo the 
KIPP Ad van ced Deve lope rs 
Toolki t, Kofax Mark Sense De­
tection ($995) pcnnil real-time 
recognition of check marks. sig­
natures , and 01her markings on 
scanned documents. From Ko­
fax Image Products (Irv ine, CA), 
the tool he lps busi nesses rou1e 
and process fonns and other doc­
uments by extracting data re lated 
to hand-entered markings. You 
can incorporale the tool into any 
application that you 've devel­
oped using 1he KIPP toolkit. 
Phone: (714) 727- 1733. 
Clrcle 1307 on Inquiry C a rd . 

CALCULATE TO THE NTH POWER 
A programming language wi th 
symbolic math-processing capa­
bilit y, Nth ($ 129) fro m Nth 
Power Software (Adair, OK ) op­
erates in 32-bi t protected mode 
for fu ll use of ava il able RAM . 
Among the 11 bui lt -in data types 
are mu lt iple precision numbers, 
polynomi als, multi variate ratio­
nal polynomials. and vectors and 
matri ces. Ex amples o f ource 
code include Sturm 's algorithm, 

. resolution via Ii. l processing, and 
the Nth root of a number to any 
degree of accuracy. 
Phone: (9 18) 789-2 734. 
C lrcle 1308 on Inquiry C a rd. 

sonWARE TESTING 
Vem1ont High Test ($495) 

automatically records test 

scrip ts as you ru n a pro­

gram. After recording key­

st ro kes , mo use eve nts. 
 "" ,,-~ 

creates script hierarchies and sets 
up loops for multi ple script exe­
cution. ll1e package is from Ver­
mont Creative Software (Rich­
ford , VT). 
Phone: (802) 848-773 1. 
Clrcle 1303 on Inquiry Card. 

MOTION SIMULATION 
Working Mode l ($995), a mo­
tion-si mul at ion package fro m 
Kno wl edge Revo lu tion (S an 
Franc isco, CA), prov ides W in­
dows workers with a cross-plat­
fo rm eng ineer in g so lurion fo r 
motion ana lys is. You can create 
mechanical systems on your PC 
screen by graphica ll y bu ildi ng 
objects or import ing them from 
a CA D program. During a sim ­
u la t io n, a s imulati o n e ng in e 
mathe matically ca lcula1es the 
objec1s ' motion from the ir as ­
s igned physica l prope rties and 
d isp lay s th e ir mo ve me nt in 
smooth animation. 
Phone: (415) 553-8 153. 
Clrc le 1320 on Inquiry C ard. 

BROWSE IN AUTOCAD ..,. 
A fi le-viewi ng utility that runs 
ins ide AutoCAD by means of 
lhe ADS interface, AutoManag ­
er C lass ic/A DS ($95) di splays 
15 file fonnats and provides file­
i mport i ng capabi lities into Au­
toCAD. The Cyco International 
(Atlanta, GA) utility lets you stay 
in AutoCAD while you browse 
through yoC: fil es to fi nd draw ­
ings and othe r documents. T he 
software v iews most graphics 
fil es, including Generic CA DD 
and MicroStation DG N files. 
Phone: (404) 634-3302. 
Cl rcle 1305 on Inqui ry C a rd. 
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Su ite Manager j o in s lhe 
test scripts into lest sui tes. 
The S uite Manager a lso 

VISUAL DEVELOPMENT 
VIA/Vi ual In fo rmation Ass is­
tant for Windows (from $295) is 
an o bjec t-ori ented app li cat ion 
deve lopment too l that le ts you 
des ign an info rmatio1i structure 
by integ ral ing data from dis­
parate sources. From Applied 
Log ic Programmin g (Wynne ­
wood, PA), the . oftware access­
es dma by launching applications 
or v ia DD E and DLL mecha­

224 H YTE MARC H 1994 



!!ml"' Q I"' ~ 
How to Uu the- Dtmo N•w s Co nfff'" HICH 

~,.. !llll"' [}JI"' 
Customer Suppor t Product lnfOf'"~\lon Que stions and An sw 

Mai lB OH 
8 Ftlt-s 0 Fold•rs 

I K EvanC>uriff" 
4 K lntH·S itf'Man 

@ti 
Con fe-r f0Cir'19 He~ 

w~ 0Vf1"'Y~W 

H.ss~n;i 

ConftrtncingH•lp ? 
firstClllSS in BYTI 

• 
Wednesday, September 1, 1990 2:50:21 PM 
FlrslC1••• NeY• Item 

from: 
Subject : 
To : 

0.11 •• Koc han 
Fi n tc1 ... in BYTE 
Fl n tClass N°"'s 

11 Fi 

Th 

Ma 


a Macintosh and Windows support on the same network or via. hat's remarkable about FirstClass? What other 
modem without costly file serverscommunication software lets your PC and Mac users 

o Easily accommodates more than a hundred simultaneous 
share your ethernet network without a file server. .. or 	 sessions, 20 of which may be modem connections without 

third-party communications software dial in via modem with the same client software 
o Connectivity via network or modem to other FirstClassthey normally use? Add to this our integrated 

servers or other manufacturers• mail systems 
group communication, comprehensive security a Remote or locaJ administration via the normal 
features, simple installation and robust server FirstClass client 

o Messages with multiple fonts. styles and colors & unlim­
FirstClass Lotus Notes QuickMail MS Mail ited file attachments 

o Simultaneous multiple uploads & downloads 
Conferencing? Pseudoy y 

ll Optional gateways to the Internet with full UsenetCross-Platform Chatting? y Optional 
newsgroup sending & receivingFully Customizable Interface? y y 

Attachments? Unlimited 40 16 Unlimited o Fax gateway for individual or broadcast faxing and 
Copies of Sent Mail? y y more! 

Full Message History? y Pseudo Pseudo 


DEALER & CONSULTANT INQUIRIES NOW WELCOME! 
BBS Functions? y 	

Circle 185 on Inquiry Card. 
Modems Per Server? Up to 22 8 
Restrict Any Feature? y y 
Internet Usenet Gateway? Optional ~n3 2s!!~rm~Jn;~;
10 Users $690 Minimum $4950 $599 $695 

Phone:416-299-4723 
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HELP-AUTHORING FOR WINDOWS 
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A self-contained development environment, ForeHelp lets you 
view, create, change, and move through your help projects in 
the actual visual and functional help setting. ForeHelp sup­
ports all Windows 3.1 help features, such as hot spots in text 
and graphics and macros. An error-detection and resolution 
facility during the build process lets you jump directly to an 
error location without having to decipher cryptic help-compil· 
er error messages. Cost is $395. 
Contact: ForeFronr, Boulder, CO, (303) 499-9181. 
Clrcle 1297 on Inquiry Card. 

NETWORK MANAGEMENT 
ONdemand Network Control 
System for Windows (portab le 
version, $895; desktop version, 
$2995) manages ONiine System 
Concentrators and related net­
work modules. From Chipcom 
(Southborough , MA), ONde­
mand NCS for Windows can 
manage hundreds of users on 
multiple Ethernet, token-ring , 
and FDD I networks. The desk­
top version has graphical point­
and-cl ick control , menu forms, 
and presentation tools for man­
ag ing a ll Ch ipcom devices from 
a PC. 
Phone: (508) 460-8900. 
Circle 1304 on Inquiry Card. 

MANAGE CD TITLES IN 
WINDOWS AUTOMATICALLY 
Visual CD ($69.95) from Merid­
ian Data (S cotts Valley, CA) 
automates the installation, man­
agement, and operation of mul­
timedia CD-ROM titles in Win­
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clows. After you insert a disc, the 
program scans and identifies it , 
adding it to a library that li sts a ll 
your titles. When you open Vi­
sual CD, your titles and a toolbar 
are displayed; you can click on 
any title to review the contents 
of the disc and use the tool bar to 
en large photos, listen to audio, 
or rev iew data. 
Phone: (408) 438-3100. 
Circle 1306 on Inquiry C a rd. 

PARTICIPATE BEHIND THE 
SCREEN 
Crystal Walls 1.0 ($69.95) from 
Domain Virtual Worlds (Seattle, 
WA) uses 3-D animation to cre­
ate virtual worlds behind your 
PC screen. You can see and in­
teract with the animated charac­
ters in ihe virtua l worlds, a nd 
they can continue their interac­
tions whi le you work in your ap­
plication. 
Phone: (206) 328-7200. 
Circle 1311 on Inquiry Card. 

OS/2TOOLS 
The GammaTech Power Pack 
for OS/2 ($69 .95 ) from Sof­
Touch Systems (Oklahoma City, 
OK) provides tools that help you 
get more power from your sys­
tem. The package includes the 
Extended Attribute Editor, which 
lets you examine, create , alter, 
and delete extended attributes on 
files and directories; the .INI File 
Editor, which Jets you acid, de­
lete, and update OS/2 lNr files; 
and a Hot Key feature that le ts 
you define hot-key combinations . 
Phone: (405) 947-8080. 
Circle 1300 on Inquiry Card. 

SHIPPING SOFTWARE 
The DOS-based Ship It package 
($ 199.95) from PoinTex (Wal­
nut, CA) comprises a UPS man­
ifest module, a bar-coding mod­
ule, and a solar calculator. The 
manifest module produces UPS­
npproved items such as shipping 
ma nifests , COD tags, billing 
summaries, and shipping labels. 
The module also provides a de­
ta iled daily record of what you 
ship, where you ship it, and the 
shipping charges you incur. The 
bar-coding module Jets you enter 
the numbers, name, and a brief 
description for any item to which 
you want to assign a bar code; it 
then generates the bar code. 
Phone: (909) 594-6321. 
Circle 1309 on Inquiry Card. 

DATA TYPES FOR VISUAL BASIC 
Baldar' s Data Type Functions 
for Vi sual Basic ($49) supports 
data-type function s for Vi sual 
Basic by making avai lable func­
tion s s uch as MKI$ , CV I, 
MKD$, and CVD. From Baldar 
(Berkeley, CA), the software lets 
yo u des ign d ata-type reco rd s 
whi le your program is running 
and import programs written in 
other Microsoft Basic languages 
without reworking any code or 
logic. 
Phone: (800) 367-0930 or 
(5 10) 841-2474. 
Circle 1301 on Inquiry Card. 

Software Update 

lmagePals 2, U-Lead Systems 
(Torrance, CA), provides cat­
aloging for all media types; 
expanded search capabilities 
with keywords subjects, and 
marks; file conversion for 
raster and vector fonnats; ad­
ditional special-effects filters; 
interdocument cloning; a 
global viewer; and multi­
media slide-show capabili­
ties. $249. 

Phone: (310) 523-9393. 
Circle 1323 on Inquiry Card. 

HiRes QFX, Ron 
Scott (Hous­
ton, TX), 
deletes the 
hardware key; 
expands 
Bitmap Object 

support; and adds image­
warping, full-screen editing 
for video applications, object­
file import and export, and 
function queuing for batch 
operations .. $1000. 

Phone: (713) 529-5868. 
Circle 1324 on Inquiry Card. 

XPost 3.0 P,LANtec (Provo, 
UT), features a multitasking, 
menu-driven, modular Win­
dows GUI; NetPhone; mes­
sage compression on storage 
and forwarding; ascending 
and descending messaging 
order; application launch ing 
under DOS and Windows; 
message priority rating; and 
E-mail environment cus­
tomization. $99.95. 

Phone: (801) 375-7050. 
Clrcle 1325 on Inquiry Card. 

AutoSketch release 2 for Win· 
dows, Auto­
desk (Sausa­
1 ito, CA), 

• enhances the 
interface, expands CAD func­
tionality, adds drawing tools, 
increases compatibility with 
AutoCAD and AutoCAD LT, 
and enables more accurate 
importing and exporting. 
$299. 

Phone: (206) 487,2233. 
Circle 1326 on Inquiry Card. 



• 

Everyone 
makes claims. We make su·re. 

When the industry wants 
product testing taken to the nth 
degree, they take it to NSTL. 

In every field, one name sets the 
standard. In microcomputer testing, 
the name is NSTL, the leading 
independent testing lab. 

The NSTL compatibility certification 
seal on a product says that it withstood 
the toughest lab in the industry - and 
it's ready for your business. 

The seal saves you a lot of comparison 
and guesswork. It says you'll find the 
product compatible with a wide range 
of business applications and hardware. 
It helps you make the right choice. 

Real-world testing for real­
world use. 

Beyond compatibility testing, we 
access nearly every conceivable 

problem - from engineering-level 
hardware bugs to the everyday usability 
of business software. 

And we test with the end-user in 
mind, in a real-world environment, just 
the way your staff uses equipment 
Except our trials arc more punishi.Ilg. 

Our publications, and others 
that publish our work. 

In a separate facility we also do 
comparison testing for our own 
Ratings Reports: Software Digest®, PC 
Digest® and LAN Reporte~. They're 
read by people who purchase an 
average of more than $500,000 in 
microcomputer hardware and 
software annually. 

And because of the respect we've 
earned, some of the industry's leading 
publications, like Data Communications, 

LAN Times, Unix World and Datapro 
Research Group publish our test results. 

Look for the NSTL seal and 
be sure. 

Experts rely on the NSTL name: 
now you can, too. The final test of a 
product is its compatibility in a 
business environment The NSTL mark 
tells you it's already met that test. Look 
for it when you compare products. 

NSTL 

Plymouth Corporate Center 
Box 1000, Plymouth Meeting, PA 19462 
215-941-9600 
Micro Channer• and OS{Z'9 arc lradcma:rks t)f the IBM Corporation. 

Circle 316 on Inquiry Carel. 
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TOOLS FOR VISUAL BASIC 
XRef for Visual Basic ($99) is 
a cross- re fe rence deve lope r 's 
too l for fu lly docume nting an 
application you 've wrillen using 
Vi sua l Bas ic. Fro m C resce nt 
Software (Ridgefi e ld, CT), the 
util ity lists all form s, controls. 
properties, events, methods, vari ­
ables, arrays. constants, and pro­
cedures a lphabetica ll y by type 
a nd scope . T he too l reads a ll 
so urce code assoc iated w ith a 
program and then parses the in ­
di vidua l program sy mbols in to 
tables. 
Phone: (800) 352-2742 or 
(203) 438-5300. 
Circ le 1 3 14 on Inquiry C a rd. 

VB Projec tWorks 1.0 (fro m 
$295) is a project management 
and ve rsion-contro l system fo r 
deve lopers using Visual Basic. 
From T he Young So ftware 
Works (Cooper Station. NY), the 
package provides a complete set 
of project-oriented version-con­
trol features and le ts mult ip le 
developers work on a s ing le Vi­
su al Bas ic project. Parallel de­
velopment and file sharing allow 
users lo work on mu lti ple li nes 
o r development s im ultaneous ly 
without one line interfering with 
another. Projects or fi les can be 
merged to combine the changes 
made in d ifferent projects or in 
separate branches. 
Phone: (2 12) 982-4 127. 
C i rcle 1315 on Inquiry C a rd . 
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TrueGrid Pro ($ 129) le ts pro­
grammers us ing Visua l Bas ic 
create in-ce ll ed itable and con­
fi gurable database browse tables 
without wri ting code. From Apex 
Software (Pi tt sburgh, PA), the 
data-aware grid supports al l data­
base formats that Visual Bas ic 
recognizes. Just drop a TrueGrid 
on a Visua l Basic fo nn and set 
the DataSource property, and 
your fu lly functional table is cre­
ated. A split bar lets you split a 
TrueGrid into independent grids. 
Plzo11e: (4 12) 68 1-4343. 
Circle 1316 on Inquiry C a rd. 

..._ CENTRALIZED LAN BOOT FILES 
A Windows-based integ ra ted 
ma nageme nt too l, BootWare 
Manager ($259) lets network ad­
ministrators create, ed it, update, 
and di agnose centralized work­
station boot fil es from a sing le 
location. You can c reate boot 
fil es from boot disks by modify­
ing ex isting boot fil es or from 
control fi les that you define . An 
NLM directs BootWare ROMs 
to boot from a specific fi le serv­
er and image file. The package 
is from Lanworks Technolog ies 
(Mississauga, Ontario, Canada). 
Phone: (905) 238-5528. 
Circle 1310 on Inqui ry C a rd . 

SELF-BOOTING DIAGNOSTICS 
PC Diag ($ 149.95) from Unicore 
Software (North Andover, MA) 
is a se lf-booting diagnostic sort­
warc package that runs indepen­
dently of an operating system. It 
perfo rms complete system tes t­
ing, inc lud ing memory, video, 
dri ves , keyboard, math copro­
cessor, and port s. It has both a 
CMOS and a boot-d isk-pan ition 
save-and-res tore fea ture . 
Phone: (508) 686-6468. 
Clrclo 1319 on Inqui ry C a rd. 

NETWORK WINDOWS MANAGEMENT 
An automated file management system, AutoEDMS for Win· 
dows lets you jump from AutoCAO to Excel to Word while it 
keeps track of every drawing, document, and file you use. The 
software can directly manage, view, and print over 100 types 
of files. It includes a screen painter and database designer 
that lets you graphically design database screens and fields. 
AutoEDMS for Windows supports the leading network operat­
ing systems. Cost is $895 for a two-user starter kit. 
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Co111act: 
ACS-Telecom. 

Clrcle 1298 on 

Software Update 

Deslgnworks 2 for Windows, 
GST Software (Falls Church, 
VA). includes custom shape 
tools, new text features, an 
RGB color-mixing dialog 
box a redesigned user inter­
face, a snapshot utility, a Clip 
Art and Photo CD browser, a 
keypad/font uti lity, and OLE 
2.0 support. $ 199.95 . 

Phone: (800) 236-1062 or 
(703) 560-2354. 
Circle 1327 on Inquiry Card. 

ReportSmith 2.0, ReportSmith 
(formerly Indigo Software, 
San Mateo, CA), adds query 
and interface improvement , 
more than I00 reponing fea­
tures, OLE 2.0 support, and 
improved performance. $299. 
Phone: (415) 312-0770. 
Clrcle 1328 on Inquiry C ard . 

ReachOut Remote Control 4.0, 
Ocean r le Software (Vero 
Beach, FL), adds fu ll support 
for Windows and DOS, 
TCP/IP, and high-resolu tion 
monitors. $ 179; network ver­
sion, $295. 

Phone: (800) 677-6232 or 
(407) 770-4777. 
Circle 1329 on Inquiry Card. 

DS Lab 2.1, DS Group (Green­
wich, CT), uppons addition­
al graphical format1 ing and 
data-manipulation features; 
adds fu nctions such as depre­
c iation, VLOOKUP 
HLOOKUP, and day of 
week; and enhances selective 
pa ·word protection for 
graphica l l!lyouts, all ele­
ments, and model parameters. 
$295. 

Phone: (203) 861- 1833. 
Circ le 1330 on Inquiry C a rd. 

AMIS, Intelligent Environ­
ment (Tewk bury MA), 
add component program­
ming, which lets developers 
with di fferent progrnmming 
knowledge work together to 
build applications. $5000 per 
server. 
Plio11e: (508) 640- /080. 
C i rcle 1337 on Inquiry Card. 



, COMING MAY2-6, LAS VEGAS. PRE-REGISTER FREE! SAVE $50! 


IF YOU ONLY ATTEND 

ONE NETWORKING 

EVENT THIS YEAR, 


THIS IS 

THE ONE 


Announcing the most The Summit for Networking 
important networking and Professionals. 

computing event ever held. 
NetWorld+lnterop 94 is the gatl1er­

Nctworking changes minute-to- ing place for the industry's best and 
minute. LAN, WAN and telecom- brightest Only NetWorld+lnterop 
munications are converging into a 94 offers you this comprehensive 
single all-encompassing business educational experience free: 
environment-connecting not only • 17ze hlteropNet'; featuring 
de ktop to desktop, but company a guided tour of industry's only live 
to company. multi-vendor, multi-protocol net­

NetWorld"+lnterop• 94.The work that mirrors tl1e inter-
Nctworking Summit, was created ~ operability challenges 
specifically to mirror these changes. you face today. 

This unique forum puts • hztem et Showcase;" 
together the two biggest munes where you can learn 
in networking events. Net- about tl1e richness and 
World~ the hallmark of the diversity of the Lntemet 
desktop LAN community. • Start-Up City;· an exhibit 
And lnterop~ the prov- area dedicated to showcasing 
ing ground of interoper- innovative new products and 
abili ty for the WAN and solutions from emerg ing 
telecom worlds. companies. 

What you get is the • Co11jiguratio11 Clinic,~ 
first truly all-in-one net- where you can get suggestions 
working foru m. for designing and configuring 

your network from the best in 
the business. 

• CNEPA Labs, a forum for 
the transfer of technkal infom1a­
tion from tl1e vendors to the net­
work computing professional. 

• TSANet, where ' lechnical 
Service Alliance members join 
together to solve your biggest 
networking challenges right on­
the-floor: 

• Solutions Showcase'" Demo11­
slratio11s, cooperative technology 
demonstrations by leading ven­
dors including ATM, APPN, Fast 
Ethernet and Multimedia. 

You will see the hottest new 
technologies demonstrated 
by more than 600 of the 
world's leading network­
ing companies. You'll 
leave the show ready 
lo make the best pos­
s ible buying decisions 
for your company. 
Because when you see 

it at NetWorld+lnterop, you know 
it works! 

Don't wait. Pre-register 
now and attend FREE! 

NetWorld+lnterop 94 Las Vegas 
takes place May 2-6, 1994 (exhibits 
open May 4-6) at the Las Vegas 
Convention Cente r: 

For more information and 
detail s on how to attend FREE 
(a $50 savings), or to become an 
exhibitor, call 1-800-488-2883 
Extension 314. 

Outside the U.S., call 
415-578-6900, or contact us 

over the Interne t at 
networld@interop.com~ 

Don't miss this 
unparalleled chance to 
exp rience the best in 
networking. 
•Moro Information Is avullab1e 

through lnterop's Gopher Server at 
programs.in ternp.com ancJ World Wide 

Web (URL hllp:/Jprograms.lnterop.com). 

NctWortel+lnterop 94 Is produced by lnterop Company. lnterop Is o rcgis1ered 11odomark and Conneurallon Cllnic, Internet Shov.·casc. ln1cropNc1 an<I SolulJOns Showcase are 1mdcm1uks 
ol ln tcrop Company: Ne!World Is a reglslered trmJemmk of Novell, Inc. C1994 lnterop Company, 303 Vintage Park. FoSUH City, CA 94404. 415-578-6900. Fax: 415·525-0221 . 

http:hllp:/Jprograms.lnterop.com
http:programs.internp.com
mailto:networld@interop.com


BECOME ALANDSCAPE DESIGNER 


LandDesigner for Windows lets you quickly and easily create 
professional-looking landscaping plans for up to 170 acres. 
With the CAD software you can create gardens, lawn areas, 
walkways, and sprinkler systems using the more-than-300 pre· 
drawn graphical symbols and the drawing and drafting tools. The 
program has a fully modifiable plant database that you can 
search according to any combination of 14 characteristics, 
such as sun, soil, and water requirements. Agrow option lets 
you view your landscape as it matures; optional regional plant 
libraries are based on USDA growing zones. Cost is $99. 
Contac1: Green Thumb Software, Boulder, CO, 
(800) 336-3127 or (303) 499-1388. 

Clrcle 1299 on Inquiry Card. 

concept, document, and multi ­
ple associat ion.You can port the 
searched tex t to your word pro­
cessing application. 
Plume: (800) 992-4797 or 
(303) 394-0091. 
C ircle 1312 on Inquiry Card. 

LINK NETWARE TO UNIX 
AND NT 
Server software that provides 
seamless fi le and print sharing 
between NetWare workstations 
and either Solaris or Windows 
NT, MultiConnect !PX (from 
$849 for five users) has its own 
Net Ware 1PX/SPX protocol 
stack. The stack is implemented 
as loadable drivers and prov ides 
connectivity at the kernel level. 
From Beamc & Whiteside Soft­
ware (Ra leigh, NC), MultiCon­
nect !PX provides you with full 
file services. Support for multi­
directional printing a llows Net­
Ware cli ents to direct print out­
put to Solaris- or NT-supported 
print devices or to other Net Ware 
print servers on your network. 
Phone: (919) 83 1-8968. 
Circle 1313 on Inquiry Card. 

PARADOX FOR WINDOWS 
UTILITY 
The ezDoc for Paradox ($99) 
documentation utility from Woll­
2Woll Software (San Jose, CA) 
provides visual and text docu ­
mentation for form s, reports. 
sc ript s, lib rarie s, tabl es , and 
que ries for Paradox for Win ­
dows. Reports include the ab il­
ity to view, print, and scale the 
object tree and the data model. 
You can print the form window 
in data. des ign. or cross-refer­
ence mode; the visual cross- ref­
erence of all user- interface ob­
jects lets you quickly see where 
each object is on the forn1. Text­
based reports are dyn amically 
lin ked to a user-specified editor 
to enable you to globally search 
for character s trings w ithin 
forms. 
Phone: (408) 293-9369. 
Circle 1317 on Inquiry C ard. 

Software Update 

SQA TeamTest 2.5, Software 
Quality Automation 
(Woburn, MA), offers pe­
cialized support for the 
PowerBuilder object-oriented 
development environment, 
which allows automated test 
procedures written in SQA 
TeamTest to directly see into 
PowerBuilder-unique objects; 
and extend SQA's Object 
Oriented Recording technol­
ogy. $1495 per license. 

Phone: (617) 932-0JJO. 
Circle 1331 on Inquiry Card. 

Media 100 1.1, Data Transla­
tion (Marlborough, MA), fea­
tures PAL compatibility, Au­
dio Scrubbing, improved 
disk-space management and 
error handling, and full pro­
gram export to QuickTime. 
$ 11 ,995. . 

Phone: (508) 460-1600. 
Circle 1332 on Inquiry Card. 

Z-Mail 3.0. Z-Code Software 
(San Rafael , CA), features 
MIME suppoi:t, localizable 
international support, direc­
tory-services access, remote­
mail capabilities, configu­
ration capabi litie , and 
hypertext on-line help. $295 
for one user; $ 1395 for 13 
users. 

Phone: (4 15) 499-8649. 
Circle 1333 on Inquiry Card. 

Pacific DlrectNet 2.0, Pacific 
Data Products (San Diego, 
CA), add EtherTalk support 

· and an SNMP agent to pro­
vide real-time status updates 
for Unix users. From $399. 
Phone: (619) 625-3663. 
Circle 1334 on Inquiry Card. 

AccuMall 3.0, Group I Soft­
ware (Lanham, MD), in­
cludes a new Windows ver­
ion and an easier-to-use and 

easier-to-learn DOS GUI ver­
ion, both on one CD-ROM 

disc. $295 per quarter; $1095 
per year. 

Phone: (800) 368-5806 or 
(301) 731-2300. 
Circle 1335 on Inquiry Card. 

CLEAN UP YOUR HARD DISK ~ 
Disk Hi storian ($ 129.95), from 
Sol id Oak Software (Santa Bar­
bara, CA). is a Windows-based 
maintenance program that con­
tinually monitors the use of all 
files on your system that run un­
der DOS or Windows. The tool 
provides up-to-date statistics for 
each file regarding the number 
of accesses; elate and time of last 
acces ; elate of fina use; age; size; 
and days since last used. You can 
bui ld ad hoc database queries; 

compress, de le te . and migrate 
files; and calculate potential disk­
space recovery. 
Phone: (800) 388-276 1 or 
(805) 967-9853. 
Circle 1322 on Inquiry Card. 

PEN-BASED TEXT RETRIEVAL 
lsys for Pen ($395) is a pe n­
ba. eel text-retrieval program that 
enables you to quickly and easi­
ly access in forma ti on on your 
pen-based computer. With the 

Odyssey De ve lop­
me nt (De nver, CO) 
progra m, yo u ca n 
specify a given phrase 
or se t of words to 
sea rch for within a 
parti cular database of 
doc um e nt s. Search 
parameters in c lude 
word, word in para­
graph. word assoc ia­
ti on. word excl u. ion, 
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EXFLORE the I NTERNE.T !

,.. I 

DELPHI is the only major online 

service to offer you full access to the 

Internet. And now you can explore this 

incredible resource with no risk. You get 

5 hours of evening/weekend access to 

try it out for free! 

Use DELPHl's Internet mail gateway 

to exchange messages with over 20 

million people at universities, companies, 

and other online services such as 

CompuServe and MCI Mail. Download 

programs and files using FTP or connect 

in real-time to other networks using 

Telnet. You can also meet people on 

the Internet. Internet Relay Chat lets 

you " talk " with people al l over the world 

and Usenet News is the world's 

largest bulletin board with over 3500 

topics! 

To help you find the information 

you want, you'll have direct access 

to powerful search utilities such as 

"Gopher," "Hytelnet," "WAIS," and "the 

World-Wide Web." If you aren't familiar 

with these terms, don't worry; DELPHI 

has hundreds of expert online assistants 

and a large collection of help files, books, 

programs, and other resources to help 

get you started. 

Over 600 local access numbers are 

available across the country. Explore 

DELPHI and the Internet today. You'll be 

amazed by what you discover. 
r 

Dial By Modem 1-800-365•4636, Press return until you get a prompt 
At Username, enter- JOINDELPHI. At Password, Enter BYT43 \ / 


Complete details are provided during the toll-free registra tion 

Circle 307 on Inquiry Card. 

Attention Current Internet Users: See what DELPHI can offer you! Stock quotes. Grolier's 
Encyclopedia, newswires, and hundreds of other services are just a few keystrokes away. Telnet 
to de/phi.com and enter the username and password above for a free trial. 

DELPHr 

Questions? Call 1-800-695-4005. 

Send e-mail to INFO@delphi .com 


mailto:INFO@delphi.com
http:de/phi.com


Quatech's Solid State Drives 

for PCMCIA 


• 100% Reliability • No Moving Parts 

Quatech's line of Solid State Drives for PCMCIA (Type I and Type II) fit into any personal computer and 
conform to the PCMCIA/JEIDA standards thus allowing your PC to access the newest technology used in note­
books, hand-held computers and PDA's. These drives are available in three options: 3.5" front drive, rear card 
slot drive, or 3.5" front drive and rear card slot drive. 

Quatech's line of PCMCIA FLASH Memory, SAAM and 1/0 Cards offer add on memory in one, two and four 
meg options. SAAM available in one and two meg options only. FAX/modem, Serial RS-232, RS-422, EPP 
Parallel Port, and Digital 1/0 give you maximum flexibility for your application. 

For more information on PCMCIA products 
"BUATECHor our complete line of communication, data 
FAX: 216-434-1409acquisition and industrial 1/0 products call: 
BBS: 216-434-2481800-553-1170 

662 Wolf Ledges Parkway, Akron, Ohio 4431 1 U.S.A. (216)434-3154. International: Australia/lnterworld Electronics 03-563-5011 , Canada 
(Westem)/lnterworld VCR 604-984-4171 (Toronto office 416-513-7027) , England/Diamond Point International 634-722-390, Finland/Lab 
Hitech OY 358-0-804-2522, France/Elexo 33-1-69302880, Germany/Jupiter Electronic Systems 06181n 5041 , Israel/ACM Ltd. 
972-03-5447885, llaly/N.C.S. Computer Italia 03311 770-016, Netherlands/ACAL Auriema 040-502602, Korea/Sam Boo Enterprise Co. 
82-2-538-4001 , Spain SANTA Barbara SA 343-4188116, Singapore Bliss Services Pte Ltd (65) 338-1300, South Africa ~Made 
Eagle Electronics 27 21 234943, Switzerland Amiro Tech. Engin. 37-2311 -18. IBM PC-XT, AT, and Micro Channel are in 
registered trademarks of IBM Corp. All other trademarks are of their respective companies. U.S.A. 

Circle 136on Inquiry Caro. 



Mail Order 
The latest offerings from 

vendors supplying 
products of all leading 

manufacturers at extremely 
competitive prices. 

234 

Hardware/Software Showcase 
This categorized four-color display 

section makes it easy to find 
Hardware and Software products from 

a wide variety of manufacturers 
and suppliers. 

259 

From Accessories to Laptops 
to Word Processors, you can 

easily find the dealers you are 
lookingfor in this directory of 

.products and services. 



ti 360 dpi BubbleJet Printer 
ti Up to 33% Faster than BJ-200 

··'-················ ·· ··$298.24 CDW 34907 

CDW®Sett9 
For le99 

AST Advantage! i486SX/25 
Desktop Computer 
e i486SX125 
• 170M8 Hard Drive 

e MS-DOS V6.X. Windows VJ.1 . Mouse 


w/ 2MB ... ......... ......., .... .............. $859,00 

w/ 4MB.... ... .... ..... ..~ ... ..... .. ..... $959.00 


Netwar-e V4.01 

5 USER CO ·-·--··- ···.. ···•·· ·· ····- ·· ··· . ....• .811.00 

10 USER CO .. ···-··········- ·············-·············· .2054.00 
2S USER CO ............... ..3035.DO 

50 USER CO ........................ ............... .. .. . .l989.00 


Networo V3 .12 
5 USER 3.S- ....••. . ... .. .. ...... ... .686.00 
10 USER 3 S" .............-......... ..... ...•. ....• .1564.00 
25 USER 3.S- ····-···-······· ..••.. •... .2311t.OO 
50 USER 3.54 ....... •............3131.00 
100 USER 3.5" ............................................,, .4385.00 

C:lM for Pricing on NotWat• CO·AOM 
V!t'Slons anct UpgtldeS 

PERSONAL NETWARE Y1.0 NEW 
1 USER -···-··-··-··--··-··--·-·-· -·· ··-·····61.&a 
5 USER.-·· ········--·---··-----..-·-·················· .215.52 

HOVI.LL "'9CIHOISSUllJ£CT tO ou.HGI. fl'\.UA CAU 
COW 'Ofll lHf WOST C1JlllJllENT ""'°"°' 

NE2000 PtUS ETHERNET COAX CARO ··-···109.IO 
NE3200 THIN COAX wfTPA ···-··- - ·-·-·.539.12 

® & CTIY I 

COACTIVE STARTER Kil ..................... ..... 189.89 

COACTIVE ADD·ON KIT .... .. ................ .. ... .. 139.89 


A 
'[1.ffi1l.':!!.(~ 

TC5t43 ETHERNET COAX ............................. ..11 11.87 

TCSl 43 ETHERNET COAX 6PK.. .......... .. ...... ..699.55 

TC5143 EnlEANET 108T - ..- ...........- ................19.tS 

TC5143 ETHERNET 10BT 6PK ····-- ........- .......483.n 

TC62"2 ARC.NET 8 BIT COAX CARD- ......__......H..51 
TC6245ARCNETCOAXCAR0-.-··----··---11U9 
TC6242 AACNET,.. TP CARD.• -•.--....- ...- •••- ..95.94 
TC62.i5 ARCNET AU.·IN-ONE CAAD.......--....~ 
TC6040 AACNET PASSIVE 4 PORT HUB COAX•.39.50 
TC5055 ETHEM'ET 8 POAT CON lOBT,_.. .....328.74 
TC6151 ARCNET 16 PORT SMART HUB COAX &72. 12 
TCA035 TOKEN RiNG .CMBPS CARD•._,_-271..19 
Tc.co.is TOKEN RING 1&'.C CARO .,,._,_...... .....359..C"' 
TCNS IOOMBPSCOAXCAR0 ...........................'31.51 
TCNS 1OOMBPS EISA COAX CARD ......... .........609.91 
TCNS 100MBPSSTP CAR0 ........... ....................457.69 
TCNS 1OOMBPS FIBER OPT1C CAR0.............- 71 11.60 
TCNS HX»-1.BPSS PORT SMART HUSCOAX .. 1366.27 
TCNS 1CXlt.eP$ 8 PORT SMART HUS COA.X ..11 "49.47 
TCNS 100MBPS8 PORT SMART HUSSTP...1169.75 
TCNS IOOMBPS 8 PORT SMART HUB FIBER 1-485.80 

it, ARTISOff 
AE3 ETHERNET COMBO CARD ..--·· ·-·-····198.98 

NODERUNNER 2000A ···-······-·--..--.._ ..217.34 


2000T.._......................- ........17&...7 

.......................172.47 


12'000A ..........................- .•..119.tl 

................................ ..t2A-' 

...............- ......- ........89..... 


............- .......... .........311.19 

US.-............._._.255.33 

KIT WINDOWS .....409.57 

,.............. ·· · ····· !.!·;~ 


;;·;·•................. ,,.:29::: ·.~ 


....... ....299.88 

.481.41 

ULTRA1 6 ETHERNET CO/\X .. . t 0.5.2.5 
ULTRA 16 ETHERNET COAX 6PK .................583.88 
ULTRA16ETHERNET I OBT ..............- ...........105.25 
ULTRA16 ETHE.CiNET IOBT 6PK ..........- ...-~Y2.a 
ULTRA 16 ETHERNET COMBO.-·····-·--·- 125.lS 
ULTRA16 ETHERNET COMBO 6PK ...............69:J.49 

ETHEACAAO .. ELITE. 8 BIT COAX .........._.......12.t2 

ETHERCARO .. ELITE COAX ..........................,118.6' 

ETHERCARO• ELITE COAX 6PK .......... ~.....128.73 

ETHERCARD· ELITE MCA COAX ...............1111.21 

ETHERCARO. EUTE 10BT ·-··---· .••..•119.f.C 
ETHEACARD· ELITE tOBT 6PK••.• - ..... ·-....&19.22 
ETHERCARQ. ELITE MCA 10BT ................11'9.55 
ETHERCAAO· ELITE EISA I OBT ..................579.78 
ETHERCARD• ELITE COMBO ......... ...........139.57 
ETHEACAAOo!- ::UTE COMBO GPK................753.59 
3608 ETHERNET 8 POAT CON 10BT...... _.... .l29.61 
3512 ETHE RNET 12•2 POAT CON 10BT .....1114.76 
PC600WS AACNET CARO COAX................. .119.13 
PC650WS ARCNET CARO TP ...... ........ .. ..... .. 111.88 
PC600FS AACNET CARO COAX ...... .199.29 
PC130 ARCNET CARO COAX ...................... ...68.50 
ARCNET 8 PORT ACTIVE HUB COAX ... .229.-1 1 
TOKENCAAD EUTE 1&'4 ....... -............ ........265.U 

.. ......50 1.40 

.... .. ..625.3!5 

........458 .88 


~~ 
JUMBO t20M8 INTERNAL...............................!17.21 

JUMB0250MB INTERNAL ..............................167.34 

TRAKKER 120MB PARALLEL PORT .............2 19.45 

TRAKKEA 2:50MB PARALLEL PORT ..... ,•._.....335.« 

POWERTAPE 2GB SCSI INTERNAL ..............947..$1 

POWERTAPE 2G9 SCSI EXTERN.Al. ..... .- ..1067.99 

POWEROAT 2GB SCSI INTERNAL .............1524.33 


f·M:GA" 
TAPE 250MB INSIDER HH ............ .. ... 1fl7.57 
FlOPTICAL2 1MB I A ... ..379.27 
AE RNOUt.ll 1SOMA O D.11 
BERNOULLI 150MB .....4n .87 
BERNOULLI 1SOMB ABLE ........579.26 
BERNOUW 150MB INSIDER IOE ••,_...M ......-472.5!1 

_.......... 


SUMMII 
SE120 i 20MB INT TAPE B·U.._ ...............1ll.!16 
SE250 2SOMB INT TAPE B-U... .. ...._.__165.63 
SEJOS 305MB INT TAPE B·U...... ...... .....269.90 

MICROSOLUTIONS 
BACKPACK 3.5" 1 44MB FLOPPY PARAU.El.117.U 

BACKPACK 525~ 1.2M8 FLOPPYPARAU.EL.1n .8"' 

BACKPACK 170MB HO PARALLEL ..... .... .. ....3.68.59 

BACKPACK 200MB HO PARALLEL ...... ... ... ... .-427.59 

BACKPACK CO·AOM PARALLEL..................357.91 

BACKPACK 2X CD·AOM PARALLEL........ .. ..393.75 

BACKPACK 2.SOMB TAPE 8-U PARALlEL._•.355.05 


TAPE, REMOVABLE & FLOPPY DRIVES 

Sy085 
PRO NOTE 42M8 PARAUEL ·- ...... .......418.17 

PUMA 88MS PARALLEL .............................442.44 

MARLIN t OSMB INT IDE ..... .... ................... ....478.28 

SBMB EXT SCSI WIAOPT ... .... ........538.00 


~Mountain. 
TD-2 50 250MB INT IOE ... .... .189.32 
F5a500 305MB INT ICE ....... ......'49.$0 
SIOECAn II 30SM8 PARALLEL TSU.. .. .358.n 
1200-4 -'GB EXT SCSI...,,_. ......................2035.93 
750MB· I 5GD INT TBU \VIADPT ...................1036.1!1 
750M8· I.5G8 EXT TSU \VIAQPT••_. ···--....1254.99 

?•fj 4i 3;ViltM L 
WYSE 30 MrnER OR GREEN ... .....272.89 
WYSE SO AMBER OR GREEN .......... ..........355.50 
WYSE 55 AMBER. GREEU. WHITE .•.- ........358.48 
WYSE 60 AMBER. GREEU. WHfTE .••. ......,.279.60 
WYSE 150AMBEA. GREEN. WHITE ...... .......2H.45 
WYSE 160 AMBER, GREEN. WHITE ............329.88 
WYSE 325 COLOR ........ ..... . .. .. .... ..........51 9.40 

AlTEC LANSING ACS300 SPKAS'SW ..........27'4.26 
COW 5 CO BUNDLE" ...... ,, __,.......................121.17 
COWS CO BUSINESS BUNOLE" ... .. ............ ...11 11.16 
COWS CO ENTERTAINMENT BUNDLE· ... ......79.3) 
COW 4 CD EDUTAINMENT BUNDLE •.............65.1e 
CREATIVE LABS DISCOVERY 16 INT ..........., 11.IO 
CREATIVE l.A.8S MULTJ-.te.Dt.A STARTER INT .4.£9.$1 
SOUND Bl.ASTER PRO CU: ..........................117-03 
CREATIVE LABS SB 16 l.tCO ......... ................161.12 
SOUND BLASTER 16 ASP MC0.... ............ .....187.71 
CREATIVE LABS SB 16 SCSI ................... ...... 117.58 
MEOIAVISlON PRO AUDIO 16 BASIC _..........112.li 
MEDIA VSION PRO AUOlO SPECT 16.·----161.30 
MEOIAVISION PAO AUOJO STUDIO 16 . .•.•...214.30 
MEOIAVISION PAO 16 SYSTEM II BUNOLE ..757.40 
MEDIAVISION MEMPHIS SYS.. ... . .. ....... ...795.15 
MS MULTIMEOlA BEETHOVEN... .. ... .........54.U 
MICROSOFT BOOKSHELF CO .. 11 9.lt 
MICROSOFT WIN SNO SYS V2.0 ... .. ..... .52.15 
MS ENCAA TA 1994 ................._........ .. .. .15.2_. 
MS WIN SNO SYS V2.0 W1BOAAO ... .... 139.n 
MICROSOFT CJNEMANIA 1994 .... ...... .52.88 
ORCHID SOUNOWAVE 32 ............. .................21 9,72 
ORCHID OAMEWAVE 32 ........ ....... ................ .145.IO 
PROCOM INT MULTIMEOIA STATION ...........739.11 
PROCOM EXT MULTlt.CEOlA STATION ____78t.41 

SONY DSKTOP LJBRARY INT 2X ............._.~7.tM 

SONY OSKTOP LIB INT WISNO 2X ......... .. ..._467.7l 

SONY DSKTOP LIB EXT W/SNO 2X .. ............ .548 .~ 

TURnE BEACH MULTISOUNO .....................427.18 


"AVAILABLE ONL'Y WITH CD·ROM DRIVE 
PURCHASE C.aiLL FOR OETAJlS 

MfJ ,O;l•l \ l :W •lijflfl·l9 •1;1111fW 
CH!NON COS535 tNT CO·ROM KIT ...... ..........385.60 

CHlNON CDX535 EXT COROM KIT.. ... ..... ....455.88 

HITACHI 1900$ EXT CD·ROM.. ......499.15 

HITACHI COR1950 EXT .. ....539.6'1 

HITACHI 6700 INT CD·ROM... ..........409.85 

HITACHI COA6750 INT ...... .................... ..... ....417 ,78 

~l CC :'.IXI INTERNAL .... ......... .. ...471 .IO 

NEC 3XE EXTERNAL ........... ............. . .....558.82 

N~C JXpPOf'Ulb'o .. ... .. ...... .•.••.-421.JI 

OOCHIO COSJ 110 INT··-··-·..·- ..........22t..&l 

PfONEEA ORM604X 6 DISC OUAORASP JN... 1t49.DD 

PROCOM 200MS INT SCSI CO-AOM .............452.00 

PROCOM 200MS EXT SCSI CO-ROM ..... ..... ..5!57.85 

SONY COU535 INT CD·ROM._..._............. ...265.n 

SONY CDU54101 INT SCSI CO-AOf-.L. _.._ J.49. 15 

SONY COU720SN EXT CD·AOIJ .. . .....463.H 

SYDOS PARALLEL PORT CO·ROM ................299.51 

TEXEL 3028 240MS INT KIT... ........................ .CALl l 

TEXEL 3028 WfPA SPECTRUM 16 ..CALLI 

TEXEL 5028 240MS EXT KIT .. ............. ........CALLI 

TEXEL 5028 WIPA SPECTRUM 16 ................CALLI 

TOSHIBA 3-401 INT SC SI CD·AOM ... .... 382.00 

TOSHIBA 3401 INT SCSI CO-ROM WIAOPT .•53S.1'4 

TOSHIBA 3401 EXT SCSI CD·AOM... ...489.61 

TOSHIBA 3401 EXT SCSI CO·ROM W!AOPT...&49.$5 

TOSHIBA 340 1 EXT SCSI .c DRIVE TOWER 2535.08 


HURTFl' 
:~~ rn ~ rn ~23~~-:=::=:· :::::::::::::::ti 
XLP12X124BUTION& STYtUS ........ .... .. a"11M

XLP 12 x 18 16 eunON......... .. ...442.tO 

XGT 12X 12.. .. ......................... ............... .... .. .s4:S.tl 


...Uca/Comp 

~· 
SUMMASKETCH UI 12 X 12 16 BUTION . •• - .2.53.!IO 

SUM!.AASKETCH 11118 x 12 4eunON .. .......UU4 


r,'1,~.... 
HI 7100 A·O SIZE 8 PEN .. .......... .....2598.78 

HI 7200 A·F SIZE aPEN... ......... .... .3387.22 


m:M 
.991.50 
.474 .72 
.IOl.'° 

•.798.H.....-
.............1099.11 
....... ,.,,_ 1065.00 

, 14131.SJ 

VGA & SUPER VGA MONITORS 

AST VISION 4N 14"........................ .. .. 369.91 

MAG INNOVISIOtJ MX15F... . . .................517.15 

MAG INNOVISION MX 17F .............185.!M> 

MAG INNOVISIOU MX1 7FG ..... ...~ ..9-19.53 

MAGNAVOX CM~079 1.:· .39 .. ...........- .215.20 

MAGNAVOX CM2089 14· ,28 ........,-2&8.IO 

MAGNAVOX CMalW 14" .28 NI ....... ........291.83 

MAGNAVOX CM&217 17" .............. •.......5'19.50 

MAGNAVOX 20CMS.S 20" ........ ................... 1169.88 

N~O F3401W 15" ..........__....._. • ..719.13 

NANAO FSSOI t T --·--·····-············· .. ... 11).17.n 
NANAO F5501W 1r __ ····-····----..... ......1199.00 
NEC 3V 1S"' ................. ...............................491.12 
NEC 3FGE 15· ........... .! 77.17 
NEC 4FGE 1T .............. ............- .... .. ...............122.72 
NEC SFGE 1T --· ·-..-· ...........- ............. J OH.27 
NEC SFGp 1T ............-.. .........1357.21 
NEC 6FGp 2r------· ...... .2361.94 
PANASONIC C1381i 14". . .. 335.78 
PHILIPS 17&40C IT .. ... .. .. ...........71 8.50 
PHILIPS BRI LLIANCE 17". .. .... .. . .1139.40 
PHILIPS BRILLIANCE 21·............ ... ........2449.88 
SONY CP01430 14·...... ..... ......................... ....!579.50 
SONY CP01730 l T ....................................... 1049.15 
SONY 17SE 1T .. .... ......._............ ... ........ 1119.48 

VOA & SUPER VGA Dl::IPLAY CARD:S 

ACTIX ULTRA PLUS 1MB ····-·--·-·-·· ...__,235.90 

ACTIX ULTRA PlUS 2MB ... ·-·--··--······ · .. ·--->0<.85 

ADS VGA TO TV ELITE --····---·-·-..· ........221.Tl 
ATI GRAPHICS ULTRA, 2MB .•••- ..................237.51 
All GRAPHICS ULTRA PRO 2MB .... . ...........357.5' 
ATI GRAPHICS ULTRA PRO 2MS EISA ....__,394.12 
ATI VGA WONDER Xl.24.-..... ..- ... ......_....,_,,,11 9.l2 
CARDINAL \'/AR?SPEEO 2MB VLB ·-----·"7.21 
CREATIVE LABS V10€0 81.ASTtR •••....••__.339.02 
CREA nvE LABS VIDEO SPIGOT•••• _ .••.--257.13 
DIAMOND STEAL.TH PRO 1MB ................. .....249.13 
OIAMONO STEALTH PRO 2MB .............. .. ......336.&1 
DIAMOND SPEEOSTAR PAO l MB.... .. ......... .. 107..Cl 
DIAMOND VIPER VlB 2MB.... .....397.K 
HERCULES GRAPHITE IMB . ..221.46 
HERCULES GRAPHITE 2MB .... .......358.4$ 
HERCULES DYNAMITE VLB........ .. ............157.lO 
INTEL SMART VlOEO RECORDER .. .. ..486.80 
ORCHID FAHRENHEIT 1280+ ........... ..... .....157,14 
ORCHID FAHRENHEIT VA ............... .. ....... ....172.17 
ORCHID CELSIUS VLB l MS .............. ............238.97 
ORCHID CELSIUS vtB 2MB~-· ··-·-·· __ ..299.79 

No Surcharge For Crodlt Cards CDN' HOURSIf You Find a Better INASDAq l MOST ORDERS
5.'*!sl:J> -9113COT l.t:n-f1t.Price, Call CDW" ~lillll e .. 9ro6DJ COT S...BUY WITH CONFIDENCE SHIP THECDWG IS A NASDAQ Tech $1.4JP21 la Qab1wraBefore You Buy _..,..___.."..,.,,,..._""'_"'_"' ...-r:i­~c..--- ... - --·-·-·--.... _..TRADED COMPANY 1'1 '- _ _ ...,.__.. 'V_l•Clll .. . ...... - .-... .... 
 81»7:aJaJTMcnFrl....,,,.__.._fff',.... _ ____ ~-~- ,....._ SAME DAY(800) 959-4CDW _ 9006:00 COT SM. -Owl>OCllO~- -!~ --· "" .._...,_ ...,.... .. 

:::_'!"';"',.n::..~:;.:::::c-~- ... -.,,~· .... .. ~-------

http:14131.SJ
http:16.�----161.30
http:FLOPPYPARAU.EL.1n
http:RNOUt.ll
http:EXTERN.Al
http:COMBO.-�����-�--�-125.lS
http:1-485.80
http:1CXlt.eP
http:Tc.co.is


TOSHIBA 
T1950J120MB .. .. 11T7.10 T4600/200t.'8 , .2211.00 
Tl 950!200MB . . .... 20fTa r 4600C/120MB ~ 
TJ400J120MB . ...•. 21f7,QO T4&00CJ200MB ...00 
T4600'120M8 .. , ... 1 ... 00 T4600C.'34m.i0 4*.m 
T1950CSl120MB PAS CLR .•....•....•• ,_, .2ATT.11 
T1950CTJ120MBACT CLR............. • . ..2711.00 
T19SOCSl200MB PAS CLR-·--·-··. - ...-...,.a
T1950CTJ200t.'8 ACT CLA -·-. .. . ..--.m 
T1950CT/320MB ACT CLR --···-··············-··.....c:ll 
T3400CTl 120MB ACT CLR ...• - • ..M21..00 
T4700CSl2001.1B PAS CLR .......................... ,_,..llO 
T4700CTl200M6 ACT CLA •••.•• .•.•.. .•.. ..-.m 
T4700CSl320MB PAS CLR ........................... 4Dl.DO 
T4700CT/320MB ACT CLR .......................... .tMl..00 
T6600C/510MB ................ae.DO 
T6600C/510MB CD ......................... ....... ..1899.00 
T6600Cl510MBCD/OVI .. .......................... 7191.00 

AS[ 
LC 4J25S 120MB.....H7.2S LP4J2SS340MO .IS9Sl.3J 
LC 4133$ 120M9 .•. 1088.00 LP"'330170M8_. t431.64 
LC41330 120MB .. 1257.27 LP4:"J30~t8_ 1 182.n 
LC 41330 210MB .• 1497.97 LP'4.'660 170M8.- 18".!2 
LC 41500 120MB .• 1515.95 LP 4.1i60 340J.1Q _2328.91 
LC 41500 2 10MB .. '767.59 MT 41330 17'QL;l9 .. 14!J7.!J7 
LC 41660 120MO .• 17.-T.97 MT 41330 340MB.• 1936.44 
LC 41660 2 10MO ..2019.91 MT 4l660 170MB .. 1952. 15 
LP 4/255 170MB .•. I IG8.I& MT 4/660 340M0 .. 2375.82 
NOTEBOOK BOMB MONO ............................... 1608.15 
NOTEBOOK 120MB MONOtCOlOR.1719,70'2227.35 
NOTEBOOK 170MB MONO/COLOR 1TH 45.'2437.20 
NOTEBOOK 170MB COLOR • - ..................... 3 157.31 
POWEREXEC <'25 200MB MONO SPECIAL .2409.17 
POWEREXEC "-'25200MaCOl.OA SPECW.. ••. lt59.117 

canon 
NOTEJET 4.125 lSMB.-··--···-..-· ·-······-2317.87 
NOTEJET "''25 ' 80M8 .. •. .... ···- .• 2Sl1.74 
INNOVA 4f33l SX 170MB........ • • • ·­ lll.9l 
INNOVA 4133L SX 240MB._............. • ... 1025.71 
INNOVA4150l 170MB ......... 1355.15 
INNOVA 4JSOI.. 2•0M8 ......... ..• .. .•. 1432.91 
IN~-K)VA 4J66t 170r.AB •......•.... . ........ _.•. 1838..!7 
INNOVA 4166L 240MS . 1814.88 

NEC 
VERSA NOTEBOOKS 

-1140120MB MONO .............. 2tll.31 
4140 120M9 COLOR . . 3178.60 
4140 250MS MONO .... . •. 3037.l9 
4140 250MS COLOR ... .. ....... 4279.51 
4150 209MB MONO .. ....... ... .. ................ 3299.62 
4150 209MB COLOR ......... .. .............. , .. 4549.21 
4150340MBMONO ...... ....... 37 19.11 
4150 340M8 COLOR .... .. ........... .. 49Ci9.31 
AEAOV ES 70MB ...... ................ 997.52 
AEAOV 210MO.... . ............. 12•9.GS 
READY 250M0 ....... .. ....... . ....... 1694.83 
READY 170MS Multimecha . . ......... 1447,16 
READY 210MB Mulhmedia • ... . .. 1179 19 
IMAGE 1114/50 210t.!B ............. -...... . .. .... 1791. 14 

SHARP. 
SHARP 486f.l3 200l.4B PAS CLR .............. 2191..37 
SHARP 486133 200MB ACT CLR ..... ............. ZIH.76 

-~!nD<AS INs-muMENrs 
TM4000E 41250 120MB MONO 11.51.55 
n.w ooo 41250 200MB MONO .. ' •. 2249.« 
TM4000E 412.SS 120MB ADV COLOR . '2091.43 
TtMOOOE 41.&0 2001..~B PAS COLOR .... . •. 2711.44 
TM•OOOE 'f50 200MB MONO ........ , . 2698 06 
TM4000E. 4.'50 ~·B DUAL COLOR .. -·· 1218.QO 
TU4000E4'50200t.t8AC11VECOLOR 3771. 16 

M 1:1ii 't \1 ;!f I .ti tir l U;O: •h ·fWM 
OIQCWA 

184TURBO _,..... 219.14 ML.591 ........ _ •••......58l.87 
ML320 .................. 304.45 PACEMARK 3'10 .1222.92 
ML321 .......... ...... . 02.43 OL•OOE ............ .. 4119.98 
ML360 ... ..... 214 .95 OL-4 10E ............. 155.31 
ML395 ............. ..... 989 .20 OlBI0 .................. 905.SO 
ML395C .............. 1039.74 Ol830 t w ............1079.11 
MLS20 .. ...•.3&1.82 Ol.850 .. .... . ....... 1195.20 
ML521 . ... .. .....-499.18 OOC·IT • 000 ..... 2909.49 
ML590 ..... .. ..... 421.51 

Cclnon 
BJIOSX .. ... ........ 255.18 
BJ200E NEVI, 291.24 

·;;·················································.·:....:: :~ 

1Bf>fif,:('NE-W:::::::::::::::::::::. ::: 1~: ~ 

NEW! 
Lease Option 

Call for Details 

WHYSITTLE 
FOR LESS? 

INECI 
MultiSync 5FQe 
17" Flat Square 
Technology 
Monitor 

CDW® 
SERVICES YOU 

BEi IER 

e Digital Controls 
e AccuColor System 
e Energy Star Cerlified 
• Max Res 1024 x 768 

FREE COREL 
DRAWV3,0,. 

'Coll for dots/ls 
through 3/t 5194 

.., ............. .. $1089.27 CDW 33297 

EPSON 
AP2250 .................. 115.63 L0870 ................. 444 .91 
AP3250 .................. 172.95 L011 70 .. .•..•111.93 
AP3200 .. ................ IH.15 L025SO ...••. . 198.0I 
LX81Q ,_,,,,,_ ........... 167.to OFX.SOOO ·····-· ,_. 1311.IM 
FX870.-.•-·-···-..... .217.59 OFX8000 ......... - ... 22H.A5 
FXI 170 •.. ___.,_.355.95 STYWS 300.. _,_., 229.95 
L0570• ··-·-······--237.17 STYLUS BOO 717.!J7 
L01070 • • -----·····---·­ 355..lS 
ACTION LASE.A 1500-·--···-·-·-··········· .... 14..17 
ACTION LASER 1500 W/2MS .••--... ···-······· ... - 715_:z2 

NEC 
P3200 ...................225. 78 Silemwulm 95F ....... 167 .70 
SuperSttlpt 610 .•.585.78 Silentwruer 95FX .. 1095.95 
Sllonrwrt1orG40 ....718.58 Silemwu\er 1097 .. 13n.&o 

Panasonic 
1150 ... - ................. 133.49 2 180 ...................... 111.31 
1624 ... - .................385.20 2624 ............. .........:SM.19 
1695, •. _........._,..... 396.44 4410 LASER ......... Kt.15 
2023 ... _...... _ ......... 20:Z.97 4430 LASER ........ 959.88 

~:~ :::::: ::: :::~:: :::~~~:fi 4440 LASER .... 1221.00 

• Tow;, INSTRUM CN'1S 

"P§23: ·::: .......... 
PS65 ,,_, ...... .. 

. ml600._.••.-·-·· 
• ~-0CMNoti"AC'TUSIEPIM6ATt 

m::~ 
WJ:sA:rta1:i8310 ll7.4.0 l.asef.Jel 4L .•. 681..97 

~~ =~·:m:: t:: :~p . 1::.: 
HP~SSOC ••598.12 l.aset'Je14 ....,.. _ 1.. 69.5' 
HPDesliqel1200C.1459.1 1 LaserJet4M .... 118164 
H>D:.0J;11ax::c:PS 1198.47 l.asefJel 4SI.....2998 95 
HP Pilinflol Xl.300 2251.93 Lasot.Jcl 4SI MX •508.lG 

SHARP. 
SHARP JX9400 3000PI 4PPM ­ .......·--··-···419 • .-T 
SHARP JX9460 600DPI 6PPM .._ ·-· .149.81 

IBM LEXMARK 
4037 SE 5PPM ... ........... 857.17 
4029·10 10PPM......... ..... 1127.42 
4039·10R IOPPM .................................. .1337.4fi 
4039·10RO IOPPM DUPLEX .. ...................... 1837.77 
4039·12A 12PPM ...... ..... ............................. 1587.78 
403£H2l 12PPM........... ...2307.G& 

M:t·i ; l 1 i • l ; h'Ft'f:l3• i: ,j ; l ·U~ 4 · fW 

~· 
131MB IDE ... - ....... 1 ..10 J..iSMB IDE .......- -'Ol.11 
170t.t8 IOE ........... .221.75 345MB SCSl .......... Jll.a 
245MB IOE ·--~•.•..2$U7 540MB IOE •. • • f:l111 
24sMs scs1_.........21KM 

MICROPnLIS 
I OSOMB ICE .•... - .. 149.23 1,05(l'.j8 SCSI AV .959.35 
1050MBSCSI ......949.31 1.i'65GBSCSIAV - 12.59.54 
1.7GBSCSl ....... t279.29 19363GOSCSI 2189.00 

c::;::::ER 
210MB IDE - ••­ .....255.M 540fl8 IDE aa.s5 
343MB IDE ··-·-3DLl7 54<W8 SCSI •• M8.23 
343MBSCSI __ M&.D2 1GBSCSI ..•177.21 
426MB IOE .•_ -· 41 ... 1.37GB SCSI . 10llM 

200MB IOE . .. ... 225.75 
261M810E ................................... 255.56 
34 1MBIOE .......... ....... • ................. 318.00 
452MB lOE .................. . ...... 448.54 
1.0GB SCSl·2.............. ..... 1017.57 
1.0SGB SCSI ...... Kl.33 

CONl'JIOLLERS 
ACCULOGIC IOE ..................... ......................... 23.15 
ACCUl.OGIC IOE W/ 1PAA, 2SEA, 1GAl.IE ...... 35.06 
ACCUl.OGIC !OE W/8105 ••••..•.. ··-······· .......... 41.90 
ACCULOGIC VlB IDE .......... . . .......... 18.76 
ACCULOGIC lSA SCSl·2 ............... ........... • .125.44 
ACCULOGIC EISA SCSl·2 .............................. 358.88 
AOAPTEC 1542CF SCSI KIT ........................... 265.45 

SPORTSTER MODEMS 
14 4 INT ........................................................... 139.50 
14 4 INT WtFAX .... ·-···········-·· ......................... 149.50 
14•.C EXT... . ......... ­ ......................... 1!9.50 
14 4 EXT WlfAX _ •••.•••. - ................... - ..... - .••-.11119 50 
WORLDPOAT 1tttiRiEFfMODEMS····-·······149.00 

T .. ·······-··· •• •. • ····--·-·· •.. ...333"50 
\VIFAX--······.. ····-····-··355.'6 

\YiFAX'~::~~~=::::::::._:, ~~ 
IN WfFAX.--···························· .1552 63

OTERBOINTW/FAX 679.0 1 
0 TERBO EXl WrFAX ..... .732..83 

ffiHayes 
At:t;. 2~8 Int.-··--.... ...59.10 
Nx. 2400 EJCt.. ·--- .••H.:S 
At:t:.2,EC • 

FAX 96 Int ·-·---..­ ..• ·•9...,, ... 
FAX 96111. -----.. 175.12 

""'""' FAX96EJL _. ltl.68 
/V:r.14•· 
FM1'.41rt. ~..­ ... ltSM 

NJc 14' • 
FA)("4E.d... _ .2 1U& 

Qpl 2400 V .(2SIS ExL 11 2.S;I 

~~"oo E11 ........ .... 119.34 

Opt 9600 Eict........... "8.50 

Of~% fat. .. 354 .42 
Qp11' 4 EJI ............. 363.IO 

'f'~41! .4 Eu......._. 371.:lO 

'riJc'i!.4 Poe;k&t ,•.. 291.13 
Op128 BK V.FC E.lt. 

W/FAA . . .. . .. 43t.13 
Ultnl 9600 E,l. ....- .... SH.11 
Ultra 14.4 E11. , ... fD.4.56 
ESP Acco!or::ilcd 

~~ 1 ~ortat ..... 79.60 116.U 

I~. 
2...00B INT _, ................ - ............. ................. , .•_,.,... 
2-U>O EXT .... .... ........ _ ....... --······ .. ·· ·.. ···-··-· ...... ta.19 
PM2400EFX 2.&00 V.•2 INT WIFAX .•.•- ....... - ...• au 
PM2400EF 2400 V.-42 EXT W FAX·--····--·-10l.l5 
PM2-400FP 2<&00 POCK:T WIFAX --··-..---1m.M 
PM9600FX 9600 INT W FAX ·-··········-···-.. 1•.n 
PM9600FXMT 9600 EXT Vl!FAX ·---··-·..--.111.11 
PMl«OOFX 14 4 INTWIFAX ·-- ... -···· •.- ... 1M..!O 
PM14400FXMT 14.4 EXT W.'fAX ................... 111..15 
PM1.t400FXS.A t4 4 EXT WIFAX, LCD .......... J74AS 

inteJ 
SATISFAXTION MODEMS 

100 INT . ·­ •.•.._. 98,66 350 INT.-............... 257.23 
200 INT ................. 209.50 400 INT ......... - •••••. 273 OS 
300 1NT- ................ 2n~o~~T ......·-····-lOt.59 

2400V•201Slnl - 109.70 9600&1.Wi'Fax ••­ 165.21 
2400 V 428lS fat .11 2...52 14,4 Int. Wifa.. _•.•• 151.45 
9600 lnl Wlf4x •.133.76 14 4 Ext.W/Fax .•.•. 117.28 

BOCA 
BOCA 14 4K INT WIFAX ............................... 111.55 
BOCA 14.4K EXT W/FAX.... .. .......... 149.85 

M 1f ·iiifi ;il :t .S:J:J llA·i t i •iilifW 

es 
BC250 .............. H.11 BC900 LAN ............. 359.67 
BC400 ..... .. 138.77 BC1250LAN ...........449.59 
BC.SOO ..........191 .42 OMNI 500 LAN ... ..•. 295.9 1 
BC500 LAN .. 1ti.AO OMNI 600 LAN •.•• lOl..89 
BC600 lAU 239.50 OMNI 750 l.AN .......399.86 
BC750 LAN .. - .. l13.90 OMNI 1250 LAN ...... 599.03 
OMNI t600lAN .......... _........ ..................... - ... m .13 
LAP POWER AC:OC INVERTER ................ - .••- 59.23 
POWERMISER' OUTLET •..•..••.. 49.50 
ISOBAR 4 OU TLET ··-·-··.. ····-·-····· .................. 38.D.5 
ISOBAR G OUTLET ..... ·-·-···· ............................. 46.ll 

AMERICAN POWER 
BACK UPS 250 .....ff.J.4 5'-AART UPS 400 .._299.95 
BACK UPS 400 • 159.13 Sv.ART UPS 600 •.• 31"8 
BACK UPS 450 __.119.11 S!AART UPS 900 .• 5i9.S..5 
BACK UPS 600 .. _.21c.a.a SMART UPS 1250 121..17 
BACK UPS 900 . 374.14 
BACK UPS 1250 - oa.n 
SUAOEARAEST Plus .. ..... . . .. 2117 
SURGEARREST PLUS W/TEL .•..•.. ­ .............. 5--118 
LINE·A 600 .........11909 

LOGllECH OEXXA SERIAL MOUSE . . .• 27.37 
lOGITECH MOUSEMAN COMBO ................... 65.85 
LOGITECH MOUSEMAN CORDLESS ............ H .93 
LOOITECH TRACKMAN PORTABLE ................ 72..50 
LOO FOTOMAN • WIFREE MOUSE ........- ..541.76 
MICROSOFT MOUSE V2.0 SERIAL· ............... 59.00 
MICROSOFT MOUSE V2.0 PSl2' ..... - ..............59.00 
MICROSOFT BAUPOINT V2.0 ...................... 1il5.39 
• WHILE SUPPLIES LAST 

CDW8 Sells for Less and Services You Better! 

(800) 959-4CDW 
FAX (708) 291-1737 

OATARACE PCMCIA 2400 WIFAX ••...••.•.•. 
DATARACE PCMCIA 14 4K W/FA.X .•.• ·­
HAVES PCMCtA OPTIMA 9600 WIFAX .......... 235.55 
HAYES PCMCIA OPTIMA 14.4 WIFAX .......... 31S.OO 
IBM PCMCIA TOKEN RING 16/4 . . . • ..451.86 
INTEL PCMCIA 2•00 WrFAX ...... ..... ,,_ .. 1n.oo 
INTEL PCMCIA 9600 \'lffl\J. ...... . ~ ..2'9 .00 
INTEL PCMCIA 14 4 W,fAJ(. .. --.... 2".00 
UNKSYS PCMCtA ETHERNET COAX ---·-·19'7.VI 
UNKSYSPCMCtAElHERNET IOBT .....- .• 197..11 
MAXTOR PCMCIA MOOILEUAX 1051.tB HO 5"'.27 
MEGAHERTZ PCMCIA 2400 WlfAX....... - •. - .• 119.15 
MEGAHERTZ PCMCIA 2400 XJACK WIFAX .111..12 
MEGAtlERTZ PCMCIA 9600 WffAX .............. 265.:U 
MEGAHERTZ PCMCIA 9600 XJACK W/F/l.X •.2n.07 
MEGAHERTZ PCMCIA 14.4 WIFAX ............... 295.49 
MEGAHERTZ PCMCIA 14.4 XJACK WIFAX •. 309.31 
NOVELUEAGLE PCMCIA ETHERNET C0AX 242.80 
T. CONRAD PCMCIA ETHERNET COAX .•..•..228.44 
USA WORLDPOAl PCMCIA 2400 WIFAX ..... 28-4 .60 
USA VIOALOPORT PCMCIA 14.4 WIFAX . 285.22 
XIRCOM PCMCIA ETHERNET COAX .......•...• H5.IO 
XIRCOM PCMCIA ETHERNET 10BT ...... .. 262.14 
XIACOM PCMCIA ETHERNET COMBO •...•• 309.55 

I i :V. t • i i ii il :J ~l · f . f1I J 
CDW" Fealures Delkln, Kingston, 

Pacific Dala and Simple 
Technology Memory. 

AST BRAVO 486LC 2MB ...... .. . .CAU 
AST POWEREXEC 486 4MB ......... .• CALL 
AST PREMIUM II 1MB CUPID S1MM CALL 
AST PREMMlA 8MB UPG .. - •• ~·- CALL 
COMPAOOESKPR08MB ...... CALL 
COMPAQ CONT\JRA 486 8MB .. CALL 
COMPAQ CONTURA 4MB..... • ... CAL L 
COMPAQ OP 386116 4MB. ... CALL 
COMPAQ UTE 4l25C 4MB . • -·· ... CALL 
COMPAQ PROUNEA 486133 4MB ......CAU 
COMPAQ PROSIGNIA 161.10 . . ....... CALL 
EPSON ACTtON LASER 2·8MB . . .. CALL 
HP OESKJET SOO & SOOC 256KB • CALL 
HP LASER 4L 1MB MEM UPG .. CALL 
HP LASEFUET2P/1112MB ....... • CA.LL 
HP LASErUET 3St 4MB ··-··-· .•• CALL 
HP LASERJET 4 4MB --··· •.•• CAU 
HP PAINT JET XL300 4MO ... . .•.CALL 
IBM OESKTOPS·ALL MODELS ..•.CAll 
IBM THINKPAO 700 4MS ............ . ....... CALL 
NEC SILENTWRITER 95 2M8 .........CAU 
NEC VE RSA 4MO .... .........CAU 
OKILASER 400 2MU.. .. ......... CALL 
OKILASER 800 2MB... . . ...... . ......... CAlL 
PANASONIC 4410, 4430 2·4MB •. ...CALL 
PANASONIC P445012MB ............................... CAU 
Tl MICROlASEA IMB..................................... CAU 
Tl TJ.44000 4MB ................ -.. .• •............... CAU 
TO"..l"tlba 1800, 18.50, 2000SX.'E. 2200SX 2M8 •.•CAU 
Toshib.l 1800 ,1a50, 2000SX.E. 2200SX 4MB ... CA.LL 
TO'ltiba 1900C.4500C,4600C BJ.IS CALL 
Tosf'ib.14400, •400SXJC 4MB ......... , . . • CAU 
TO$hib.1. T1800 1850, 2000SXIE, 2200SX Bl.AB CAU 

s°h~~t':g!~~~::ss~t~rf'~Q~;:~tiYe 
Bost, Most Current Pricing and 

Avallablllty Information. 

CYRIX 4860fUU2 UPGRADE ·------.299-29 
INTEl OVEACRIVE 16-'20MHZ 219.44 
INTEL OVERCRIVE 25MHZ ­ __,,...... •. • - .. 309-IS 
INTEL OVERCAIVE 33MHZ . ·-· ... .. ·­ - 499.55 
KINGSTON SXINOW 25MHZ ......................... 169.•5 
KINGSTON SXINOW 33MHZ -· ... ............. 196.25 
KINGSTON 400/NOW 25MHZ ....................... 328.76 
KINGSTON 486/NOW 33MHZ .. ..... .. ............. 516.2.5 
ACTIONNOTE 4000 BOMB....... .............. . .... 1GH.50 

INTEL 287XL ............................... ,, ..._, ....... - ..t4.IO 
INTEl 387SX 16i?QJ25MHZ......... .. ............ 71.84 
INTEL 387SX 33MHZ . .. .. 91.20 
INTEL 387SL ........... ... "..... . ...... 711.22 
INTEL 3870X .......................... 11.13 

CALL FOR FREE 
CDW®CATALOG 



OtskPro 2B6N , 386tl. 
386SXl20, ~- .&.W'JJM, 
.&86Sl25M, 4116S/16M 
Port.l~un486C 
MSenn E..tpBd 
OeskPro 386116 

WE ACCEPT PO'S 
FROM QUALIFIED FIRMS M E M 0 R NO SURCHARGE 

FOR MC, VISA AE & DISCOVER 

CACHE MEMORY IBM PS/1, PS/!2 MEMORY MODULES TOSHIBA LAPTOP MEMORY 

.....__ 
• ~'lllliltl lncluslry IUNUtd 386DX a'U IOCbl 
• ~ wlh DOS, W'nlown. l:l.. OSf1U..i2.i 
• Uses lnduWy..,.,, null dlip 
"bsy to~lS,..... 

lltt C;·•u uparidt rucro ai twlC4 the SPttd at 1VUf 
or1gll\ll386fl"llO'optocmsc>fc.om~.t:ftl 1K 
on-f.h!p Ckhe You wil Cr'lfO't a perlonNnct bOOSI 
Of 100% and mo•t ldt.lf lor ¥rf DOS. Windows Of 
OS/2 appltca!loo \'hk.h requm1s a bt;e .1tn0unt 01 
mic1001oc.ts$0fhof~PGYo""C1 

12NS 15NS 20NS ZSKS MOOEL AMl . UPGRADED MANU, PART• PR ICE 
6.50 600 S.50 

T1000SE/XFA£ 2Moo PC l4·PA8311U "'()()J2K.t8 28.00 900 800 7.00 """" T200lVT2000SX 2MeQ PC18·PASJ17\J .. oo
641L<1 11 00 900 a.no T2QOOSXl1 1CIXILE .t >MQ 	 PC·PAS3 14U 20900...... 1100 9.00 aoo 

T'2000SXIT 1OOOlE eMtQ PCl4·PASJ1 SU 39900
161W 800 700 ~DO 

J200CISX[(l2El0800, \SSO. C 2MtQ 	 PG-l'A2000U .. oo 
PC·P~IU 20900•9.00 36.llO""""" l'C-PA2002\I 399.00Individual D·RAM Chips INTEL Math Chips ~=~=~ == PC·P.WXWU 20!l.OO 
PC·PA21:>DSU moo~:~=:~f::~ =MEMORY FOR IBM I APPLE 45.00 PC·PA20 1DU 71})00

IONS llNS IONS 101lNS 9087-2 49.00 '''" i!~~~; Tt'100. l 1 0tmQ:J1~~ 	 PC·~A2012U 21900 
UA90cl 7.35 725 • 75 • 95 &oa7-1 BSOO f.lSOO. u~. T4600. T1 900, l1900C(3.3v~ PC·PA2013U 43900
1...... 35.00 2900 2700 - 90'187-Xl 55.00 T~. T4500C. T4600, T1 900. T1 9DOC(3.3v)16JMG PC -PA.2014U 95900
1Meip4 27.00 7500 2300 ­ 80Jll7-160X 45.00 13300SL ..... 	 f't-PA2008l! 32900 
(Z-ip P-.l) .l~~~ 17500ll0387·200X 55.00 TJJODSL 1GMto 	 PC· PA2009U 699.00
25611:-i 1195 10 96 Tl200X E 2Mit0 PC 13-PA33oti 9900&OJ87·DX !Dou Ari) 79.00 

256) <1 7.95 us 37900 
(Video Zip) 

00..87·SX (Docs Al l) 3"9.00 	 37900 T1600 2Moo PC8·PA8302U 9900 
TJ IOO 2Meo PC3·PA71 35£ l i900lnU1 SX (Does NII 79.00256;(1 3.00 2.15 2.50 225 TJI CIOI! 2M.eQ PC9·PA8J.40lr 10'JOO!nl,ISL Mobtl 85.00256 w16VRAM - 3000 3900 ­ T3100SX 21.Aeo PCIS-PM:lOSU 19900.... 375 lnttl 16SX 49.00 "" 00167JOO- T3100SX <llAe'J PC1~PA8310U 20!)0033190084'1 200 lnH120SX "4.00 T3200 31deg PC6·PA7137U 18S OO 
T32DOSX 2Mru 11C12·PA8307U 11900IBM NOTEBOOK & LAPTOP MEMORY TJ200SX 4M~ PC 12·Pl\8 009 29900 

PC l!H'A8318U ll!l.00 
Ambfil'tnl!urn·fiQ .Wl&Meo C....L 79F0999 l2MO<J! LX40, tl33.<;X,i PS lllltt ,. 1()3.00 <" ~=~ . ' ~~~~ PC l9-PA8319U 2 19 .00

79F1000 4M tv LJ(~O; t~, PS t#ott ThlNi).)tl 350, 3~0c 199.00 r.s100 2Moo PC7·PA8301U 95.00~.s.a~ 4/161.1fOKn CAIL 	 3•000 

(0 .4eig 

! 
&Meo 

(~=) 

79F1001 llM!CJ ~~H33$X. I~ ~· 
11Xl.ll0 T52DO/T8500 2Mco PC I O-PA83G4U 114.CIO 

Er.tc:prul86Sld 
Ambf1$pf1nU~. Hurdb3e6Sl Z.1~Kil CALI. NS 1 · ~} 

19900 T5200fl8500 8!MO PC10-PA8313U 41900 
419.® 

:.mtlftSpjlfttl.Hunll &~411fj "16Mo;!KI C....L i:l.•7101
Atn:ltt'-'C 425St v..... 10900'209.00'«9.00 CALL • 
Amtn tl SenH Wl?J16MeQ 189 OOl'J79JXV569J'.IM29.CXI 

CALL NOTEBOOK, LAPTOP MEMORYOllllktlld7101' 
Thln~d 7101 CALL 

Arntw'SN Strlc3 4.llGMeo;i 199.oo.'829.00 Thlnkpad750, 7M>c 	 11'JOO AIU. UPCRADCO MANU. PAA I f 
lhlo ..p.ICf 750, 750c 	 21.COO 109tX)ll'4 '"" -49 
Th~7S0. 750c 	 419.00 19'l'-4S9.'15995900 2000CYRIX ~ 386 to 486 Upgrade !fMG > ~ 7~1:~..D.NI 100. 1ooc. no noc '2 1.tOO ·=== IWCQ.'?12900ssr cunsx ltllp. ' . !).Id 700 700C, 720. 720C 41900 .,.,......__ Clock Doubler 	 ~l ,,.,....P.1Cl3!4. 350c ,.... 'iik1·'= ..... 1'900 

67900~~ 

2861386SX-16, 38GSX-2D. .:i oosx-ic t. 336-33 •II a,r: 72PIN SIMM: 
1MEG - 69 00 OA(G ­ 160 00 8MEG - 409.00 16MEG - 659.00 

PRICES SUBJECT 
TO CHANGE 

WITHOUT HOTla 

MODEL 
S-RAM Ganis 1M£G 
S-AAJ.\ cards 2M£G 
tarcl P1u(m;adolrfl>ill<1l/OI

Trans!l!I S Wita ll om PCMCIA 
ca1d to deU:IOO PC. connects 
to~ p..vallel poll 

PR ICE MODEL PRICE 
159 00 1'.400n ot ,400 Oi1Wfa1 
17000 Modem5 31900 

960Cll9600 OJ1&1fn Modr:ms 259 00 
2400l9600 D.11.\/h.: Modem~ 17? 00 

299 00 ~u!l';~~~! \~?>r:;'~~1~1>e Dr) ~~~ -~ 
FLASH MEMORY 

2.SMeg 159 00 SMeg 389.00 10Meg 599 00 15Meg CALL 10Meg CALl 
(Rish Ma:uJCMd:S ~ l:OU. ~tol"Pltff u.a hvdml.Cl'ro1t 11.a DOS mmvE11-:e. rou 
syWmdatlJllftrJ'IQdm11CA i1nl0£Nrd~clfM_..,mqi1.all)galdr1Yt!1QOI 
Hota:lerylDOUl"°'AISCl11Q'1l(11brS@IC.0d.m~WJl'llO!fqflO~ttlt 
lllndol!Wlmnt!O"/ Al!Wtlnv:morym.IOtby~) 

22825 Lockness Avenue • Tom,nce, CA 90501 

1-800-433-3716 
(US and can.da) 

ESTAB.. 
1985 

lSO. 3SOC 19900CX486 DRJ'-16/32 _ .... 259.00 
81900 

CX486 DRt'-~40 ·-····.299.00 
"'"' SD1166-0J I 

5011£6.-003 11900 
CX486 OR11-25/50 ____l59.00 f'fCJ1'.$1 2"00 

CMPO PART f 

COMPAQ MEMORY MODULES 	 "'"' 
,.,,...,100 10l00 

CX<86 DRX'·ll1;6.._ CALL HP.UJJ 
22900 

CX486 SRX2 1&32 __.•..249.00 
115.14-4..00 1 
1 u;~1,:001 
1 16568-<Xll 

CX486 SRX2 ~40___249.00 "'"' 115$6,9-001 19'Jtn1~JID ""' ' 11.3131iC01 2000
11111 32·00-I 	 10900,1ggooCX486 SRX2 25/S0- ...279.00 
113'3i1~1 1'1.00 
1 1J63..l-001 "'"' 11)646-001 	 11900SIMM MODULES {Add $5.00 for SIPP) 112Sl-l-001 :moo 
1136.14-001 1'1.00 
11 3645-001 l!rl.00

40NS 70NS IONS 100NS.... .... 

05 00 55.00 • 200 41 oo .coao 1 13 13 1-00 1: ~::: :~~~:~ (,()00 5900 ... 9.00 48.00 46.00 38.00 113132·001 19!Ul0 

1111688-001 :m.oo4Megx 'J 16500 159.00 14900 "'"' 
16Meu x 9 (9 Chlp) 79900 ,....,11 a689-00 116Meo x 9 (36 Ch!ll) 118690-001 '°9.0. M9, 1Gt 

12&877-00 1 100.199.,.,1 172 Plf'( SIMMS (EISA) 
1 1 CA.l.VCALLOJ.L 

256.<36 I M~ 59.00 1 1 l:All.ICAl.L 
5 12 x362Meg 89.00 84.00 "4£JC.NllM(M2 99.00 
1 11 4Muo 190 00 180.00 175.00 

1 1 
109 00/199001 

359.00 389.00 409.00 CE62 18 7900 ~ : =~:g 1:~ga~I) 35900 44900 44 900 N83116SX·i'O 110.00, 42900 
68900 6-t9.00 6'900 14el1 1 HX'1~ 756803..0001 7900 

IS-.9 00 1499 00 .14' "49·001 	 ,,..,,..1 84001499 12iX)1••" 16 CAU 3516.00 
 llJ9CO, l!r'900

U9'Jl3-001 

149914-001 
 199®15900CYRIX FASMATH PROCESSOR ' " 1736-CKl l 9900 
14 1742 ·00 1 ZA·3001 11-4 00,..,,P1 0-U r.1ms e11ocu11<1up 10 3X la!>1er • PIUQ & oblec.1code comP.11. w/lntel 141683-001 	 11900 

83087.... 0MHl - II.DO aJ087-3JMHr - 60,0 0 	 83S87-25SX Ver - 69 .00 1416&4·001 	 ,...1111).66 9900 
83S87-3lSX - ao .oa PC W11k"" Qtrd 11 crtt:r 20 main chips 1'11685-001 	 ZA-180-61 17900 

5 Y••r W•rnnf'f • -Alt DflWrrw:tnl Camp•tibl•­ 1'11 685--001 ZA·1IO-• 

149320-001 ZA·1110-a1 
 ,,,.,,..,,,,,..,. """ 
1'49147-001 	 IHOOl41900AST MEMORY 

~1 9.139 

, COMPAQ LAPTOPS & NOTEBOOKS -"'"m: LTE/286 :l'MCQ 8d 117081-002 9900 LASER PRINTER MEMORY UPGRADES 
61t00 LTEt.186 	 117081-003 l7900 

LTI/l86Sl20 4Megl~ 12112s-D02 22900 AMOUNT UPGllADED 01 14 ZS6k 11 33.5 4 511 1132 
LTI UTE/20. 15. 25C 4MeQUocble 129769-002 22900 "''"' 	 ·-"' C.....U!I'<. ........... - - 159 219 ­LTE LITE/20. 25. 2!iC 8Mto Mod1tlt 1?9769-0ll 38900 Compaq PaQ.r:nwq - .. - - 180 - - 369 ­lTE UTE/20, 25, 2!£ 16Mcg Mod11le 119769-0CM ...... 

Epson GOOO, .:.ction l.a$11 - - 139 - - 229 ­..,,....., .... LTE lilt .C/25C, 4!23E , 433C 8MeQ Module 142337-003 36400 Epson Action laser II - 89 - C.11 - - Clltl ­
..,,.,,.. LTE LITE 412~. 4i?:3r. '33C 4t..l~ Modulo 142331-002 19900 

~llOOOI """ lTE LITE 4125C• .uz:JE. 4l3C 16Mog MOOW. 142337-1»1 78')00 •-8000 89_,,.,,- ~· - - CIQ 
Wll~OOl '"'' SU!286 1M.tQ Modukl: 11 0735-001 7SOO EpSOC'I 1000, 1500 - w - tall ­
!l011'90ll "'"' Sl.l/286 -4MtQMocMe 1102l7-0ll 24900 HP2, 20- - 109 - 189 ­
5'011~ llt100 SL 11386 IM<IQ Module 118303-001 7900 HPJ. 30. 3P, 2P2P 0 - 101 - 179 
,,,.,,»-CIM ,....."'" 

SL T/386 2MoQ MOOl:I!: 11 S30ol-001 19900 HP A, AM. ASf. 4SIMX .. - 18(1 - )&I
SL T/386 4MeQ Moch.:t. 118305-001 2 1900 HP 4L 59ZENITH MEMORY MODULES 	 ...... 144790-0) 1 CALL HP 3SI - • - 35969 180 

HP4Sl - 180..... 144790-00'Z CALL """'""' 	
- .. - l59 ­• 144790-DOJMOOR AMl. UPOAAOCD AST PARl t PRICE 	 10M!Q CALL HP Design Jet 600. 650 180 - 359

238&'33, 25. 20, JJE 1""11 ZA3800ME 59.00 Contura 320. 325 139497-001 11})00 
Z38G/33, 25. 20. 33£, 41Wi125E 4Meo ZA3800fAK 180 00 ~~ 139'198·001 189.00 

13<).199-00 1 34900 ~~=~~~= - - 99 - 180 - 359 -
ZlMSX 	 Z-605- 1 moaute:oi; 11900 Contur.a "'25. 4125C. 4.n5CX ...... 14M20-00 1 IB'JOO llP Paintlel XllOO 10!I - 289 - .t69 837 ""'° ...... 14M2Ml0 1 "'*" 	 3<900 IBM Ltstr .&019. 4019£ - 159 ­

16"'4!9 14653 1·001 79900 ISM Laser 4029 - - 180· MAGNAVOX IBM ~r .&039, 4079 99 - - 180 - 350 
NEC 90, 290 - - 139 
NEC95. 97 - "" OkJ400 - - 19 
Okl400E - 135 HI!> 
Okl830. 840 - 199 
P~CbHI Bell PB 9500 - - 139 - 227 
Pacbrd Btll !)8 15 - 18() - 299 
F'aitUl~ic 442W.44501 - 129 - - 209 
Panasomc 44 1Q/4430 - - 126 - 195 
Panasonic 445tl - ,,. ­
Tl Xl/PS17/PS35 - 55 ­

H.P. COMPATIBLE FONT CARTRIDGE 
BAR CODES BM Code Rladef fonts -·· . --·- -· 9900 
DESKJET SOlUTIDH 101 Dk.It 500 & PM.. 92 f-on111, 4.S P'!·30 111 ....9900 
IBM 401 9. 41lt9E. FONTCARTRIDCE 209 FontOJ. Tu1bo ~Id . . ' 19500 
TURBO ZS Coflll)Ma.ble 10 P.xrhc Oil.b's 25 CAHTIHOGES IN Qtl(!'". 143 

f ools (aJm/llf. KimE~ J/MtddllPPnnl.,-,h"U{Jt HP4 / ... 6900..onActJon U~t 
TlJRBOSCRlPT"" 109. 109Sabbk:Fonts 11>/l.rtr Potnl Sla 
(HP2. 20- 139. 159 , 191J) -·· - ~ l i900 

JAX 4 FUUMCE FOR IBM Utt, 40UC. 4029 139 00 
JAX 4 flMAJfCE CARIRIDQE ·- 84 DO 
0 11 400 , IOO 41 lonts. 11 ryotstyle'S , IG9.00 

CUSTOMER SERVICE & TECHNICAL: OPEN M- F, 11-4 PST 

SORRY, Mon-fr!, 8:00 a.m. to 5:00 p.m. PST 
HOWIUCAllS Sat. 10:00 a.m. to 12.-00 noon 

Circle 241 on Inquiry Card (RESELLERS: 242). 
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to 

With Backpack's unique printer port connection, 
family support has never been easier. 

enjoy the new member of the fami ly. computer . And because your pr inter attaches 

Just plug and play. 

It's the no-hassle approach 


to additional storage. 


Adding additiona l storage to yo ur IB M 

compatible , laptop or notebook has never 

been easier. The backpack0 fami ly of no-slot 

drives plugs di rectly into your paral lel 

printer port to provide you with addi tional 

storage instantly . Using them one at a 

time, or daisy chaining up to four together, 

there are no interface cards to install so 

you don't have to open the cabinet of your 

directly to the backpack drive , you don't have 

disrupt your print operations . With the 

backpack fami ly of di skette. hard , tape or 

CD-ROM drives , you ca n easily transport 

your information wherever you go- just plug 

backpack into the parallel printer port of any 

IBM compatible or portable. And, of course, 

all backpack drives work with Windows'.M With 

backpack, there's no hassle. Just sit back and 

I Micro5alutiami I 

132 W. Lincoln Hwy. D<JKalb, Illinois 601 15 Telepl1one 815.756.34 11 FAX 815.756.2928 

Call Toll Free 800.295.1214 

Circle 226 on Inquiry Card (RESELLERS: 227). 
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We Carry 

Al--­ALPS -·---­
BASF blcthet: 

canon 
CEnTRDnlCS . OTIZ.EN.m=mt 

CREATIVE LABS INC. 

cums Dataproducts 

H HHD Dysarr 

EPSON" EXABYTE 
FACIT fil FUJl1SU 

~ GUHAM MA GNETICS 

.GelCOM ~ 
m~ IBM 
l·JE'G4" ~~ 
3M M. TAUY 
maxeJL MICROSOFf 
~ f'IEC 
OCLI OIQlli\~ 

al~ OLYMPIA 

LOWEST PRICES 

Prices in US $from America's Leading Exporter 


DISKETTES c1 0 per box) 

DmBleil!lH Il!K ll!S.E !Will ~ 
5'/•" DS/DD s 3.15 3.15 3.35 3.35 
5'/•" OS/HD 4.75 4.35 5.35 5.35 
3''2' DS/DD 4.25 4.95 5.25 5.35 
3'h' DS/HD 6.45 6.75 6.95 7.65 

BULK DISKS 
DmBle!l!lH EllllMAI 
511.· OS/DD $ 0.20 
5'/•• OS/HD 0.27 
3•1,· OS/DD 0.33 
3'h" DS/HD 0.39 

WUl.llA!lf 
0.22 
0.29 
0.35 
0.42 

DATA CARTRIDGES 
Drn:Bleil!lH JWfil ..DlSAll™­
DC-2120 $ 11.79 10.29 9.99 
DC-6150 13.79 12.29 11.99 
DC-6250 17.59 15.29 14.99 
DC-6525 20.99 1B.29 17.99 

STREAMER CASSETTES 
MAXllL IE.A& 

CS-600 HD .s 10.251 60 MB ICHOOH. . $ 11.75 
CS-600 XO . . 1 t.25 150 MB CT·600N.. . 16.75 
CS-600 SX ... 17.25 600 MB CT·GOOF .. 23.75 

RICOH 
TONER 6000 + . . .... . ... .. S 12.95 
TONER BO PLUS ..... • .. . . .. . 31 .95 
TONER 150 PLUS ....•... ... . 31 .95 
OPC KIT 80 ..... .. . . .. . .. .. 102.95 
OPC KIT B1 ..... .... . .. .. . . 102.95 
OPC KIT 150 . ..... . .. . .. . . . 102.95 

KYOCERA 
TONER . . ... .. . ...... .. .. . S 25.00 

DEVELOPER .. . ....... . . ... . 93.00 

DRUM . .......... . • . • . . . . .. 125.00 

FUSER . .. . . . . . . . • ....•... . 171 .00 


DIGITAL 
LN03X·AC TONER KIT ..... S 32.75 
LN03X-AD OPC KIT .. ....... 104.75 
TK-50 TAPE CARTRIDGE ..... 16.75 
TK-70 TAPE CARTRI DGE ..... 26.75 
TK-85 TAPE CARTRIDGE ..... 27.75 
RA60-P DISK PACK . ........ 595.00 
Dec Ribbons & other supplies 
Please call for the lowest prices. 

!OMEGA (Bernoulli Cart) 
5 '/." GOLD 20MB ... . . . .. .. . . . $ 53.00 
5 'I." GOLD 44MB . ......... .. ... 63.00 
5 •1.- GOLD 90MB .. . . .... .. . . . . 124.00 

GENIUS 

CLIXes ERGONOMIC STREAMLINE 
MOUSE 350·4200 DPI . .. . . . . . $ 12.50 

MOUSE ONE 3 BUTTON SERIAL MOUSE 
WITH 9·25 ADAPTER .... .. .. . . . 9.50 

M2ALL SERIAUPS/2 MOUSE 
350-1050 DPI W/SPTWR . . . . . . .. 19.50 

HIMOUSE ULTRA HIGH RESOLUTION 
SERIAL HOUSE 400-1200 DPI .. 28.50 

HI-TRACK DESKTOP TRACKBALL 
SERIAL & PS/2 350-1050 DPI . . . 32.50 

4500A/WIN BLACK AND WHITE HAND­
HELD SCANNER 100.400 DPI .. .. 69.50 

B105WIN 256 TRUE GRAY SCANNER 
100-400 DPI FOR WINDOWS .. . 99.50 

C105WIN 24-BIT COLOR HANDHELD 
SCANNER 100-400 DPI . ..... 225.50 

HT1212 HIGH PRECISION 
DIGITIZING TABLET 12" X 12" .. 1B9.50 

SM-168 16 BIT PROFESSIONAL SOUND 
CARD (SONY INTERFACE) .... . 104.50 

Hl-VID PRO 24 BIT 2 MIWON COLORS 
1024 X 512 FRAME CAPTURING 
CARD STEREO ...... . . . ... 287.50 

(CALL FOR OTHER GENIUS PRODUCTS) 

5 '/." CLEANING KIT ........ ... .. 30.00
OTC PACIFIC DATA 
IBM4 MM & 8 MM CABTBIDtaESPml8SCric SyQU EST (Removable Disk Cart.) ~ .LAS.EBDESCBleil!lH Il!K ~ .llABmIiPolaroid QMS 1040150 . . S B.20 1348330 . s 520. 00 

4MM 90 Meler 6.95 9.29 Call 
4MM 60 Meter s 6.29 7.59 ­ 88MB DISK l·YR WARRANTY$ 89.00 

10402B2 . . . 45.30 1348331 .. 295.00BBMB DISK 5-YR WARRANTY . 94.00Qulck'jhot" 1040440 . . . 11 .40 1348347 .. 170.00 8MM 112 Meler 6.59 "9.99 11 .95 44MB DISK 1-YR WARRANTY . 62.00 
1040930 . . . . 7.50 1348349 . .. 37.00 44MB DISK 5-YR WARRANTY . 64 .00Qmm. llll@®lrr 1299095 . . .. 1.70 1380200 .. 143.00 
1299790 .... 9.90 1380520 .. 160.00OPTICAL DISKS CANON&)>seagate 1299845 .... 3.90 1669113 .. . 15.00 

DESCBleil!lH .A!AXill m!llAilM. ~SMITH 1299933 ... 13.BO 1669115 ... 60.00 BC-01 INK CARTRIDGE . .. S 16.953' /•" 512/12B MB s 34.95 32.95 37.95 SEIKOSHA CORONA 131930B .. . 11.30 1669151 ... 60.00 BC-02 INK CARTRIDGE . . ... 19.95 5•1.· 5121600 MB 73.95 67.95 83.95 
1337765 .... 2.70 70X7001 ... 71 .00 BJl-4B1 INK CARTRIDGE . . . . . 11 .95 SONY. star' 5'/•" 1024/650 MB 73.95 67.95 B3.95 
1361195 . .. . 1.50 70X7002 . . 175.00 

BJl-B01 INK CARTRIDGE ... . .. B.95 
BJl-642 INK CARTRIDGE . .. .. 14.95 

13B0999 . . . . 3.40 70X7003 .. . 17.00SY QUEST @TDK. 
629515B . . . 2B.40 70X72BO . . . 33.00EPS/SX TONER HP 92295A . . . 67.95 
6328829 . . . . 5.30 70X72B 1 . . 121 .00HEWLETT PACKARD EPUllP TONER HP 92275A . . . 54.95 TEAC. im§hi!.iij 
6845100 ... 28.90 70X7243 .. 363.00IHILlfil... TRAHSPABEHCY/PAPEB 
7034437 ... 27.50 70X7244 . . 276.00 ~ENTS TOSHIBA HP51604A . . . S B.50 HP51630Z .. • 15.75 APPLE 7034640 ... . 5.40 70X72B5 . .. B3.00 

HP51 606A . ... 20.50 HP51630S .. 45. 75 TONER LASERWRITER PRO. S BB.95 7B19690 . ; . 12.50 70X72B6 .. 379.00 
HP51606C .... 23.50 HP51636G .. 37. 75 

TRIPPLITE 
TONER LASERWRITER SELECT. 77.95 \ebatlrn l!!m HP51625A . ... 22.50 HP92261K . . 52.75 TONER LASERWRITER (CX) . . 73.95 

HP51626A . .. . 20.50 HP17703T . . . 35.75 TONER LASERWRITER (SX) . . 69.95 
TONER LASERWRITER (LX) . . 55.95and many more STOCK CLEARANCE INKJETS STYLEWRITER . .. . .. 15.25LASEB IQt:lEBS ~OEM supplies/ INKJETS STYLEWRITER II . .. . 17.95HP92275A .. $ 57.95 HP92151H ... 4.25 

ALPS P40019A RIBBON . . ......S 2.95 RIBBON IMAGEWRITER II BLK . 4.25 HP92274A .... 53.95 HP92155A . . 11 .75 BASF 2400' Elli TAPE GOLD ..... 7.75 
ALL LOGOS ARE THE 

RIBBON IMAGEWRITER II CLR . 9.55 
HP92291A ... . 99.95 HP92155L . . . 13.95 CANON BJl-642 CARTRIDGE .. . . 14.00 

PROPERTY OF THEIR HP92295A .. .. 68.95 HP92156S . . . B.45 CANON EPS/SX (HP 92295A) ... . 65 .00 
RESPECTIVE COMPANIES HP9229BA .. .. 93.95 HP92154B . 109.00 DATA PROD. LZR-1200 TONER . . 16.00 

We carry a complele line of HP Products. 
EPSON 

DEC LA50/LA75 RIBBON ... . ..... 3.00 ~ .LAS.EB 
DEC TA90K-30 CARTRIDGE . .... . . 6.00 Please call for the lowest prices. 7753 .. s 3.45 S050002 .s 71 .95 
EPSON DFX-5000 #8766 RIBBON . 16.00 

7754 .... 3.B5 S051005 . . 106.95 HIGH-CLIP EPSON L0-2550 #7762 RIBBON . . 5.00 
7762 . ... 5.B5 S051009 .. 139.95 EPSON L0-800 #7753 RIBBON .. 3.00PANASONICPREFORMATTEO B750 .. .. 3.05 S051011 .. 112.95 FUJI 5'/•" DS/DD DISKS 10/BX ... .. 0.30

KX·P115 RIBBON . .. .... .. • . ... S 6.59 
 8755 .. .. 3.45 PAICISION 3.5" MF2HD DISKS ..... 0.60 MF2HD 3.5" HD KX·P140 RIBBON ...... • . . .. ..... B.59 B762 ... . 5.B5 l.t:l.ILl.EIS RICOH OPC KIT 80 ............. 90.00 

KX-P4450 TONER KIT . . ..... .... . 25.99 
 SONY 5'/." DS/DD RAINBOW DISKS 0.30 B763 .... 4.25 7750 . . ... . 46.95 1.44MB DISKS KX·P4450 DRUM KIT . . .. ... . . . . . 105.99 
 SONY DC-600A .... . . . . ........ 10.00
B764 .. . . 9.05 7760 . . . ... 16.95 

B766 .. . 17.75 S020002 . . . 1 B.95 10 PER BOX ... $4.10 PRICES GOOD WHILE SUPPLIES LAST (CALL FOR OTHER PANASONIC ITEMS) B767 . .. 11.45 5020025 ... 12.95 

EXPORT SPECIALISTS 

~ C.0 .D., BANK DRA FT, 
I 	

TEL: 619-278-2600 WIR E T RANSFER OR L/C AT STARTECH .17UetnaW>nat SIGHT. P.O.'S ACCEPTED FROM 
COMPUTER SUPPLIES FAX: 619-278-2780 	 RECOGNIZED INSTITUTIONS ON 

NET 30 DAYS. PRICES ARE SUBJECT 
TO CHANGE WITHOUT NOTICE.WE5575 Magnatron Blvd., Suite G 
CANNOT BE RES PONSIBLE FOR

San Diego, CA 92111 USA TYPOGRAPHICAL ERRORS. 

C ircle 230 on Inquiry Card (RES EU.ERS: 231). 
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Printer Port Connections Are 

The New Tools Of The Trade. 


nee you discover just how easy it is to 

) Install a backpack CD-ROM drive LO your 

'/! computer. you'll never be inconvenienced 

by conventional inslallation methodsagain. Just plug 

backpack into your computer and you·rc ready LO go. 

No interrace cards. hardware conmcts or expansion 

slols required. Because of its unique printer port 

interface. backpack fits all IBM PC compatibles and 

porLables regard less or CPU speed. In addition. a built­

in audio circuit with both headphone and line output 

jacks allows for connection of sound ca rdsor Hi-Pi. 

You can run thousands or your favori te multimedia 

programs and view Kodak™ Photo CDs too. wiLh 

CD-ROM backpack. Compact and versatile. you can 

expect backpack to go wherever you go, bringing with 

you thewealth of information CD-ROM storage makes 

possible. Printer pass-through is included. Tapedrive. 

hard drive and diskette bC:1ckpC:1ck drives are also avail­

able. Ca ll today for ordering 

information 

and a dealer 

nearest 

you. 

backpack 
CD-ROM Drive 

Mic:ra5alutian5 
132 W. Lincoln Hwy. DeKa lb. lllinnls 60 11 5 Telephone 815. 756.341 1 Fax 815. 756.2928 

Call Toll Free 800.295.1214 

Circle 228 on Inquiry Card (RESELl.ERS: 229). 



DO·IT·YOURSELF DATA RECOVERY 

RECOVER DATA FROM PHYSICALLY 
DAMAGED FLOPPIES & HARD DISKS 
IN LESS THAN 60 SECONDS! 

"fn the p.ut, GttnfrJf f .11hltt ~ ltrt 
o..w h'ttfl f ,._ .. ' )'Oii 16W qWon.s N01t0t1. ~ffl/ Point, 0t 

t1 1\ortM)r'a:'l;)li.Jl!t1e RESCUE DATA RECOVERY SOFT· 
:~,.......... ~ WARE™ is the ..EASIESL ..EAS!ES.l & Mia IJtJlitlfS wtr111l ltktly to f>tlp~ Now 
!lf"d l"Jn:IOi-wes mtfl is' btfrff soNtJon .• RfSCUf'""' S&Efilmelhod in dala recoveryanywhere1 rta/V'tf Wl.1 lrom II fXl1 thl most...,,,,.,,,,,,.,,,..IU!.I RISCVE_.t!1D~~r.,,, p, • .:nnq .:rd ta wott mhdt:s ... • 
Ck.ht~ CY.JS ff"f''T 5 For !he fi rst time you can recover a file "Restw. Vtl'SIOl'J 4 0 

onm nrw INtum llJdin less than 60 seconds even when DOSd Cu--.J. £.r.i y SMF S ustoeittationli.Jlnto\11! 
£1"1c~·~ cannot read aphvsjcally damaged flopoy lfoutolff'ltguru's 

tool?lot Ind Imo lhf .1'9'· 
~- ~uur'JWJwy " 

INfOWORLD 
Recover Text, .Exe, Graphics lites, etc ... You 
can even recover entire sub-directories with 
asingle key stroke. 

CALL NOW FOR PRICING/ 

PC DIAGNOSTICS THAT REALLY FIND THE BUGS! 

THE TROUBLESHOOTER™is un like other diagnostic programs that rely on DOS. The TroJbleshooter'w bypasses DOS and 
testsall major hardware directly for tr ue accuracy while olher programs trequenlly give erron2ous lest results. Loaded with all 
the tests you need lo quickly and accurately isolate the source ol PC fai lures. Newest version includes low level lormalling 
of l.D.E. drives and cache memory testing. Runs on any PC (with Intel or compalible C.P.U.) independenl of any operaling 
system! Priced far below all compelilors. 

THE DISCOVERY CARD™ is the only tool that lruely ends 
lhe frustration of IRO & OMA .channel confl icts! Slop 
wasling lime trying to "Figure-ii-our when ii comes lo sel­
ling up add-on cards. Perfect for anyone who upgrades 
PC "s. sets up nelworks. mult imedia, elc ... 
·11 you suppot( PC"s. /IP. Oiscol'et'f Ca1d is 11 •'r ro become one olyw 
most 1mpoaanr tools_ · ·INFOWORLD.Seplember 93 
THE POCKET POST"" is the mosl compact and teature 

packed diagnostic po1• er-on self lest (posl) card in the world. ,_______ 

Debug deadPC's in less than live minules! Also. tests power -- ­
supply and 9 bus/clock signals. Comes wilh a delachable logic probe. CALL NOW FOR PRICING/ 


EVERYTHING YOU NEED 
TO INSTALL, SET·UP & 
MAINTAIN HARD DRIVES! 
DRIVE PRO™ - Theall-in-one sollware uti lity for themosl 
ef1icient and correct installation and mainlenance ol any hard 
drive! • lnslall IDEDrives in less lhan 60 seconds! Automatically 
sets CMOS. Parl ilions. and DDS formats wilhoul re-booting or 

user intervention. • DOS Format any size drive in under 30 seconds! • DriveTable Override allows almost any BIOS lo have a 

user definable drive type. • DriveBoot Fixer is a sale alternalive lo low level lormallingbad IDE Drives. Plus too many other features 

lo mention1 


ENCYCLOPEDIA OF HARD DRIVES™- 3 volumes with over 1500 pages! The largest compiled relerence on Hard 

Drives ever published! 

Volume One.. .SET-UP GUIDE• Interlace Types and lnslallalion • Hard Dri1'C Specs lor cVl!r 2100 d11~ l10m 198o1to present 

Volume Two... DRIVE SITTINGS• Explanation o! Jumpei Types.Changes in Make &Model andDclaull Jumpc· Sellmgs • Diagrams ICf over 

tOOO d1ives wi lh delailed specifications. 

Volume Three... CONTROLLERS • Over 400 Diagrams ol Comrolle1sw11h detailed spec1hcalions. And Much More! 


THE HARD DISK TECHNICAL GUIDE™ - Comprehensive field version ol lhe Encyclopedia wilt1 over 400pages ol vi tal 

specs! Compact lo carry in lhe field. CALL NOW FOR PRICING/ 


VITAL HARDWARE SUPPORT 
AT YOUR FINGERTIPS! 
Now available for lhe lirsl time on CD-Rom. this Technical Library contains complele 
configurations. specifications. diagrams. sellings. component locations.and vital informa­
tionon 1500 main boards. more lhan 700 network interface cards. 2t00 hard drive models 
and 400 cont ro ller cards. A must for any service department. CALL NOW FOR PRICING/ 

BEST 
Wlndaw!ii 

Trauble­

shaating 

Pragram 

AvailableI


July 1993 
• ... a model ol elegance and ciarily. SJ<ylighl 
slllnds 001as aptodud r/lar ex!Xles mte/11­
gcnce In lunaion and design.· 

- PC Magazine. July 93 "' 

TUNE, OPTIMIZE & 
TROUBLESHOOT WINDOWS for 
raster speed & top performance! 
"Any • '1)1 you can think ol ro slice 1r. Skylight can show 11 ro you·//ow 
Windo•~ is usmg memory. sysiem resources. sys/em mct:ICS, GOr /1eiJP 
usage. lhls MDI-basedprogram onets an inrnguing "ew 1.1ro me gurs oJ 
Windo>ls • • Windows User. June 93 

NO MORE 

SYSTEM CRASHES 

COOL CHIP™ is an 

inexpensive heat sink 

that can lower lhe op ­

erating lemperature ol 

a C.P.U. by as much 

as 35'F, thus elimi­

nating system lock-up 

due to excessiveheat. 

Excessive heal build· 

up within lhe C.P.U. 

is the number one 

cause of system 

crashes. lock ups, erraticbehavior and inlermillent fai lures. 


COOL CHIP™ is the most effective means avai lable lo 

eliminale C.P.U. overheating. 


-Wehad been experiencing various problems wilh sys/em lock· 
ups and sflut-downs. and we exhausted all other possibilities 
to resolve rhese various problems (memory. programs. power 
supplies, monilors. disk drrves).. .since the inslallat.on of COOL 
CHIP r!l1 /lilve encountered no other problems.• 

• M.H .• Certllled Network Engineer 

http:inslallat.on
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PC-EXPANDER Pfas™ 


Add up to 7 keyboards, monitors':nd mice 
to your PC up to 250 feet away! 

• Supports PC/AT, PS/2 and 100% compatibles 

• Microsoft and Logitech serial mouse support 

available at all workstations 


• Automatic keyboard 

and mouse 

switching 


• Selectable 

privacy modes 


For Macintosh 

support, ask 

about our new 

Mediator for Macintosh! 


Cybex Corpration 
4912 Research Drive• Huntsvi l le, AL 35805 USA 
(205) 430-4000 • FAX (205) 430-4030 ltcYBEX™
Dealer Program Avallable Made In USA 

PC/ AT and PS/2 are registered trademarks of IBM Corporation. Macintosh 1s a registered trademark of Apple Computer, Inc. Microsoft and Log1tech 
are trademarl1s of their respective companies. 

Circle 219 on Inquiry Card (RESELLERS: 220). 





• Easy to Configure 
: FaultT oleront 
• Hot Swap Power Supply 
• Hot Swap Drives 
• Drives hove their own power 
• supplies 
: Up to 70 high capacity 

removable drives. 

Hard Drive Options 120 Mog 10 10.0 Gig 
can:w.f ...tsu, l~OI. Mie"OOOls. !.eaQale. O.JOl'ti.rn. 
Howtort Poctora. Wmtem DQ1a Cd OOOUI CD-QOM 
cn::lopllicO'O'lvtll 

Rack Mount Chassis 

Sl<W9From 
$450 

Rack Mount Monitors 
14' .28 ~I/GA color ()I) 
Roar CRT COVOI . 

\1?~~~ 

$785 
Rack Mount Disk Array 

1~EGATOWER 
- Dimensions: 

25.5~ x ll" 
x l7. 'Col 

• 2cotoropllons: 
Block. 2-Tone Beige 

- Lockable Doon 

=~1~1' 
=~~Clbk>~ 
- Sld<>-ln Dltve Rolls 

• Hol Plug Pwr Supply 
• Hot rtug Drives 
• EochDrivehosown 

Power suppl\! 
• Foul!Toiefonl 

: ~= 
• VotlobteSpeedFons 

@(bc(b(bj@@ MHz 

486-33 - $ 998 
486-50 - $1160 
486-66 - $1283 
486-80+ - CALL 
Pentium - CALL 

System Includes: 
Intel 486 CPU Upgradeable to Pentium 

based processor with Intel Pentium 
Overdnve ready ZIF socket. 

Progromoble Flash EPROM (optional). 
Easy to configure frequency synthesizer. 
256K Cache (Exp. To 1 meg) 
Five 16-bit Expansion Slots 
Three VL Bus / 32 bit slots 
4MB RAM(Upgrodoble to 128MB) 
IDE HD/ FD Controller with 2s/1p/1g 
1.2MB or 1.44MB Floppy Drives 
1a1 EOhonced NMB Keyboard 
7 Boy Mighty Tower (Beige or Block) 
2 Low Noise Cooling Fons with filters 
300W UL CSA Power Supply 
Block Mouse/KB/Monito r Op tions 

486 EISA System 
CCSI 486-33-$1198 can tor 
CCSI 486-50-$1374 AMIPricing l 
CCSI 486-66-$1497~~ ...., 
Configured As ~ 
Above 256K S> 
Cache On MB. ~~ 
8 EISA and "! 
I VLB Slots 

• Sound Blaster 16 Discovery CO Klf 
w/Duol Speed CD l?OM & 5 tltlos 

• CANON RC-360 & RC-570 Cameras • MATROX mulllmodkJ prOducts 
• SLIDE SCANNERS • ALDUS PHOTOSTVLEI'? 
• DIGITAL FILM RECOOOEl?S by PolOlold • lmogo Q MulflmOdlo Software 
• BRAVO SHde Maker by Po&oroki • MULTIMEDlA EXPLORER f Of Wtndows 
• UMAX 24-btt 6CXJ· 1200 DPt CciOI scanners • ANIMATOR PRO 
• COLOR POINT CH4104 6MB RAM A -Size • 3-D STUDIO (wllh systems only) 

: ~~~~~ '2:'i,eo~~,~~~sr J40MS access) • lV Eridge Protessk>nol CVGA ·NTSC> 
• PANASONIC CR562 (320/JOOKB) • TV Bridge External CExt . VGA~NlSC) 
• 10SHIBA XM3401 (200MS/327KB lronsfe r) : JVC HIRes C omCordor (410.CXXl Pixels) 
• Sony & JVC CD-ROM Recorders ShodowPro lmooe d o lobase soft ware 

Call for Pricing 

• Up lo 256 MB 11AM onboord 
• Up lo 5 l 2K write-bock CACHE 
• 12 32·BIT EISA Slols. with 8 Bus master slols 
• Supports 486-33, 50. or OX / 2 66 
• Made In USA 

EISA Bus486/ P24T CPU Cord 
The UltimateSingle Board Computer 
(ISA ondPC/ 104 Versions also ovalloble) 

~M<:uePort • J2Blt8SA/PentlumReody 

• Upto 128 MegRAM/ I Mogcochomemory 

• Ccmpalible wllh PCXI EISA Sockptone Slomtord 

• Reloble design b ldool f0< lnduslllol opp.lcallom 
~~~~~~~~~~~~~-

EISA Bus 14Slot Backplane
Si.pporlsE&\ andPCXJ stondatdcords 

ISA Bus 4-20Slot Backplanes 
4.5.6,8. 12, 14. 18, /t20'1olconllQutatlons. 

Segmented vook>ns olso ovol/oble. • . 

19" Rack Color Workstations 
• Easy OCCO$$ IO bOOfdS. power suppty. and d..sl< drtvos 

• Holds up to 7 full IOngth beards 

• Cooling Ion conlrolsoperallng femperorur e of bOOrd) 

• BuUt In mombfOno keyboord and keypads/ oxlo1nol koybootd pon. 

"Power 
For d emanding T echnoW12ordson fhe go! 

386 and 486 EISA, ISA, or VL 
MofherBoords Available 

6 E xpan~on Slots Color LCD ond co101 

3Drive Bays Portable Syslems 
LCD &Gos Plasma Now AVA1LAeu1 

Coses Available 



EMBARC Unlocks the Potential of Your Personal Digital Assistant 
At EMBARC, we've expanded our wireless reach to include today's newe t, most portable class of computer - the personal 
digital assistant! Now, a wealth of wi reless news and information comes straight to your PDA over the EMBARC wireless 

network. All you need is the EMBARC Motorola NewsCard wirele s data receiver. 

Yirrually anywhere you travel in the .S. and Cm1ada, the EMBARC wireless network keeps you sharp and 
productive with a broad a1Tay of subscription news and infom1ation services. Dozens of ubject options from . uch 
leading sources as USA TODAY. REUTERS and lNDIYLDUAL Inc. keep you up 10 speed wi th everything from 
financial market updates. to industry-specific news to sports and weather. Plu . you ' II be on top of business with 

full-text wirele E-mail and file Iran fers from your office. 

llie EMBARC Motorola ewsCard fits many of today's popular PDAs. including the Casio Z-7000. 
Tandy Z-PDAand GRiD 2390. and operates for a fu ll month on one AAA banery. For a mere '249, it turns your 

personal digital assistant into a wireless wonder! To learn more about EMBARC wirele s ervice for PDAs, 
and to ask about EMBARC compatibility with other 

plat fom1s, ca ll 800-EMHARC4, Ext.330. 
P. .Mot0tola Md NcwsCmd nro rcgiSIOfod hndom..1'11.s ol Molorol..1, Inc. 

All olher names Md products mcntlonod nro tho pfOporty ol lhclrrospoctivc orgnnlzalions. 
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Rackmount Monitors 
• 9" to 20· Diagoruil Sizes 
• Monochrome or Color SVGA Monitor 

• Monitor Kit for Desktop MonitoN A"11ilablc 

Rackmount Keyboard 
•Full Travel Drawtr Mounted 101 Keyboard 

with Mouse Holder 

•Membrane IOI Kcybo tu d 
•Kc)'bonrd Drawer for Full Size 10 1 Keyboard 

Redundant Power Supply 
• Designed to provide continual AC Power Source 
• Zero System Down-time 

Appro International, Inc. is 
dedicated in providing our 
customers with top quality 
products, unsurpassed service 
and support at an extremely 
attractive price. With extensive 
experience in the rack.mount 
industry, our representatives 
can offer a wide range of 
products to fit a variety of 
customers' needs. 

Industrial Rackmount System 
• 286, 386, 486 ISA/EISANESA Sysiem 
• 9" Monochrome or JO" VGA Color Monitor 

• 3 External and 2 Internal Drives 

INTERNATIONAL, INC. 

800-927-5464 


Rackmount Enclosures 
• 20 Differe nt Models 

• Designed for 8, 12,1 4,20 Slo1 Board 

• Up to 8 Drive Bay &. 600W Power Supply 

• Rcdundo.nt Power Supply (Optional) 

CPU Cards 
• Designed fo r the 16 bit 32 bit VESA Local Bus 

• Upgradeable from 386DX 10 486DX2 66MHz. 
• I MB lo 64MB On-board Memory 
• ISAIEISANL Bu• Bnckplnne • 3 slo110 20 s lo!S 
• Segmen1ed Bnckplnnc (Oplionnl) 

Hurd Drive Enclosure 
• Designed for 4 Fu ll l-leighl or 8 Ill I Drives 

• Up lo 600W Power Supply (T'"' x JOOW PS) 
• Rc<lundnn1 rower Supply (Optional) 

We provide a wide range of 
rackmount enclosures, 
monitors, keyboards, Single 
Board Computer (SBC), and 
backplanes. Whether your need 
is to ruggedize a current system 
or acquire a completed 
rack.mount system, APPRO has 
the solution. Call our 
representatives for more 
information on our rack.mount 
products. 

2032 BERING DR. SAN JOSE, CA 95131 • TEL. {408) 732 - 6091 • FAX (408) 732-6095 

Circle 234 on Inquiry Caret 
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· ~PERSONAL COMPUTER MEMORY 

AST
EYI IBM EW Pr....., 

1.MIRAEnttrprl!O Ja6, tt..dla 386, lprm!O 386 iol oodrl•I 4MB IO llll·OO I _ . Sil? SM! IOllll·OOL 1369 
lM B /VA ···········---- 594 !MB H/A ······-······ 1329 ru. Moohotton lMP 

~EW I.MIRA [nltrprl!O 416, Hwdlo 486, Sprln!O 486 Ion modrhl ·N • ., 16M8 IO l143·001 ..• ··········-······-· l;]I 
4M8 /VA •..........••.. Sill 16.118 H/A -······- 1619 Br"o 3/211

Pl / 1 786, 3861X 7M8 l0l710·004 --·· 196 8M8 100371·007 •. 11 19 
lMI 121m1 __ 18l wa 12m14 ._ 1161 AdvM'ogo!so3:iW&~0;~~t"r1:i'·~/i~~.~ll' 

Pl/1 '"'~'"'· [n,.1Mi. up«t nood~, ,43, ,u, Adv•togo! Pn 4860X/l3; IX /21, 1,.,, 1c 4/71• 33; 33'; 
PS/VofHpat d .odds uctpt Cu Hfin Sot 4/Ud 

<111 111rno _ 1199 100 mm1 _ 1439 lMl 500911.001 _ 11t uu SOOt11-0oi_1119 
Pl/ 1 Coo...lut, [nHt;d. bp«t •°"" ,76 r..-m /71; 33; 331, Pr.-ll ll6IX/ 16; 70; 71 

1 
11111 r.o 111rn1 1639 .~.,.imns, "' :,;~~·:.. 4/33; m 1N

Pl~l~/286, 30/ 786, =odoi>trr 1491l.S9 ";ti- 4/25; llll S..Vs001f~~l lO-OOI __
181 169 

Pl/l lllX; II, 401X. so~ ISIX; LI, 6SSX; II, 10, Xl totioo ~Ji;'Jt; l~l~~.!.:.1:lttriit4:6'.iit"1~~lii, 
P1~~170.!i~!i;i2i~ ~;~, Pl]~~..,:~~ntollt 33; 331; 3311. Pr.- II 386/71; 33, 486/ 3!, 486SX/70 

hpttt inodth a 11, • 13, 1 I•, PS/ VoNtpokll Cu i triti Pr:;m 
5s:1~~!/_~ Sl79 8.t.18 SOOJS0-001 ... $jS8 

PS~~1mx; 11, 401x. ss:~'.~865sX:·iS~i5;;~~~··;5/16 
Compaq 

Yol,.po~t Cu urlH, odopttr boord 3413011 "34fl077 Pr;~;" 31~~~~.~17~~- 189 !Ml 141 147.001 _ sm 
4MB 34Fl9lJ" 11f!!l7 ·-····- 1111 ProUnra 4/ ll" 4/ 33, 4/ SO 

Pl/7 311X; LI, 401X. Pl/YoMpoiatC.u nrk• IMS 141617 00I _ 139 7MI 141683·001 -· 96 
1111 MIOl19 ------· 1314 4MB i.1614-001 _ 1111 lllJ 141611·001 _ S314 

Pl/7 90 IP, 91 IP, PIS i,c;rsL 16, II lol), Pl/ I Pro M! l73 O.dPro 386-70, 70., 71 
lM! 64l0907 ------· 116 4.11! 113137.001 _ 1110 ~Ml 113641·001 _Im 

PS/7 90 XP, 91 XP, P7S {poos), 16, SI {olil. O.slPro 3861/ 16 
PS/ I Ct•who•t, lsSftlriG, hpm mod~ls 111, all, 114, Ul.I lll.SJ.4-001 -· 5180 4.lttl 113U4-001- SlSS 
Pl/I Pro 1'12173 OtM" 3/71<33',4/2~1; 33<66l 7161C; ll6H; 3861X/l0; 

UIJ 6410178 __1181 1111 64IOl]O __ l314 70H, lyst""'ollS.ri°' P0<1oblt486'.Mlnltt 

hponslon i>oordsf..SO, SOL lllX. 60, 611X :: : :~~::: =:i~: ~: ::~::: ::sfs: 
2·1Mlw/lMI ll91219 ---- 1199 

4
hponslon IH1dl I« oll modth 10, 80 Pr~~~ ~1:'.C:: 1 ~~!!;Dl7~~!1 H9147.001 . 11180 

416Mlw/ 4MB 3413011 _____. 1311 0.slPTo 386-33, 486·33, Syu..,Pro 
Dell lM! 115144·001 _ 199 IMS 111111-00l _ Sl/9 

Powtr Otsltop 3710; P, mo. 333P, 433P, 486P, 4160 Hewlett· Packa rd 
11 161NEW ,,~~:u..~~~;11on 420;~~1; o~1•S0:3i~~~ii~4ii~:' v~~; ~ ' 2DPC. 

11,~~i7~~t~~-- 11s9 
7MI 310·7466 --116 m 310·2468 - llil Vtd" 386 / 16H, 386/70H. 386/7SH PCNEW ,,....u.o w..11101ioo470;471; 433; 4I0;4SOSl /7.46611 7Jol8 02~ou __1t1 1111 024ou _ 1310 
37MBLt 310.7630 ------ 11780 Vtd!O 4861'<; 711; 331; 481n/ 70; 4/ 7SH; 33H; SON; 66H 

Prrl........ I, ~ 'M ..... 7M8 onsu __ $76 l~I 07117~ __ 1314 
IMI llO.Jnl --- 1181 16.llB 310·ll11 _ 16411 Vtcllo Ja6/71; 486/7l U; 486/ llU; 486/IOU; 486/ 66U 

ptrf.,190M• MlttriH 2MI D2!11l ,__ $76 BM.I 021 S2A -~~ 
4M8 310 3334 - 1111 &~B 310 3331 __ llll Vtc111 486/71H; 416/33H; 486/SOH; 486 / 66H• h 16MB D7616A •••____,._ 1640 

Zentt f{fW Vmro 386 / 33H; 33HI
NEW l-300/ 400 lrrlt1 z.120/ IX. l-471/ IX. Z-433/ 0X. l ·Ol/ ll 2MI 021141 ___ m !Ml OllllA __ 1310 

4MI Ml-100 -- 1111 16.\IB Ml ·90 __ 1640 NEC 
1NEW I·~;."~~~~ m1>1, ;:::· ills .1.101 _ 1311 m~47141~~~;6__ 111 1 16111•10.11003 _ 1641 

z-:~:1oo !~~~~4701~~1,:lk,~:°"u~~:~ ·NEW R~ 41t:3_1___ 1191 16111 '-/A __1149 

I m tl z.316/70; 71; 33, 331 PownMott 786/ 17; IX/16, IX/20 
IMI l.0800fl.l _ 139 4MI l.l3!00lll _ 1111 lMI 0 OP~ I Q.llOl 196 

Zm tl z.Jl61X/70, 786LP.. HI '0i.S~u~0 
OP-410·1101----- 1119 

2MIO /.60S.I -·---- 19! lMBbp. ioTd DP~IO·llOltJI0] ___ \180 
1°:1~: 48~1:i:27~..• 11 81 16MI IA4700MI -. 1640 Po7;jM'~p34~~~~~ :~i'ii' Ir, ii:a1"oP~I06706. l!l-0 

lnlemol Dalo/ Fax w/ MHM , V.42/V.42bh iilffi!~1:; i•l iJ.:t:c•i i ~ :r•I•l tlt&1 tSt-1 w 14,41X1JpiJIX/J.lodtm --·--·····-··- ·······"- 1411 
AST NEC 

Powtt(uc 4/2SSl 4MB -·- ­ 1119 
16.\18 __1169 

EW UltroUlt v.... 1.n modth) 4M1 ·-··--·-·- 1119
JMJ __ ;m 

NE 

Pow t<hll 3/2SI~ 3/ 251l-(, IL 
Pttri.. luc 2!6, 316SX/20, 25, 25( 

Compaq 
Cootwt 3/20, 3/71, 3/71< 

"""" •121 ..oo 

4M1 __5119 
00 __1149 

00 __1111 
ljj! __ 1321 
4.11! __5119 
lllJ __1311 

UltroUtt & CtWor wor•1101ioa SX/20 

UltroUlo 11\ ll/ 21C 

UltroUlo ll / 70, ll/70P 

PTolpttd 786, 3861X / 16 

lllll !l l w6111139 
lJoll __._ llCI 
1.111 __ \lll 
lJoll ___ \119 
4MJ ___ lll9 
7M1 __1111 
IJIJ __ lll9 
00 __ 1111 

111786 7ML .__18! Prolpttd 386 lMB .--1119 
4MB __ll79 IBM 

1113861 / 70 4MI --·-······ Sll9 EW MISRA lrrko lMB...--·-·· 1117 
111Lit•20; 71; 21, 21 • 4MB ....•........• 1779 ThinkPod300 lMl ............... 1119 

!Ml ....•....•.... 1391 IMB .......•..•... 1319 

111 Llte4 / 71< 

Ill 286 

16.118 _ ._···· .. 1199 
4MB ..••,_..•.. 1701 
IM! _____,_ 1399 
m . __._ sm 

Pl/ 2 CLSllX ond TMnlPod 100, 
100, no,noc

EYI ThinlPod 1101 

4MB ..•............ l7'l9 
IMB --.. ­ 1319 
!MB --..- .. 1119 
IMl .___ 131 9 

1113161/70 
Toshiba 

1100011 /U/X~ 7000, 7000SX; IX., 
T7100SX. 11800 MriH 

moox~ 1600. 31001 
1llOOIX. 3700SX. IXC 

m __Sl99 

7M1 __599 
Ul) __ 1111 
1111 __1329 
lJll __ 139 
ll11 __139 
41!! ____ 1169 
:uu ___ 1119 
lMl •••._,...­ 189 
4Ml ............. 1169 
!MB .............. 1399 

NII Hotrbool llll lMl -.--1!9
00 __ 1111 

l4 0IX. H33IX. Pl / Ho tt 112 4llJ ___ llll 
lmX.Pl/Hotr ll7 IJIJ __13;9 
PS/Hatt N4S~ UlJ __ \19 

Texas Instruments 
TrmlMctr 3000 <• modrls) lMJ ___. 119 
T11rtftMa11 .4000 (al models) <ltl __ Sll9 
TravtlMale WmSlC/2 S 7ftl.J __,. Sl19 

Zenith 
Z.Utr370L 
Z·Hot o 320L J20Lb, 371~ 37Sl1 

lMB .....­ .•.•. 1119 
lMB ........•...•. 1118 
!MB .............. 1314 

NE 

T4400, T6400 (oH mod1l1) 

moo. moo,moo,moo 1• modthl 

16MB .............. 19ll 
4M8 ·-··-·-·· l709
&•8 ____ 1399 
16.111 ___ 1699 

illl Ul"'I 1419 

Z·No1e 42SStrle1 
Z.Spofl 4701, 4711 
Z·Sport 32SS 

Mo1ttnPofl l36S~ SlC. Sh 

fMBl33'ol!J . ISi! 
<ML.••• - .• 1118 
l!Mi _._ 1111 
4MJ __ \1!4 
lMl __ l!IJ 

14.IU ll J.-1 SIJ 1t 1Wrtr~Pllf1 3'6SX lJll __ \19 
11100 
moo,m00; 1s2ooc. moo 

7!13 __131 
ll!! __189 
w __ 1311 

ltprnP0<1 IX; 786t: ISmsPO<t 
S-,.nPDft ?U; 2!6t 
s.pt11Pott 28br, Sli.U'otl 

lJll __ llJ9 
tMJ __s•t 
4MJ __ Sl!9 

IMh 9·1Dnli9rDJ>l - 14i 112K'36101lli81 ---· 116 
4Mh 9./0ni --- 1111 IMS. 36·10 (4M81 -.- 1111 
16Mh 9·10.. --· 1191 lM! '36./011.1111 - 1314 

For Laptop and Notebook Systems. 
PCMOA 2.0 Da1a/ F01 with XJACK 

14,41X1JpiflX/Modrm _____ ' ' . Sm 

l4/l61X1Jpi llX!Modtm ·---·-···- --· 120! 

"Mainstream Choices!" 

MiaoScan/J-Y'JJ 
• Miuol"' l it, 14", 0.78"1, 1024•168 Nl @llH1 
MKro~MtslOl·boltd i!iillll r01ttols, lOK·60KH1 ······-··- . 1319 

• Mi110l<.. 4G, llill, 0.71mi, ll80•1014N1 @60H1 
UiJoprMn"'-boltri "9to1101ools, JOK.64!Ht -- 1449 

• Miuolcm I.I. tnll, 0.76na_ 1780•1014NIC 60H1 
IOOopr~'""·i...dd9Jol 1""'ols, lOK·Mllh -- 18&9 

96/ !IOObpi flX/Modrm - ··-···-·----·-··--····-· 139' 
14/l!OOl>pi JAX~ ----·-····-··-----····-- l!O! 

Podtt Modems for ony serial parl 
14,400lpiflX/Modtrn -------·-·--- 1311 

• 96/!!00l>p. flX/llodn 1711 

\~Q C~U UPGRADES 
Sl / Howl Ja.au1.1w• 

llMH11111 - .• - 116! JlJIHrllll ----1199 
SlC/ How! t.MO'UU,,._.. 

1lMHtlllCI......•.•.__ 121! IOMH1 lllCI ..•....._ .•... 1199 
486/Howl 4l•CPUU,.,.M 

llMHtlSll •...•.......•... 1399 llJIH1IDll .-.........•... 1179 
MCMostcr .&1•cruu,....1t 

!IMH1(lll •.._....,_,_ 1m l'lllh4M8o!d . ............_ 11s1 
llJIH11Dl1.---·-- 19lt W11h8M8oll __ .. __... lll4 

LASER MEMORY 

WE SRTHE STANDARD: 
• 100% COMPATIBU IN FORM, ITT, AHOfUNCTlOM 

• AU PRODUCTS USER INSTAUABLE 
• INSTAUATION INSTRUCTIONS INCLUDED 


WITH MOST MEMORY PRODUCTS 

• FREE TtCHNICAL SUPPORT 
• MANUFACTURER'S WARRANTIES 
• CORPORATf PO'S, APO/ FPO'S WELCOME 
• GOVERNMENT AND EDUCATIONAi PRIONG 
• INTERNATIONAi ORDERS WELCOME 
• SPEOAl VOLUME PRIONG 

· SAME DAY SHIPPING 

• OVERNIGHT DEUVfRY AVAllABLI 
• VISA. MAmRCARD, AMERICAN EXPRESS, 

AND DISCOVfR ACCEPTED 

• NO SURCHARGE ON CREDIT CARDS 

DOMT SETTLE FOR LESS! 

TOll FREE FROM USA & CANADA 

l: IiI•~I•I•J1: f.t.1 
INTERNATIONAL ORDERS 

714·448·7750 
FAX ORDERS 

714·448·7760 

Business hours: 

Monday· Friday, Bam·Spm, P.S.T. 

Saturday, 9am-3pm, Onleu Only 


E 
t:ll 

Mail or lax orders to: 

Finl Source International. Inc. 


7 Journey

Ali1a Viejo, CA 92656 


Coma UP-4, 4Utt, 4Plin 
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IBM lou r 4029 all mo4d1 
!Ml 118J33L....•_ l96 4MB 
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IMI 10014101._ 16/ 7MI 

PtH$0flfc44 10' 4430 
2!11 U·n44 _ \Ill <Ill 

hmosoek 44Sot l 4420 
lM! arm _ 11n •Ml 

Tun lu~l1 Miaolastr .cl Xl 
111i 1111m-0001 _ 146 w 

H/A ___l l4J 

IU1360 __ sm 

"1•---1111 

xifta:lolJ116o°Ollll 
Cl0l6A ···--·-·· 1314 

334111 ...•.....•. 1111 

334418.. ..._ ... 1191 

llillll ...--··- 1117 

H/A ___lll16 

H/1 ___1191 

fVA___1111 

2ll0012-0001 _ 199 
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comPAaNotebooks 

All Prolinea systems are Local Bus
Thlnkpad 750C 486Sl/33 4/170MB ...................................CALL 


Thlnkpad 750C 486Sl/33 4/340MB ................. ..................CALL 
 Prolinea 4/25s, 4/120 MB Win .... .............. SPECIAL 

Thlnkpad 750Cs 486Sl/33 4/170MB ................................. CALL 
 Prolinea 4/25S. 4/120MB/240 MB Wind+ ........................1189/1357 

Thinkpad 750Cs 486 SU 4/340MB ....................................CALL 
 Prolinea 4133. 4/120 MB Win+...................................................1542 

Thinkpad 750 466Sl/33 4/170MB .....................................CALL 
 Prolinea 450. 4/240 MB Win+ ...................................................1965 

Thinkpad 350 466SL/25 4/125MB.......................................1899 
 Prolinea 4166. 4/240 MB Win+ ...................................................2153 

Thinkpad 350 466SL/25 4/250MB.......................................2310 
 DESKPRO 4/33M,41340 MB Win ...............................................2978 


F°h,)111 HE W LE T T Thlnkpad 350C 486SL/25 41120MB...........................•.........2465 
 DESKPRO 4/SOM. B/240 MB Win ...............................................2932

ll't!.11 PACKARDThlnkpad 350C 486SL/25 4/250MB.....................................2871 
 SYSTEMS DESKPRO 4/66M,B/240 MB Win ...............................................3157


Thinkpad 500 486SlC2/50 4/80MB.....................................1915 
 Ne1server LM 5/60 mdl 1................ ...........................................5350 
 Concentro 4/25 41120 MB/250MB ...................................1450/2650

Thinkpad 500 486SLC/50 4/170MB .............•.......................2395 
 Concenlro 4133 41250 MB ..........................................................291o
Netserver LM OX2/66 16/535MB ...............................................4850
PS/ ValuePolnl local Bus systems Contura llolebook 4125 4/120 Win .............................................1695
Netserver LM 5/60 16/1050MB .........................•........................6550

6381EV2486SX/25 4/120MB............................................•1099 
 Conlura Nolebook 4/25 color. 4/120 Win ..................................CALL
Nelscrver LE DX2/66 8/535MB....•.... ......................... .................3650
6381EV3486SX/25 4/212MB........ ..................... ................1199 
 lTE Lile 4/25E, 4/120 MB/209 MB ....... ..........................speclal CALL
All Vectra Serles ••••••••• •• •••• .••••.•••. •• ••• •••••• .. •••Speclal6381EV8486DX/33 4/120MB.............................................1349 
 LTE Lile 4/33C, 4/120 MB/ 209 MB Win............. .......................CALL
Printers6381EV9486DX/33 4/212MB.............................................1549 
 NEW RELEASES6382 f50 486SX/25 4/245MB .............................................1306 
 HP 4/4M ....•.••....................................................................1344/1830 
 Prolinea Mini Tower Serles6382 K30 466SX/33 4/120MB ...................................•.........1299 
 HP 4SIMX/4SI .......................................... .........................3567/2850

6382 KSO 466SX/33 4/245MB .............................................1465 
 Pro!inea 486/33X 41270 MB/370MB ················-··-······-··-·····-CAll 

6382 M30 466DX/33 4/120MB......... ............ ..................1499 


HP 1200C/1200C/ps....................................•....•................1360/1 850 
 Prolinea 486/33S COS 4/340MB ................................................CAll
HP 550C/500C ........................................ ..............................559/385 
 Prolinea DX2/50 4/340MB/525MB .............................................CAll
6382 M50 486DX/33 4/245MB............................................1654 
 HP 4U4ML ............................................................ .. ..............659/980
6384 f30 486SX/25 4/120MB .............................................1239 
 ProlineaDX2/66 4/340MB/525MB .... .........~ ..........................CAll 

6384 f50 486SX/25 4/245MB ... .. ........................................1386 
 HP Scan Jel llP/11 CX ............. ......................... ......................680/899 
 Prolinea DX2/66 CDS 4/340MB ·········· ·······c(···CC.... .... ..........CAll


HP 4P/4MP .........................................................................950/1325
6384 M30 486DX/33 4/245M8.................... .. ......................1580 
 Oeskpro XE Serles (3 W 

6384 M70 4860X/33 4/340MB............................................1868 
 HP Deskfel 310.............................................................................299 
 Oeskpro XE 486/33S 4!170MB ··················w --lf:··················CALl
6384 \V50 466DX2//66 4/245MB ........................................2050 
 HP Portable ............................................................................Speclal 
 OeskproXE DX2/50 4/340MB.....•...........- a;-- o ·-···········-··CAll

6384 W70 466DX2//66 4/340MB ........................................2199 
 NOTE: All HP products available. Oeskpro XE DX2/50 CDS 41170MB............U)-·······--····-·······CAll
6387 M70 4860X/33 4/340MB...........................................1945 
 Oeskpro XE OX2/66 4l270MBf.i25MB .......................................CALL
6387 M90 4860X2//66 41527MB .........................................2676 
 TOSHIBA Deskpro Serl es IP•nlium models)All models include local bus graphics, DDS + Windows + 

T1900 486SX/A 4/200MB ...............•..............................................1725 
 )Oeskpro XE 5180B/270MB/525MB ...........................................CAl l 
mouse. Also upgradable up1o Pentium. Ali PS/2 models are 

also available . Cali lor prices. 
 Deskpro 5/60MB/270MB/525MB..............................................CALL 

Pentium Models (New Release) 
T1900C 486SX/A 4/1 20MB/200MB ....................................... 2120/2299 


Deskpro 5166M 8/525MB................ ....................................... ....CAll 
Servers 

T4600 486SX/33 4/120MB/200MB ..................................... ...2275/2499 

T4600C 466Sl/33 4/200MB/340MB ....... ....4099/4399 


6384 model 189160/0 16/5274MB ................... ....................call 

6384 model 189 P60/0 16/424M8 ........................................call 


Proliant 1000 DX2/66 model 1...................................................CAll 

T1950CT 4860X2/40 4.120MB/200MB..................................2850/3039 

T1950CS 4860X2/40 4/120MB/200MB ............................ .....2499/2699 


Proliant 1000 5/60 model 1.......................................................CAll 

T1950CT 486DX2/320 ... .................................. .............3399 
 Prolianl 2000 OX2/66 model 1...................................................CAll 


Proiianl 2000 5/60 model 1... ............. .......................................CALL
T6600C/T6600COIT6600COV .........................................................CALL 
(New releases) 

~ ~ N 0 V E L L SPECIALS 
Prosignia OX2/66 model 1.........................................................CAll 

Netware 3.12 Prosignia 5/60 model 1..............................................................CALl
Netware 4.01 T3400 serles .•... ... .. ... •............ •..•... .. .........•...•....•.. ...•.• CAll 

5 users special 5 users ....................specia l 
 Win:MS DOS 6, MS-Windows 3.1. CompaQ Mouse 

10 users . .. ..... ....... ... .. 1299 10 users ..... .................1720 


T4700 serles....•.... ......... ......... ...... ... .......... ....... ......•.. CAll 

Win+=PFS: Work~lndows, N10 tloppy drives.DOS.Windows, 
mouse, Modem, Prodigy 

TEXAS INTRUMEHTS 
25 users .. ...........1875 25 users ...................... 2750 
 T4000E DX2/50 4/200MB (aclive color).......... .............3699 


CDC= These models Include sound card +CO ROM drive50 users ...... ... ....... 2459 50 users .. ..... ...............3550 
 T4000E 4B6SX/25 4/120MB (color) .............. ...............2099 

100 users ......................call 100 users ......................call 
 T4000E OX2/50 4/200MB(mono).............................. ................. 2655 
 HP , AST & ALA
We alSo provide lnslailalion of complele Nelworl< NEC (ullraveru active color) 

ALA EVOLUTION VO 5/60 MDL I...............................................call
syslem. Buy complelo ne!Work system & get qualntity Versa 466SL/25C 4/120MB/180MB .......... ........................... 3730/3955 

AlR EVOLUTION V560 MOL I ..........•................................•.....call


iscounts_,__d_ ___ _ . --------------4 Versa 486SU33C 4/180MB............................... ....... ........ ....4220 
 AST PREMIUM SE P/60 MOL I .............................................. . call

VERSA ESERIES (new release) .......... .... ............. ...... ... .. ... CALL 
 call lor other models wllh larger hard drives 

ADAPTEC CITIZEN EPSON MOUNTAIN 	 TEXASWE 	 HOUSTON INSTRUMENTS
BOCA 	 INTEL HAYES KINGSTON INSTRUMENTSSTOCK: 	 US ROBOTICS

CALCOMP CREATIVE LABS MAYNARD LOGITECH 	 MEGAHERTZ 

NetworkHard Disks Tape Back-Up PRINTERSMANAGER Drives 	 Epson Los10111 10 .........465/620 

Epson OFX 5000 ..................1355 


Conner AccessoriesSPECIALS120/250MB ....................... call/249 
 NE1000 8 bit COAX ..... ...........89 
 Colorado Epson DFX 8000 ........... .......2257
340/540MB .. ... .......... ........330/475 
 NE2000 16 bit COAX ............115 
 Jumbo 1201250 ln1 ... .......159/185 Epson Laser 1500 ..................675
NEC 3FGe/4FGe ........ 620/720
1.2GBB .. ............. .. ..............special 
 8 biV16 bit COAX...... .........49169 
 Trakker 1201250 Ext .........305/359 Epson Laser 1000 ..................635
NEC 5FG3/5GP.....1120/1399 EtherExpress 16C ......... ........11 O
Quantum Syquest Epson Stylus 600 ...................340 

245MB....•. ............ ... ... .....•..... ....call 
 NEC 6FGP ...... ... .......... ... 2420 
 4 porV8port HUB ...............CALL 
 OKI ML320/321...............315/440 


Arcnet 8 biV16 bit .•...........59169 
 88 meg kit lnl/Ext ............525/825 OKI ML590/S91...............440/585
340/540MB ............. .... .......345/610 
 NEC 3XI inVext....... . speclal 
Arcne14/8 port HUB ......160/215 Mountain OKI OL400C/810 .............525/829
1GB .. ....... ............................ . speclal 
 View son ic 20 20' ...........1775 
 FS 1200 Plus lnUEld ....1597/1799 Panasonic44501 ....................850


Maxtor IBM SLC Mother Board GRAPHICS CARDS Powertape 2GB lnUExl... .934/1076 Panasonic 4430 .....................675 

120/245MB '. .... ......... ..... .....1691245 
 O Wanotek Canon BJ 10EX/200 ........250/310
50/66n5 MHz....250/3201720340/540MB .............. .... ......310/575 
 &CONTR LLER wanglek 525MB ......................675 ~a~o~~c~2i ·x: ·;·505j· ·· ·· ···"1 ~~~
1
1GB.....•........ ................ ........special 
 Adaplec 32bit IBSA ................ 399 Wangtek 4GB .........................1075 o a ············ 


Adaptec 1542C kit 255 	 Citizen PN48....•......................230
Mlcropolls SOFTWARE 
Adap1ec 2842 VLB.~i : : : : : ::: :::::285 --------M- u -lt-i M_._e_d_i_a--------t1712 4GB .......................•.......... call 
 Windows NT...... ...... .... ...... .... 300 


168
Adaptec 16 811 ISA ................. Creative Lab Edutainment Kit CD (Upgrade kit) .. .................... call 


MS Office ... ..... ...................... call 

Windows NT server ..... ........ .. call
We Carry all Brands 

Orchid IDENLB con1rollcr ........ 85 Sound Blaster ... .... .......................... ..... ....... (call for new models) 

Diamond Sleailh 24 ........ .......173 Video Blaster ............. ...........................................•...................335
MS Office Pro ........... ... ......... . call 
MODEMS Diamond Viper VLB 2MB .......389 Video Spigol for Windows ........... ............................................405 


24/9600 FAX ........ .... ............. ... 59 
 2 378
Lotus Smart Suite .. ............... call 
 ATI Ultra Pro EISA MB ········· Pro Audio MultiMedia System 11 .. .. ....... .........•..••.•.•... ..•••.•.••••..899

All Ul1ra Pro 2MB ISA ......... ..336
Lot 4.0 Win .... ........... ... .......... 299 
24/9600 PCMCIA .... ..............• 310 
 ATI Wonder 1MB/512G ... 12411 1o Fusion Double CD 16 inVeld ................. ................................... call 


Satisfaxion 400/200 ........ 299/251 
 PageMaker 5.0 ...... .. ............ .. 575 
 Ali Uilra Pro 2MB ISNEISA... call Pro Audio Spectrum 16 ........ .. .................................................175 

WordPerfect ... ........ .. .. .. ....... .. 299 
 call for o1hers. like Matrox, #Nine , Sony CDU 535/540/31 ·A ...........................................275/345/189 


Call for Intel, Hyes, van1el , AT&T elc. 

14.4 FAX PCMCIA •. ........ ..special 


Ultra slor, we carry all produc1s Toshiba TXM 3401 i ~~W:· ;(l1"1i"iiln.iis .Avaffaiiiii ........................call
we carry all sottware packages 

Corporate Accounts 


Volume Discounts 


And 


Consultant Orders 


Welcome 


Computerlaneinc. 

Outside California: 1-800-526-3482 
Inside California: 818-884-8644 •FAX: 818-884-8253 


7500 Topanga Canyon Boulevard, Canoga Park, CA 91303 

Hours: Monday - Friday 9 -6, Saturday 10-5 


Compaq Is aRegislmd Trademark ol 

Compaq. IBM is a Regislrered 


Trademark of lnlemational Business 

Machines. 


All QUOTED PRICES REFLECT A 

5% CASH DISCOUNT 


Visa. Mas1erCard and Ameriean Express 

also accepi.d 


Prices subjecl 10 change wilhout notice. 
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Recognized as the two best 

PC-diagnostic tools on the market. 


NOW AVAILABLE IN ONE GREAT PACKAGE... 

ALL NEW VER. 5.0 

,_ ' - ,_ ,· ' 
M 

..........__~ 


UNIVERSAL DIAGNOSTICS SOFTWARE 

Fully operating system independent 
diagnostic software. 

..._, \ ~·1 llfil'UIORADE Recently named as PC Upgrade 
:. :~·/AV~ UTILITY OF THE MONTH Magazine's Utility of the Month. 

FUUL OPERA\llINGSYSTEM INDEPENDENT, 
BIOS INDEPENDENT; AND CMOS INDEPENDENT. 

ICRO-SCOPE Universal Computer Diagnostics was developed to 
satisfy the expanding need for accurate system diagnosis in the rapidly 
growing desktop computer market. 

e CACHE MEMORY - "Micro-Scope'' Ver. 5.0 

now fu lly tests cache memory and the cache 

contro)ler subsystem. 

e LOW LEVEL FORMAT - Ability to do 

factory style initialization of all IDE drives, 

!Ogether with the ability 10 do factory style low 

level formalting on all drives. including MFM , 

RLL, ESDI, SCSI, and all !DE drives. 

e 0/S, BIOS and CMOS INDEPENDENT ­
Does not rely on 0/S for diagnostics. Talks 10 

PC on a hardware level regard less of the 0 /S. 

BIOS or CMOS selling. 

e TRUE HARDWARE DIAGNOST!CS ­
Accuratc testing of CPU, IRQs, DMA. memory, 
hard drive, nappy drive. video cards. etc. 
e DISPLAY DRIVE TYPE - Reads and dis­
plays the actual drive paramerers for any drive 
type automatically. 
e CPU DETERMINATION - This capability is 
necessary for accurate system diagnosis on 
386SX. 386DX, 486DX and 387 and 487 chip 
implementations. Because each of these specific 
chips has its own unique insrruction set. and 
therefore cannot be accurarcly diagnosed with 
any program which cannot recognize these diffcrem:es! 
• MEMORY TEST - "Micro-Scope" 5.0 has no limitations as 10 the size of 
memory it can accuralely test. Micro-Scope now also rests up lo 2 rneg of video 
memory! 
• MEMORY EXAM INE - Displays any physical bit of memory. Very useful for 
determining memory connicts. Very useful for dctcm1ining available 
memory space. 
• BATCH CONTROL - All tests. even destructive. may be selected for testing. 
• ERROR LOGGING - Au10111a1ically inpurs errors during testing 10 an error log. 
• AUTOMi\PPING - Automatically bad sector maps errors found on hard disks. 
• IRQ DISPLAY - Show bits enabled in IRQ chi p for finding card~ 1ha1 are 
software driven. (Network. etc.) 
• IRQ CHECK - Talks directly to hardware and shows 1/0 address and IRQ of 
devices that respond. 
• SECTOR EDITOR - i\llows rhe editing of any sccror of noppy or hard di k 
media (even track 0). 
• AND MUCH MORE... We don't have enough space here for cvcryrh ing this 
software can do! 

w · 

The only Power-On Self-Test card 

you need to debug any "dead" PC! 
 ..I 

SERVICE NEWS amed as Product of the Month 
PRODUCT OF THE MONTH in th Jul y issue of Service News . 

"This is the only aard that will function in every system on the 
market. The documentationris extensive, and not only covers 

the expeoted POST Codes for different BIOS versions, but also 
inc ludes a detailed refenince to the bus signals monitored by 
the aard." - Scott Mueller from his globally recognized book, 

'Upgrading &Repairi11g PCs, Seco11d Editio11' 

e Includes pads for voltmeter to attach 
for actual voltage testing under load. 
• 4 UEDs monitor +5vdc -5vdc 
+12vdc -I2vdc. 

• Monitors Hi & Lo clock and OSC 
cycles to distinguish between Glock chip 
or cry tal failure. 
e Monitors 1/0 Write and 1/0 Read 
lo di stinguish between write and 
read errors. 

• Monitors memory write/read 10 
distinguish between address li ne 
failures and memory chip failures. 

• Monitors ALE for proper CPU/DMA 
operation. 
• Monitors Reset lo detem1ine if reset is 
occurring during POST. indicaring shon. 
e Monitors progress of POST without 
POST codes. 
e Reads POST codes from any IBM 
or compmible that emits POST codes. 
ISA/EISA/MCA . 

• Compatible with Micro Channel 
computers. 

e Dip switch allows easy selection of 1/0 pons to read. 
e Jncludes lri-state LOGIC PROBE to derennine actual chip failures. 
• Manual includes chip layouts and detailed POST procedures for all 
major BIOS ·s. 

This is the perfect package for all repair 

technicians and self-maintainers. 


Call MICRO 2000, Inc. for volume 

discounts and after sales service! 


800-864-8008 
1100 E. Broadway, Suite 301 M_ 11RD_- : 

Glendale, Califomia 91205 
=-= 

818-547-0125 •Fax 818-547-0397 

•AUSTRALIA - MICRO 2000 Australia, P.O. Box 1777, Wollongong , NSW 2500. Tel: (042) 564446. Circle 235 on Inquiry Card. 
•UK - MICRO 2000 Europe, P.O. Box 2000, Latchworth, Herts. S661 TG., Eng land. Tel: +44 462 483483, Fax: +44 462 481484. 
•CANADA - Business Data Systems. 169 Burnside Drive. London . Ontario, Canada N5W 5V5. Tel: (4 16) 777-2479 Fax: (519) 249-5420. 



TFT Active Matrix Color 
640 x 480 256 colors 

STN Passive Matrix Color 
640 x 480 256 colors 

Monochrome Backlit VGA 
640 x 480 32-grey scale 

Intel 486 SX/DX/DX2 CPU 

80M-340M Hard Disk 

Built-in 15mm Trackball 

2-hour Ni-Cad Battery 

Need the fastest Windows performer? 

High Performance Micro·lntemational HCP Model 65681M 

"If you need a notebook with processing power for massive spreadsheets and databases, to perform 
gray-scale imaging, or for other demanding tasks, the HCP 65681 Mis for you . It ran our Windows per­
formance lest twice as fas t as the Compaq LTE lite 4/25E, ... In fact, this was the fas test monochrome 
notebook in our entire test sample. The HCP 65681 M 's monochrome screen quality is the best we saw 
from passive-matrix monochrome displays ... and an excellent keyboard." 

October 1993 BYTE/NSTL LAB REPORT 

MICRO-INTERNATIONAL, INC. 10850 Seaboard Loop, Houston, Texas 77099 

National Sales:(800) 967-5667•Loca1Sales: (713)495-9096•FAX:(713) 495-7791 


$2740 for a monochrome 4862/66M system with MS-DOS 6.0, Window 3. 1. 8MB RAM. and 250MB hard disk. 
Prices for other configurations are available upon request. 

Office hours Monday- Friday 8:00-6:00 • Saturday 10:00- 1 :00 •Sunday- Closed 

Circle 236 on Inquiry Card (RESELLERS: 237). .I 



THEY WERE DESPERATE, 
OARING ANO OEAOL YI 

The relentless gunfire of 
Japanese Zeros. Gravity­
twisting dive-bomb 
attacks. Dropping 

torpedo "fish" on unsuspecting carriers. There's no room for error 
wfien you're a naval aviator in 1942, The Pacific Air War, the ultimate 
simulation of air combat in the South Pacific. 

Taking on the same challenges that World War II fighter pilots faced, 
your tour of duty includes some of the most heroic battles ever fought. 
Battles that will have you chasin!J down Wildcats,.-Onrsair- and Zeros 

CHALLENGE the enemy at the battles of Coral Sea, Midway, 

Eastern Solomons, Santa Cruz, and the Philippine Sea! 


COMMAND U.S. or Japanese forces! 


PILOT any of ten historically-accurate planes, each with its 

authentic cockpit and flight characteristics! 


SWEAT over the comprehensive strategy for all naval forces! 


EXPERIENCE the thrill of head-to-head dogfights with a 

friend via modem connection. 


in deatn-defying dogfights. Performing high-speed dives upon heavily 
defended carriers. Ana~ushing your skills to the limit as you master. 
WW II air combat in an innovative virtual cockpit. 

The outcome of the war ii) the Pacific turns upon yeur actions. 

Your task force is depending on you. And the skies are yours to © 1993 MicroProse. ALL RIGHTS RESERVED. 

control in 1942, The Pacific Air War. For IBM-PC/Compatibles. 
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CALL FOR CURRENT PRICING! 
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SJJJ~ J.llM& 12MS SCSI 2 lllll 
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sns.S>:l'-1 .QJMa 121...s sa1 2 ss98 
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c::::.:NER 
MOOR SW SlllD rm: Ml 
CP3008.a 80M1 17MS a: SIS8 
C130l o.t 120Y.A 19MS CE Sl99 
CPJOlltA 1~ 17MS OE: $197 
C1'J025.t 2'°""'6 1?MS u: sm 
CPJO.s.aD .s.&CW.8 !CMS SCSI S620 
CPl05J <tA 5'0Me I~ IOE: S630 

~ 
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1117 17'°""8 ICMS SCSI S IJA! 
2~2S (fH) 17SQJ.\5 ll M.S SOI $ 1588 
HMl(flll - ­ IMO• 1Ud IGI tlUI 

MICROPOUS reduc•a prfcl•g! 
l20S [3...5 '")_,___ 560MI 10M.S SC$1J1Df wet/7lll 
ll1Dll-51-- 1050MI IOM.S SOI/I)( taaml 
U28-1S tfl-0 --. IUOMI 14MS SCSI S109I 
IWl !FHl -~-·-..- 17'1M1 14M$ SCSI $1294 
1926 \FHi --· l lDOMI 11MS SCSI $1711 
19l6 !Ail --·~· llDOMI 11"'5 SCSI Sllll 

~ WESTERN DIGITAL 2 lW WAIUlfTY 
1:no 212M11 1JMS lS•IO( '208 
2'2~ U6Ma 12MS J s· a. S118 ,,.. ____,_ 	12M$ 

lYIDl S291 
1'10 A2~ 12JJ.S Js· a SJ7A 

~ .... 4M8 6450128 5108::::::==============::::: ~11

A~i1~~ti;;:ts:;::;~
1 1 

·. ~.
1 

:i TIAa WAHAKTY 

Sill SPUD rm Niel 
JJOMI 15MS tt U78 
113Nli 1j,M,S a S11o 
21JMA 15MS SCSI U.cO 
2~ l,SMS 1()£ 1218 
)45H.! 1.w.s roe S2BA 
S.le»i.\8 8MS SCSI/roe U98 

le<x:w.a IJN,$ SCSI $998 
11.._ uau IGI SUH 

5 TUI WAIUNTY 
5Ul SPftO ffP( COST 

;:::::.===============: 
[fD'8A~ Floppy Drives 
360< 515" l /2 Hl 129 I AA/I 2CIN"E 1139 
720!( 35· 1/2~1 ll• 
I 2Ma S 25• 1/2HT "" im:1:!1I LCM.& J.5" l/1 HT 1'7 

511' M()UolllNG 
 I YEMWWAHTY

FOi lS' l'l'M\ " 
Drive Controllers 

8P.,1 Afloppy1¥o.m..t,. J60IC 110( l 4A 12 SA9 
8 SJ 2 Hord Qn...fl MIM $A9 
81,1 2Han:l0.-1RU S69 
16&.1 Hordondf~ll~ $)4 
SCSI DJC · J190t~7a,..,...,I $1J9 
SC5a Adiopt.c. 17A2AJ2WU5A SA IB 
5C9 ~28•2 MKCVIJ.I $.JA9 
SCSI Adap.cl5•2 0&.A~ S119 
£SOI 01C01812• $1A9 
10E Han:landfloppy $19 
IH N........ "-""' w / IO·----···• t2• 

~ Hard0r- S9 
C.al:il., HcrdordHopp,. $IA 
SC.9-1 ll.fU.I Af ~ICJS,lrr.VSTB $1 79 
$C.512 lATlAJAf , VES,..l.!31lit S1'2A 
IO£ utTRAlSC W/ CN;Jff0-8MA Sl78 

0	 169~"" "'-".._•_FIOl'Pl' IVl!l________~- __ _ ___ 

:i l•] ~ I ~ ;] j I 

800·982·2925 

For U.S. ancl Canacllon Orclen only 
HOUltS1Mof 7AM·6PM / UT 10AM· :JPM m 

ITHE LARGEST SELECTION OF MEMORY PRODUCTS I 

GIANT 

MODEM SALE 
~~,~~==--~~~o 

~_,,.,"7aJN'echon 

1200&oudPS1~ $9 
1AOO&oud PC lnlienal S29 

FAX MODEMS 
WDJ/14/XJ b-PC~ 
~l / Wrl~orMo.o~ 14 
9t00./11/XJlap!l;ipt. & ~~I 1199 
I .u Y'S fer PC en! PS I 11 1' 
f'CMO.* 109ect:m1.00 $171 
PCMCIA 1"4 A/ I • A Sl l B 

LOW OVERHEAD : LOW PRICES & WE DEAL 

IBM PS/ 2 Memory 

MODEL MEMOflY PA.Ill PRKE 
AM8RA &11erpr;,. 386, 1-k6dlo 396,,,,....,..,.. _ 

2M& . N/ A SI 19 
!!ML N/ A i.e09 

___ Lv.6 N/A S119 
ll>M! N/ A $809 

PS/I ondl86/S.Xf2121J .•. .. ···---· 2MB 92f99J.s s 1oa 
4MS 92f969.C S208 

PSl 2J0/286,25/286. Adp8td 14972.59 511tC JOf5J• 8 SJ5 
2N.J XW531JO Sll A 

PS/2 J!SX, l.I, <OSX,70-!.61 ; 061 ; 121 , ;q. 6n! 6'50609; 
W301 I: 3"!»17, 502. 5SSX, 65.lSX. P7'D• .s.5t5, 6SlS .<Slatcin 
120& \JO -· ··---·--· ....... IM& ~ S'-9 

,,,.,. 6'5060< ... 
PS150, 50l. 5MX.,6l>, 65SX . ·- 2·8Ma IA972.S9 $217 

2· 1~ 6-t.$0609 $368 
2·1 Ml fOl '5/2 50 & 60, 2M1 Sl.S9, 4MI S1S9, tM1 Ul9 
PS.It~. Ei~' bpett mod.ft~. . ... & PS/VoMpoin 
al mod.I. uc.pl u.. ..nu ·-L"'8 961"'9190 s198 

ltMI 96f9791 $818 
PS/170-A.21 ; A.61 ; 821 ; 561 ; PS/I 
~. b*1!iol & bp.rt lflCJd,.I, £11 . 
•IJ &.IA, f'S/Valu.poiNU..*'"" "·.. - ... IM!i 6450603 $A9 

2M8 6'50608 S90 
PS/2J.55.X:lS, AOSl.55SX.lS. 6.5S)(. ___ L'l.6 lAf19JJ $188 
PS/2 90"1'. 9.S>IP. ~5 CPow-11. .s6 57 tol) 
76,n, PSJIP"ro212J ___.. _ '2.J,.IA 6'.50901 · $9A 
PS2 90, 9.S II,, P7.S{Poin) ~. 57, loll 

.... 6A50 1JO SA28 
PS1/2 3.SSX. lS. AOSX --··-·· SM& 6450 1 ~ $A 28 
PS1 7rf,ond8Ch _ 2-SMa ..,...,sm 

J1BIT~ 2 1UIA l.cfJ077 SJU 
J211TK>A.t05 A· \ 6M& ).&1)()11 SJ79 

P'.S/280-All ; All : MI ~ 4'..5 1060 S2A8 

PS/2 80·0A 1 ·- • ...... 1M8 6A.5037S .586 

PS/180- 11 1; 3 11 ; 121 ; 321 ; 08 1, 161 ....... 2MB 6•50379 S118 


fo,PS/216 .. =~~~!.omJM!MS 

,.,.... ,_ 1=~!:;1~90;~3'' wrnn 

~X>0.~1rN 2"".! Jxmaa s 128 

8MB 3JG9789 $..t09 
Thinipod7IXIT , . 2M& .$306958 S138 

:: ~~:~ ~!:: 
Cl57SX ....-. .... 2M& 07Gl o4 19 $ 168 
Thinlpod 100. rooc. 120. noc .tM! 07GIA20 S2A8 

:: 0701,!J! ri:
nw.l.pad710T 

8M9 N/ A $AA8 
PS/ Nol.N45 ................-.... ... ... ··-·-· 2M& 91fll(M .S \08 
PS/2Moo.INSl , Not..booli.SlC. ~ --·· 2MI 07G l826 S\08 

.......a 07G l827 S268 
SM.a 07G l828 SAAS 

laptop N3J5X, lAOSX & P5NOfE 182 ·- 2Me 79f0999 S\08 
I.Ml 79f l000 S268 

lAOSX. PSNOTE 181CN.Y S.V..8 79f1001 $ASS 

itiiiH'iliA Laptop & Notebook M1111ory 
MODU MEMOIY 
Tl000.SUlf/X£ ..----···-· 2M6 
T1000 I f2000SX ----- 2/w'.5
l1000SX/t100CILE .---·-···-·· AHJ, 

8M& 
11200Xf ... . 2M8 
Tl6C() ,. ..,, ........... 2MB 
~~.~E/12100SX/TIBOO 

TllOO 
DIOOE 
TJIOOSX .. 

13200!.X 

t31'00SXC 

TJ200 
~ 

16Ma 
TAAOO S>I, SXC, T6AOO SXC, OllC . .. 2M8 

<Ml! ..... 
16NA,,,... 

tA.SOO, TA600. 1190C'C 3 :M:llTS ... .... ..... 
16NA 

15100 2M8 
15200/ T5200C/T8.SOO 214 

8Mll 

PAIT # 
PAB311U 
PM317U 
PAIJl.&U 
PAl315U 
PASJOOU 
PA830h.I 

PA200W 
PA2001V 
PA2002U 
PA.7135( 
PA83A IU 
PA8J08U 
PA83 10U 
PA8307U 
PA8J09U 
PA.Bl18U 
PA!Jl9V 
PA7137U 
PA2006U 
PA20D1V 
PA2DOOJ 
PA2009\J 
PA200lU 
PA200AU 
Po\100.SU 
PA2010U 

11999 
PA2012\J 12.SS 
PA.201)U $•7& 
PA101 4U $1398 
PA8JO IU 1104 
PA8304U 1109 
PA8JllU I•.. 

NJCE 
$8A 
SSA 

s m 
5'27 
$102 
Sl 05 

189 
1229 
l<V 
1178 
$118 
llOO 
S2D< 
S118 
S2U 
11 08 
In< 
1186 
.$ 118 
ms 
S278 
S798 
Sl 2.I 
ms
I•"'
1789 

I 
Call for our updated GUARANTEED LOWEST PRICES I 

I 
The Team You Can Count On! I 

I 

r.-t­
"7~~· 

UPOUDI TOUI 
316 TO A 416 

.1ExAs 
INSTIWMEHTS 

PCM:9 60Ao; flu IA70 l ll9 1115 1002 !157 
lon0mori.V10 1JO llU 101.2 816 51,5 
NortctlSl60 656 709 ,S.1.1 52 7 • 7.7 

l l6Q u,p.lo ll6DI U....... 
~2S Sl29 804.ID.Cll S98 
!046Sl.C ll 115! 804nC.lJ SIOll 

~"}!!!!!. """"''"' II<! 

IX/ NOW Jae CPU VPOIU.DI 
25.WQ{SXJ ... $ 169 JlMH.lfSXJ 
Sl.C/ llOWI •ae CPU UPOUDI 

$199 

2SWtllSLQ S219 50MIUlSlQ 1399 
•l•I NOWI 4•A OU UNa&H 
25MHZ~ 1399 JlMH.ZfOXl $.Sl9 
MCM&lfta •16 OV UPOUINI 
2SMHZ ISXI S699 AMI ADO l 2S9 
JJMUZ 1011) S959 8M8 ADO $5 19 

G•&MftJ. Memory 
..wJOEl - ~y PA.Ill# PRICE 

Otilpto 380/1 6 · ­ """" 214 
• S.00 

~ 186l. l86-10. 20E. 1.5. 2.sE 1""" 

""' O.>lpo l8i>S ............................. ...... ..... 
............~ 
..... """""'~ ..."'"'" · ..0. 1 386/ll; 386/JJI, A86/2S. 
JJ\;50l- . . ,,.......,,,.. 
~. O.,lpro ___ 6 SICT EXP U0 W/'lH! 

COTfl'Oll 
0

M• . -· ···-- 2·64M& 
.,....... ,..,.., J86N; J8i>SX/20; """· 
~480c:. 0GproM , Srl--.mpvll 
s.nn 119100-00 1.~f'Jo~ IM!J 

2M9 
.£M1 
!!Ma 

Prolina3/25& 15l . 2.M& 
814 

Prctro A/1.5.., , A/ JJ. •/ .50 	 ?Ml~ IA l683-0Cll S9A 
AMIMocU. l'-16$.HXll S1UI 
BMIM:idJ. IAl6U-OOI $A lll 

(ompoq~Soro . --- 1~ IA9l20001 $795 
3 1 91 1116

214 ' "-00 " 

~ Laptop & Notebook Memory Moon MEMORY 
CcwvutoJl0. 325 ............ 	'2M8 l39A97·00 1 

U"'8 I39•98.001 
&"'5 ll9A99001 
AMII l~S20«>1 
&Ml 1.&651 1-001 

16MS IA6iJ2001 
Sll/?86 lMll 110235·001 

AMS 1102J7-00 I 
SlTJ86 .. IM6 1IBJOJOOI 

2.M8 llBJ0.1·00 1 
£M1 118JOS-OOI 
IN.I 117081-001 
W 117081-ool 
AMII 117081-<XW 

IJ. J86S/20 	 IMI 121 125-001 
4MB 12112S-002 

,,.,,. 

]M8 119769-001 
o4M8 1'29769002 

l» l i../20, 15, 25C 

8.Y.a 129769-003 
16M& 129769-0Q.I. 

LTE L* •80/25' .•. Ll"'8 1•2337-002 
8Ma IA2ll7-00J 

16M& I A1337<:CA 

••••••••••••••••••• Soro,o17NS, 18Nl & lt0$ $;~ 
Simm Modules I . . I 

==..,,~=~~~~,.!;~ I 
>.16J<9 \ s~ s 12 s is s 17 I 
f,lr,l,[QXJ ~ s.o S•9 552 S.59 S6A I 

139==: ~i, s~!! 	 s~~ s:!! S7B IS6A 
16MlG>l9Cl60tft S990 I 

~~~:~~:: ~ 	51 08 ~~s 129 
1)136 AMlG !7n';.,) S\85 	 Sl 9A 5'B8 ~ 
~~l~:~~) ~:: 	 ~~;: ;:: §
axJo3'2MEGln PT-i1 	 s 119s I 
1oxJ06AMECn P1N 	 SJ9jQ I 

D· Ram Chips 
OESCRlmoN UONS !JONS ICONS IONS 70NS 60NS 
60 4 Sl.95 $1 1.S 	 Sl. • S $295 
756XI StATlC SI 95 S2.2.I 
2.16X I su.s 118.1 	 S2.<0 1300 $3. 15 IJ,. 
2.16l' S79S IHI 1891,,.,, ,,._.,IMEGX I $3.95 	 s.uo S67S 
lMfGJI STATIC $A 9.$ S5.2.S 
lMEGX• SJolOO 1<900 

"" 
"'CD 

ll'CMCIA 2 . 0 
SllAM M•MO•Y 

AST ~'li!.lf:C. OfC PA.LMTO' 
CACHI MEMORY 

1Sn1 20n1 25ns C(U ~ Gtf>Gailf'..0 I#,., ,,, .., 95U_ ..... PC UDO MOMfNTA 
ma ,., .,, NCJ J12.) 1.ionr.t.0 

POO£" ~PCJIXX)/)llX>. 
"""" 
... 1 109S 60S ,., ""'"' ~f'C-voo/67A l /6Jtl/.... ,., ,.,1000 

e7U Slv..tP K OSOO/t.&A 11 
6'111/..91 l'f()!.POCJ(f l flC.

,.,16--4 69S 
1is. s '7 00 l.100 "' 11Kttl.H 1ut1ce.H 

11111111.H 

108069-001 $238 
I08069'N7 I S.U !J 
10807'IXICll Sl98 
llllll-001 $59 
1111n-001 sne 
11l6J.HXl1 sm 
112.sJA-001 S159 
1136'5-00I $299 

11.Sl"·OOI SI CA 
116561-001 14•9 
116.568-00IS 1S99 
116569-001 .sm 
119160·001 S278 

llMSB-001 SA9 
118689-001 SSA 
11869().001 S128 
1mn-001 SA 2A 
IA1 738-00\ $109 
IA 17A2-001 $A A9 

S1 08 AT&TSafori _... . ................. 2M8 

S208 AM& 
~ Ill .........U-JIO ~···- ......_._, IM& 
sm 0.CpcJ20~ lME.Mo::t 
SA ii """'6Mcad 
$8'8 SMaMod 

S75 o.ll.Df*Jp212. JXN, 320N· 2M6Mcd 
$2 18 o.11325N; NC .. ... 2M6Mod 

S79 o.11 Nl20 & Nt.2S ....... 2MSJ.'o:j 
$1 08 EptCl"I N8 ·J~ ·······~·· .llM& 
S718 Epto1N8-Sl/ -· .. 2M&.Yad 

$79 El'SON 25C ~ A.Y.8 Mod 
$99 ~T~lX. 000 ..._. °"8 

$'2108 f...,...Co-rilt -·-2M8 
S98 CindlSC:O ....... ......._ AM& 

$248 GndlA..SOSX ..........._.......- •. 2M& 
SI J8 ColdUcirGS520,386SX16 ......... ..... 1M! 
S2'8 ~ 
SA 21 NOJ120~ ... AMBMod 
$818 NCli 3170~ .•. '-M!Mod 
S129 l'ockwd!el.~. Mihubo- lM& 
5'71!1 .cM& 
$798 PorcnonocCf170/170/ 370 ........... lMI 

5orMung~"'91"386S .... ..._...• 2MI 5."-1.'-">02 $ 19S
·--=MK·= 

Laser Printer Memory 
MOO(.AE IMEG lMEG 3MIG4MEG 5MEG8MEG 
Appl.Lowrwri~ •...•......-. CAU 
Pirolher ...·IOV/DV •._••.• • Sl65 
'°"°"l!P'-, A!M& A• SIA8 . S21A 
'°"'"".._..,n1S&l0 --l 98 _. 118• -- $.l lO 
[ptO"I AdO\ Im« I. ICX)O S195 --· 5263 -· Sl29 
q,.c., . 60CX>andtftt:1frft'l'IOttl -._S98 ___ Sl68 
Ept.oriAcfic:,oiloMI 1000 & ISC:O .- SJJ8 .. , $216 - ...... SJ99 
Fuiitw 7100 & 7200 ···-·-· $ 199 . S279 
... Oo,1jo< 500, .IOOC and S.IOC......$59 12561<1 
Hf"2. 20, .·--····· ,_. Sl09 .. 1 189 
J. 30. JP,2P,2P• ....................... . S123 . 1 189 

Hr to- kl A, 111 Si, XllOO, 1200C -····· .. S198 -·-· .. SJ98 
&Mlow 4019, .019E!l 5M!l -- Sll9 Sl68 
11MlawA0'29 AilMOOElS - ..,__ $ 139 ·····- Sl98 
N£C 90. 290 ..............................~ S128 

NCC95 ___ . _ •. S108 

OIQ AOO ·------··- ··- S78 - · $98 
~WP!9SOO_ -·····-- Sll.5 ___ .. S208 
Panincric .U I0/"400 ..•.._ SJ29 S198 
PaioK!nic « 'lO/ AA.50 .. _............ $128 ......•• $198 
PonolOl'lic AASO ....... 1 105 
Po,.cnonic4"5S ... . .......,_. Sl19 
OMS AIO .. . ............ S I 19 . S159 ......... S1A9 
SfoirlS()I. _... ....._, S l29 . S179 ··-..-. S26'1 
SlotXnp A_. Sl2S $178 $258 
JoMbof'agetaw-6 __. S99 $168 
nXtJPSl7/PSJ5 _. .. s.ca 

Malor Laptop & Notebook Memory 

....,..,,. ... . ---" 1~ 
5horp66A0,6781 ,6681 ,678.S ..___ ""'8 

a ..,,.
N/A 

" ' 
i278 

~::""'~ .... ::::: ;_: a~;~ !~!: 
11 1~ 2000 ..................._•. IMB 256803Hl011 s 1oa 
Tl Trowdmoi. ~ wt-15): "···-·· 2M8 2566996-0JOI SI 18 

~~~: sx25. 0X2/41L AMI '25812.uoo1 1m 
DX2/SO .--.~·-· .. ·- ­ 1&.i.a &YAJL&au l l995 

A.Sr Memor 
c 1 ., 11 U "f=--· 
 -·-~~ 

~ 
=~WI - :'

M 

,...... 
•DO#Tl.Gf. PQ0 4~X/)l,SX/2S, !II.AYO 
lC •n5S. ll. llS, SOD, 4'660 .. ·--· ?Nii... 
rJ1N1.MJ&J1j. Jl.Jn 1l'6SX/1e.20-.?S ,,.. 

I... 
""A."'1A.2: lWU. ll.ll'.SOO.utt.'O 
4/JJ..&!6/25.KfJ•llJl•U/2S. lJT£.SE A/lJ _M,... 
Wl~AU.'86nHl.llr~20/(]Wfj. 
lt[.Ml.IMJ/lJ.4/ll.JlUl0,660. 
,.[Jr.C.M3WlJl£,£Wll.f,UTE,Jl;ll1'E: 
~£1oU1,1 lS6.rn,ll,d6/l),46SX/20 __ ....
'9;fJoii.M5m9Sl'ilJ .... 
fi0roo,t1£tf< JmS. 1/2.W.<.R 

I... 
~UlKA/2SS. ....- ,.... 
K!.MIJMO::C2M.JS6»./20,l5.1SC - L"'6 

, ...., '""' 
37650 $1AB 
37651 S?98 

2J0.50-09100 S108 
fR·PCM-IA Sl 49 
fl~.Y SM 
fa·PCM·W 1498 

310.llCM S129 
ll0·J210 $1 39 
310·32 13 Sl •8 
A808S ll $108 
"808nl $1 38 
A808781 S'229 

00160 Sft 
00'26J.Q) SIOll 

52587 i 2la 
6200103 $1'8 

N/A $98 
NIA $298 

Jl10·Klo.& $299 
J11..3·kl().I. 1J99 

NIA il<>e 
N/A S108 

O~aAl6$ SU 

5011'~~ ~~~ 
3011~002 s.t5a 

~= ~ 
£XmHm SO 

500987001 11 08 
~<m $198 
~ S.YI 

SCD7S)(IJ2 "' 

J007lla:M $119 
S007ll0-00$ Silt 

11..""'""°' sm»#"100:)1 
SlOI 

.,,."'* 
"" .5Call • .(()) SlOI 

RCHNIW & CUSTOMER SERVICE CAU: TllUUi SHIP!'ING: UPS !Min. S8.251 5hiPP<ng cho•ge> 0 , 0 non COHDITIONS12.l't Re>1ocking Foe on ..funds w;!hin 30 ............ 
(702) 294•0204 ,efundoble. Pu,cho,..,.dc,. hom Uni.enioes, foriunc 2000 &°""""'' days. No rehmdsomchonges o ltet 30days· WARRANTY _,,., lliiilli 

PURCHASE ORDERS & INTERNATIONAi. ORDERS menl Agencoes, NET 30 on opJl"'"°I COO odd SS 00 (CoJ,.en chock) RfPlACEMENT ONLY All PRICES FINAL PRICES SUBJECT ~ 684 Wells Rood 
IOCHANGC Mfg pon • 'sfc<c..,_,""""on1y.r..xlemorlu li!!iiiliill 

FAX T01 (702) 294-1168 ~ DHL ....--..._ ups "'"'"ll"'"'ec1..;ih11..,,,..spechYO Co.'s 386, 387, 287,SX, ,,.,..., Bo<ilder Gty, NV~ WE BUY EXCESS INVENTORY r~""' I __ o•olmdcmo<b olinlelCoq> 	 ~ 89005 ~ 
Circle 224 on Inquiry Carel. 

http:Pu,cho,..,.dc
http:�DO#Tl.Gf
http:Po\100.SU
http:AOSl.55SX.lS
http:PS/170-A.21
http:IA972.S9
http:OSX,70-!.61
http:14972.59
http:CPJO.s.aD


The Ultimate Frame Grabber ~ jSjod@ 
~iper 

Fargo Prlemara Photo Quallty Color Printer 
(only $699.00) 

Viper Vision ls the fastest and easiest war. to import any picture 
d irectly Into your computer! Vlper Vlslon s shOTP Input/ output Is 
ldeol for Architects, Engineers, Real Estate, Soles, Police, Medical, 
Government and Business. Simply capture o Photo Image using 
your VCR, LASER DISK, TV or Camcorder. Viper Vision Supports 
NTSC or PAL formals and eosly plugs Into the printer port of your 
computer In Just seconds! Toke pictures of work progress. terrain 
or other features. Manufactures con odd pictures of Inventory 
Items to their dotoboses quickly and easily. Marketing personnel 
con make soles brochures In Just seconds. Graphic Arts & 
Publishing personnel con experience resolution 720 x 480 true 
color. You con even output d irectly too llnotronlc or slmllor 
Image setter or just send to your favorite service bureaus. For 
home use the Viper Vision Is the ideal product to store your 
favorite pictures In dlgllol lormal, permanently. Viper Vfslon is 
lost!, Images are processed In oboul a hall of a.second. Why pay 
lo hove snopsho~developed and then run through your 

,,~ 
scanner? Whh Viper Vlslon you simplY. bypass lhe whole process. ~..... ·\~~· 

Viper Vision Is easy to use, simply pu , any Image that you see \ ~-=- .through the viewfinder of your Camcorder eon be Imported Into 
your Windows application. Coll and order yours lodoyl ~~~-

Military& Real Estate & Desktop
Government Insurance Construction Medical Publishing 

Circle 244 on Inquiry Card. 



, Your One Stop Component &Computer Source__. 


RAM Memory 
41371 41256-100......256KBx ••..$1 .75 
41398 41256-120........256KBx1 .••..1.59 
42251 511000P-80 .... ....tMBx1 .. ...5.95 
42219 511000P-10 .. ...... 1MBx1 .. ...5.75 

SIPPS 
41700 421000A9A-70.... 1MBx9 ..$60.95 
41718 42 1OOOA9A-80 ....1MBx9•.. .49.95 
41697 421000A9A-10 .... tMBx9 •.. .49.95 

SIMMS 
41523 41256A98-80 ...256KBx9 ..$14.95 
41486 41256A98 -10 .. .256KBx9 .•..14.95 
41689 421000A88-80 .. .. 1MBx8 .•..49.95 
41742 421000A98-60 ....1MBx9....59.95 
41751 421 OOOA98-70 ....1MBx9 .•.•54.95 
41769 421 OOOA9B-80 ....1MB x9 ..•.48.95 

SIPP to SIMM Converter 
• Use SIPP's in place 

of SIMM's 
• Upgrade lrom aSIPP 

motherboard to anew SIMM motherboard 
without buying new RAM 

• Fits Into standard 30 pin SI MM socket 

93382 SIPP Module Converter .. .• ..$9.95 

• Fils most popular desktop 
mini ve rtical . and vertical , .. 
cases • One-yea r warranty llol'1 '• !:;;.•".I 

• 8088/80286180386 and ' 

• 8088180286/80386 
and compatible 

• One-year warranty 

Jameco Motherboards 
• Motherboards also 

available without 
CPU! Call for details 

• Diagnostic and 
operating system 
softwareavailable 

• One-year warranty 

95231 80486DX50MHz w/CPU..$799.95 
93534 80486SLC SOM Hz w/CPU ..399.95 
95222 80486DX 33MHz w/CPU ...549.95 
79214 80486SX 25MHz wlCPU ...289.95 
82333 80386DX 40MHz wlCPU ... 239.95 
82350 803860X33MHz wlCPU... 219.95 
101821 80386SX 33MHz wlCPU ...124.95 
84945 XT 10MHz wlCPU......... ....79.95 

Keyboards & Keypad 
78271 32-key keypad ..... ..........$59.95 
20431 84-key keyboard ... ... ... .....39.95 
17128 101-key enhanced .....••....74.95 
17136 130-key enhanced ........ ...99.95 

Computer Power Supplies 

• Expand your memory or enhance your 
graphics capabilities 

93542 VGA Hi-color card ........$139.95 
67459 VGA card .... ..................59.95 
91230 Monochrome Graphics ......39.95 
29313 32MB Memory card ........144.95 
19975 (8088) Memory Card ..•......49.95 

Parallel Printer 
Cables and Adapter 
28695 PPC Adapter - straight ..... ....$5.95 
28716 PPC6 6' - straight ..•...•... ..• ... •4.95 

Floppy Disk Drives 
• 8088/80286180386 and 

compatible 
• Additional accessories available 

74392 FD505 3.5"15.25' ......... •....$149.95 
74384 FD235J 2.88MB 3.5' ...•.....•.•119.95 
40774 356KU 1.44MB 3.5' ... ... .. .. ....79.95 
17099 FD55B 360KB 5.25' .... ..... ••..•89.95 
17101 FD55G 1.2MB 5.25' ... ... ...... ..99.95 
79396 S0540 360KB 5.25' .. ...... .. ... .59.95 

Floppy Controllers 
and 1/0 Cards 
• One-year warranty 
• 8088/80286180386 and compatible 

Multi 1/0 with Floppy Controller 
19895 8088 Multi 110 .••.•.... .. .... ...••.$69.95 
19908 2861386 Multi 110 .......•..•.... ....59.95 

Floppy Disk Drive Controller Cards 
19617 Two·drive controller ..••. ...• ..••..$34.95 
19668 Four-drivecontroller .....•...... ....44.95 

1/0 Card 
104109 4 Serial, 3 parallcl. ... ..... .... .....$69.95 

RS232 Serial Cards 
78713 16450 UART.. .•.........•....•.....$29.95 

Conner IDE 
Hard Drives 
• One-year warranty 

14058 CP3000 40MB ...............$169.95 

14066 CP30084 BOMB ...... ... ... ... ..209.95 

93286 CP30174E 170MB ........ .........249.95 

93294 CP30254 250MB .......... ... ....299.95 

93307 CP30544 545MB .... .... ... ......749.95 


Silicon Valley 
IDE Disk Drive 
Adapter Cards 
• One-year warranty 

10233 AOP20 16·bi1 hard ... ... .. .. ...$22.95 
10250 AOP20F 16·bit hard/floppy .•.. ...29.95 
10268 ADP50 8·blt hard .. ...... .........59.95 
10276 AOP60 16·bil hard wl BIOS .....69.95 
10284 AOP60F 16-bit hard/ .... ..... .....74.95 

floppy wl BIOS 
74114 AOP65F 16-bit hard/quad ...•....99.95 

floppy drive adapter 
101670 ADP90VL Super 110 Card (VESA) .•99.95 

D-Subminiature Connectors 
• Compatible with 24 

AWG Cable • Metal shell 
• Solder cups for 22 AWG 

wire • Male connectors with grounding tangs 
Part No Product No Gender 1 -9 10-99 


15747 DE9P M•.....•..$.43 ........$.35 

15771 DE9S F.... ...... . .47 .•....•....39 

15034 DA15P M... ........53 ......... ..45 

15051 DA15S F............57 ...........49 

15114 DB25P M...........63 ........ •..55 

15157 DB25S F.... .. .... . .73 ... ..... ...63 

15472 DC37P M..... ....1.15 .•.... •. ...95 

15499 DC37S F...... ....1.25 .... .. .. ...uu 

15675 DD50P M.........1.79 •.......1.49 

15691 DD50S F... .. .....2.25 ........1.69 


D-Subminiature Slim Line 
Gender Changers 
18497 Interfaces two O·sub 9·pin F.. .. ..$3.95 
18489 Interfaces two D·sub 9·pin M.... ...3.95 
56071 Interfaces two D-sub 15·pin F... ...4.19 
56063 Interfaces two D-sub 15·pin M.. ...4.19 
18446 Interfaces two D·sub 25-pin F..... .4.29 
18420 Interfaces two D·sub 25-pin M.....4.29 

~EPROMS9 

39909 2708.... .. ... .. .. .•.. ... ..•..........$4.95 

33611 TMS2716 •..... .. .. .......•..... ...•. 6.95 

40002 2716 ... ... .... ..... ....... .... ... .... 3.95 

40125 2732A-25 ............ .. ....... ....... 4.19 

140230 2764A-20.. ........ •..••...... .. ..... 4.49 

39829 27C64-15 .......................... .. 3.75 

39933 27128-25 •.........•....•......•.. ... 7.75 

39968 27128A-20 .... ............ ..... ... .. 4.95 

39984 27128A-25 .. ..... ............ ... .... 4.49 

39677 27C128-15 .. ........•.•. .. .••..•. ... 5.39 

40037 27256-15 ........... .... .... ......... 5.39 

40061 27256-25 .... .. ... ...... ............. 4.75 

39714 27C256-15 .... .. ....... ............ . 5.49 

39722 27C256-20 ........................ .. 5.25 

39781 27C51 2-15 ............. .. .... ....... 6.49 

65699 27C020-15........ .. ..... .......... 10.95 

43692 68766-35 ......... ........ ........... 4.95 


UVP EPROM Eraser J 
• Erases all EPROM's 
• Erases 1chip in 15 minutes 
• Erases 8chips in 21 minutes 
• UV Intensity: 6800 UWICM2 
• Size: 9.0'L x 3.7'W x 2.6'H 
• One-year mlg's warranty 

15712 DE4 8-Chip eraser.•. ..........$89.95 


1 Socket 16K-2MB E(E)PROM 
Programmer 
• Programs EPROM's, 

EEPROM's, and Flash 
memories 

• Programs 16KBto 2MB 
EPROM 's 

• Programming speeds/algorithms: 
Normal, Intelligent. and Quick pulse 

• Menu driven software • Full screen buffer editor 
• File formats supported: Intel Hex. Motorola 

S Hex, Tektronix Hex. and Binary 
• 2 & 4·way Binary file splitting programs 
• 2 & 4· way Binary file shuffler programs 
• Includes adapter card, sohware and manual 
• Size: 7'l x 5.5'W x 1.75'H • One·ycar warranty 

78457 1Socket16K·2MB (above) ......$199.95 
101400 1Socket16K·512KB .............129.95 
78465 4Socket 16K-2MB Programmer 269.95 
78473 8 Socket 16K-2MB Programmer 469.95 
78481 1Socket 16K-8MB Universal •....679.95 

Portable IC Tester 
Our hand·held IC tester is an 
easy-to-operate. cost effective unit 
that includes excellent functions. 

• Supports TIL, CMOS, DRAM 
41, and DRAM 44 Series 

• Size: 7'L x 3.625'W • One-year warranty 

73525 Portable IC Tesler ..... .. .. ... ..$144.95 


1355 Shoreway RoadJAMECO™Belmont, CA 94002-4100 
ELECTRONIC COMPONENlS FAX: 1•800•237•6948 (Domestic) 

26227 
43158 
43166 
43254 
43596 
51844 
51676 
52003 
52142 
52652 
52724 
52732 
52417 
53022 
53057 
53081 
52978 

MM58274N ......... .... ............ ...7.49 

6402 ..................................4.95 

65C02 .. .... ....... ......... ......... .5.95 

6522 .... ..... .. ..... .... .. .......... ..3.75 

682 1 ...... ........... ... .... .. .. ... ...1.95 

8031 ..... ....... ..... ....................3.59 

80C31 ...... ...... ... ....................6.95 

8052AH .......... .. .. ............. ....6.95 

8088 ... .... .. ... ...... .. ..............3.95 

8251A .. .. .. ...... .. .•.. •..•...... .....2.95 

8255 .. .... ... ... •.. ... .. .... ..... ........2.75 

8255A·5 .... .. ... ......... .............2.95 

82C55A ......... ........ ........ .... ..3.95 

8748 .... .. ........... ... ......... ... ....8.75 

8749H .. ...... .. .... .... •... ... ......•.9.75 

8751 H..... ....... ....... ..... .. .. .. .24.49 

87C51 .... ... ........ ..... ... ... .... .32.95 


Heatsink/Fan for 
80486 CPU! , 
Keep your 80486 cool! 
• Just snap it in without 

having to remove your a•CPU from the motherboard 
• Size: 1.95"L x 1.95-W x .80"H • CFM: 6.3 

67660 486 Heatsink wlFan ...........$12.95 


Jameco Desert Cooler 
• Cools down your ..=-ol- · -· computer by more 


than80% \ ~ 

• Installs on the back 

panel of your computer 
• Size: 4.8"l x1.6"Wx 1.5"H • CFM: 30 

79011 Desert Cooler ..... .. ... .. ......$44.95 


TSM 
. e • • IFancard II 

t 
• Circulates air directly on andaround boards 

and components prone to overheating 
• Can be installed into any PC slot 
• Size: 13.4"L x o.rw x 3.3"H • CFM: 25 
79020 Fancard II ..•. ... •.........•.•..$38.95 

Switching Power Supply 
for Apple II, II+ and lie 

• Can drive lour floppy disk drives and 
up to eight expansion cards 

• Short circuit and over load protection inside 
the Apple II , II<. lie 

• Fully regulated +5V @SA, +12V @2.5A, -5V 
@SA. -12V@.5A 

• Same size as original Apple power supply 
• Apple type plug·ln power cord included 
• 11DV/220V switchable •Weight: 2.8 lbs 
• Size: 9.875'L x 3.5W x 2.25'H • 60 Wall 
• One-year warranty • Data included 

22269 KHP4007 Power supply .. ...$49.95 

Switching Power Supply 
for Apple llGS 
•Fully regulated +SVDC@ 6A, +12VDC @2A. 

SVDC @0.5A, -12VDC@ 0.5A • 60 Walt 
• Input Voltage: 115VAC •One-year warranty 

85518 Switching power supply......$69.95 

Metex Digital Multimeters 
• Handheld high accuracy 
• Measures AC/DC voltage, 

ACIOC current. resistance. 
diodes, audible continuity test, 
transistor hFE 

• Manual ranging w/overload 
protection 

• Comes with probes, batteries, 
case and manual •One-year warranty 

27078 3.5 digit multimeter. ..... .... $59.95 
27086 3.5 digit multimeter with 

frequency & capacitance ......69.95 
27115 3.5digit multimeter ........... 39.95 
27140 4.5 digit multimeter with 

tach and dwell .. ..... ....... ....69.95 
27158 4.5 digit w/frequency and 

capacitance/data hold switch. 99.95 

AC and DC Wall 

Transfonners 

• Male Plug - 3.5 mm 
• FemalePlug - 2.1mm 
• Ullisted 
• Current rating lo 1Amp 

Part No Vol!age Curreot Plug P!lce 
10129 9VAC 500mA Male •.•. .•$4.95 
10073 12VAC 500mA Male ..... ...5.49 

28708 PPC 12 12' - straight... .............8.95 10081 12VAC 1000mA Female .....5.95
FAX: 415•592•2503 {International)28741 PPR6 6' - right angle Centronics 6.95 COMPUTER PRODUCTS 101266 6VDC 500mA Female' •. •.6.25 
9·Pin Serial Cable Call for our nsw1994 Catalog today. 15561 9VDC 500mA Male' ..... ..5.49 
31721 SAT6 9·pin serial cable ...... ..$4.95 @ 1994 Jameco 3194 15368 12VDC SOOmA Female• ....5.95-~~ ~ 15392 12VDC 1000mA Male' .•.....7.950825·Pin Extension Cable 
39538 25M10M Male to male . .. .. .. .. $8.95 Call 1•800•831 •4242 to order today! 0-C~, 0-C---0' 
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Never again worr~ 

about computer theft or damage 


What could be better tha n full 
replacement? 
By now. you've probabl y heard or read 
about SAFEW ARE9 Insurance for 
microcomputers. But you may sti ll 
wonder just what it protec ts. or whether 
it' s r..:ally wort.h the investment. If you've 
never los t ar.y part of your computer 
system or software, you probably don ' t 
yet realize the limitations of most standard 
insurance coverages. 

What do you mean it 's not 
covered'? 
Operating your computer system 
without SAFEWARE protection i 
fi ne as long as you don' t have to worry about 
an acc ident or loss. But what if you came to 
your office one morni ng to fine.I you'd been 
robbed? Or your home had been ransacked? 
Or that a pipe had burst and caused water 
damage? Or that your system hacl fa llen victim 
to a leading destroyer of computers-a power 
surge? All events beyond your control. If 
something like this should happen to you, you ' re 
likely to find out the hard way how limited your 
standard insurance policy 's protection really is. 
No mutter how litt le or how much you have 
invested in your computer system, di scovering 
that it's not cove red can be an expensive lesson. 

What 's the right coverage'? 
SAFEWARE's COMPUTEROWNERS~" Policy 
i a si mple, easy-to-understand coverage you 
can count on. The policy offe rs full repair or 
replacement of hardware. media and purchased 
software . afte r a low $50 deductible. 

With your COMPUTEROWNERS Policy 
there's no need fo r you to schedule equipment or 
soft ware as you do with "rider" policies. This 
will be espec ially important to you if you' re ever 
planning to buy additional equipment or 
soft ware, even just one peripheral. 

No risk offer! 
Your COMPUTEROWN ERS Policy is a 
comprehensive plan of insurance, which means 
that it covers hardware , purchased software and 
media. Your complete system is protected 
against theft , fire and acc idental damage. Your 
SAfEWARE Policy even covers damage caused 
by power SJ.! rge . . . the leading destroyer of 
microcomputers. 

The COMPUT EROWNERS Policy does not 
cover theft from an unattended vehicle, 
canhquake or computers outside of the U.S. and 
Canada. Ca ll for these coverages. 

Now. the COMPUTEROW ERS Poli cy is 
available on a no ri sk bas is. If you arc not 
complete ly satisfi ed with your coverage, you 
may return the po li cy fo r a full refund within 
I 0 day o r receiving it. 

1119] 

Press Reports 
COM PUSERVE MAGAZINE . . . " If you use 
your computer for business, chances are your 
homeowners' policy won't cover it. Instead, you 
need to purchase spec ia l insurance. If you 're 
self-employed, the premi ums arc tax­
deduct ible." 

THE WASHINGTON POST . . . "According to 
industry analysts, theft s of personal computers 
have risen by 400 percent since 199 1." 

Tens of thousands have said "yes!" 
Since it was fi rs t introduced in 1982. tens of 
thousands of computer owners have said "yes" 
to SAFEWARE. Owners of systems. from the 
smallest portable to larger sophisticated business 
systems, arc finding that SAFEWARE offers the 
most affordable and complete protection. 
SAFEW ARE coverage offers the simplest peace 
of mind available to ensure carefree computing. 

Easy to order! 
Choose from two simple ways to pay fo r your 
COMPUTER.OWNERS Policy: Call the toll­
free phone num ber listed and we' ll charge the 
premium to your VISA. MasterCard or 
American Ex press. You can also mai l the 
coupon along with your check or cred it card 
payment. 

Annual 
Premium 

$49 
69 
89 

109 
129 

Call toll -free for rates on hi •her covera e 
It is a n unde rwrit ing requirement that you 
insure a ll your computer eq uipment fo r full 

replacement cost. 

SAFEW ARE. The Insurance Agency Inc. 
2929 N. High St. 
P.O. Box 022 11 
Columbus, Ohio 43202 

1 -800-SAFEWARE 
NOW AVAILABLE IN CANADA! 

With your COMPUTEROWNERS 
policy you get. .. 

Full repai r or replacement coverage. 
Freedom from worries of fi re. theft or 
accidental damage. 
Ultimate in power surge protection. 
Costs as low as $49 per year . 

ACTIVATE A SAFEWARE 
COMPUTEROWNERS POLICY NOW! 
Complete, sign ;md return with your credit card 

or check payment. Or. for fas ter serv ice. call 

1 -800-800-1492 
On CompuServe: GO SAF 

r------------------ ---------,
YES! MY COMPUTER 
NEEDS IMMEDIATE 
COVERAGE. 
I understand I hnvc IO days from receipt of my 

policy to review tcnns and condit ions. If not 

satisfied, I can return for a fu ll refund. 

Please Print Clearly 


Name 

Address 

~---------------
5 tat e{Zip 

Total System Value S____ _____ 

Enclosed is my payment for one year 

0 Chec k enclosed 
0 MC 0 VISA American Express 

Card # 

Ex ira1ion Duh! 

Signature 

Da)1ime phone 

This ad is a gcnernl summary of 1hc provisions nnd 
quali fica ti ons of 1hc insurance benefit s included in 
the policy. Review your policy for full dct"its. Cull 
for coverage in TX. Ml and NY. Void where 
prohibi ted. 

Mai l to: 

SAFEWA RE, T he In urnnce Agency Inc. 

2929 North High St. 

P.O. Box 022 11 

Columbus, Ohio 43202 


Underwritten by 
1 AMERICAN BANKERS INSURANCE COMPANY 
: 11222 Quail Roost Drive, Miami , fl 33 157 
L------------------------ ~·~_! J 
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LEAVE IT TO US TO RACK THINGS UP 


SOLUTIONS 
Choose from many models which 
offer a wide range of solutions for a 
variety of rack mount needs. We 
also offer custom designs when a 
standard product just won't do. 

CALL OR FAX FOR MORE 


INFORMATION. 


1-800-729-7654 

RECORTEC's Rack Mount PC 

compatible computers, monitors, 

keyboards and printer continue 

the tradition of manu facturing 

excellence RECORTEC started in 

1969. With our broad product 

line, fast delivery, excellent pre 

and post sale service, it's no 

wonder more and more people 

"leave it to us to rack things up". 

QUALITY 
All products 100% tested and 
verified prior to shipment. 

RELIABILITY 
Field proven components backed 
by a comprehensive warranty. 

SERVICE 
Large stock for fast delivery plus 
assistance by knowledgeable sales 
and support personnel. 

RECORTEC, INC. 
1290 Lawrence Station Road Sunnyvale, CA 94089 Tel: (408) 734-1290 Fax: (408) 734-2140 
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Circle 232 on Inquiry Card. 

How to make powerful new 

connections in 10 seconds.. Or less.. 


The new Adaptec' SlimSCSr host adapter instantly connects your PCMCIA-ready notebook or PDA to SCSI-based 
peripherals. including the latest CD-ROMs. tape drives, and scanners. It's the quickest way to tap into your database 
or add some pizaz;: to your presentations. no matter where you are. 

Getting started is just as quick. SlimSCSI comes bundled with SCSiworks!: the DOS/Windows software that 
makes it easy to load drivers for the.peripherals you're using. 

Ask your dealer for Adaptec's latest IOware· product. the new SlimSCSI host adapter. Or. for PDAs and note­
books with parallel port connections. ask for Adaptec's MiniSCS[ For more information about either product. call 
1-800-934-2766 0-408-957-7150 for information by fax) . t?fladap~ec· 

They're great ways to make new connections. Fast. ~ I' 
NOW MORE IMPORTA NT THAN EVER . 

PRINTER SHARING &MEMORY 
110 =input /output 

O =serial 

D =parallel 
 800-238-9415 
LCX-1000 (1Mb) $495 


8ports; 4 sen al VO; 57,600 bps 

2parallel in, 2parallel out 


LC-256 (256Kb) S399 

LC-512 (512Kb) $449 


8ports; 4 senal VO;19,200 bps 

2parallel in, 2parallel out 


LXFR-ETC $49 

PC-to-PC FileTransfer for DOS, 

Windows &OS/2, 4user license 


PB-42PP·256Kb $249 

PB-42PP-1 Mb $299 

PB-42PP-4Mb $449 


6parallel ports; 4 in / 2out EISA SIMMs 
Upgradable to 4Mb; 25,000 cps 

LC Jr.-256 (256Kb) $199 
LC Jr.-512 (512Kb) $249 HP4 &HPll/si 

5ports; 4 senal in, 1parallel out 
Up to 115,200 bps PCMCIALC-41 PAS $69 

5 parallel ports;4 in/ 1out 

Smart-switch; 25,000 cps 
 TOSHIBA 

SPPS ~ $49 

9600 bps to 115,200 bps, 

Sena! I Parallel Converter 
 MACS/MMs 

PB-11PP-1Mb $199 
2parallel ports; 1in/ 1out 
Upgradable to 16Mb; 25,000 cps POWERBOOK 

LOGICAL CONNECTION~ 4660 Portland Road NE #108 Salem, OR 97305-1658 Tech.: (503) 390-9375 FAX: (503) 390-9372 
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INTERFACE CARDS 
Fast Multi 1/0 Card 
• Includes two NS16550 serial 

ports. one parallel port and 
one game port 

3·Button Mouse $1495 
• Accuracy 290·1450 OPI 
• Opto-mechanical design 

Dynamic RAM 
PAAT I SIZE TYPE PRICE 
41256·80 256K x 1 80ns DIP $2.39 
1MB·80 1Mx1 sons DIP $4.99 
41256A9B·BO 256K x 9 BOns SIMM $14.95 
41256A98·60 256K x 9 60ns SIMM $16.95 
421000A98·80 1Mx9 BOns SIMM $49.95 
421000A98·60 1Mx9 60ns SIMM $59.95 
424000A9B·BO 4Mx9 sons SIMM $159.95 
424000A98·60 4Mx9 60ns SIMM $179.95 

DUE TO CURRENT MARKET CONOmONS, 
CALL FOR CURRENT ORAM PRICES 

Math Co-Processors inteJ. 
PAAT I SPEED PRICE PART I SPEED PRICE 
8087·2 BM Hz 129.95 80387-SXP S25MHz 74.95 
8087 5MHz 89.95 80387-DXP s33MHz 79.95 
80287-XL 12MHz 74.95 80487·SX :5:25MHz 369 .95 

OverDrive Processors 
ODP486-SX20 For 20MHz 486SX OverDrive socket .$299.95 
ODP486·SX25 For 25MHz 486SX OverDrive socket .$359.95 
ODP486A·DX25 Replace 25MHz 486DX w/SOMHz DX2 .$359.95 
OOP486A ·DX33 Replace 33MHz 4860X w/66MHz OX2 .$529.00 
ODP486-DX33 66MHz 486DX2 tor OverDrive socket .. . $529.00 

MODEMS & FAX­ -.. ­
14,400 Baud 
Internal Fax/Modem 
• 14.400/12,00/9600/4800/2400 

baud modem & fax 
• Fu ll Hayes command set 

compalibility 
• Ouicklink II communications soltware 
MCT-1441F+ 14.400 baud internal fax/modem ..... $149.95 
MCT-241 2400 baud internal modem with s/w .$49.95 
FAXM-SWITCH Connect fax/modem/phone on 1 line $89.95 
FAX -SWITCH Above without modem conneclion .... $59 .95 

MOTHERBOARDS 
VESA Local Bus 
486DX Motherboard $599 
• 33MHz Intel 80486DX or 

66MHz lnlel 80486DX2 CPU 
• Uses 256K x 9, 1 M & 4M x 9 

60ns SIMMs (0K installed) 
• ZIF CPU socket for upgrades 
• Eight 16·bit expansion slots 
• MS·DDS, Windows 3.1 , DESOview 386, Novell NetWare 

and OS/2 compatible 
MCT·M486VL·33 33MHz 486DX VESA local bus .... $599.00 
MCT·M486Vl·66 66MHz 486DX VESA local bus .... $899.00 
MCT·M486EV·66 66MHz DX2 wNESA &EISA bus $999.00 
MCT·M386SX·33 33MHz 386SX ........ .. $129.95 
MCT·C386·33 33MHz cache 386 ........ ................ $249.95 
MCT-C386·40 40MHz cache 386 ........................ $299.95 
MCT·M486SX·33 33MHz cache 486SX ................... $449.95 
MCT·M486·33 33MHz cache 486DX ................... $549.00 
MCT·M486·50 50MHz cache 486DX ................... $799.00 

• 8-bit 286/386/486 compatible card 

MCT·AIO+ ........................... .. ......... ..................... ... $89.95 

MCT·AIO As above with one NSt6450 .. .. .. ........... $49.95 

MCT-IDEIO+ IDE w/NS16550 compatible serial ........ $99.95 

MCT-IDEID IDE w/NSt6450 compatible serial ........ $69.95 

MCT-VIO V L Bus IDE and Multi 1/0 card .. .. ......... $99.95 

MCT-IDEFH 16·bit IDE floppy card .......................... $29.95 

MCT·VCFH VESA Local Buscache IDE controller .$229.95 
MCT·VSCSI VESA Local Bus SCSl·2 controller ...... $299.95 

VGA Package with 
Accelerator Card 
• 1024 x 768 in 16/256 colors, 

BOO x 600 in 16/256/64K colors, 
640 x 480 in 16/256/64K/16M colors 

• 14· diagonal screen; 0.28mm 
• 16·bit 286/386/486 PC compatible Windows 

accelerator card, Interlaced and non-interlaced modes 
VGA·PKG-1024N ...................................................... ..... $459.95 
VGA·PKG·1024 0.39mm, t024 x768 VGA package ... $349.95 
VGA-MONITOR 0.39mm. 1024 x768 inL monitor ..... $269.95 
VGA·MON·1024N 0.28mm, 1024 x768 non·int. man.. $379.95 
VGA·MON-17N ff. 0.26mm 1280x1024 non-Int mon. $799.00 

Low Cost Windows 
Accelerator 
• 16·bit 286/386/486 PC compatible; 

suppo rts interlaced and non-Interlaced. analog or 
multisynch monitors; VESA software compatible 

•Up to 1280 x 1024 resolution in 16 colors 
MCT·VGA-5000 ....................... $99. 95 
SPEEDSTAR·PRO t6·bit Windows accelerator ......... $129.95 
MCT·VGA·4000 t6·bit t024 x 768/256 color card .$129.95 
MCT·VGA-1000 16-blt 640 x 480 VGA card ............. $49.95 

POST Code Display Card $7995 

• 286/386/486 compatible 
• Displays Power On Self·Test codes 
• Works when software won't boot computer 
• Includes AMI Diagnostics software 
PCODE+ ........ .. .. .. .. .. .. .... ........ .... ...... ......... $79.95 · 
PCDDE Above without AMI Diagnostics . .................. $49.95 

. ·· +·· - "· Wire-Wrap .. : .-. ~·x I 
. .;_ . ,Prototype Cards 

JDR·PR2 B·blt with 110 decode layout ............ $29.95
1 


JDR·PR2·PK Parts kit for JDR·PR2 decode ............ $8.95 

JDR·PR10 16·bit with 1/0 decode layoul .......... $34.95 

JDR·PR10-PK Parts kll lor JDR·PR10 decodo ...... .. $12 .95 

PDS-601 B·blt breadboard with decode .......... $79. 95 

PDS-611 t6·bil breadboard with decode ........ $89.95 


JDA·MOUSE·3 ................................................................... $14.95 

MOUSE·PAO Keeps mouse ball lree ol din ...................... $4.95 

MCT·GAME Dual port game card ................................. $29.95 

JSTK-300 Joystick ...................................................... $9.95 

JSTK·500 Pilol·Slyle joystick ............ .................. .. .. .. $19.95 


MULTIMEDIA 
Low Cost Internal ' \ 

'CO-ROM Drive 
• s-114· half-height internal drive 

with 112 length interface card • "' 
• 150Kb·175Kb per second. 350ms average access time 
• Includes drive. interface card , cables and manual 
CDAOM-1 .......................................................................... $199.95 
CDA·84 NEC internal dual speed CD·ROM drive $499.95 
MCT·SOUND B·bit sound card .............. ......................... $49.95 
SB·DLX SoundBtaster B·bil sound card ................ $89.95 

VIDE08LASTER 16-bit video card with software ............. $329.95 


STORAGE DEVICES 
TEAC5-V4" & 3-112" 

Combination Drive 
• 5·V4" half·height beige drive 
• Supports 1.44Mb, 1.2Mb. 

720Kb & 360Kb diskettes 
FD-505 ...... .. .................. .. .. ................................................$149.95 
FDD·2 .BBA 2.BBMb 3-t /2"". Beige.. ....... .. ..... :.... $99 .95 
FDD·1.44A l.44Mb. 3·1/2". Belgo .......... .......... .. .. ......... $59 .95 
FDD·1.44X l.44Mb. 3·112". Black ............... .. .........$59.95 
FDD·1.2 t .2Mb. 5·1 /4", Beige .......... ........................ $59.95 
FDD-360 360Kb. 5-1 /4", Black ...... ....... $59 .95 

Preformatted Bulk Diskettes In Quantities Of 250 
MD2D·BULK 5·V4. 360Kb OS/DD disks w~abels & tabs .S.25 ea 
MD2H·8ULK 5·V4. 1.2Mb OS/HD disks w/labels & labs .S.45 ea 
3.SD·BULK 3·112' 720Kb DS/DD disks w/labels & tabs . S.39 ea 
3.SHD·BULK 3·112' 1.44Mb OS/HO disks w/labels & tabs $.59 ea 

250Mb Tape Drive $16995 

• 286/386/486 PC compatible 
• OIC·40 read and OIC-80 

read/write compalible 
• Up to 3.5Mb/minule transler rate 
• 5-114· internal half·height drive 
• Includes DOS backup software and manual 
92501 .... .......................... ....................... .. ........ $169.95 

IDE Hard Drives -
PART I BRAND CAP. SPEED TYPE PRICE 
CP-30084 19msConner 84Mb 3·1 /2" IDE $189.95 

ST·3096A 
 Sea gale 89Mb 16ms 3·1/2" IDE $189.95 

ST·3144A 
 16ms 3· t/2" IDE $209.95Seagate 13tMb 

EPROM Eraser $3995 

• Qu ickly and simultaneously erase 
up to 4 standard EPROMs 

• Includes wall plug power supply 
DATARASE 11 ...... .. .. .. .. .................. $39.95 

EPROM Programmer 
• Prog rams devices up to 512K bits, plus 

27C100, 27C101 . 27C301. 27C1000, 
27C1001 . 27C2001, 27C4001 & more 

• Wilh B·bit 8088 & 286/386/486 PC compalible card 
• ZIF socket accep ts 0.6" wide DIP IC's to 32 pins 
MOD·MEP·1A ........................................................... $199.95 
MOD·MEP·4A As above with 4 ZIF sockets ............ $269.95 

CP ·30174 Conner 170Mb 
CP -30254 Conner 250Mb 

• 16-bit controller interfaces 
two hard and two floppy 
drives 

17ms 3·1/2" IDE $229.95 
14ms 3· 1/2" IDE $269.95 

HDKIT·BO Kil with 69Mb ST·3096A drive ...... ........ .. $209 .95 
HDKIT-130 Kit with t31Mb ST·3 t44A drive . 
HDKlf.210 Kit with 214MbST-3243A drive . 

MCT·M486·66 66MHz cache486DX2 .......... .. ..... $849.00 
LITHIUM·6V 6 volt lithium battery ..................... $10.95 

FREE 
JOR CATALOGS! 

PC EDITION AND 
COMPONENTS EDITION 

AVAILABLE NOW! 
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P.O.'uccepted from 
Universities end 
Qualified Firms~8I ~?¢-~1 ¥J~~Q 

IBM·PS/2 72PIN SIMMS SIMMS/SIPPS 
ll45060I s1 2J<36.10 IXS-70 
64~ 
6'50902- 1)(36 

2X3&-71) 
1X9-70 
4X3-70 

4)(36.10 41(9-70 
341'2$13 Cd Farlnt Prlot 16X9-71) 

> CD ROMS 
lll!SUlll 
LllOQI llt., 2$1m.151»Cb~-11bl<ri--511111 
.: lr'LOlllA>ll.,.i.-.11~Uld._.______~S1211 

t1l340l lol..do1AllttpM11.2llOllS.33DIClfS.2111Kfdllr.- ­

MJPS -~-·-· --- --··~--~-
PU06 OllU*_.a>f!OIC._..,,,.,......,.___s:i. 

OVERNIGHT SHIPPING• $8 on 1·21b packages 

Fa\ .+90 I Morena Bh d. Suite 903 • San Dit.:go. C:\ 9'.! 117 


(li l 1J) 58 1-01 25 1-800-581-6040 (6 19) 58 1 -(.0~0 


CONTROLLER
VIDEO CARDS BOARDS 

lllAllOND PromisellC'OllVt·VlS, IOECadWll) Conrt&!---..---·-5199 
OiamondsY>deocallls are ...~..,....,ded: 'l\lllO_..._ Th8! Map<ec1542C<-tSA.SCSJCollnil&I ..----- ·-· 52<9 
poiWr.seling~boanlhaswon,.,..,,...awamsW>Clu<ingPC~ ~2742T.flSA. SCSl eon:.oee. -----·--·-----~-·-- $299A..W.11 V'idooA<ce!e...... Tne:rnewS:u'lllllld\rlperarelndylheCU111'41 IOCl.Ocanl,2s<lpllg ---·-·---·-·-··-·....................- ....- •• $19

• in""" color. 24-l;t Yidt!o 1ad1n0iogy FM! jlW J;mi\ad •'Ol!Wlly, ....,..., IDEJ10.Vl8,2'<1p/1g _ .......... _ ..................._ ....._ ______.. ·-··-·· S35 
li<Mico!WppO!t 
SpeodS1al2" I~ max. 102~lC768 NI, 72MHt, 2 ..1>11, 16,7 ml oolorl - 5129 :JI MOTHERBOARDS 1(
SpeodStarVk '11, Bils. t6mll. 'MnMa!f<.1MB. 16.7 Mi ColOra. 72MHz...-Sl29 
Stealt_tl24Vl. VL-Dus, 1024~NI> '2:00)c1024 lntet!M:ed ...........,........ $1$9 
 CYAIX·ISA CYRIX·VLB. INTEL VESA LB 
S...llhProl/\.1 V~·Su•, 53 928Chi>. 1M9 \/RAM, 1280><1024 lnL ,.,_........ $259 
 4a60LC33 .. - .... S229 4660LC33VlB ........ 1249 4860X2/6GVL8 , ..... $609

V'IPl>MB Vl·&s, 7•MHz,z~a VAA>.4.Wel:td! ~. 60 Mlllop .... '1l60l.C40 ......- $239 ~C40 VLS ·~·· $259 1860X33 VLB _........ 5399 


Wd.lal\l . .......".. ..--.........- ..................... , .............. 5379 
 4860X VLB 1'/l(JC1'\I $119
ctrrusl.ogi< SV6i\VlBl!ilGl>~~ble ,......_. ...............- ......... Sll\l 
 486SLC2/66 • IBM 486SLC2/66 VLB . MINI EISAC!rruslo9c SVGA VlB 1·2. 1~8Upg:odab!e l0 2 ----·--- _ $119 ISA 5·1Ellit.2-8ort 8SiQG'. 2·Vl..6-ISll 4660X2166VLB ... 5699 ,_<It IS3 21 landmall< 1S307 4M!llC33Vl8 .•_ $479SPECIALS IC> ----· 5329 ~- __....$18$-~---. 52/S ­

<860X VlSW,Qcpt S119MAXTOR FAX/MODEM HARD DRIVE 
1345A.t0£ HO GVCl44 1r-~ T-·I~ :Jil••- GYRIX-(MATH CO's &. CPU'a) 
~ .. .• W 9 Pc·Mlg 1>8'1113 ~- $149 lll(537FB ......... _ $6S!l 


83087•33 145 
48&ll.Cil3 ·-----m ~~ - - ...... - .... $85 

> IDE HARD DRIVES . C . .......... 8306T-'O ....- ... .. S49 83587 -33 ............ S4s 


CONNER MAXTOR 
ci':lo11•, ....... 1TOin1>--~- s195 1213A. •• _. 213mb ......... wo :JI NOTE BOOKS C: 
C1'm4....._ 2'0oJb . ...._ S240 T.!ISA - ••••. 2~ · - --· R43 
CP.11J3&1 - .... ,.. - · - • 73W. .- ..•. :145tnb ... sm IBMThlnkpad Toshiba 
CP:l05<4 -·--· S«nl> . --$$2i Mrl'540SI..- 540rlt ··--- S66S 700 700C 720 4500 PCMCIA 

Seagate Westem Dlgltel ~---5229 *ng .. . .... ~5259 1u Fu; 
ST12391o .- 2t2n<ll _._... $?.l0 \lllD22ll0 •••• 20QllD ....$231 -lto0----- 161 lnlo---SMO - . - li2A 
ST32IQil. --· ~·---- S2ll W02!50 . -· 2:!DoO • •$211) 750 4600 SCSIM!j:W. . $279 
STS3111A-- ·~-$295 WD2340 ..s- ·--.s300 lt!olg.---51199 !ang ........-. 5969 - ·-·· ....... $1911 
sns..----~·--· SIGG WOZ<UO._._.. ___ S4Cf9 Wt-<ndl<a<d-

The Perfect Back-Up 

For An /~Per fco t World 


Accidents don ' t happen in perfect worlds. In this world, it 's no accident that VALITEK 
is your best bet for Back-up. 

VALITEK invented the parallel/serial port tape drive in 1989 and continues to build drives as though your 
business depends on it. With sizes and models ranging from 320 MB to 5.0 GB, there's no safer, simpler, 
smarter tape back-up drive anywhere. No installation. No controller cards. No pre-formatting tapes. The 
very FTRST true Plug & Play tape back-up drive . 

Call now for our fu ll line of products including our 128 MB 
MO drive and our BRAND NEW 1.5 GB mini cartridge drive ! 

The Worldwide Leader in Parallel/Serial Technology 

VAL.ITEK 
100 University Drive, Am he rt , MA 01002 

CALL: 1-800-VALITEK or 413-549-2700 

FAX: 413-549-2900 BBS: 413-549-7560 


See Us at CeBIT Hall 6, Stand C24/F23 
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Accessories/Supplies •Add-In Boards •Bar Coding Communications/Networking 

Communicating with a Higher Intellige1Zce 
GMM Sync4/CCP™ 
• High Performance ~ 6 MHZ 16 bit CPU. 
• 80X86 code compatible. 
• 4 Sync/ As'f"C Ports/ RS232, RS422, RS485 

12 Serial Ports with Full Duplex OMA). 
• Uses Zilog 8500, 85230 SCC chip. 
• 512K Dual Porled Ram (STD) 

( 1, 2, or 4 MEG Dual POI! Ram - optional). 
• Bk, l6k, 32k, 64kWindov- Size (Programmable). GMM Producb Are Af1 Mode ;11 USA. 
• 8 Software selecloble and Shareable 

lnlernlpls. 
'• Two Port Com. CaProcll$$0l' also ovciloble 

OEM and Dedier 
Inquiries Welcome 

(GMM Sync2/ CCP™). 
Other PC/ AT & PS/2 8530 based pn>ducts avoilo.ble. 

Extremely ccmpolitive prking. 

{7141752­ 9447 Fax {714)752­ 7335 
18092 SlcyPorl< South - Uni! E, lrvinoCA 9271.4 

Circle 257 on Inquiry Card. 

CONTROL 
ALL YOUR PC SERVERS 

FROM ONE KEYBOARD & MONITOR 

"No other solution 
stacks up." 

with MasterConsole® 
COMPARE Q UALITY 

AND PRICE PERFORMANCE! 

• Save Space, Cut Costs & Centrali 1..e 
Control with 100% Reliability 

• "Plug and Play'" Any Mixof PC/ATs 
& PSl2s; Suppons All Video 

• Desktop or 19" Rack moum Models 
for 2, 4. 8. 16 PCs. Ex pand 10 64 

• Keyboard Emu lator fo r Erro r Free 
PC Au1oboot and PC Opcm!ion 

• AUTOSCANTM 10 Monitor All PCs 
• MouseShare rn fo r PS/2 &Serial Mouse 

• Remote Access up to 150 Feet 

• Thousands in Use Worldwide 
GSA Schedul e for US Fed. Govt. 

CALL TODAY! 
(908) 874-4072 x 71 

n..* M 
RCI 

RARITAN COMPUTER. INC . 10-1 Ilene Co urt , Belle Mead. NJ 08502 Fax (908) 874-5274 

]0-1>.\ Y \IO~EY 11.\CK (;t l, \IH~TEE i·Tl.I. 1-\ E \I{\\ \RIH~T\ 

Ce 8 it' 94 Booth #0 14809 
Gennany ·~I sner Computenechnil\, 'fcl : 49-52J-f!S ~77 J;ax: 49-521 -889925 
Japan - Pro.idc Corp., Tel: 81-3-325!1-6131Fax:8l-3-3254-6q4
Tlie Ne1herlands-Artelcom B.V., Tel: 31-1-442- 313 Fax: 31- 10442-3443 
United Ki ngdom- Kemitron LTD. Tel: 44-244-536 123 Fax: 44-244-531043 

Circle 291 on Inquiry Card (RESELLERS: 292). 

FRAME RELAY, X.25, SDLC, HDLC, BSC on the PC 
Sangoma provides sync hronous support for PCs that is cost 

effective, rock solid , fu ll fea tured and easy lo use. 

YOUI COMMUN ICA !IONS LI NK 

• Coprocessor basedsupport 1~ith universal PC interface. 
• Frame Relav: ANSITl.617 Anne.' D, automatic 

congestion control. 
• X.25: CCITT 19 'and ISO 8208. 255 Logical Channels. 
• HDLC: L~PB or ~RM. ISO n76. 
• SDLC: Primary & Secondary, multiple addresses. 
• Line speed: I 0 kbps (full ­ duplex). 84 kbps (half-du pl ex). 
• Test programs, bui lt in dalascope included fo r 

ea.1y debugging. 
• Hi gh le\'el interfaces fo r DOS, Un ix, Windm1~. OS/'l. 

Tel: (905 ) 474-1990 (800) 3 S-2475 
Fax: (905) 474-9223 

7 170 Warden Ave. , Unit 2, Markham , 
Ontario Canada LAI R88 2 

Circle 267 on Inquiry Card. 
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Polaroid 
Circular Polarizing Filters 
The Ultimate Glare Control 
And Contrast Enhancement 
Technology 

Polaroid's C-P Filters for computer monitors fea­
ture a two-layer circular polarizer and multi-layer 
optical coatings to provide the ultimate technol ­
ogy for glare redudion and contrast enhance­
ment - the difference is immediate and dramatic. 
Because oi !he very efficient ambient light trap­
ping properlies of circular polarizers, Polaroid 
CP-Fihers suppress up to 99"A. of unwanted 
refleded light and are as much as 14 times more 
effective than other filters in improving contrast. 
Most models also include an electrically conduc­
tive coating that eliminates static and reduces up 
10 98% EMI for eledric fie ld radiation. 

Polaroid produces a full range of optical qual­
ity anti-glare fil ters in glass and triacetate 10 fil 
most 9"-21" monitors. 

Polaroid Corporation, Polarizer Division, 
N2, 1 Upland Road, Norwood, MA 02062 
1-800-225-2770 Fax 617-446-4600 

Circle 264 on Inquiry Card. 

We Stock the Largest Selection of 

PCMCIA Cards and Drives 


Over the 
last year 
we've be­
come a 
leading 
source for 
corporate 
America's 
needs for 

Computer Modules, Inc. 

PCMCIA Cards 
·Flash ·OTP • LANfEthernet 
· SAAM · 110 • FAXfModem 
·DRAM • EXCA • Disc Drives 

We resell the SCM Flash Filing System 

PCMCIA Card ReaderfWriters for PCs 
·Internal · External • Type I, II , Ill 

PCMCIA 
2350A Walsh Ave. cards and Santa Clara, CA 95051 

drives. Fax: (408) 496-1 886 

For the best in ricin call Tel. 408 496-1881 
Circle 252 on Inquiry Card. 

Barcoding with 
Windows! 

IN•~01ii!P 
CompJiance 0 

Labeling! 

• 	 Full-featured. Network-ready. Full y DDE compat ible! 

• 	 Support. most popu lar symbologies. bar code printers 
and databases 

• 	 Interactive and automatic printing tools via Windows. 
not DOS. 

• 	 Full design capabi lities; Full Window implementation. 

"ii!fiifttH 

IllMayer Automation Group • DMsion of Mayer Ele<:uic Supply Co. Inc. 

3405 4th Ave. So.. Binnlngham. AL 35222 • 1205) 583-3500 • FAX: (205) 323-0886 

Circle 300 on Inquiry Card. 



Communications/Networking 

Rhetorex 
Voice Processing boards 

make CTI areality. 
If you're asking ''what's 

CTI;' you' re missing one 
of the honest new 
technologies goin g. 

Computer Telephony 
Integration links PC­
based computer appli­
cations lo the telephone 
network , providing voice/ 
fax mail, interactive vo ice response, voice/fax servers 
and more. 

Interested? Maybe yo u' re already developing a CTI 
applicati on. Then it 's lime lo di sco ver Rhetorex .™ 

For the best va lue in CTI technology-from our 2 and 4 
port DSP-ba cd voice and fax proces ing boards, to our 
24-port platform-give Rhetorex a call. And start making 
CTI a reali ty today. · 

•l;liiiiel;l#i 
Rhcto rcx, In c.. 200 E. Hacienda Ave .. Campbell , CA 95008- 6617 

Te l. (408) 370-088 1; Fax (408) 370- 1171 

All trademarks idc111iii cd hy lhc ™ sy mbo l are tr;1dc mark s of Rhe1orc~. Im:. 
All other 1rmlcn111r ks !>C lung to the ir rcspcl: tivc owne rs. © 1993 Rhctorc x. Inc. 

Circle 266 on Inquiry Card. 

LET YOUR COMPUTER DO THE TALKING! 
lntcgr.itcd 

Voice/ fax Mail 
lntcgr.ucs m:ajor vok-e/ fax applications plus 

• Automated Attcndanl 

• Unlimited Audiotex 
program <."t.>ntml Into one full-fcatun.-d h igh • Voice Mail 
performance >01\w:irc. l'C·AT/386/~86 l> asc.-d. 
.\lcnu drivL'fl. Ea.<y 10 u.-.e. Full support for • Talking Yellow pages 
Rh<.1orcx, l'i<.·w Voice, Dia.logic, Bicom. Pika, • 
lTI and Intel mice and fax hardware. Supports • Telemarketing 
up to 32 \nice Uncs and up to 8 fax lines. • , 
l lar~wai:c + <;o~twnn: kit' $650 Fax Mail 
i voi ce lim" ku ''"rt' a t • Fax-on-Demand 
Fax-un- Jkmand line' HIH-J68-­1i66 or 8 1&-..l68./l8;8 

SigmaTcch Software • Fax Broadcasting 
Tel: (818) 568-61.H Fax: (8 18) .)68-7859 • Date/Party Wll'S 
111801 lli, 11 1:m k A1t· , 'l/on hndgc, CA 91526 USA • , 
Ok ..,ell e" De.de" ODh l'n\":tte bhcls Jrc wclcom~) Int I Call Back 

~'f
Let o u r . . . 

Voice Mail 
Call Processing 
Fax-on-Demand 

Circle 268 on Inquiry Card. 
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Communicatlo/1S/T'letworking •Computer Systems •Data Acquisition 

Circle 295 on Inquiry Card. 

Develop code on PC 
Burn DOS in ROM 
PC Compatible 
KS-2 XT equivalenl V40 CPU card S 139 · q1 
Options: PCMCIA, 1M ram 51 21< ram. 2561< NV sram. 
3 senal. 2 paralel. dock. mxJem. A'D. LCD. keypoki 
KS-7 AT eqtivalenl V53 CPU card S269 · ql 
Options: PCMCIA. 4M ram, 2M ram. 5121< NV sram. 
5 senal, 3 Jl<1r, dad< VGA k!¥X><1rd. i'q:>. rrodcm. Ml $139 up 

303-444-7737 Fax 303-786-9983 
Boulder Colorado 80301-2842 U. S.A.KILA 

Circle 259 on Inquiry Card. 

Rackmount Solutions 
RACKMOUNT COMPONENTS ­ QTY 25 PfllCING 

Rackmounl Chassis 19'xrx1T Sl83 
Rackmount VGA Monitor S531 
Rackmounl Moni101 Shelf Sl 13 
Rackmounl Che11y Keyboard Drawer S200 

RACKMOUNT PLATFOAMS - Oiy 1 Pricing 
RMS486DX2 ·66 EISA S1593 RM S486SX·33 S915 
RMS486DX·JJ Sl 136 RMS386SX·33 S665 

RACKMOUNT CHASSIS ­ 15 Models up lo 20 Board Slols 
SLOT CPU BOARDS ­ EISMSA 486, 486SX. 386. 386SX 
RACKMOUllT MONITORS -Super VGA & Monoch1ome 
RACKMOUNT KEYBOARDS ­ High Oual11y Cheny KB 
RACKMOUNT SWITCH ­ Video/KB up 10 12 CPU s 
RACKMOUNT CABIN ET -Modular from 21' 10 96' high 

Exclusive lnte1na1ional Distrib utor Praoram now Available 

'W"·~·~· ~· 11,.llE". \~ .~ ,~.~ .,,. . 
TECHNOLOC'r INC. 

2468 ArmstrongStreet, Livermore CA 94550 
(510) 447-2030 FAX: (510) 447-4559 

Circle 274 on Inquiry Card. 

PC-based Solutions for 
Industrial Automation 

• lndu tria l PCs & Workstations 
• Enclosures and Card Cages 
• 486/386/286 CPU Cards 
• RAM/ROM Disks 
• Industrial VO Cards 
• RS-232/422/485 

1-800-800­6889 
1-408-245-6678 in CA 

Fax : 408-245-8268 

Circle 248 on Inquiry Card. 

LanFax/V Network Fax Server 



Data Acquisition 

• Stand Alone 
• Free Sotrwsre 
• Programmable 
• Mult/..sddresslng 
• Battery Cspablllty 
• Off-site monitoring 
• Signs/ Conditioning 
• /ntergrsted Systems 
• Unlimited VO points 
•pc, MAC, DEC, etc 

ELEXOR ASSOCIATES 
phone (201 ) 299-1615 

fax (201) 299-8513 
P.O. Box246 

Morrie Plalna, N.J . 07950 

Circle 256 on Inquiry Card. 

Circle 258 on Inquiry Card. 

• AID Boards 
• Signal Conditioning 
• Communication 
• PC Instruments 
• Scientific Software 

- i(i#lill!l§h METRABYTE 

Clrcle 261 on Inquiry Card. 

The Intelligent Solution For Data Acquisition 

DAP 3~™ Data Jkq wisition Ptoct1S0r"" 

Data Acquisition • Disk &Optical Drives 

The Classic Color lrasportable PC 
• f\vailable In 486-33/50/66 system or In a SKD enclosure 
• Build-in10" color SVGA SONYTrlnilron monitor 
• 6 SlotS with 3lull 3hall arrangement 
• 2 x-525" DD and i x3,s• HDD bay 

Trans 2000, Inc. - - ­ -------­ ---1 
11558 E.Was~ l ngfon Blvd.Suite A. Whittier. CA90606 
Te,I: ·310-908 ­ 6814 • Fax: ,310-908-6819 

Circle 289 on Inquiry Card. 

WRllE ONCE CD SYSTEM 
1nck.1CJ,img a Philips CDD-521 write once drive, 

SC:SI interface card, cable, software for CD­
ROM and CD-Audio and 5 blank discs. 

Circle 290 on Inquiry Card. 

COMPLETE SYSTEM 
PRICE $6495 
214-380-0126 
FAX 214-380-4506 

2CD-ROM, LLC 
4819 Keller Springs Rd . 
Dallas, TX 75248 

MARC H 1994 BYTE 261 

Analog 1/0 to 330Ksamples per second Digital Signal Processing up to 16 Ml PS 

Oi1,otal 1/0 to 2M samples per second 10.24MHzCPU wi~t up to 4M ORl\M 

Up to 512 analog inputs on one DAP 20.32 MHz OSI' with utl to 96K SRAM 

Up to 128 digital inputs/out puL• OAP!." Oticr.1ting System 

12·bit or 16-bit resolution ADCs • tcxi. Sllllldard com"""d' J\il JCROSTAR 

fFT and HR-filtering ~ith on-board OSP •CuSlOm rommands inc - - ' 

CPU:i l86or i486 LABORATORIES'# 


Send for FREE catalog and demo diskcuc. 2265 I 16th A\'cnuc NE 
206-453-2345 /fax 206-453-3199 Bellevue. WA 98004 



Disk & Optical Drives • Diskettes/Duplicators Disk & Optical Drives • Diskettes/Duplicators 

Standard (7 SCSI, 2 IDE, 2 Floppy, 2 Serial, I Parallel) . ..$175 

Enhanced (7 SCSI, 2 IDE, 4 Floppy, 4 Serial, 2 Parallel) . ..$195 


Price includes cables, software & complete documentation


llill 18 1 
Control Concepts, Inc. 

8500 Executive Park Avenue 
IVISA' I I• I
Fairfax, Virginia 22031 


Tel: (800) 922-9259 Fax: (703) 876-6416 ..... 

Circle 285 on Inquiry Card. 

PS/2 50 50z 55sx 60 70 80 P?O 
INTERNAL DAMS -May be used as ahigh performance replacement or to co-exist wtth original IBM drive. 
Compaffble with DOS 3.3 to6.2. 0512 2.0. 2.1 and Novell. /nc/u<Jes /DE or SCSl-2 mlctocllannel con&olter. hard drivf!, 
mounting Wt. ribbon &power ca.ble, manual, hardware, andtree technical support. 
106mb, 15ms, Internal Seagate IDE Drive Kit................................... . .... $383 

125mb, 15ms. Internal Maxtor IDE .................. ..................... ............... .... ............ $414 

245mb, 15ms, Internal Maxtor IDE I SCSI Drive Kit.. ................................. $4791$499 

340mb. 13ms. Internal Maxtor IDE I SCSI Drive Kit... ... .......... .... ............ ... $5491$626 

540mb, 8.5ms. Internal Maxtor SCSI Drive Kit ....... .............................................. $943 

1.06 b, 9ms. Internal Connor SCSI Drive Kit.. ... .... .......... ....... ... . . ............. $1 ,368 

PS/2 Model .25, 30, 30-286 m,".t~~=~!':"~'"""'' 
~~~:~j~~r::bH~~rcsoOii:eKi~' $i~s:ff;:: =rz:lff:oo~~d!;r1rxco-11andrires. OS/2. 

Circle 282 on Inquiry Card {RESELLERS: 283) . 

AX 1000 DISKETTE DUPLICATORS 

RAPID REPRODUCTION 

Simple Fast Smart Reliable 

• Format s ,copie s 
& verifies 

•	 New Hig h Speed 
Contro l ler Brd. 

•	 Up to 1 80 1 .44 
MB I h r 
I 00,000D i skette 
Life Cyc l e 

•	 Reliable Teac 
Drives 

• 	 I year warranty 
(except drive s ) 

• 	 30 Day warranty 
o n drive s 

UNFORMATTED 360K l.2MB 720K l .44MB 2.SSM 
Time for 1 Disk 40S 6SS SOS SOS SOS 
Disk Copied lOS l 7S 20S 20S 20S 
Disks/hr. 360 2 ll ISO ISO ISO 

~·-~#"~~/40 ...............1~

~~ff~-.~~/~,....~ '-"' 

TECHNOLOGIES 
CORPORATION 

4995 T I MBERLEA BLVD ., U N I T 9 
MISSISSAUGA, ONT. L4W 2S9 

TEL: (905) 602 9270 FAX: (905) 602 9279 

Circle 249 on Inquiry Card {RESELLERS: 250). 
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---------- - -

Keyboards • Multimedia 

Money Bock Guarantee & 1 Yr. Warranty 
Popular 


Space-Saver 

Keyboard 

$98.00 

Saves 60% desk space. Foot­
print 27.3x15.2 cm. 100 full­
travel tacti lly responsive keys.Standard left-right spacing for easy touch 
typing. IBM XTI AT PS 2compatible. Many language veJSions available. 

Call Toll Free To Order: 1-800-DATALUX 
155 Aviation Dr. • Winchester, VA 22602DA"l'Al.UX Tel 1-703-662-lSOO• FAX 1-703-662-1682 

- VISA, MC, AmX - Auto-FAXed Specs FAX 1-703-662-1675 

Circle 255 on Inquiry Card. 

Rugged Rackmount Keyboards 

Elma offers high quality industrial ruggedized 

keyboards. Features include: 

• 19" rackmount keyboards 
• Take 1 U or 1.75" space 
• Over 25 models to select from 
• Available in full travel and membrane types 
• IBM PC XT/AT, PS2 compatible 
• US and International versions 
• Spring-lock front panel 
• Smm, 2 button trackball with seri al output 

Ca ll Elma at 510-656-3400 
Elma Electronic. Inc. 
44350 S. Grimmer Blvd. 
Fremont , CA 94538 
Tel: 510-656-3400~(ELMA 
Fax: 510,656-3783 

Circle 298 on Inquiry Card (RESELLERS: 299). 

VGA-TV Converter 

Desktop Video 
Motion Capture 

• Capture video lo AVI liJo 
al 320 x 200 10- 1Sips 

• 8. 16, 24-bit color 
• DOS & Windows support 
• S·VHS & Compos.le input 
• Free devek>pmonl k.i1 
• Sound Blaster suppon 

USS 270 

• Supcrioc anU.fUcker finer 
• TV & Monitor display simultaneously 
• RGB. S·VHS & Composilo output 
• Windows support 
• PAUNTSC switch 
• Horiz. Over/Under-scan swilch 

USS 200 (PC Presenter) 
USS300 (Video Presenter) 

DISPLAY RESEARCH LABORATORY -- Capital Automation Inc. International Inquiry: 
VISA Tel.: 1-704-596-6120 lnt'I Te l. : (852) 402 1165 

Fax: 1-704-596-9595 lnt'I Fax: (852) 415 2739 

Circle 286 on Inquiry Card (RESELLERS: 287) . 

Laptops & Notebooks 

Notebook Expansion 
The Easy Way 

LapStation Expansion 

Systems and 

CableMate Port 

Replicators let you 

attach any desktop 

peripheral or PC 

enhancement card 

to your notebook In 

one easy step. 

Models with one to 

seven slots and bays 

support most popular 

notebooks. 


---~nix,- corporation- ­

The Portoble Pertphero~ People 

1214 Wilmington Avenue I Soll Lake City. Utah 84106 
(801) 466-9797 FAX (801) 485-6204 Toll Free (800) 866-9797 

Circle 251 on Inquiry Card. 

Most Cost-effective Pen Based 
Personal Information Processor 
Meets Your Specific Needs. 

Info,,,.,, 
• Model J: 

For project 
design 

• Model CFX: 
Universal Fax 
computer 

• Very easy-to-use 4GL for different Infor­Prog~ammablllty 
mation processing 

• Development System on VGA PC for 

downloading the applications 

Data Compa tibility j • DOS file sys1em compatible 

• dbl, wk1 , pc•, bmp, !Jct, etc. 

compatible 

Communication RS232, Modem, Fax, Infrared, Radio fre­

quency links available 

Cost Very reasonable 

DIALOGUE TECHNOLOGY CORP. 
2nd Fl. , 38, Ching Shing Rd., Wen Shan District. 117, 

Taipei , Taiwan, R.0.C. 

TEL: 886-2-9327680 
DIALOGUE 

FAX: 886-2-9317814 TECHNOLOGY 

Circle 288 on Inquiry Card, 
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Monitors & Terminals 

STAND-ALONE LCD MONITORS 
STN Color or Monochrome 

NeW 
oual ­
scutt ! 

DATALUX introduces its new high quali ty, high brightness color$1595 1LCD monitor in the same case as thepopular Monochrome version. 
• (i.10 X480, 256 Colors, VGA compatible. 2CCFT backlights 
• Drivenby ISA Bus Controller Card, no external power supply. optional CRT output 
• Adjustable desk stand, folds for wall mounting or portability, l.75Kg weight 
• 197 X147mm display (9.4 inch diag), non·reflective glass face 
• Contrast ratio of 15:1 ,200ms Rise and 150ms Fall time 

Monochrome version 640 X480. 64 gray shades.$7951Wide 1•1ewmg angle. 

Also t\vajlable 

• Mohilellndustrial model sealedagainst spillsand splashes in rugged drawn aluminum 

housing •ith optional s•ivelmount. 
• TouchScreen Version.Capacitive technology. Prmides high resolution, fast response, all 

gla sscratchproof optically clear sensor. Complete with built-in controller and software. 

To Order Call Toll-Free:1-800-DATALUX 
Tel: 1-703-662-1500R.l!l!fl~LUV........_
~ FAX: 1-703-662-1682 

Au10FAXcd Specs: 1-703-662-1675155 t\1iation Drive • Winchester,VA 22W2 

Circle 254 on Inquiry Card . 

Let your 
"true colors shine 

through" -. 
when you advertise your 

computer products in 
BYTE's 

HARDWARE/SOFTWARE 
SHOWCASE 


our newest, affordable, 
4-color advertising section! 

Call for more details: 
(603) 924-2695 

or (603) 924-2598 

264 BYTE MARC H 1994 

Programmable Hardware • Tape Drives 

Circle 280 on Inquiry Card (RESELLERS: 281). 

UNIVERSAL/GANG PROGRAMMERS ALL-07 
Fill ALL of your EPROM, PLO, GAL, FGPA, MPU/TIL ... 
programming and testing needs with one unit! 
• Supports virtually ALL 

programmable devices. 
• 	 Supports DIP, PLCC, QFP, 

SOP, PGA .. . up to 256 pins. 
• 	 Gang programming 

option for production. 
• Free software updates via BBS. 
• 	 Algorithms approved by IC 

manufacturers. 

~HI-LO Systems TEL (510) 623·8860 
-~ 44388 S. GRIMMER BLVD., FREMONT, CA 94538 FAX (510) 623-9925 

Circle 269 on Inquiry Card (RESELLERS: 270) . 

Save time. Save money. 
Our wide r.mge of C-progr.1111111ablc miniature 
controllers arc idea l for cont rol applic; llions, cb1;1 
:icq11isi1ion, and 1es1and mc:isuremcnl. Compact and low in price 
(1he Li11k PLC'" above is 2' x3' and 1 ~5), these controllers are progr.1mmcd wi th 
our casy-10-use Dynamic C'" dcn:lopmcm sy>tcm. Our conuollcrs fc:nurc digital 
t/O, Atx;,, :tnd DACS, rebys and solenoid driver . RSZ3Z/RS-18S serial pons, ba11ery­
backtxl memory and 1ime/ cb1e clock, LCD>, kci•p:1ds. enclosures and more! 

172•1 Pic:1:;,o Awnuc 2 ·-Hour lnfonn.11ion 
Davb, CA 9"616 Service 916.753.0618. 
916 .757.3737 C.1 11 from your fAX and 
916.753.511 1 f'AX fo llow the ins1n1c1 ions. 

Circle 273 on Inquiry Card. 

3480/3490 & 9-Track Tape Subsystems 
1/411 DAT 8mm Optical 

Windows Software Now Available 
• Tape Backup and Restore 
• Make Your Own CD ROM 

with our CD ROM Maker 
• Optical Storage from $995 .oo 
• Fujitsu Quality Drives 

Circle 260 on Inquiry Card. 



Tape Drives 

619-571-5555 Overland Data 
FAX 619-571-0982 
Europe(+44) 734-891891 Your best choice for 1/2 inch 
EuropeFAX (+44) 734-891897 tape solutions since 1980. 

Circle 263 on Inquiry Card. 

TAPEFJi1SK® 

TAPED/SK software turns your SCSI tape drive into a DOS "disk'.' 
Assigns a DOS drive letter to your tape drive! 
Works with DOS, Windows, and Windows For Workgroups! 

Full use of your investment - Use your expensive tape drive all the 
time, not just for infrequent backups. 

Easy to use - Easy backups make for frequent backups. 
Now save valuable data to tape as easily as saving to disk. 

Direct data access - Read your data directly from tape. 
No need to restore data to disk. Save data directly to tape. 

Supported tape drives
I¢i IMM HP JetStore-Conner PythonfTurbo USD 

,,,g,.,. Python-WangDAT-Exabyte-Sony 
:!;[:~,~"'• Legacy-WangTEK-Tandberg $249.95 

----•Colorado PowerTape/DAT - others. 
Denmark Distributor 
Vitek Danma rk Voice:+45 46 49 25 61 Fax:+45 46 49 20 90 
Nordic Countries (Norway, Sweden , Fin land) 
Tandberg Data Service AS +47 22 95 13 51 Fax:+47 22 95 13 55 
USA and Other countries 

TAPEDISK CO!poration 800-827-3372 Fax:715-235 -3818 

Tape Drives • Business • CAD/CAM 

Desktop 9-Track Tape Subsystem 
#1-sel/ing 9-track system on desktop. 

Qualstar's low cost 1/2-inch9-track Streaming 
tape systems bring full ANSI data interchange to 
IBM AT. PS/2 or Macintosh, giving your micro the 
freedom to exchangedata files with nearly any 
mainframe or minicomputer In th eworld . 

Systems include DOS or Xenix compatible 
software, coupler card and cables. High reliability 
1600 or 6250 BPI capability may be used for disk 
backup as well as data interchange. 

QLJRLSTRR: 
Call us today/ For details and 
to order: Fax (818) 882-4081 
Phone (818) 882-5822 

9621 Irondale Ave., Chatsworth CA 9131 1 
©1989Oualstar Corp . 
All produC1 and co mpany names and trademarks are the exclusive pr operl)' ol th eir respettlveowner;. 

Circle 265 on Inquiry Card. 

Teleform Automates Forms Data Entry 
E liminate data ent ry, 
reduce response time and turn 
fax machines a nd scanners 
into da ta entry 
terminals. 

...._. -·­ .':',:.._;,. .. :.... ­ f·-· ·· ·: 

~ ~' .... -·- ... .-. "'"' ~ ~ :::..~ 
l l .... - - ---.. -­ .: ,......:. 

· I:" -.-­
~ -....~ r-. ·'!rf_'; !t ~ 
~ .. ­ - .-

• Recogni1..cs hand print, machine prinl and marked circles 
• Creates fom1s optimized for recognition 
• Stores infomrnlion in leading databases and spreadsheets 
• Includes editing and verification system 
• Broadcnsis blank forms by fax 
• Single and MultiUse r versions available 

Call today 800-659-8755 
;;,, 

Cardiff~<-Software 
1//1/lr!!/ £ 

!!~~-9.r:~·o w • 

~~ I S tC\IC ll!I A\'CllllC, Bldg. B 
Solnnn Uenc h C A 92 075 
Pl11mc () 19/2.SIJ­6444 • Fux 61 91259-6450 

Circle 311 on Inquiry Card. 

smARTWORK~ PCB Software 

WIN'rmr ® 
Wlntek Corporallon 

1801 Soulh Streel 
Lafayette, IN 47904 

( 8 0 0 ) 742-6809 

The first printed circuit­
board program for the IBM 
PC , and still the first choice 
for designers ol 2-sided 
PCBs. occasional users, and 
educators. The program's 
features Include unmatched 
ease of use . cont inual 
design-ru le checking , aulo­
matic pad shavi ng, trace 
filleling, soldermasks, and 
silkscreen. smARTWORK 
with autorou ting is $895 
($495 without) and has a 
30-day money-back guar­
rantee. Ca ll (800) 742·6809 
or (317) 448-1903. 

Circle 272 on Inquiry Card. 

International 
Sell your computer produc 
growing markets today! 
REACH 78,000 L.ATIN AMER! 
BYTE READERS 
Now you can advertise in 1, 2, or 
all 3 Latin editions of BYTE: 

BYTE Mexico 
BYTE Brazil 
BYTE Argentina 

Give Liz at Global Ad-Net a call t 
info: 603-876-4311. 

MARC H 1994 BYTE 285
Circle 296 on Inquiry Card (RESELLERS: 297) . 



Data Acquisition • Database 

1994 

IE.EE 488 and 
VXllua Control, 
Data Acquisition, 
and Analyala 

Computer-Based Instrumentation 
Free 1994 catalog of hardware and software for computer­
based instrumentation. Features instrumentation software for 
W indows, Wi ndows N T, Mac in tosh, UN IX, and DOS, 
i nc lud in g LabVIEW, Lab Wind ows, and the new 
LabWindows/CVI. Descri bes IEEE 488 .2 interfaces, plug- in 
da ta acqu is ition boards , VX lbus controllers, and signal 
conditi oning accessories. Customer education c lasses also 
detailed . Includes tutorials and glossary. 

National Instruments 
6504 Bridge Point Parkway, Austin, TX 78730 

(5 12) 794-0100 

(800) 433-3488 (U .S. and Canada) 


Fax (512) 794-8411 


Circle 262 on Inquiry Card. 

dBASE Data Entry 


The TransTerm 5 is a work station data entry/display terminal 
for on-line shop floor data collection into PC/AT/PS-2 systems. 
The unit is one of a family of such terminals which feature LC 
displays for operator prompting and data entry via sealed touch 
keys or an optional barcode scanner or badge reader 
(Code39,UPC+). A multi-terminal network controller (up to 250 
stations) and a dBASE IV compatible software package are also 
available. System costs start below $300 per station. Options 
include display backlighting, barcode scanning, counter inputs, 
control output. 

COMPUTERWISE; 

302 N. Winchester• Olathe, KS 66062 

913-829-0600 • 800-255-3739 •FAX 913-829-0810 

Circle 253 on Inquiry Card. 
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Utilities • Windows 

--: FAST LOAD ::­
FILE-WISE DISK SPEED UP 

., BEYOND DISK CACHE ! BEYOND RAM-DISK ! 

• 	 Keeps files yoo specify in EJXMSfor ultrafast access OMEGA POINT, Inc. 
• 	 Worl<s alDlle or to speed up existent cache/RAM disk 25 Birth Rd. Framingtam. MA 01701 
• 	 Unlike cache, your files do not get nedlessly flushed TEL (508) 877-1819 

out of XMS, but are always ready for instant access FAX (508) 877-0915
• 	 Unlike RAM disk. no need lo copy Illes f reconfigure 

applications, no E/XMSwasted on granularity slack 
• 	 ReduceLAN traffic. Speed up DOS f WIN. Uses< Sk 
• 	 Price: $ 49 VISA, MC.AMEX ~ 

Circle 277 on Inquiry Card. 

Pm/VER & PRECISION 

Scientific Graphs and Statistics 
Advanced Capabilities in a next generation Call Now: 517-339-9859 
product. Used and tested by over 35,000 ... ______ ..__,_ 
scientists and engineers worldwide. 
Error·free performance, total control and 
flexibility, hundreds of templates and samples. 
full support for all types of data files, ease of 
use, and free tech support make Plot· IT 3.0 
your best scientific graphing software choice. 

We are so confident you will find Plot·IT 3.0 for 
WINDOWS to be an indispensible research 
tool. we offer a 60·day money back guarantee. 

SCJ tNTIHC=•·=p1ot IT.
P!lOGRAMl.ltNG - ® 
ENT ERPRIS ES 

P.O. Bo• 669 • Haslen. Ml 48840 

Circle 312 on Inquiry Card (RESELLERS: 313). 



- A DIRECTORY OF PRODUCTS AND SERVICES 

THE BUYER'S MART is a uoique classified section or­
ganized by product category to help readers locate sup­
pliers. Each ad has Inquiry numbers to aid readers re­
questirig information from advertisers. 

phone and fax number. 2"x2'/o" ad has more space for 
descriptive text (850 characters is the maximum recom­
mended). 

2 "x1 1~· 
1ad 

RATES (Jan. 1994) 
3·5 6·11 12 

fnu11 IHUll IUUH 

AD FORMAT: Each ad will be designed and typeset by 
BYTE. Do NOT send logos or camera-ready artwork. 
Advertisers should furnish typewritten copy. 2"x1•/,." 
ads can include headline (23 characters maximum), de­
scr iptive text (300 characte rs is the maximum 

DEADLINE: Ad copy is due approximately 2 months 
prior to issue date. For example: November issue 
closes on September 8. Send your copy and payment 
to: THE BUYER'S MART, BYTE Magazine, 1 Phoenix 
Mill Lane, Peterborough, NH 03458. For more infor­
mation call: Margot Swanson at 603-924-2656. 

2ads/issue 
3 ads/issue 
2 "x2·~· 

$696 $668 $585 
557 
529 

1 ad S1 .392 $1 1336 $1 ,170 
2ads/issue 1114 

$557 
529 
501 

51.114 
1,058 

recommended) plus company name, address, tele- FAX: 603-924-2683. 

ACCESSORIES 

KEYBOARD, VIDEO, MOUSE, AUDIO 
Extend signals from PC wilh EXTENDER 

- ~ 

. . 


• 

~----~1\I'
RADIOACTIVE? 1111 

Pio! I on )':ltll PC w.lh The R~ RADIATION MONITOR 
Senal or pm:erpclll lleu>cts: ALPHA • BETA• GAMMA • X·RAY. I 111111,

MlcroR, 1000 rimes !ho resotutlon of standard geigor c:oontors. ™ 
Excellent lor tracking RADON GAS. Find ~- NCwr. Version 3.1 ,. J~ 
' WINOOWS. Plot • 6aclcgr0Lnd • Cosmic Rays • louds • Foods 

calNl ri:e for PC MAGAZINE review. • TSR • GM Ttb! 
VISA'MCIEURO Phone ordets. Nol satisfied? Fill ralund. 

800·729-5397 or Tel/Fax: (302) 655·3800 
Aware Electronics Corp. 

P.O.Bo• 4299. Wilming1on. DE 19807 $149.50 

.. 

Portable Reader 
* AA Battery Operated, 64K or 256K 

* Option to prompt Operator with Your 
recorded voice Prompts! 

* 4X20 Supertwist LCD Display. 36 Rubber Keys 

* Real-time Clock Built-In for Date/Time Stamps 

* 2 Built-In Inventory Prog rams 

* 3 User Defined Programs, & 3 User Data Files 

* Wand, CCD, or Laser Scanner Input 

* Doubles as Non-Portable Reader ii ~ * Serial Interface and Keyboard Interface 

• * Reads 2ol5, UPCIEAN. 128. Code 39. etc. 

Split signals with COMPANION/PC EXPANDER 
Switch signals among PCs with COMMANDER 

Boosls signals up 10 600 feet. Control up to 96 PCs 
with one keyboard, monilor and mouse. 

CYBEX CORPORATION 
4912 R esearch Or., Huntsville, A L 35605 

Phone: 205-430-4000 Fax : 205-430-4030 

Inquiry 651 . 

VGA Splitters 
Connect 2, 4, or moro monitors 10 your compulor 
Brig ht and crisp presentation simultaneously on all 
monllors - Guarantoed 
Works with all VGA, SVGA, and AGB monllors 
Small durable metal case. MADE IN USA 
E.xtensJon cables available 

H&R TECHNOLOG~ 
San10Ano, CA (714)64 1·66-07 800·959·6439 

- ... 

* Uploads with furnished Programs or Xmodem 

* 2 year Warranty on Reader & Wand 

* 30 Day Money Back Guarantee 

* 64K Complete with Steel Wand ­ $799 

* New Smaller Size ­ weighs only 12.5 oz. 

Worthington Data Solutions 
3004 Mission Slreet • Santa Cruz, CA 95060 

408-458·9938 FAX 408·458·9964 800·345·4220 

BAR CODE 

For PC, XT, AT, PS/2, Macintosh 
and Serial Terminals 

* Attaches as 2nd Keyboard or to any ADB port 

* Reads 2of5, 128. UPCIEAN. Code 39. etc . 

* External or lnlemal attachment on PC 

* Wand, CCD, Slot Badge, Magstripe or Laser 

* Two Scanners per Reader 

* 100+ Configurable Options 

* 2 Year Warranty, 30 Day$ Back Guarantee 

* Direct From Manufacturer 

* Top Rated by Independent Review 

* Complete with Laser Scanner- $1295 

* Complete with Stainless Steel Wand - $399 

Worthington Data Solutions 
3004 Mission Street 

Santa Cruz, CA 95060 
408-458-9938 

800·345·4220 

1,_ 

.... 

1~ 

I~ ' 

.. 
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BAR CODE 

Portable Bar Code Reader 
>- Use as a PORTABLE. WEOGE, or SERIAL 
>- 9V Battery Operation with Lithium Backup 
>- 2x16 Supertwist LCD Display 
>- 54 Key Keyboard with Separate Numeric Keys 
>- Real·tlme Clock Supports Date & nme Stamps 
>- Reads all Popular Bar Codes ( 16 types) 
>- Wand, CCD. Laser. or Serial Input Devices 
>- Built-In Program Generator 
>- Create You r Own Custom Programs 
>- 6 Built-In Inve ntory Programs 
>- Up to 250 Programs Can Reside In Memory 
>- Create up to 250 Data Files per Program 
>- Up to 250 Look-Up Files in Memory 
>- Built·ln Calculator 
>- Supports HAYES Compatible Modems 
>- 64K Memory with Data Compression 
>- 30-day $$ Back Guarantee - 1 Year Warranty 
>- Comple te Unit with WAND Scanner - $795 

AMERICAN MICROSYSTEMS 
2190 Regal Parkway, Euless, TX 76040 

(BOO) 64B·4452 (B17) 571-9015 FAX (B17) 6B5-6232 

BAR CODE READERS 
For PC, XT, AT, PS/2 , & Serial Terminals 
>- Emulates Keyboard: Works With Any Sof1ware 
>- Data Appears as Keyboard Input 

>- Uses Enhanced Decoding Algorithms 
>- Accepts Wand, SloUBadge, CCD, Laser, 

Magnetic Stripe Reader. & RS232 Serial Input 

> Reads All Popular Bar Codes ( 16 types) 

>- Reads HIGH, MEDIUM , & LOW density codes 
>- Auto· Discriminates Between Bar Code Types 
>- Easily Programmed wilh a Bar Code Menu 

>- Over 140 User Configurable Options 
>- Daisy Chain Up to 96 Readers 

> Supports NOVELL Networks 
>- Supports US & INTERNATIONAL Keyboards 
> Direct From Manufacturer 
> 30-day SS Back Guarantee, 1 Yea r Warranty 
> Complete Unit with LASER Scanner - S1095 

Avail. 

3 ads/issue - 1:o58 1,002 

> Complete Unit with WAND Scanner - $395 ... 
AMERICAN MICROSYSTEMS •.i 

21 90 Regal Parkway, Euless, TX 76040 

(BOO) 648·4452 (817) 571 -9015 FAX (817) 685-6232 

I' 

SCANNER. SALE 
USA Made 

• WELCH ALLYN Steel Wand w/decodor $249 
• SYMBOL laH r LS2000, LT1 700 or SP400 w/decoder $699+ 
• Softwn W<dga JOO&wtl)- Wn! or PSCi.-S1:is. 
• Mag Stripe Encoder/Reader (2 or 3 trkl) $1099+ 
• Print Sottw1ro (tX)SWN) $149+ • Sottw1,..: h.e\.A-. Tedi. 
• POS Products • 30 Day$$ Back• SPANISH Oepl 

BARCODE INTERNATIONAL SYSTEMS (BIS} 
12140 Severn Way, R;verside. CA 92503 (909) 270-0016 infl 

(800)653·4252 US• (800)219·5178 CAN • FAX (909) 270-0920 


Inquiry 654. 
M A R C H 1994 B°'y, E 

Inquiry 652. 
.,.,.._ ­·--= ­BAR CODE ~-\~ 

~-----------~ <:'U. 

·-•Labeling Software 
On EPSON , IB M, OKI, o r LaserJ et. Ea sy 

WYSIWYG design . Any lormaUsize. Up to 120 
 !. I 
fields per label. 18 text sizes to 3" - readable at ,_r100'. AIAG. KMart. Seais. MIL-STD, Penneys, 2ol5. 

128, UPC/EAN , Code 39. File Input & Scanned 
 ~ 
PCX graphics - $279. Other programs lrom $129. 

Worthington Data Solutions 
(408) 458-9938 800·345-4220 

- .
I. ­

1111111. 

-­1 Inquiry 653. 

Cordless RF Bar Code Wand 
A cordless RF bar code wand with a range of 100 
feet. Plug-N-Play . No software needed . Attaches 
as 2nd keyboard. For IBM and Macintosh or any 
serial device. Real·tlme remote data collection for 
$495.0ptionalpocketbeeperlor long range· $255. 
it 's an exclusive from lhe PC bar coding leader. 

Worthington Data Solutions 
(408) 458-9938 (800) 345-4220 

YOUR SALES MESSAGE 
abou1 the speckll computer product or service 

that you ptovide belongs In prinl 

THE BUYER'S MART 
cnn holp you roach computer profoask>nols and 

produc:o valuable Inquiries for your company! 

cai1 Margot Swanson '°' more ;n1orma00n 
.. _J 603-924-2656 

or 
Fax: 603-924·2683 



THE BUYER'S MART 

CD-ROMBAR CODE 	 BOOKS 

.-t.u 
~ I

·I 

,, 'i 
..11111 •·1!!!~'t_'.

J 

T 

Bar Code Printing Software 

LabelWorks for Windows 


> Prints all Popular Bar Code Types (19 Types) 

> 	Desktop Publishing Features: WYSIWYG, 
Scalable Fonts. Rulers, Guides. Lines, Shapes, 
Page Zooms (25%-400%). Templates 

> Rotates Text, Bar Codes. and Graphics 

> Supports Windows Compatible Fonts 

> Choose From Over One Hundred Popular 
Label Formats or Design Your Own 


> Rich Text Support: Mix Styles, Types, & Sizes 


> Automatically Prints Serial Numbers 


> Imports & Exports Graphic Files: 

TIFF, GIFF, BMP. PCX, WPG, WMF, TARGA 


> Supports Virtually all Windows Compatible 

Printers (PostScrlpt, Laser. & Dot Matrix) 


> 30-day Money-Back Guarantee, $295 


•••CALL FOR FREE DEMO SOFTWARE••• 


AMERICAN MICROSYSTEMS 
2190 Regal Parkway. Euless, TX 76040 

(800) 648-4452 (817) 571-9015 FAX (817) 685-6232 
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FOR YOUR BAR CODE SOLUTIONS? 
NO PROBLEM! WE OFFER Quality • Pertormance • Value 
A lull lino al READERS • PRINTERS • PORTABLES • BAR 
CODE READERS FDR NOTEBOOKS• HEWLETT-PACK­
ARD SCANNERS • MAGNETIC STRIPE READERS. Our 
readers plug ard play wtth your existing sy><em without add· 
ffional software. CALL ABOUT OUR 30 DAY GUARANTEE• 
TECHNICAL SUPPORT• OEMNAR DISCOUNTS. 

INTERNATIONAL TECHNOLOGIES &SYSTEMS 
Eas1ern USA 1800) 826·1688 804·272-0138 lnll. 

Weslern USA 1800) 228·9487 804·272·0357 Fu 


Inquiry 655. 

DOS & WINDOWS BAR CODING 
Bar code readers designed for fast, reliable, cost­
effective data entry. They work just like a second 
keyboard. Numerous scanners (wand, credit card, 
CCD, laser etc). Bar Tender for Windows designs 
labels on screen & outputs on almost any printer. 
DOS printing , too. Generous reseller discounts . 
Great warranty. 30-day money-back guarantee. 
Seagull Scientific Systems, Inc. 

15127 N.E. 24th, Suilo 333, Redmond, WA 98052 
BOQ.758-2001 206-451-8966 FAX 206-451-8982 

DATA INPUT DEVICES 
Bar Code. Magnetic Slripe Readerr; tor microcomputers 
& lermlnals, including IBM PS/2 & Olhers, DEC, 
Maefnlosh. AT&T, CT, Wyse. Wang. All readers connec1 
on tho keyboard cabfe & are transparent to all software. 
UPC & 39 print programs . magno11c encoders. & 
portable readers are atso availab4e. 

TPS Electronics 
4047 Transport, Palo Allo, CA 94303 

415-856-6833 Applelink: BARCODE 
1·800·526-5920 FAX: 415-856-3843 

Inquiry 656. 

VARIANT MICROSYSTEMS 

BAR CODE READERS DELIVER 


WANO/l..ASER/MAGNETIC CARD CONNECTIVITY 
• 	Koyboard wedges (lntornaLIEx1ernal) for IBM PC/lIT/AT. 

PS/2, ond ponables 
• RS232 wedges for WYSE, Link. K'im~oo lerminals 
• Bar code and label printing soltwaro 
• Fun ""°'year warraniy 
• 30-0ay Money·Back Guarantee 
• Ex1onalvo VAR/Daaktr Discounts 
46560 F'°"""' 6Ml. Suile tOSIF--. CA !>IS38/ (S10)L10-28ro 
8D0-66&-4BAR FAX: (510) 440-2873 

Inquiry 657. 
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Earn Your High-Tech Degree 
While Working Full Time 

High· Technology Degree A//ematives shows how 
10 get your college degree without quitting your 
job, altendlng night school for years. or breaking 
your budget $21.95 +$3.75 s/h. Use VISNMC. 

Professional Publications Inc. 
Dept. 808. 

(800) 426-1178 

Inquiry 658. 

C++/DAT ABASE 
C++ Llbrarfes to accou ind fax to/from your database: 
Syf'LUS & Oril'l.US C+. Libraries lor Sybase & Oracl< 5189.00 
SyPLUS & Or>PLUS w/$ourte :ode S589 00 
Sy FAA & OraFAA Ch libraries for Sybase &Oracle 51 29.00 
Sy FAA & OraFAA w/source to<l• 5529.00 
Other C+-+· Products:

Ill In-depth C++ yjdeo course; 005.IUNIX examples, support S249.00 
The CH TOOLBOX. MSA'lin, DOS Ubraries $89.00 
The cu TOOLBOX w/source code $289.00 

Universal Information Systems (Unitnfo/ 
(800) 793-74!!1 

72 Van Riopen Avenue, Jersey Cily. NJ 07306·2806 

Inquiry 659. 

CAD/CAM 

CONTOURING MOTION CONTROL 
F~~~,! ~r'!!~~r~RTI $249 

NEW VERSION 3 VISNMC 
• Controls up 10 six s1ep motors simurtancousfy. 
• Linear and Circular lntorpoCation. 
• New features 10 accommodalo machine con1rot 
• Easy·tCKtSe DOS devM:e driver. Super Manual. 

· CAD-CAM lnlorfaco ovalloblo. 


Corporation , 1422 Amc;d AWi.
Ability Systems Roolyn, PA tooot 12ts1657·4338 

FAA:1215) 65H815 

Inquiry 660. 

3·0 CAD·CAM 
Pcrm!r pack!<I BOBCAIJ-CAM 1'3ded wi1!I Ume saving leatures Is tile 

~~eJ~~~o~':ri.C:eir~~~!~,us;,Zch~i7:~~~:~~1l·u~~:~"'inre~~1~g.'
calculator, tool path slmulatlon, cu ller comp, macros, editln~ lunc­

~ra~c~~e~~i~lt'~h~~~:::\::X:~~~b~~r~~ g~~~~ 
PC-CNC Bench Top Mill - $3,500 


9x5 x 6.5 ·The M· 1000 Is J>'rlotl lor small pans manu!ac1urlng, 

protot'fplng, jewelry making and enoravino. 3·01 


BOBCAO-CONTROLS 

BOO 501 -2886 310 397-6262 310 397-6676 (FAX) 


Inquiry 661 . 

CD RECORDABLE 

Geared to CD-technology 
GEAR. the ultlmale CD·Recor•able tool lor any CO-Standard 
If you demand a simple, easy to use solution to create CD's, GEAR 
is everything you need. GEAR supports all major CO·Recordcrs: 
JVC. Kodak. P1111ips. Ricoh, Sony and Y•maha. GEAR Is avai~ble on 
DOS. Windows. Apple Macintosn, Sun Unix and Hew1en Packard 
Unix. 

Elektroson 
America, 31 Wa1crtoo Avonuo, Berwyn, PA 19312, USA 
tel 1·215·660·9038. lax 1·215·667·9387 
Euro"' &Asia,P.O. Box 2436.5600 CK El""'°""· The NeuietLlndS 
tel 31 -(0) 40-5 t5065, lox 31 · (0) 40·51 4920, 
E-mail Eloktro Csd.kun.nl 

Inquiry 662. 

CD-ROM 
:;: TOSHIBA :;: TEXEL :f: NEC :;: 


:;: SCSI INTERFACE :;:
*MEDIA VISION *TRANTOR :;: 

• CD-ROM T/71.ES. MAC & 005 

• CD-ROM CADDIES & ACCESSORIES 

Computers at Large 
Snratoga, CA 


Dedicated lo CD-ROM rechnology. 

PLEASE CAU. FOR O UR PRICE lJs T 

800-642-41!14 . 408-255-1081 
Fax 408-255-2388 VISA & MasterCard aa:eplod 

Inquiry 663. 

FREE CD ROM* 
CD ROM Sampler contains complete directories, inter­

active demonstrations, and fu lly functional applications 

from ALL of Kn01·~edge Media's CD ROM Libraries... 


12 titles in all! 

Plus $20 worth of coupons for Knowledge 


•55.95 shipping and handling MO/Cheek. VISA. MC accepted 
To order call: 

1 800 78 CD ROM or 916 872-7487 

KNOWLEDGE MEDIA 

436 Nunneley, Paradise, CA 95969 


Inquiry 664. 
-: •........_... 


CD·ROM Networking for Peer-to-Peer Networks 
Introducing OPTI-NET Lite 

OPTl·NET l/Je employs daia c:ichlng and prcfctching 
technologies 10 imprm·c the response limes fo r clients 
sli:tring CD·HOM resources on pceNo·p<.'Cr n<:: 1works. 
Call for your free c:u·alog featuring our line of CD·ROM 
sol ution~ Including the comKlete OPTl·NET software 

[~~~fh?~;~~~~~~~;."n~~o~~d~~1A~.\t ~~1~~1ri\'C 
ONUNE COMPUfER SYSTEMS, INC. 

fl :ashFAX lnfomu tlun Hotline 30! -60 1-2120 
jO l -428-3700 or FA.X w at 30 1-428·2903. 

Inquiry 665. 
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New and Updated CDROM Titles 
Cica MS Windows CDROM, Thsnds of Windows prgrms ..S29.95 

Giga Games COROM, Games IOI DOSNiindows........ ........S39.95 

Space and Aslronomy, Thsnds NASA images/datl .... -...-S39.95 

CUser Group Library, C source code Oec 93....... _.........$49.95 

Simlel MSOOS COROM. DOS Sllareware/fre•ware ..... .. .. .$29.95 

ORZ Ham Radio COROM, FCC Gallsign Ob g Shrwar......$29.95 

Hobbes OS/2 CO ROM, 0512 Shareware/Freeware ..... ......$29.95 

~ource Code COROM, 650 Mb sou1ct', OOS/U11b: ............S39.95 


Gulenberg P1oject, Lilerature and docs ............................$39.95 

Linux Operating Sys,3861486 OS. Xl 1. full src ..... ............$49.95 

FreeBSD Operating Sys. Ver 1.0. krnl src. X/GNU ..............$39.95 

LIDrls Blitlnnla, MSOOS Tech/Sci/Enolnee1.. ...... ..............S69.95 

X11RS/Gnu COROM, Full src, SPARC blnarios .. ................ $39.95 

Nebula for NeXTSTEP, Prgms for lnlel NeXTSTEP .............$59.95 

Ada Programming CDROM, Compilers. source. dor:s .........$39.95 

Amlnet CDROM, Amiga Shareware/Freeware ....................$29.95 

COROM Caddies, Lifetime Guarantee .. .. ....... .....................$4.95 


Top quality COROMs. 1011".t. satisfied or full refund. 

WALNUT CREEK CDROM 
4041 Pike Lane. Ste D-212, Concord, CA94520 

1-800·786·9907 Visa/MC AMEI, Fax: 1·510-674-0821 

Inquiry 666. 

CELLULAR PHONES 

TWO CELLULAR PHONES 
WITH ONLY ONE NUMBER 

Our cellular software will allow you to 
change phone numbers and elec­
tronic serial numbers on 

MOTOROLA• MITSUBISHI• PANASONIC 
NEC • RADIO SHACK • NOKIA 

WHY PAY TWO CELLULAR BILLS? 

Put the same number on as many 


phones as you like! 

Only $495! 


We can also sell you a hand held 

cellular phone with your existing 


number for only $395.00! 


Cellular Press 
421 N. Rodeo Dr. #15318, Beverty Hills, CA 90210 


Phone: 310·289·2174 

Fax on Demand: 305-346-7674 


Call from your fax handset and follow the voice 

prompts to receive complete technical specifications 

Inquiry 667. 
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COMMUNICATIONS 

PC VOICE MAIL KIT $1795 
• Voice Processing on your PC • Software and 4 
line board included • Order Taking • AUDIOTEX • 
Voice Mes sa ging • Never miss another call I • 
H UNDREDS OF USES • Do n' t pay $ 1 ,000s 
CALL TODAY FOR Free DETAILS • 2 yr warranty 

Amerifax Services Corp. 
572 W. Market SI. •S, Akron, OH 44303 

(216) 253-8787 • (216) 762-6050 Demo 

Inquiry 668. 

COMPUTER BOOKS 

COMPUTER BOOKS at a discount 
Our free catalog lists books from over 100 pubtishers.15% 
discount Personal, technical service. Networks. Windows, 
C++. CDROM, UNIX. CICS, OOP, Internet. Macintosh. hw 
archi tecture, TCP/ IP, Novell, Pentium.CompuServe 
70007.1333 from Internet, Ndty·Serve.MC, VISA. AMEX, 
DISC. JCB cards. Worldwide shippin~. 

CompuBooKs 
Rt. 1, Box 271-D 512·321-9652 
Cedar Creek, TX 78612 Fax 512·321-4525 

800-880-6818 

Inquiry 669. 

COMPUTER INSURANCE 

... 

._ 

CROSS ASSEMBLERS 

r 
I 

Cross Assemblers "·4, 'YC9.fi, 

Simulators J)>::q/J. 
Disassemblers E>q~cE>O' 

d 
C9/

Pseu oCorp · 
716 Thimble Shoals Blvd. Newport News. VA 23606 

(804) 873-1947 Fax (804) 873-2154 

BBS (804) 873-4838 

Inquiry 671 . 

r-1•_:­
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• High Success Rate/Fast Tu rnarou nd -

DATA RECOVERY 

.. • 24 Hour Service Avai lable 

• Lowest Prices on Disk D1 ive Repair 

• Clean Room 

W e Repair M FM / RLL/ SCSI / ESDl llDE 

AA Computech, Inc. 
28170 Avonuc Crocker 5 101 105, Valencia, CA 9 1355 

(800) 360-6801 (805) 257-6801 Fax (805) 257-6805 

Inquiry 672. 

~ i;:;:::=::::;:=::=:__~~~=-=-~~~-==~~~ 
Ontrack 

DATA RECOVERY , • Prolessional service recommended by major hard 
drive manufacturers • Expertise in vinually every 

operating system & media storage device • 24-hour 
support wi th weekend, priority, & on·slte service 

avallable • For fas t. successful results, ca ll: 
MN:1-800-872-2599 • CA: 1-800-752-7557 

UK: 44-81 -974-5522 •GERMANY: 0130-815-198 
Co<p. Headr;wrfer.;: 6321 Bury Driwl. Edcn Pnurie, MN 55346 

., .-- _­
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DATA RECOVERY 

Tape & Optical Data Recovery 
Any Tape, Optical. Cart ridge of any lorrnat whe ther 
part ially overwritten or damaged , Vogon the world 
leaders in Tape & Optical Data Recovery can recover 
any data anywhere on the surface. Recoveries from 
112·, 114", DC2000. 4mm. 8mm Exabyte, DEC TKxx, 
3480, Worm, Magneto Optical etc. 

VOGON International Ltd. 
USA: 405-321-2585 Fax: 405-321-2741 
UK: +44 (O) 734-890042 Fax: +44 (0)734-890040 

Conversion & Duplication Systems & Bureau 

Inquiry 674. 

DATA/DISK CONVERSION 

THE #1 CHOICE 
in disk & tape conversion 

:~~~~r ~e;~~"~~~~i~to:e~~~~~!6~~~~:: 
Free lest • Satlsfoctlon guaranteed 

Graphics Unlimited Inc. 
3000 Second SL North, Mnnc o.polis, MN 554 11 

(612) 588-7571 FAX: (612) 588·8783 
1-800-745-7571 

Inquiry 675. 

CONVERSION SERVICES 
Convert any 9-track magnetic tape lo or from 
over 5000 formats including 3W, SX", 8" d isk 
lormats & word processors . Disk- to-disk con­
ve rs ions also available. Introducing CD-ROM 
conversions. Call fo r more in fo. 

Pivar Computing Services, Inc. 
165 Arlington Hgts. Rd.. Dept. IB. Buffalo Grove. IL 60089 
(800) Convert (708) 459-6010 

DISK DUPLICATION 

FULL SERVICE DISKITTE DUPLICATION 
· All disk formats, 100% virus checked 
• Available in a variety of colors 
• Custom silkscreenlng 
• Bulk diskettes also available 

Manufacturing diskettes In the U.S. since 1978 

Syncom Technologies, Inc. 
1000 Syncom Drive. Mitchell. SD 57301 

1-800-843-9862 

Inquiry 676. 

E-MAIL 

WEEMAIL and Tickles! 
Simple and inexpensive E·Mail 
and personal planning ''Tickler" 

One Price for any s ize network ­ $149.00 
Unique screen handling ­
quicker and easier than even a mouse! 
Works on any Netbios network 
Ca ll for a FREE sample disk 

W.E. INC. (800)900..9054 

Inquiry 677. 

EDUCATION 
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FLOPPY DISKETTE 

3.5" FLOPPY DISK 
RELIABLE & DURABLE 

• W e are a manufacturer unde r the licence 
o f Sony corpora tion . 

• Our disks are all 100% Tested & Ce rtified 
E rror Free with guaranteed C lipping Level. 

• Avai lab le prod uc ts: 2HD, 2DD, C lam Shell. 

• Our own b rand M EG A a nd O EM or bul k 
are a lso available . 

• D uplica tor & wholesaler are w elcome. 

INMARK IND. LTD. 
(HK) 

1A Man Foong Industrial Bldg. 
7 Cheung Lee Street 

Chai Wan, Hong Kong 
Tel : (852) 558· 2203 Fax: (852) 897·3700 

YHC CASSETTE IND. LTD. 
(TORONTO) 

75 Saintsbury Square, Scarborough 
Onl. Canada M1V 3K1 

Tel: (416) 321-1179 Fax: (416) 321-8451 

Inquiry 678. 

FLOWCHARTS 

• High resotution prinl outs... 
dot matrix or laser 

• Multi-page cha ns... 
portrait or landscape 

• lmporVexpon capobltltles 

~ 
~ 

• 35 shapes. 10 fonts, 4 line styies 

Coll f« free domo disk! 

S o 11w a r e C o r pora t I on 41f:.1CcxhrnCr.. MoriµnHlll,CA95037 

Inquiry 679. 

WINDOWS FLOWCHARTER $129 
RFFlow 3.0 Is a professional drawing tool for 
flowcharts & org. charts. Requires Microsoft Win· 
dows; 200 shapes auto adjust In size: diagonal lines 
and curvesk· auto line routing and re-routing; OLE 
server. cllc on a shape to bring up a sue-chart: 
imporVexport bitmaps and metafiles: Call for free 
trial disk. 

RFF ELECTRONICS 
1053 Banyan Coun. Loveland. CO 80538 

Phone: (303) 663·5767 FAX: (303) 669-4889 

HARDWARE 

IJ 
l, 

I 

486 
Upgrade slow 386 with 486 50 or 66 

Mhz motherboards* from $198. 
*MADE by IBM-3 YEAR WARRANTY 

486 Systems from $698. 
1Year Parts, LIFETIME LABOR warranty 

Money Back Guarantee 
Fulmark Corp. 73 Spring SI., #407, NY, NY 10012 

1 (800) FULMARK or 
(212) 274·1194, fax (212) 274-0803 

$198 

INSURES YOUR COMPUTER 
SAFEWARE Computerowner's coverage provides 
replacement of hardware, media and purchased 
software. As little as S49 a year covers accidents. 
thett. power surges and more. One call does it all . 

~ 1-800-800-1492 
SAFEWARE, The Insurance Agency Inc. , PO Box 0221 1, 2929 N. MI O~ St .. Columbus, OH 43202 

Now ava ll ablo In Ontarlolll

I Inquiry 670. 

Inquiry 673. 
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Inquiry 680. 
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S.S. & M .S. In COMPUTER SCIENCE 
Tho Americon lnsti!ute for Compotor Sciences offers en in· 
dopth homo study program lo oom your Bacholor ol Sclenco 
and Mosler of Sclence degrocs in Computer Science al 
home. S.S. subjects 00\"<!rcd ruo: M5'00S, BASIC. PASCAL. 
C, File Processing, Data Structures & Operating systems. 
M.S. program Includes subjOcis In Software Engineering and 
Artificial ln1ol1lgonco. 

AMERICAN INST. for COMPUTER SCIENCES 
2101·BYMa!110lia Ave. South,Sto.200. Binn "9ham, AL 35205 

800-767·2427 205·323-6191 

11 
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Pre-Owned Electronics, Inc™ 
THE Independent Provider, serving the Dealer, 


Professional, Corporate, Government, and 

Educational Buyer since 1985 


APPLE 11® & MACINTOSH® 
SYSTEMS• PARTS• EXCHANGE REPAIRS 

Call for a catalog .. 800-27 4-5343 
INT'L: 617-275-4600 •FAX: 617-275-4848 

205 BURLINGTON ROAD • BEDFORD. MA 01730 

Inquiry 681 . 

HEWLETT-PACKARD 
Buy - Sell - Trade 

LaserJet ColorPro 
DeskJet DraftPro 
RuggedWriter DraftMaster 
Electrostatic Plotters DesignJet 

HP 9000 Workstations and Vectras also available. 
Ted Dasher & Associates 


41 17 Second Ave., S. Birmingham. AL l5222 

Phone: (205) 591 -4747 Fllll: (205) 591-1108 


(BOO) 638-4833 


.
Inquiry 682 . 
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·we have solutions 
·12, 24, 48, 12, 125, 250 voe 

• Panel Mount, Rack Mount 


Computers and Power Supplies 

•sales and Service Support Smee 1976 


TRANSDUCnON L/MfTED 

5155 SPECTRUM WAY, BLDG. 23 


MISSISSAUGA, ONTARIO, CANADA L4W SA 1 

U.S. and Canada Sales 1-800-268-0427 


International: 

Tel: 905-625-1907 ·Fax: 905-625-0531 


Inquiry 683. 

HARDWARE/COMPUTERS 

NEWI 20MHz 16-bl/ FORTH Single Board 
Controller with Bch 10-b// A/D, 3ch B·bil DIA 
TDS1Q2QFORTH CONTROLLER A/ID DATHDGGER--4'x3° boud ,,,.. 
H.1aclli 1~1 H&'S32 CMOS µP. Sm3ms >loni" 31.\JPS. llci runs on my 

~=!=:?1~R=~;1i=•=
~~~J2.rr.l:~~~~~W!:;=~~:~~~: 
Program wllh PC. ~se for ma~lne conuol. data·loooino. Inspection. 
robotics,"""'" monltOrin\j. ·~ $29'l (25•).STARTER P.>CK $499. 

CALL NOW FOR DETAILS! 58/t-ar-retum 
Sae/lg Company 1e1 : (71 6) 425·3753 

European Tectmology fax: (716) 425-3835 

LANS~ .,!r------~ 
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The $25 Network 
Try the 1st truly low-cost LAN 

•Connect 2 or 3 XTs, ATs , 386s, 486s 
• Uses serial ports and null modem cable 
• Runs at 115K baud • approx 8500 bytes/sec 
• Runs in background, totally transparent 
• Share disks and printe rs , etc. 
• Needs only 15K of RAM 

Little Big LAN 
The most flexible network 

• Peer 10 Peer LAN to 250 nodes 
• $75 total software cost . not per node! 
• Link via serial , para lle l, or Arcnet 
• Link via Ethernet or Modems soon 
• M ixed mode rout ing 
• Typically only 35K of RAM 

Skeptical? We mako believers! 

Information Modes 
P.O. Drawer F. Denton, TX 76202 


Tech 817·387-3339 Orders 80().628-7992 

Hours 1·5 Mon/Wed, 9·5 Tue/Thu/Fri CST 


Inquiry 684. 


270 .BYTE M A R H 199 4 


Auto Power Adapters 
Car adaptors avallable lor most porlable computers nnd 
prin ters. Proprlolnry designs lrom Empire Engineering, 
through distribution, or OEMs. 
• Small paci<age with high efficiency 
• Plugs beMeen computer and lighter rcceptade 
• S99 to $129 • Designed and made in USAll 
Custom adaptors designed for OEMs • Scrtal interface cards 
lor Texas Instruments, Toshiba, and Evorex/Sanyo. 


Empire Engineering 

CaUlomla USA 

tel 805/543-2816 lax 805/543-2820 

Inquiry 685. 

SCIENTIFIC SOFTWARE 

Scientific & Technical Software 
Free catalog 


Call 1.800.622.3345 

SciTech is your source lor the bosl value In scientific and 


technical soltwaro. Moro than 750 products. 


t.312.472.0'44 2231 N. Clyboum Ave. 

FAX 1.3t2.472.0472 Chk:ago, IL 60614 


Inquiry 686. 

SECURITY 

FIGHT PIRACY! 
* The New EVERLOCK * 

SOFTWARE COPY PROTECTION 
New Option Board Safe-Now Aomote Registration 

New CPU LOCK-C O ROM LOCK and more 

* EVERKEY HARDWARE LOCKS * 
Az-Tech Software, Inc. 

Call for a 201 Easl Frnnkfh Richmond, MO 64085 
FREE (B 16) ni;.2100 
Demo (800) 227 ·0644 FAX (816) n 6-s399 

Inquiry 687. 

l!I! 

THE ULTIMATE SOFTWARE SECURITY 
e STOPCOPY family- UNCOPIABLE copy pro1ectioo 
e STOPVIEW sottwaro encryption 
• NETUMIT network license molorTig 
e DOS. W.ndows, Macintosh, 0 512. suppo" 
• No source code changes required • lor ANY of our prod· 

ucls in ANY environment 
• Our products dostroy Al l ol our compo lil ion 
• Call 	fo r FREE dome disk, or to discuss our products' 

MANY options 

BBi Computer Systems, Inc. 
14105 Herltago Lane, Sitvor Spring, MO 20906 

100/TllY·ABBI • 100/!79-2224 • 3011171-1094 • FAX:301/460·7545 

Inquiry 688. 

II "II'') 

Cop's Copylock II 
The profess ional software pro1ection with 
TRUE Machine Install . Opt ion Board safe. 

1 

'11, II OS/2, Networks, Windows, and CD-ROMs. 

LINK Data Security 
lnt'I: + 45 31 232350 Fax:+ 45 31 238448 

New: Access Control by DiaiCops 

KEY-LOK'" SECURITY 
Piracy survival 11 years proves effectiveness 
of powertul multllayered security. Algorithmic 
response. Programmable memory. Econom­
ical. Transparent to PARALLEUSERIAL port, 
Counters/Rea l· Time-Clock . Multi-product/ 
feature li ce nsing . DOS/UNIX/OS2. Al so. 
access control system and disk drive tocks. 
MICROCOMPUTER APPLICATIONS 

3167 E. Otero Cirdo, Llttloton. CO 80122 
(303) 77().1917 FAX: (303) 770-1863 

Inquiry 689. 
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No*Stop Network 

The software solution to provide full 

Level 3 Fault Tolerance for PC LANs. 


• Server Mirroring 
• Uninterrupted Processing 
• Continuous Backup 
•Any Network Operating System or 

Server environment. 
Nonstop Networks Limited, NY, NY 

212-481-8488, Fax 779-2956 

Inquiry 690. 

SOFTWARE PACKAGING 

FREE SOFTWARE 

PACKAGING CATALOG 


Everything you • 111 need lo Package, Distribute, and Ship Your 
Softwa.te!I From monuois Of"2 binders to mailers and shq>e~ 

LABELS • LABELS LABELS 
For your dlskollos , plain or custom prlntod 
dot molt1x or loser printer . . , froo samples 

.. •FREE CATALOG-•• 
Hice & Associates 

8586 Montk;ollo Or., Wesl Chesler. OH 45069 

Phone/Fax: 513-777-8586 

Inquiry 691 . 
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STOCK PACKAGING 
to help you

market your software 
ask for catalog 93QS2 

Call 708 390-7744 
or fax 708 390-9886 
PolyQuick Co. 

1243 Rand Road, Des Plaines, IL 60016 

Inquiry 692. 

SOFTWARE/BUSINESS·~-------------~
DATA ENTRY SOFTWARE 

Full featured, heads-down data entry 

wi1h two-pass verification. edit language. 

operator stals, much morel Designed for 

the P~. PC. XT, AT or compatibles. 


PCs from $395 LANversion available 

FREE 30 day trial 

Computer Keyes Tel: 206/77616443 
21 929 Makah Rd., Fax: 206/776-7210 
WDWNay. WA 98020 USA: BO:l/356-0203 

SOFTWARE/EDUCATION 

DERIVE9 NOW HALF-PRICE! 
DERIVE'; A Mothemetlcal Assistant combines Iha 

~~:rn°!nct~fa~g~ ~:g~~,l~~ths~~b6~f~ ~f ~u~~~j~ 
equations, and does calculu s, trlil; vector & matrix 

f8·~~~~~.:;;'~~i ~.~~/.:O~r~~;'~t ~"s! & plots in 2 & 
Req: MS-DOS PC compatible & 512K. 

SOFT WAREHOUSE, INC. 
3660 Waialee Ave. Sle. 304, Honolulu, HI 96822 

Ph: (808) 734-5801 Fax: (808) 735-1105 

Inquiry 693. 

SOFTWARE/ENGINEERING 

New Interactive SPICE!! 
• PC,DEC, A lpha, Macintosh• Model Libraries, RF, Power 
• Windows & Win dows NT • More Than 5000 parts 
• lsSPiCE4 Roal Tlma SPICE • Waveform Analysis 
• An alog/Mixed Simulation • Full SPICE programs 
• Sc-hematlc Entry s tarting at $95. Comploto 
• Alter Design systems. 5990-$2595 

P.O. Box 710 San Pedro, CA 90733-0710 • It ft 
(310)833-0710, FAX(310)833-9658 1n.uso 

Ca11 for your Frco Demo and lnfonnallon kil. 

Inquiry 694. 
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FREE FREE FREE FREE FREE FREE FREE 
Latest Windows and DOS Ullls, Pgms, Source 
Code, Lively CHAT, online games, Internet Ae<:ess 

I 
r 
l 

'· 

.' 
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Windows Analog Circuit Simulator 

The following and MORE at under $1000: 

•AC. DC, Transient, Fourier, Temperaturo onatysls • Fully 
oxpandable li brary • Analog & digltol componen ts 
• Transmission tine primltive • Real signal node names 
• Graphkal real Ume • Group delay • Component sweeping 

Tatum Labs, Inc. 
1287 N. Silo Ridge, Ann Albor, Ml 48106 

313·663-8810 

Inquiry 695. 

SOFTWARE/GRAPHICS 
TIFF. PCX, TAll~A . GIF, 018, BMP, OCX, EPS. WMF,,_ WPG, PlCl , JP~u 

AccuSott Image Format Li11rary 4.0 
(n ew version} 

"The most comprehensive raster suppon library on the marker 
lmpon, expon. conven. display, and print all above lormatsl 
Includes several sample programs with source code. Supports 
all languages. Format compatlblllly guaranteed! GJ, G4,TIFF·F, 
multi-page Images etc. Rotate, zoom, scale, color reduction. 
sharpen. speclal~rtects e1c. Versions lor DOS, WlndoNS, NT, 
Watcorn, 0512, and others. 

AccuSoft Corporation 
P.O. Box 1261, Westboro, MA01581 

(800) 525·3577 (508) 898·2770 FAX (508) 898·9662 

Inquiry 696. 

Replaces TG·Prol0$SKlnal v.4.0. lndudes upgraded ~D & 30 
geometric devolopmen1 kils, OXF ln/Ou1 release 12 and 
(NEW) TG ·CAO Drow v . 1.0. All In C. Th is four part 
dovolopment kl! is tru ly "The Ulllma 10 CAD/CAMICAE 
Programming Engino: Comes wilh or withoul source codo. 
30 day guarantee. Free 30 pago technk:al paper. 

DISK SOFTWARE, Inc. 
109 S. Murphy Rd., Plano. TX USA 75094·9971 


Tel (214) 423·7288 Fax (214) 423-7288 


CAD/CAM/CAE Developers Kits-Windows/DDS 
NEW RELEASE! TG·CAD Professional v.5.D. 

Inquiry 697. 

SOFTWARE/MATHEMATICS 

ORSYS- $299 
OPERATIONS RESEARCH SYSTEM 

Linear programs up 10 3000 by 15000 
Mixed-integer and discrete linear programs 
Nonlinear objective and quadratic programs 
Transportation and Transshipment models 

Eastern Software Products, Inc. 
P.O. Box 15328. Alexandria, VA 22309 

(703) 360·7600 Fax (703) 360-7654 

Inquiry 698. 

SOFTWARE/MODELING 

Announcing GMS 2.0 from Probots, Inc. 
Eo!iesl &most powerful modeling & simulation tool avail. 

• Now wilh Super Spread Shee1, Super User lnlerlace & lmetllgen1 
Agent Modeling capab 11i tiesl 

• Spedfy &Vil!idate models. run simulations. ilfla~ results. opllnize sys· 
1ems & oenerau sptetacu1;u g1ap11~i;s J111mnutol 

• No special tri!ning or proon.mmmo r1qui red l 
• Ideal tor planning and pmhtllng IJSksl 

Ac! now for spacial Intro pr lces l DEALERS WANTED . 

Probots, Inc. 413-586-8929 
~~~a~o~~~s~~·=7 800-Sim-Easy 

Inquiry 699 

SOFTWARE/SCIENTIFIC 

VTEX Scientific Desktop Publishing 
• Scalable Fonts • Font effects • Typeface cuSlomizalion • 
Equations • Tables • Graphics • Foreign languages • 
Mulli·lingual spell & hyphenation • IDE • On·fine help • 
Dos, Dos·32 and Windows versions • From S199 
'7/?(of Tomorrow"-Norices ofAMS, March 1991 

Call now for a FREE DEMO DISK 

MicroPress, Inc. 
68-30 Harrow Street, Forest Hills, NY 11375 
Tel (718) 575-1816 Fax (718) 575-8038 

Inquiry 700. 
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AFFORDABLE EARTH SCIENCE SOFTWARE 
Over 350 programs for Windows. DOS. Mac, 


Amiga, UNIX 


800-775-6745 
RockWare 4251 Kipling St., Suilo 595 


Scientific SoNware Whoa1 Ridge. co 80033 


(303) 423·5645 • FAX (303) 423-6171 

SOFTWARE/TYPESETTING 

PC TE-'C 
The next step 

beyond desktop publishing 
This complete publishing system makes all 
your documents look their best There is no 
limit to whal you can do with PC TEX. 

Systems for DOS or Windows 

PC Tp< excels at typesetting: 
• High quality books and articles 

• Scientilic nolation/math formulas 

• Professional technical documents 

• Foreign languages 

PC T £?< is the difference 
between average and expert! 

Personal Te<, Inc. 
800/808-7906 or 415/388-8853 


12 M adrona St. , M ill Valley, CA 94941 

Fax: 415/388·8865 


Inquiry 701. 

SOFTWARENOICE/FAX 

HIGH LEVEL C LIBRARIES 
Mull i·Voice and Mutll·Fax are complote develop'Jlent C toolkils lo 

:~~:::1:!~.1T1°~~~~! ~~~r:~! ~J~~T~~~~a~6~CEe(!1~&!)~~ 
~~~!~~=.:~=~~~=~sare 
Multi-Voice for Dia)ogtc. Rhetorex. or Powerfine II: $599 
Mufti-Voice for Single Line WalSOfl Board: $99 
Multl·Fax for CAS (Intel SatisFAXllon) : $199 

ITI SOFTWARE 
Fax-On-Demand for information: (514) 835-22t6 

STATISTICS 

NCSS 5.x Series -$125 
Eosy-10-use monus & spread shoe!. Multiple reg ression. 
T·losl s. ANOVA (up lo 10 lnclors, rep. measu re s. 
covarlanco) . Forocasl lng. Factor, ctuster, & discriminant 
ana lysis. Nonparnmotrics. Cross Tabulation . Graphics: 
hls1ograms. lxJK , SCH\101. etc. Reads ASCIVLotus. Many new 
ndd·oo modules. 

NCSS 
329 Nonh 1000 East, Knysvllle, UT 84037 

Phone: 801-546-0445 Fax: 801-546-3907 

Inquiry 702. 

TRANSLATORS 
software 

TRANSLATORS 
FORTRAN IV lo C PUI (Subsel G) 10 C 
CMS-2M ID Ada ASSEMBLY (PAL· 11 ) lo C 
METAMORPHOSIS CUSTOM Translators 

(User-defined) 
Call or write lor product brochure to: 

J. H. Shannon Associates, Inc. 
P.O. Box 597, Chapel Hiii, NC 27514 

(919) 929-6863 

Inquiry 703. 
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Trans·Amerit• ch presents LINUX Plus and BSD CD· 
ROM. Latest versions ol LINUX and BSD with X· 
windows, TCP/IP deve)Opment environments. 

ALL SOURCES ARE INCLUDED. 


I REAL UNIX POWER for the PRICE of DOS I 

ONLY $39.95 


Trans-Ameritech Enterprises 
2342A Walsh Ave., Santa Clara, CA 95051 


408·727·3883 FAX 408-727·3882 


SOFTWARE/ENGINEERING SOFTWARE/SCIENTIFIC UNIX ON CD-ROM 
SpiceAge"'4W FREE CATALOG! UNIX Clone for $39.95 

Inquiry 704. 

UTILITIESr--PE-N~PL_O_TI~ER~EM_U_LA~T-0-R---, ~~~-~-:'i~:·· 

FPLOT tums your printer into an HP pen plotter. 
Fast hi-res, no jagged lines. Vary line width, color. 
Screen preview - zoom, pan. Works with most 
CAD programs. Supports most printers. Requires 
DOS 2.1 or higher. S119+S3 S&H. VISA/MC/Chk/MO. 

FPLOT Corporation 
24-16 Steinway St. , Suite 605, Astoria, NY 11103 

71 8-545-3505 

Inquiry 705. 

Serial Troubles? 
Watch Your Serial Port Problems 

Disappear with DATASCOPE® 
DATASCOPE shows you the data that Is trans· 
ferred between serial devices. A must have for 
problems with your computer, mouse, modem, 
plotter, <Im' serial device! -~I 

Only S89.95us from SEIMAC RESEARCH 
Call 902-468-3007 

for a fa xed brochure on this amazing utility 
·I
I 

Inquiry 706. 

WINDOWS 

FOREIGN LANGUAGES 
Arabic, Hebrew, Russian, Chinese, Japanese, 
Indian, S.E. Asian - all the world's languages In 
Windows. Full support for mixing Arabic, Persian, 
Urdu, Hebrew + English. Chinese and Japanese 
type vertically / horizontally. Easy to usel From 
$149.95. Call or write the WinLanguage" experts! 

Gamma Productions, Inc. 
Tel 310·394·8622 Fax 310·395·4214 .~ 

710 Wilshire Blvd, #609, Santa Monica, CA 90401 ~I -, 
Inquiry 707. 

and more and all FREE. Call from home or office 
up 10 14.4K and download for FREE. (n/B/1) 

Customer Servk:e 415-281-4429 
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Inquiry 708. 

International Marketers: 
Sell your computer products in one of the 


fastest growing markets today! 

REACH 78,000 LATIN AMERICAN BYTE READERS 


Now you can advertise in 

1, 2, or all 3 Latin editions of BYTE 


BYTE Mexico • BYTE Brasil • BYTE Argentina 

Give Liz at Global Ad-Net a call today for more Info: 

603-876-43' ' 
Inquiry 709. 
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YOUR DIRECT LINK 

ADVERTISER CONTACT INFORMATION 

To order products or request FREE information, call advertisers directly or send 
in the Direct Link Card by mail or fax! Let them know you saw it in BYTE! 
Inquiry No. Page No. Phono No. Inquiry No. Page No. Phone No. Inquiry No. Page No. Phone No. 

290 2CO·ROM.LLC 261 214·380·0126 OATAPRO 118·119 609·764-0 100 521 LOGIC PROGRAMM ING ASSOC 401S 22 ...-81·874·G«9" 

A 511 OATATRONICS TECHNOLOGY (INTL) 

ext.2m 
45 •886·2·782·0305" 

238 

198 

LOGICAL CONNECTION 

LOGICIELS ET SERVICES DUHEM 

256 

198 

800-238·94 15 

133149700455 

61-62 

232 

63-64 
558 

67 

566 

66 

ABACUS SOFTWARE 134 800-451 ·4319 
OICI. 23 

AOAPTEC I TRANTOR 256 800·934-2766 

ADVANCED LOGIC RESEARCH 69 714·581-6770 

ADVANCED LOGIC RESEARCH (INTL) 95 714·581-6770 

ADVANCED MICRO DEVICES (N.A.) 162·163 800·222·9323 

AGFA GERAERT (INrl) 44 +44·81·560·2131 

AITECH INTERNATIONAL 109 800·882·8 184 

280-281 

89·90 

563 

307 

288 

DAVISON-WORTH CORP 

OCA 

DEC (l'ITL) 
DELL COMPUTER CORP (N.A.) 

DELL COMPUTER CORP (N.A.) 

DELPHI INTERNET SE RVICES 

DIALOGUE TECHNOLOGY 

264 800·666·2707 

173 800·3-18-322 1 
ext 5700 

161·163 

ClV BOIH;26-8260 

cm 800-626-8260 

231 BOIH;95-4005 

263 •886·2·93 17814"" 

M 
171·172 l.IAG INNOVISION 

546 MANCHESTER EQUIPMENT CO 

201·202 MARX OATENTECHNIK GmbH 

320-321 MATHSOFT INC 

300 MAYER AUTOMATION GROUP 

131 

240NE 1 

112 

195 

259 

800-827·3998 
516-435· 11 99 

.,9-8403·1 555 

800·289-6293 

65 ALADDIN KNOWLEDGE SYSTEM S 138 800·223-4277 
569 OIGICOM INC (INTL) 20 ·886-2·917·9099" MCG RAW Hill (N.A.) 212 

319 

550 
AllMICRO 

AlTEX ELECTRONICS 

240 

240SO 2·3 

800·603-4933 

800-53 1 ·5369 

56D-561 DIGITAL OEM STORAGE (INrl) 

286-287 DISPLAY RESEARCH LAB 
30.31 t-49·89·9591·1267'' 

263 .952.9n.se10·· 310 

MCGRAW Hill NRI (N.A. ) 

MEDIA VISION (N.A.) 

200A·B 

104·105 800-845-5870 

248 

68·69 

AA18RA COMPUTER CORP (N.A.) 

AMBRA COMPUTER CORP (NA) 

AMERICAN AOVANTECH 

AMERICAN MEGATRENOS 

32B·33 

44-45 

260 

103 

800-21)().1468 

600·200· 14 69 

800·800·6889 

800·092·6843 

91-92 

512·513 

306 

184 

DISTRIBUTED PROCESSING TECH 

OR HUGGLE & PARTNER GMBY 

CSP DEVE LOPMENT CORP 

CSP SOLUTIONS I DIGI SPEECH 

135 

40IS 10 
215 

175 

800-322-4378 

t-49-241-403114 '" 
aoo-m.5151 

916·621·1787 

522 

114 

235 

226·227 

MEGAOATA 

MEGAORIVE SYSTEMS 

MICRO 2000 

MICRO SOLUTIONS COMP PROO 

401S 18 

111 

248 

237 

516·589-6858" 

800-322-4744 

800·864 ·8008 

800·295-1214 

70 AMERICAN POWER CONVERSION 94 800·800·4APC 
depl. A2 E 

228·229 MICRO SOLUTIONS COMP PROO 

542·543 MICRODATA SYSTE M SRI 

239 

401S 24 

BOQ.295·1 214 

'39 I 87 988 4ro 
71 AMERICAN SMALL BUSINESS COMP 116 918·825-4844 568-569 ELEX INFO SYS INC (INTL) 65 4 15·325-8071 236·237 MICRO·INTERNATIONAL INC 249 800-967·5667 

209 ANGOSS SOFTWARE INTERNATIONAL 185 416-593-5077' ' 256 ELEXOR INC 261 201 ·299· 1615 115 MICROPOLIS CORP 117 800-395-3748 

244 ANISAO 252 800-95 1-1113 298-299 ELMA ELECTRONIC 263 510.656-3400 225 MICROPROSE SOffiVARE 250 800-879-PLAY 

175-176 ANTEX ELECTRONICS 214 310·532·3092 23!1-240 EMBARC I MOTOROLA 244 800HIBARC4 MICROSTAR LABORATORIES 261 206-453-23-15 

APPLE COMPUTER INC 15 ext. 330 MICROWAY 133 508-746-734 1 

234 APPRO INTERNATIONAL INC 245 800·927·5464 514·515 EUTRON 4015 6 139·35·692·229" 203·204 MILLENNIUM ONLINE 211 800·736-0 122 

192·193 ARISTO GRAPHIC SYSTEMS (EUROPE) 39 t49-40-5474J.l 11 .. 93·94 EXABYTE CORP (N.A.) 95 800·866-6002 523 MINOLTAGMBH 401S 11 +49·511·7404 ·0 

192-1 93 AR ISTO GRAPHIC SYSTEMS (US.) 

194 ASK ME MULTIMEDIA CENTER 
39 
42 

800-631 ·7646 
61 2·S3 H)603 F 

11!1-120 MINUTEMAN 

524-525 MINUTEMAN 
51 

40IS 7 

800·238-7272 

214"'46-7363 

n 
73 

24!1-250 

539 
251 

All TECHNOLOGIES INC 

AT•T MICROELECTRONICS 

AXIOMATIC 

AXIS COMMUNICATIONS (INT"l) 
AXON IX CORP 

142 

106 

262 

2n 
263 

905·882·2500 
800-372 ·2447 

ext. 920 
905-602·927 0 

+46-46136130" 
80 1-466 ·9797 

516·517 FAST HAADLOCK (INrl ) 

212-213 FAST MULTIMEDIA (EUROPE) 

212·213 FAST MULTIMEDIA (U.S.) 

532 FIRST INTERNATIONAL COMPUTER 

221·222 FIRST SOURCE INrl 

9S.96 FUTUAESOFT ENG INEERING 

33 .,9-89-539800200 

207 ..49-89-50'l06-199" 

207 800·2•8·FAST 
4015 2 t886·2·7 17·4500'' 

246 714·588-9866 
210 7 13-496·9400 

N 
538 NAG 

116·117 NANAOUSACORP(N.A.) 

262 NATIONAL INSTRUME NTS 
NATIONAL PRODU CTIONS INC 

4015 22 
75 

266 
214 

+44-865-310139" 
310·325·5202 

800-433-3488 

800·800-5600 

450 
B 
SIX (NA.) 277 800·695-4775 

G 
GATEWAY 2000 96A·N 800-846-2058 

NETWORK COMPUTING DEVICES (N.A.) 113 

NElWORLO.INTEROP 9.1 229 
800-800-9599 
BOQ.488.2883 

ext. 314 
74-75 

76 

BORLAND INTL 

BRITISH AIRWAYS 

11 

36-37 

800-336·6464 
OX!. 7898 

284 

97-98 

257 

GENERAL TECHNICS 

GLENCO ENGINEERING 

GMM RESEARCH CORP 

262 

147 

259 

800·487-2538 

800·562·2543 

714·752·9447 

224 

567 

118 

NEVADA COMPUTER 

NEWGEN SYSTEMS CORP (lNn) 

NORTON·LAMBERT 

251 
64 

29 

800·654·7762 
714·641 ·8600 

805·964-£767 
BYTE BACK ISSUES 

BYTE DECK 
218 

216 603·924·2596 
282·283 GRANITE DIGITAL 

518 GREY MATTER LTD 
262 

401$ 14 
510-471-6442 

~44-<X36:·53071 '' 

562 

316 

NOIV ELECTRONICS INC 

NSTL 

240PC 4 

227 

BOQ.350-2NOW 

215·94 1·9600 
BYTE DECK (N.A.) 206 
BYTE REPRINTS 

BYTE SUB MESSAGE 

BYTE SUBSCRIBERS 

217 

200 

213 

603·924-26 18 H 
269·270 Hl·LO SYSTEMS 

540-541 HOCKWARE (INTL) 
264 

401S 13 

510-623-8860 

919·380-0616 
277 

534 

0 
OMEGA POINT. INC 

ON TIME MARKETING 
266 

401S 12 

508·877· 181 9 

'49-40-437472 

311 
c 
CARDIFF SOffiVARE 265 800-659·8755 

99 HUMMINGBIRD COMMUNICATIONS 182 905·470·1207" 206 

263 

ON TOP SYSTEMS 

OVERLAND DATA INC 
124 

265 

800-454 -44 26 

800·729-8725 

536 CHAPLET 

537 CHAPLET 
501 CHERRY 

MIKROSCHALTER GMBH (INrl) 
504-595 COBALTBLUE 

4015 21 
40\S 23 

212-213 
40IS18 

+886-2·298·8989 
+886·2·298·8989 

+49·9&1 ·3180 
404·5 18· 1116 

55.3 IBM 
100 IBM· PC DIR ECT 

315 IBM· PC DIRECT (N.A.) 

188·189 INFORMATION FOUNDATION 

240PC 3 

Cll, 1 

20-21 

199 

600·872·7 109 

800-426-7950 

800-426-7860 

800·438-8649 
121 

p 
PACIFIC DATA PRODUCTS 

PATTON & PATTON 
82 

204 
619-625·3643 

800·525-0082 
ex!. 112 

77·78 COLORADO MEMORY SYSTEMS 12·13 800 -451· 0897 I 01 INTEGRAND RESEARCH 132 209-65 1· 1203 124· 125 PC POWER & COOLING 53 800-722-6555 

79 COMPAQ COMPUTERS (N.A.) 8-9 800·345· 1518 557 INTEGAIX INC (INTL) 90 805·375· I 055 122·123 PC POWER & COOLING 124 BOQ.722-6555 
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218 
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COl.1PUTERLAN E UNLTO 
COMPUTERWISE 

247 

266 

818-884-6644 
800·255·3739 J 

131 

21G-211 

PKWARE INC 

PLEXTOR 

208 

153 

414-354-8699 

800-886-3935 
305 CONNER (N.A.) 115 800-<NT·BKUP 223 JAMECO ELECTRONICS 253 800-83 1-4242 264 POLAROID CORP 259 BOQ.225-2770 
285 CONTROL CONCEPTS. INC 262 800-922·9259 JOA ...CROOEVIC ES 257 800·538·5000 132 POPKIN S/W & SYSTEMS INC 55 212·571·343' 

82 
COPIA INTERNATIONAL LTD 
COREL SOFTWARE 

198 

43 
708·682·8898 

800-42 1 ·6006 K 
535 

180 
PORA CORP (INTL) 

POWERSOFT CORP (N.A.) 
105 

64-65 

t886-2-8S35582"' 
800-395·3525 

170 CREATIVE LABS INC 73 800·998·LABS 108 KEA SYS TEMS l TO 100 800·663-8702 POWERSOFT CORP (N.A.) 64A·B 
207·208 CRYSTALOGIC . INC 149 61 5·39 1-44 12 261 KE ITHLEY METRABYTE 261 800·3-18-0033 112 PROGRAMMER'S PARADISE 76-77 800-445·7899 
83-!14 CD< INTERNATIONALINC 187 909·595·6 1 ot6 109 KFC (N.A.) 223 800-253-2872 133 PROMETHEUS PRODUCTS (N.A.) 32A 503-692·9600 
85-86 CURTIS INC 126 612-631·95 12 259 KILA 260 303444.7737 559 PROM ISE TECHNOLOGY (INn) 223 800-888-0245 
87-88 CYBEX CORP 

21!1-220 CYBEX CORP 

50!1-510 CYBEX CORP 

507·508 CYBEX CORP (INTL) 

193 205-430-4030" 

241 205-4 30-4030" 
401S 9 205-430-4030" 

cm 205.430.,030·· 

110.111 

519 

KINGSTONTECHNOlOGY 

KUO FENG CORP (INTL) 

L 

101 

21 
714-435·2600 

+886-2·754-8498" 

304 
Q 
ONX SOFTWARE SYSTEMS LTD 24-25 800-363·900 1 

eir:t. 20 1 

D 241 -242 

260 

L A TRADE 

LAGUIM CATA SYSTEMS 
236 800·433-3726 
264 BOQ.938·TAPE 

246·247 

265 

OUAORA INTERACTIVE 

OUALSTAR CORP 
242 

265 

619-431·9530 

818-882·5822 
317-318 DALLAS SEMICONOLICTOR 190 800-258·506 1 309 LAHEY COMPUTER SYSTEMS 219 BOQ.5'8-4778 135 OUARTIEROECK OFFICE SYSTEMS 35 310.392-9851 
255 OATALUX CORP (INn) 263 ...W·J00.8767 18 144·145 LANDMARK RESEARCH INT'L CORP 205 800-683-6696 136 OUATECHINC 232 80()..553- 11 70 
254 

255 

OATALU X CORP (INrl) 

OATALUX CORP (N.A.) 
264 +44· 3()6..876718 
263 800-0ATALUX 

544 LANSOURCE 
186·187 LEAD TECHNOLOGIES 

40f5 20 
114 

+44·22J.23nsa 
800·637-4 699 R 

254 OATALUX CORP (N.A.) 264 BOO·DATALUX 520 LIGATURE LTD 4015 8 +972 ·2·513395" 1 137-138 RAINBOW TECHNOLOGIES 61 800·852·8569 
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YOUR DIRECT LINK 

ADVERTISER CONTACT INFORMATION 


Inqui ry No. Page No. Phone No. 

291·292 RCI 259 908-874·4072 
OK! . 71 

527 RECOGNITA (INTL) CIV t36+20 18925 
233 AECOATEC INC 2S5 80Q.729-7654 
266 AHETOREX . INC 266 408-37~1 

139-140 ROSE ELECTRONICS 202 800-333-9343 
166-167 A.OJ. 170 619-~985 

s 
554 SAFEWAAE 240PC I 800-848-3469 
65 1 SAFE WARE 240SO 1 800·848-3469 
547 SAFEWARE 240NE 3 800·848·3469 
652 SAFEWAAE (MW) 254 S00-848·3469 
267 SANGOMA TECH INC 259 800·388·247S 
182·183 SCEPTRE TECHNOl.OGIES 125 80().788-2878 
312-313 SCIElffiFIC PROGRAMMING 266 Sl7·339~ 

SCITORCOAP 19 '1~510-noo 

322 SCOTTY SYSTEMS 217 SOO-SCOTTY·I 
528 SEKISUI CHEMICAL COLTO (!NTL) 45 •8Hl·365-437S" 
141 SEOUITEA SOFTWARE INC 196 403-437-2410 
278·279 SIGMA TECH SOFTWARE 260 818·368·6132 

SILICON GRAPHICS (INrL) 57 415-940-4343" 
ext. B25 

SILICON GRAPHICS (NA.) SJ 800-431-4331 
ext B2fi 

185 SOFTARC 225 416-75'1-1856.. 
529 SOFlVIAAE SECURITY 401$ 19 203·329·7428" 
142 SONY (N.A.) 90 20 1-476-8 199 
556 SPIDER GRAPHICS 240PC 2 408-956·1231 
214 STAMPEDE TECHNOLOGIES 168 800-783-3423 

Inquiry No. Page No. Phone No. 

2J0.231 STARTECH INTERNATIONAL 238 6 I 9·278·2600 
143 STATSOFT 81 918·583-4 149 
195 SUN PRO 2·3 800·2SUNPRO 
531 SYMANTEC 4015 17 S00-453· 1077 

&xi. APBO 
146-147 SYSTAT INC 155 706-804·5670 

T 
268 TALKING TECHNOLOGY INC 266 80Q.6ll5-488.: 

296-297 TAPEOISK CORP 265 S00-827·3372 
148 TEKTRONIX 176 S00-835-<l I 00 

ext. 34J 
TEXAS INSTRUMENTS 83 S00-527·3500 

150 TEXAS INSTRUMENTS 84-89 S00-527-3500 
275 TIEPIE ENGINEERING 261 1'-31·51 06·704 ". 

1SI TOSHIBA AMERICA INC 179 800-t5J.7T77 
152·153 TOUCHSTONE SOFlVIAAE 102 714·969-n46 
289 TRANS 2000 261 310.90U814 
274 TRI VALLEY TECHNOLOGY INC 260 510·447·2030 
17J·174 TURTLE BEACH SYSTEMS 128 800·645·5640 
S48 TYPHOON SOFTWARE 240NE 3 805·966·7833 
SSS TYPHOON SOFTWARE 240PC 4 805·966·7833 

u 
UNIXWOALD OPEN SYSTEMS ~NT'L) 115 

1S4~ 1 55 UNLIMITED SYSTEMS 154 619-622•1400 

v 
308 VALITEK INC 258 413· 549·2700 

Inquiry No. Page No. Phone No. 

271 VICTORY ENTERPRISES TECH 262 aoo-n7-347S 
295 VIDICOOE US. INC 260 910·452·5600 
156·157 VIEWSONIC 67 909'869· 7976 
361·303 VISIONWARE 59 415·325-2 113 

w 
530 WALKER. ACHEA & QUINN 40IS s 206-324~7 

159 WATCOM 27 519-886-3700 
158 WATCOM 141 519-747-4971 .. 

243 WEST COAST MICRO 258 619-581·6040 
565 WE STERN DIGITAL (INTL) 104 S00-832·4776 
199-200 WIBU (INTL) 42 +49·721 ·3n4SS" 
199-200 WIBU (U.S) 42 301·570-34 97 
197 WJNBOOK 161 S00-293-1539 
m WINTEK CORP 265 800-742-6809 

162·164 WOLFRAM RESEARCH 189 60!)"141"'234 

x 
160.161 XVT SOFTWARE INC 203 800-<l78·79B8 

z 
165 ZEDS INTERNATIO>lAI. 165 8(11).554·5226 
314 ZEDS lnTERNATIOrlAL 167 BOQ.554·5226 
273 Z.VIORLD ENGINEERING 264 916-7S7'3737 
1n·178 lYXEL USA 71 714-693--0808 

•Correspond directly with company. 
''Indicates FAX Number 

BYTE ADVERTISING SALES STAFF 
David 8. Egan. Associate Publisher, One Phoenix Mill Lane. Peterborough, NH 03458, Tel. (603) 924-2678, Fax: (603) 924-7620 
Diane Lieberman. Director, Inside Advertising Sales, One Phoenix Miff Lane. Peterborough, NH 03458. Tel. (603) 924·2518, Fax: (603) 924-2683 

Nl!W ENGLAND 
ME. NH, VT, MA, Al , CT, ONTARIO 
CANADA & EASTERN CANADA 
SanfoldL. Fil>ish (617)~ 
Palncia Payne (603) 924-2654 

SOUTHllAIT 
NC. SC. GA. Fl. AL TN. MS, AR , LA. 
KY. DC. MD. VA. WV 
Mary/\M Gouteng (404) 843-4782 
Bnan H1ggms (603} 924-2651 

SountWEST1 
ROC KY MOUNTAIN 
CO. OK. TX 
Jennifer Walker (214) 7014496 
Bron Higgons (503) 924-2651 

NORTH PACIFIC 
NORTHERN CA, OR. 10, MT. WY. UT 
Roy J. Kaps (415) 513-6861 
James ea.1 (603) 924-2662 
SILICON VALLEY. HI . \YA , AK. 

SOUTH PACIFIC: trvlne1 CA 
ORANGE COUNTY 
SAN DIEGO COUtlTY 
Beth Dudas (714) 753-8140 
Brad Ducon 603) 924-2574 

McGraw-Ha Pl.bbcatloos McGraw·Hill Pubkabons McGraw-Hil PublicnbOnS IV. CANADA •AcGraw·H dt PubbcabOns 
24 Hartv.-ell Avenue 4170 A$hlord·Dunwoody Ad.. Surto 520 14850 Quorum OJ.. Su10 380 811 McAJoe (415) 513-6862 15635 Allon Pkwy ., S""o 290 
Loxington. MA 02173 
FAX:(617)~99 

Atlanla, GA 30319 
FAX: (404) 252-4056 

Dallas, TX 75240 
FAX: (214) 991-6208 

James Brul (603) 924-2662 
McGmw·H~I Publications 
1900 O'Fnr101 Street. Suito 200 

Irvine, CA 92718 
FAX : (714) 753-8147 

EAST COAST MID WEIT SOUTH PACIFIC: Lila Antetn. CA San Mnteo. CA 94403 
NY , NYC, NJ, DE , PA 
Kim Notris (212) 512-2845 
Jonathan Sawyer (603) 82A·2665 
UcGraw-Hill PubicaliOOS 
1221 Avenue of Amencas-28th Floor 
New Yori<. NY 10020 
FAX: (212} 512·2075 

IL. MO. KS. IA. ND . SD, MN. 
\YI , NE . IN, Ml , OH 
Kun Kolloy (312) 616-3328 
Ed Waro (5031924-2664 
McGraw-Hsi PubllcabOnS 
Two Pl\fdontial Plaza 
180 Norlh Stetson Ave . 
Cllkago, IL 60601 

LOS ANGELES COUNTY. AZ. NM. NV 
Alan El Fayu (213) 4S0.5243 
Brad 00<on (503} 924-2574 
MoGraw·Hil Pubhcabans 
3333 ~&e Bou~ev1rd •500 
Los Angeles. CA 9001 
FAX: (213) 48Q.523S 

FAX : (4 15) 513-6867 

FAX: (312) 616-(1370 

Peterborough, NH Office: Inside Sales FAX: 603-924-2683 Advertising FAX: 603-924-7507 
ttan:tw../ Softw.,. lbowcne 1be Buyer's ~/Clualfteds BYn Deel< lUACH>ECK R•OONI Advertlal"' Sections 
Marl< Slone (603) 924-2695 Margot L. Swanson (603) 924-2656 SuSan flaSloUllli (603) 924-2S96 ,/Qsept1 Mabe (603) 924-2533 Ed Ware (603) 924-2664 
Ellen Pemam (503) 92•·2598 BYTE Publlc:8hons BYTE PublocallO!lS BYTE P\blicallOllS Fu: (603) 924-2f;83 
BYTE f'lJb!Jcabons One Phoenix Mol Lano Ono Phooni>< M.11Une Ono Phoenuc M I Uno 

Ono Phoenix ~hB Une Pel~. NH 03458 Po1orbofough. NH 034SB Peterborough. NH 03458 

Potctt>orough. NH 03458 

INTERNATIONAL ADVERTISING SALES STAFF 
UNJTE> KINGDOM, GERMANY, SWITZE RLAND, ITALY, TAIWAN JAPAN AUSTRAW 
FRANCE, BENl!WX 
G•!Y Lucas ( +44 71 495 6780) 
Jonathan ,.,\cGowan 
(+44 71495 6781) 
McGraw·Hil Publishmg Co 
34 Dover St 
LOO<IO<l WIX 4BA 

AUSTRIA 
JOrgenHe~ 
McGraw·Hll Pubhst\Jng Co. 
Liebigstrasso 19 
0-60323 Fra.nkfun 
Germany 
Tel: +49 59 7140 7140 

SCAH DINAVIAH COUNTRIES 
Zena~. Amanda Blaskett 
A·Z tn1omn1k>nal Salos Ud. 
70 Chalk Farm Road 
LOO<IO<l NW1 SAN 
England 
Tel : +44 71 28431 71 

~~iv~~p~ Ccxp 
2nd A . No. 19-2. Ll!f1ll 231 
Fu Hmg North Road 
Ta'lpei 105 
Tlrwan R.0 .C. 
Toi : ­ 2 7136959 

Masaki Mon 
Transworkt Med~ Inc. 
02. 2·26-3 N<Sl\lgotllnda 
~WB·kU, 
Tokyo 141 
Japan 
Tel: +81 3 33887466 

Phi18U'Sh 
Natt0nal Advortistng SeMces 
7·1 3 Patmween Srree1 
Cremorno NSW 2090. 
Australia 
Toi: +61 2 908 9329 
FAX: +61 2 953 8274 

Ergland 
FAX: +44 71 4956TJ4 
TELEX: 892191 

FAX: +49 69 7140 7146 FAX: •44 71 2843174 

ISRAll 
Dan Etiiflch 

FAX : ­ 2 7189467 

HOHOKONQ 
Zoo Yen 

FAX: •81 3 37880674 

A. Suzultl 
Nexus. Inc. 

INDIA, INDOHUIA, PAIUSTAN, 
PHIUPPINIS, OTHER ASIAN 
AHO PACIFIC COUNTRIES 

Ehtbch Communication lnt1 
P.O Box99 
Horzhya 46101 
1srao1 
Tel: •972 9 586245 
Toi : +972 9 586246 

[r:.d2~~veHl~J;:~~~~ 
82·84 To Kwa Wan Road 
Kowloofl. Hong Kong 
Tel : +852 764 3830 
FAX: +852 764 3857 

2..JS.8. Unokl. Ota·ku 
TOkyo 146 
Japan 
Tel: +81337573721 
FAX: +81 3 37572266 

K.l . Wu 
Third Wave Publishing Cofp. 
2nd A . No_ 19·1 , Lano 231 
Fu H~ng Nonh Road 
T"'1>0! 10445, Taiwan 
R.0.C. 

Subscription Customer Service 
U.S. 1-800-232-2983 

Outside U.S. + 1-609-426-7676 

For a New Subscri ption 
U.S. 1-800-257-9402 

FAX: •972 9 585685 
KOR IA 
Voung·Seoll Chinn 
JES Media International 
Rm 704 , Nontlyun Bldg. 
37-12. Cluunwoo·Doog 
Soocho-Gu 
Sooul 137-030, Korea 
Tel : +82 2 5458001 
Tel: +82 2 5458002 
FAX: +82 2 5498861 

SINGAPORE 
Derek Ng 
Stephen Tay 

~e~=~~l.Ud. 
Singapore 1232 
Tel: +65 296 6188 
FAX: +65 2981551 

Toi: +886 2 7136959 
FAX : +886 2 7151950 

MALAYSIA 
H,K. Un 
Serve• (Ma'aysra) Sd11. Bhd 
51h Floor , Bena Tower 
160. Jalan Ampang 
50450 t<ualJ Lumpur 
Malaysia 
Tel: +60 3 2624592 
FAX: "60 3 2624591 

Outside U.S. +1-609-426-5526 
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YOUR DIRECT LINK 

PRODUCT CATEGORY INDEX 

For FREE product information from individual advertisers, circle the 
corresponding inquiry numbers on Your Direct Link Card! 

To receive information for an entire product category, circle the category 
number on Your Direct Link Card! 

Category No. 

Inquiry No. Pago No. 


HARDWARE 
1 ACCESSORIES/SUPPLIES 
175-176 ANTEX ELECTRONICS 214 
545 PEGASUS LTD 401S 12 
264 POLAROID CORP 259 
142 SONY (N.A.) 90 
275 TIEPIE ENGINEERING 261 

2 ADD-IN BOARDS 
68-69 AMERICAN MEGATRENDS 103 
175-176 ANTEX ELECTRONICS 214 
72 ATI TECHNOLOGIES INC 142 
252 COMPUTER MODULES 259 
216 COMPUTER & CONTROLS SOLUTIONS 243 
85-86 CURTIS INC 126 
569 DIGICOM INC (INTL) 20 
91-92 DISTRIBUTED PROCESSING TECH 135 
223 JAMECO ELECTRONICS 253 
310 MEDIA VISION (N.A.) 104-105 
133 PROMETHEUS PRODUCTS (N.A.) 32A 
559 PROMISE TECHNOLOGY (INT'L) 223 
136 OUATECHINC 232 
556 SPIDER GRAPHICS 240PC 2 
268 TALKING TECHNOLOGY INC 260 
173-174 TURTLE BEACH SYSTEMS 128 
565 WESTERN DIGI TAL (INTL) 104 
199-200 WIBU (INT'L) 42 
199·200 WIBU (U.S.) 42 

3 BAR CODING 
300 MAYER AUTOMATION GROUP 259 

4 COMMUNICATIONS/ NETWORKING 
550 AL TEX ELECTRONICS 240SO 2-3 
539 AXIS COMMUNICATIONS (INTL) 2n 
89-90 DCA 173 
563 DEC (INTL) 161-163 
239-240 EMBARC I MOTOROLA 244 
257 GMM RESEARCH CORP 259 
522 MEGAOATA 40IS 18 
291 -292 RCI 259 
266 RHETOREX, INC 260 
139-140 ROSE ELECTRONICS 202 
267 SANGOMA TECH INC 259 
278-279 SIGMA TECH SOFTWARE 260 
268 TALKING TECHNOLOGY INC 260 
154-155 UNLIMITED SYSTEMS 154 
295 VIDICODE US. INC 260 

5 COMPUTER SYSTEMS 
63·64 ADVANCED LOGIC RESEARCH 69 
558 ADVANCED LOGIC RESEARCH (INTL) 95 

AMBRA COMPUTER CORP (N.A.) 32B-33 
AMBRA COMPUTER CORP (N.A.) 44-45 
APPLE COMPUTER INC 15 

234 APPRO INTERNATIONAL INC 245 
79 COMPAQ COMPUTERS (N.A.) 8-9 
21 6 COMPUTER & CONTROLS SOLUTIONS 243 

DELL COMPUTER CORP (NA) Clll 
DELL COMPUTER CORP (N.A.) CIV 
GATEWAY 2000 96A·N 

100 IBM · PC DIRECT cu. 1 
557 INlEGRIX INC (INT'L) 90 
102 INTEL CORP 16-17 
103 INTEL CORP (N.A.) 16A-B 
104 INTEL CORP (N.A.) 40A-D 
105-106 INTERGAAPH 30-31 
259 KILA 260 
546 MANCHESTER EQUIPMENT CO 240NE 1 
236-237 MICRO-INTERNATIONAL. INC 249 
562 NOW ELECTRONICS INC 240PC4 
316 NSTL 227 
124-125 PC POWER & COOLING 53 
122-123 PC POWER & COOLING 124 
233 RECORTEC INC 255 
322 SCOTTY SYSTEMS 217 

274 BYT E MARCH 1 ~94 

Cntogory No. 

Inquiry No. Pago No. 


SILICON GRAPHICS (INT'L) 57 
SILICON GRAPHICS (N.A.) 57 

274 TAI VALLEY TEa-INOLOGY INC 260 
243 WEST COAST MICRO 258 
165 ZEOS INTERNATIONAL 165 
31 4 ZEOSINTERNATIONAL 167 

6 DATA ACQlJISITION 
248 AMERICAN ADVANTECH 260 
256 ELEXOR INC 261 
258 10 TECH 261 
261 KEITHLEY METRABYTE 261 

MICROSTAR LABORATORIES 261 
205 NATIONAL PRODUCTIONS INC 214 
136 OUATECH INC 232 
275 TIEPIE ENGINEERING 261 
289 TRANS 2000 261 

7 DISK & OPTICAL DRIVES 
290 2CD·ROM.LLC 261 
232 ADAPTEC I TRANTOR 256 
68-69 AMERICAN MEGATRENDS 103 
285 CONTROL CONCEPTS. INC 262 
85-86 CURTIS INC 126 
560-561 DIGITAL OEM STORAGE (INTL) 30-31 
284 GENERAL TECHNICS 262 
282-283 GRANITE DIGITAL 262 
107 IOMEGA 96 
114 MEGADRIVE SYSTEMS 111 
226-227 MICRO SOLUTIONS COMP PROD 237 
228-229 MICRO SOLUTIONS COMP PROD 239 
115 MICROPOLIS CORP 117 
567 NEV/GEN SYSTEMS CORP (INTL) 64 
128-129 PINNACLE MICRO 7 
130 PIONEER NEW MEDIA TECHNOLOGIES 137 
210-211 PLEXTOR 153 
230·231 STARTECH INTERNATIONAL 238 

8 DISKETTES/ DUPLICATORS 
249-250 AXIOMATIC 262 
564 PHILIPS PDQ (INT'L) 113 
271 VICTORY ENTERPRISES TECHNOLOGY 262 

9 FAX BOARDS/ MACHINES 
535 PORA CORP (INT'L) 105 

10 GRAPHICS TABLETS/ MICE/ 
PEN INPUT 

192-193 ARISTO GRAPHIC SYSTEMS (EUROPE) 39 
192-193 ARISTO GRAPHIC SYSTEMS (U.S.) 39 
545 PEGASUS LTD 401S 12 

11 KEYBOARDS 
501 CHERRY MIKROSCHALTER GMBH (INTL) 212-213 
255 DATALUX CORP (INT'L) 263 
255 DATALUX CORP (N.A.) 263 
298-299 ELMA ELECTRONIC 263 

12 LAN HARDWARE 
502-503 COMPEX INC (INTL) 75 
87-88 CYBEX CORP 193 
219-220 CYBEX CORP 241 
509-510 CYBEX CORP 40IS 9 
507-508 CYBEX CORP (INT'L) Clll 
89-90 DCA 173 
238 LOGICAL CONNECTION 256 
124-125 PC POWER & COOLING 53 
122-123 PC POWER & COOLING 124 

13 LAPTOPS & NOTEBOOKS 
AMBAA COMPUTER CORP (N.A.) 32-33 
AMBRA COMPUTER CORP (N.A.) 44-45 

244 AN I SAD 252 
251 AXONIXCORP 263 
537 CHAPLET 401 S 23 
536 CHAPLET 401S 21 

Category No. 
Inquiry No. Page No. 

288 DIALOGUE TECHNOLOGY 263 
532 FIRST INTERNATIONAL COMPUTER 401S 2 
315 IBM · P.C DIRECT (N.A.) 20-21 

JOA MICRODEVICES 257 
236-237 MICRO·INTERNATIONAL INC 249 
166-167 A.D.I. 170 

TEXAS INSTRUMENTS 83 
150 TEXAS INSTRUME~ITS 84-89 
151 TOSHIBA AMERICA INC 179 
197 WIN BOOK 161 
165 ZEOS INTERNATIONAL 165 
314 ZEOS INTERNATIONAL 167 

14 MAIL ORDER 
550 AL TEX ELECTRONICS 240SO 2-3 

AMBRA COMPUTER CORP (N.A.) 32·33 
AMBRA COMPUTER CORP (N.A.) 44-45 

217 COMPUTER DISCOUNT WAREHOUSE 234-235 
218 COMPUTERLANE UNLIMITED 247 
568-569 ELEX INFO SYSTEMS INC (INT'L) 65 
100 IBM - PC DIRECT CU , 1 
315 IBM - PC DIRECT (N.A.) 20-21 
223 JAMECO ELECTRONICS 253 
236-237 MICRO·INTERNATIONAL. INC 249 
224 NEVADA COMPUTER 251 
112 PROGRAMMER'S PARADISE 76-n 
230-231 STARTECH INTERNATIONAL 238 
275 TIEPIE ENGINEERING 261 

15 MEMORY/CHIPS/UPGRADES 
67 ADVANCED MICRO DEVICES (N.A.) 162-163 
221 -222 FIRST SOURCE INTL 246 
102 INTELCORP 16-17 
103 INTEL CORP (N.A.) 16A·B 
104 INTEL CORP (N.A.) 40A·D 
223 JAMECO ELECTRONICS 253 
110-111 KINGSTON TECHNOLOGY 101 
241 -242 LA TRADE 236 
238 LOGICAL CONNECTION 256 

16 MISCEL.LANEOUS HARDWARE 
101 INTEGRAND RESEARCH 132 
545 PEGASUS LTD 401S 12 
528 SEKISUI CHEMICAL CO L TO (INTL) 45 
243 WEST COAST MICRO 258 

17 MODEMS/ MULnPLEXORS 
73 AT+ T MICROELECTRONICS 106 
51 1 DATATRONICS TECHNOLOGY (INTL) 45 

JOA MICRODEVICES 257 
154-155 UNLIMITED SYSTEMS 154 
1n-178 ZVXEL USA 71 

18 MONITORS & TERMINALS 
83-84 CTX INTERNATIONAL INC 187 
254 DATALUX CORP (INTL) 264 
254 DATALUX CORP (N.A.) 264 
109 KFC (N.A.) 223 
519 KUO FENG CORP (INTL) 21 
171-172 MAG INNOVISION 131 
116-117 NANAO USA CORP (N.A.) 75 
526 PHILIPS MONITORS (INTL) 8-9 
182-183 SCEPTRE TECHNOLOGIES 125 
156-157 VIEWSONIC 67 

19 MULTIMEDIA 
175-176 ANTEX ELECTRONICS 214 
216 COMPUTER & CONTROLS SOLUTIONS 243 
170 CREATIVE LABS INC 73 
286-287 DISPLAY RESEARCH LAB 263 
184 DSP SOLUTIONS I DIGISPEECH 175 
212-213 FAST MULTIMEDIA (EUROPE) 207 
212-213 FAST MULTIMEDIA (U.S.) 207 
310 MEDIA VISION (N.A.) 104-105 
133 PROMETHEUS PRODUCTS (N.A.) 32A 

SILICON GRAPHICS (INTL) 57 
SILICON GRAPHICS (N.A.) 57 

173-174 TURTLE BEACH SYSTEMS 128 



YOUR DIRECT LINK 

PRODUCT CATEGORY INDEX 

For FREE product information from individual advertisers, circle the 
corresponding inquiry numbers on Your Direct Link Card! 

To receive information for an entire product category, circle the category 
number on Your Direct Link Card! 

Category No. 

Inquiry No Page No. 


20 PRINTERS/ PLOTTERS 
238 LOGICAL CONNECTION 256 
523 MINOLTA GMBH 401S 11 

PACIFIC DATA PRODUCTS 82 
148 TEKTRONIX 176 

21 PROGRAMMABLE HARDWARE 
280-281 DAVISON-WORTH CORP 264 
516-517 FAST HARDLOCK (INTL) 33 
269-270 Hl·LO SYSTEMS 264 

JOA MICRODEVICES 257 
201 -202 MARX DATENTECHNIK GmbH 11 2 
199-200 WIBU (INT'L) 42 
199-200 WIBU (U.S.) 42 
273 Z-WORLD ENGINEERING 264 

22 SCANNERS/ OCR/ DIGITIZERS 
566 AGFA GERAERT (INT'L) 44 
568-569 ELEX INFO SYSTEMS INC (INTL) 65 
520 LIGATURE LTD 401S 8 
527 RECOGNITA (INT'L) CIV 

23 TAPE DRIVES 
68-69 AMERICAN MEGATRENDS 103 
n -78 COLORADO MEMORY SYSTEMS 12-13 
93-94 EXABYTE CORP (N.A.) 95 
107 I OMEGA 96 
260 LAGUNA DATA SYSTEMS 264 
226·227 MICRO SOLUTIONS COMP PROD 237 
228·229 MICRO SOLUTIONS COMP PROD 239 
263 OVERLAND DATA INC 265 
265 OUALSTAR CORP 265 
296·297 TAPEDISK CORP 265 
308 VALITEK INC 258 

24 UPS 
70 AMERICAN POWER CONVERSION 94 
119-120 MINUTEMAN 51 
524-525 MINUTEMAN 40IS 7 
124·125 PC POWER & COOLING 53 
122-123 PC POWER & COOLING 124 

SOFTWARE 
25 BUSINESS 
311 CARDIFF SOFTWARE 265 
121 PATTON & PATTON 204 

SCITOR CORP 19 

26 CAD/ CAM 
71 AMERICAN SMALL BUSINESS COMP 116 
192-193 ARISTO GRAPHIC SYSTEMS (EUROPE) 39 
192·193 ARISTO GRAPHIC SYSTEMS (U .S.) 39 
105-106 INTERGRAPH 30-31 
542-543 MICRODATA SYSTEM SRI 401S 24 
272 WINTEKCORP 265 

27 COMMUNICATIONS/ NETWORKING 
89-90 DCA 173 
95-96 FUTURESOFT ENGINEERING 210 
544 LANSOURCE 401S 20 
118 NORTON·LAMBERT 29 
126 PERSOFTINC 209 
185 SOFT ARC 225 
214 STAMPEDE TECHNOLOGIES 168 
301 ·303 VISIONWARE 59 
530 WALKER, RICHER & QUINN 401S5 

28 DATA ACQUISITION 
262 NATIONAL INSTRUMENTS 266 

29 DATABASE 
74-75 BORLAND INTERNATIONAL 11 
80 COMPUTER ASSOCIATES 127 
253 COMPUTERWISE 266 

Category No. 

Inquiry No Page No. 


512·513 DR HUGGLE & PARTNER GMBH 401S 10 
206 ON TOP SYSTEMS 124 

30 EDUCATIONAL 
61-62 ABACUS SOFTWARE 134 

MCGRAW HILL NRI (N.A.) 200A·B 

31 ENGINEERING/ SCIENTIFIC 
512·51 3 DR HUGGLE & PARTNER GMBH 401S 10 
306 DSP DEVELOPMENT CORP 215 
105·106 INTERGRAPH 30-31 
168-169 ITERATED SYSTEMS 152 
144·145 LANDMARK RESEARCH INT'L CORP 205 
162-164 WOLFRAM RESEARCH 189 

32 ENTERTAINMENT 
225 MICROPROSE SOFTWARE 250 
246-247 OUADRA INTERACTIVE 242 

33 GRAPHICS 
66 AITECH INTERNATIONAL 109 
192·193 ARISTO GRAPHIC SYSTEMS (EUROPE) 39 
192-193 ARISTO GRAPHIC SYSTEMS (U.S.) 39 
82 COREL SOFTWARE 43 
186-187 LEADTECHNOLOGIES 114 
116-117 NANAO USA CORP (N.A.) 75 

35 MAIL ORDER 
217 COMPUTER DISCOUNT WAREHOUSE 234·235 
506 COMPUTER QUICK (INTL) 206 
518 GREY MATTER LTD 401S 14 

36 MATHEMATICAL/ STATISTICAL 
538 NAG 40IS 22 
143 STATSOFT 81 
146-1 47 SYSTAT INC 155 
162-164 WOLFRAM RESEARCH 189 

37 MISCELLANEOUS SOFTWARE 
534 ON TIME MARKETING 401S 12 

38 ON·LINE SERVICES 
450 BIX (N.A.) 2n 
307 DELPHI INTERNET SERVICES 231 
203-204 MILLENNIUM ONLINE 211 

39 OPERATING SYSTEMS 
NETWORLD+INTEROP 94 229 

304 ONX SOFTWARE SYSTEMS LTD 24-25 
135 QUARTERDECK OFFICE SYSTEMS 35 

40 PROGRAMMING LANGUAGES/ 
TOOLS 

209 ANGOSS SOFTWARE INTERNATIONAL 185 
504·505 COBALT BLUE 401S 18 

COPIA INTERNATIONAL LTD 198 
207·208 CRYSTALOGIC. INC 149 
512·513 DR HUGGLE & PARTNER GMBH 401S 10 
540·541 HOCKWARE (INT'L) 401S 13 
553 IBM 240PC 3 
309 LAHEY COMPUTER SYSTEMS 219 
186-187 LEAD TECHNOLOGIES 114 

MICROWAY 133 
534 ON TIME MARKETING 401S 12 
127 PHAR LAP SOFTWARE INC 150 
132 POPKIN S1W & SYSTEMS INC 55 

POWERSOFT CORP {NA) 64A-B 
180 POWERSOFT CORP (NA) 64-65 
141 SEOUITER SOFTWARE INC 196 
195 SUN PRO 2-3 
531 SYMANTEC 401S 17 
548 TYPHOON SOFTWARE 240NE 3 
555 TYPHOON SOFTWARE 240PC 4 
159 WATCOM 27 
158 WATCOM 141 
160-161 XVT SOFTWARE INC 203 

41 
65 
501 
317·318 
51 4·515 
516·517 
97.99 
201-202 
137·138 
529 
199·200 
199·200 

43 
249-250 

45 

99 
188·189 

301 -303 
162·164 

46 
65 
319 
305 
207·208 
144·145 
198 
235 
277 
131 
296·297 
152-153 

47 
61-62 
194 

108 
144-145 
225 
116-117 
206 
126 
312·313 

197 

48 
521 

Category No. 

Inquiry No Pago No. 


SECURITY 
ALADDIN KNOWLEDGE SYSTEMS 138 
CHERRY MIKROSCHALTER GMBH (INTL) 212·213 
DALLAS SEMICONDUCTOR 
EUTRON 
FAST HARDLOCK (INT'L) 
GLENCO ENGINEERING 
MARX DATENTECHNIK GmbH 
RAINBOW TECHNOLOGIES 
SOFTWARE SECURITY 
WIBU (INT'L) 
WIBU (U.S.) 

SOFTWARE DUPLICATION 
AXIOMATIC 

UNIX 
COPIA INTERNATIONAL LTD 
HUMMINGBIRD COMMUNICATIONS 
INFORMATION FOUNDATION 
NETWORK COMPUTING DEVICES (N.A 
VISIONWARE 
WOLFRAM RESEARCH 

UTILITIES 
ALADDIN KNOWLEDGE SYSTEMS 
ALLMICRO 
CONNER (N.A.) 
CRYSTALOGIC, INC 
LANDMARK RESEARCH INT'L CORP 
LOGICIELS ET SERVICES DUHEM 
MICR02000 
OMEGA POINT, INC 
PKWARE INC 
TAPEDISK CORP 
TOUCHSTONE SOFTWARE 

WINDOWS 
ABACUS SOFTWARE 
ASK ME MULTIMEDIA CENTER 
COPIA INTERNATIONAL LTD 
KEA SYSTEMS LTD 
LANDMARK RESEARCH INTL CORP 
MICROPROSE SOFTWARE 
NANAO USA CORP {N.A.) 
ON TOP SYSTEMS 
PERSOFT INC 
SCIENTIFIC PROGRAMMING 
SCITOR CORP 
WIN BOOK 

WORD PROCESSING/ DTP 
LOGIC PROGRAMMING ASSOCIATES 

GENERAL 


190 
40IS 6 

33 
147 
112 
61 

401S 19 
42 
42 

262 

198 
182 
199 
113 

59 
189 

138 
240 
115 
149 
205 
198 
248 
266 
208 
265 
102 

134 
42 

198 
100 
205 
250 

75 
124 
209 
266 

19 
161 

401S 22 

49 
61 -62 

51 
76 

551 
554 
547 
552 

BOOKS/ PUBUCAnONS 
ABACUS SOFTWARE 

MCGRAW HILL (N.A.) 

MCGRAW HILL NRI {N.A.) 

UNIXWORLD OPEN SYSTEMS (INTL) 


MISCELLANEOUS 
BRITISH AIRWAYS 
BYTE BACK ISSUES 
8YTE DECK 
BYTE DECK (N.A.) 
BYTE REPRINTS 
BYTE SUB MESSAGE 
BYTE SUBSCRIBERS 
DATAPRO 
SAFEWARE 
SAFEWARE 
SAFEWARE 
SAFEWARE {MW) 
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134 
212 

200A·B 
115 

36-37 
218 
216 
206 
217 
200 
213 

118·119 
240SO 1 
240PC 1 
240NE 3 

254 

275 



EDITORIAL INDEX 

For more information on any of the companies covered in articles, columns, or news stories 
in this issue, circle the appropriate inquiry number on Your Direct Link Card. Each page number 
refers to the first page of the article or section in which the company name appears. IS pages 
appear only in the International edition. 
Inquiry No. Page No. 

A 
1298 ACS·Telecom 228 

Adaptec 91 
1078 Advanced Logic Research 129 

Aladdin Systems 78 
1437 Alpha Microsystems 401S·4 
1278 Alta Research 221 
1285 Altec 221 
1184 Altima Systems 156 

Ameritech 46 
1440 AMP 401S·4 
1146 AMS 156 
1424 Antron Electronics 401S·4 
1316 Apex Software 228 

Apollo Systems 143 
Apple Computer 10, 22, 46. 

143, 151 , 183, 191 
1321 Applied Logic Programming 224 
1425 Apricot 401S·3 
1464 ASA-VoiceWriter 401S·1 5 
1147 Aspen Computer 156 
1148, AST Research 156 
1149, 1150 

AT&T 46 
147 4 Audiosoh 40IS- 8 
1151 , Austin Computer 156 
1152 Systems 
1326 Autodesk 226 
12n, Aztech Labs 220, 222 
1291 

B 
1301 Baldar 226 
1294 The Bay Tech 222 
1313 Beame & 230 

Whiteside Software 
Bell Atlantic 46 
BellSouth 46 

1153 BitWise Designs 156 
1444 Blue Chip Technology 401S·6 
1340 Borland International 120 
1292 Brother International 222 
1065 BSE 201 
1276 Buffalo Products 220 
1280 Bus-Logic 220 

c 
1185 Cal Technology 156 
1289 CAMI Research 222 
1036 Cerberus Software 40IS-22 
1027 Cherwell Scientific 40IS-18 

Publishing 
1304 Chipcom 226 
1475 Cimos 401S·22 

Cirrus Logic 91 
1447 Claude Lyons 40fS-10 

Colorado Memory Systems 78 
Comcast 46 

1154 CommaxTechnologies 156 
1079, Compaq Computer 97, 129, 156 
1155 

CompComm Consulting 46 
Component Integration Labs 183 
Conner Penpherals 78 
Conner Software Products 78 
Continental Cablevision 46 

1445 Continuum Specialist 40IS-10 
Technologies 

Coromandel 197 
Cox Cable Communications 46 

1068 Creative Labs 201 
1314 Crescent Software 228 
1466 C·Star Sohware 4015-15 
1305 Cyco International 224 
1on Cypress Research 151 

Cyrix 10 
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Inquiry No. Page No. 

D 
1064 Dantz Development 201 

Dataquest 41 , 78 
1332 Data Translation 230 
1156 DEC 22, 46. 78, 143. 156, 197 

Dell Computer 97 
1311 Domain Virtual Worlds 226 
1330 DS Group 228 
1074 Dynamix 201 

E 
1480 Easysoft 401S-22 
1476 Edinburgh Portable 40tS·22 

Compilers 
1030 The Electric Brain 401S-20 

Electronic Frontier Foundation 46 
1446 Ellips 401S-8 
1421 Elonex 401S-3 
1427 Elproma Electronica 401S-3 

Energis 46 
Eon 46 

1157, Eurocom 156 
1158 
1339 Everswitch USA 201 
1032 Expert Edge 401S·15 

F 
1442 Facit 401S-10 
1473 Fontware 401S-20 
1297 Forefront 226 
1282 Future Domain 221 

G 
1159, Gateway 2000 156 
1160, 1186, 1187 

General Magic 10. 46 
1299 Green Thumb Software 230 
1335 Group 1 Sohware 230 
1327 GST Sohware 228 

H 
Harvard University Office 46 

of Information Technology 
1461 HebreWare 40IS-16 
1061 Hewlet1-Packard 46. 78. 107, 

143, 201 
Hitachi 78 

1296 HSC Sohware 224 
Hybrid Networks 46 

1071 IBM 10, 22, 46, 78, 91. 
107, 143. 197, 201 

JDC 78 
1443 Incas France 401S-4 

Intel to. 22, 46 
1337 Intelligent Environments 228 

Internet Training & 22 
Consulting Services 

1478 lnterSys Micronics 401S-22 

J 
1081 JVC Information Products 145 

K 
1320 Knowledge Revolution 224 
1307 Kofax Image Products 224 

L 
1286 Labtec Enterprises 221 
1439 Lannet 401S-12 
1325 LANtec 226 
1310 Lanworks Technologies 228 

Lockheed Research 22 
Laboratory 

1288 Logitech 222 
1341 Lotus Development 46, 120 

Inquiry No. Page No. 

1467 Lund University 401S·16 

M 
Matsushita 46 
Mccaw Cellular 46 

Communications 
MCI 46 

1069 Media Vision 201 
1441 Memorex Telex 401S·8 
1306 Meridian 226 
1082 Microboards 145 
1161, Micro·lntemational 156 
1162 
1073 MicroProse 201 
1070, Microsoft 22, 46, 97, 120, 129, 
1342 139, 151 , 183, 197. 201 
1426 Miro Computer Products 401S·3 
1163, Mitac U.S.A. 156 
1164, 1188 
1165 Mitsuba 156 
1063 Modular Software Systems 201 

Motorola 46 
1468 Mountain 401S·16 
1477 Multitask Consulling 401S·22 
1273 Multi·Tech Systems 222 

N 
1448, National Instruments 401S-12 . 
1460 401S· 15 
1166, NCR 156 
1167 

nCube 46 
1168 NEC Technologies 156 
1469 NetComm 401S·16 
1020 Neural Computer 401S·22 

Sciences 
Next 22, 143 
Nippon Telephone 46 

& Telegraph 
1075 Noble Net 143 

Novell 22, 78 
1308 Nth Power Software 224 
1062 Number Nine Computer 201 

Nynex 46 

0 
OAZ Communications 22 

1329 Ocean Isle Software 228 
1312 Odyssey Development 230 
1287 Okidata 222 
1283 Olicom 221 
1169, Olivelti North America 156 
1170 

Open Sohware Foundation 143 
Oracle 46 
O'Reilly & Associates 46 

p 
Pacific Bell 46 

1334 Pacific Data Products 230 
Pacific Telesis 46 

1189 Packard Bell Electronics 156 
1021 Pathtrace Engineering 40IS·20 

Systems 
1066, PC Power & Cooling 201. 222 
1290 
1463 Penta Group 40IS·15 

Performance Systems 46 
International 

Philips 46 
Phoenix Technologies 97 

1083 Pinnacle Micro t45 
Pioneer 78 
PKWare 78 

1309 PoinTex 226 

Inquiry No. Page No. 

Q 
1076 O+E Soltware 139, 197 

R 
1060 Random House Reference 201 


and Electronic Publishing 

1328 ReportSmith 228 

1324 Ron Scot1 226 


s 
1171 , Sager M1dern Computer 156 
1172, 1190 
1173 
1174 

1067 
1300 
1331 
1322 

1302 

1465 
1430 

1175 
1438 
1471 

1293 
1279 

1179, 
1180 
1072 

1323 
1275 

1319 

1303 

1281 
1080 

1317 

1284 

1315 

Scenario t56 
Sharp Electronics 156 
Silicon Graphics 22, 46. 143 
Soapbox Software 201 
SofTouch Systems 226 
Software Quality Automation 230 
Solid Oak Software 
Sony 
Southwestern Bell 
Sprint 
Spry 

1274, Strawberry Tree 

SunDisk 
Sun Microsystems 
SunSoft 
Systems Integrated 

Research 

T 
Tandy 
Tape·Pro Systems 
Targe1four 
TCI 
Telcor Systems 

230 
46, 78. 107 

46 
46 
46 

220, 224 

78 
22. 143, 197 

401S·15 
401S-3 

46, t56 
401S-6 

401S·16 
46 

222 
Teleby1e Technology 220 
Teleport Communications 46 

Group 
1176, Texas Instruments t56 
1177, 1178 

Texas Microsystems 145 
Time Warner 46 
Toshiba America 156 

Traveling Software 22, 201 
Trusted Information Systems 46 
Tut Systems 

u 
U-Lead Systems 
Umax Technologies 
Ungermann·Bass 
Unicore Sohware 

v 
Vermont Creative Sohware 
Viacom 
VideoLogic 
VTech Computers 

w 
Warner Cable 
Wells Fargo Bank 
Western Digital 
Woll2Woll Sof1ware 
WordPerfect 

x 

22 

226 
220 

46 
228 

224 
46 

221 
129 

46 
46 
97 

230 
120 

Xerox 143, 183 

Xircom 221 


y 
Young Sof1ware Works 228 

z 




BIK: Vour [oac:h 

to the Internet~ 


Give BIX a try w i th our new 5 for Free Offer! Join BIX 

today and get 5 hours of even ing and weekend access for free! 

Take the rest of the co londar month to oxplore BIX, and then 

con tinue for our standard $13 monthly membership fee . ee Further details and complete rate information are 

prov ided during reg istration. Using any comm unica tions 

program . dial 1-800-695-4882. At the " logon " prompt enter bix . 

Then at the "name?" prompt enter bix .byte39 . If you have any 

quest ions, call us at 1-800-695-477 5 (voice) . Or fax us at 617-491 -6642 . 

Send Internet mail to info@bix.com. Windows users can order BIXnav, ou r graphica l 

interface for SIX, for easy point and click access. Deta ils are available during registration. 

The Internet connects you with 

more than 10 million people, at 

universities, companies, and other 

online services. Now, get full access 

to the Internet free of charge when 

you subscribe to BIXI You'll also 

get expert assistance from BIX 

moderators who can help you find 

your way around the Internet. 

These experts can guide you through 

the many services and features 

available. and help you find the 

information you're looking for . 

Anytime you need help, just join our 

special 'i nternet ' conference and get 

fast answers to your questions. 

As you become more familiar with the 

Internet, you'll be able to download 

files from all over the world using FTP, 

connect to other sites and services 

through telnet, read and reply to 

Usenet Newsgroups, access utilities 

like finger and whois, and much more! 

BIX and the Internet together provide 

the largest and most effective technical 

resource for computing professionals. 

And with over 600 local access 

numbers in the U.S., plus telnet access 

via the Internet, BIX makes it easy to 

connect. Try BIX today through our 

special 5 for Free offer - and become 

part of the top technical team! 

lllX 
If you caH hack itUnder thO 5 IOI' Free plan, daytmo ratO':> (59."' ) apply fOf access OU11ng onmo 1rmo flOufi> The 5 lor Ftoe otfer is valK! I~ firsHmo momoors only 

Circle 450 on Inquiry Card. 

mailto:info@bix.com


Commentary Victor J. Cosentino 

Virtual Legality 
Once on-line, some people 

totally disregard legally and 

soci ally acceptable behavior 

early everyone has heard of virrual re­
aliry, an amalgam of technologies that 
allows people to ac t on and react to a 
perceived world without regard to the 

real world. Although hyped endlessly, virtual real ity isn' t 
commonly available yet. In contrast, anothe r by-prod­
uct of the technolog ical revolution, virrual legaliry, while 
almost never discussed, abounds in the on- line world . 
Virtual legality occurs when people act on and react to the 
virtual world without regard lo the law. 

Virtual legality is not software piracy or network hack­
ing or any blatan tl y illegal act. It arises from more mun­
dane events. When users ignore the legal issues that occur 
in regular day-to-day human interaction on-line, they' ve 
entered the realm of vi rtual legality. 

For example, consider an attempt to create an enforce­
able contract by exchanging an E-mail offer and accep­
tance. Ln the real world, exchanging letters of offer and ac­
ceptance does create an enforceable contract (assuming 
something of value is also eventually exchanged). Unfor­
tunately, without authentication techniques (e.g., digital 
signatures), E-mail agreements are probably unenforceable 
in court .. Under legal rules governing ev idence and con­
tracts, it 's hard to prove the ex istence of a contract based 
on E-mail ; fabricating an E-mail message is just too easy. 

Nex t, consider flam ing by users of the Internet and 
on-line se rvi ces. Fla ming is E-mail ing or posting a 
scathing ly c riti ca l, and o ften persona l, message to or 
about another user. Sometimes, as when flaming a novice 
Internet user (for making novice mistakes), it 's just the on­
line counterpart to real-world hazing-sophomoric but 
to lerable. Other times, however, it becomes excessive 
and defamatory; las t summer, the fl aming of a user on the 
WELL received national attention because of the extent 
and acrimony of the accusations. In these circumstances, 
fl aming in private E-mai l may be the equivalent of ille­
gal te lephone harassment, and fl aming in a public news 
group or discussion board may be de famatory. 

Remember, a me sage posted to a di scuss ion board 
on a major commercial service or the Internet has a po­
tential readership greater than all but the largest c it y 
newspapers. Whi le no newspaper editor would publish a 
blatantly defamatory article, Internet users may do so 
with apparent impunity; there are no laws covering such 
on- line behav ior. It 's poss ible, however, that laws per­
ta ining to its off- line equi va lent could be stretched to fit. 

As these example · show, virtual legality encompass­
es ce11ain ironies. It seems that users, caught up in the 
power of self-expression and the accessibil ity of this new 
electronic communication medium, assume the old rules 
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apply when convenient-such as in contract law-and 
don ' t apply when inconvenient-such as in libel law. 

Of course, fl aming and E-mail contracts just hint at 
the breadth of virtual legali ty: This area extends from 
privacy and censorship to access to in tellectua l properly 
rights. And employers may be responsible for their em­
ployees' forays into this legal miasma. 

Most of us recognize and respect the legal i sues in 
our off-line lives. So what is it about the on- line world that 
leads to thi s apparent disregard? ln pat1, the novelty of the 
virtual world may seduce users into ignoring the ir usual 
unde rstanding of legally and sociall y acceptable behav­
ior. Also, the law tends to lag behind technological and so­
cial change, leaving legal rights and obligations unclear. 

Most important, virtual legali ty arises from the nature 
of the technology. Sole ly because of the current techno­
logical inability to verify that a message is unique and au­
thentic, E-mai l hould not be u ed to create a contract. The 
relative anonymity and socially detached nature of on-line 
communications a llow people to say things on-line that 
they would never think to say in person. While future 
technology may eliminate some of these issues, that same 
technology will , no doubt, raise new ones. 

The truth is that, as indi viduals we are respons ible 
fo r what we do. Since there's no reason to believe that the 
rate of technological change will slow down or the law 
wi ll catch up, as users we must become auuned to the 
legal, socia l, and ethical rami fica tions of what we do on­
line. We can lose money in atl unenforceable contract. We 
can hurl and defame people and possibly become lega l­
ly liable. We can have our pri vacy breached or our words 
censored, taken out of context, twisted, or fals ified. The 
solution is to treat the virtual world li ke the rea l world­
beca use it is. To believe otherwise makes the li ke li hood 
of encounte ri ng virtual lega lity a virtual ce rta inty. • 

Vicror J. Cose11 ri1111 is an as.mciare arrom ey with rite /mvfir111 Finkel­
stein . T!to111p.1·011 & Ln11gil m 11 in Wasili 11 gru11. D.C. Ne can be 
reached rm tile illtt•m e1al1jcos@aol.co111nr 011 8 /X do "edirors. " 

mailto:illtt�me1al1jcos@aol.co111nr


THE THRILL 

OF VICTORY 


When you offer 16MB of RAM, 
a 450MB hard drive, a 256KB cache, 
a "9VL board , Sound Blaster 16 
card, CD ROM disk d rive , Peavey 
Speakers and a VS 17 Color moni tor 
fo r $3,749, people are sure to rake 
nore. Part icularly th ose who make a 

living comparing 
computers. W hich 

is exactl y what 
PC C om/niting 
did when rhey 
ran our system 

th ro ugh a barrery of rests. T hey 
named rhe Dell DimensionXPS 
466V "Besr Mul timedia System." 

BYTE Magazine put it a lit tle 
d ifferently. They recently named 
rhe Dell Dimension XPS 466V (in 
a slightly d ifferent configuratio n) 
"Besr system for Windows'.' And 
at the same t ime it earned PC 
World '.~ "Besr Buy". 

W h ::it 's more , J.D. Power and 
Associates ran ked Dell highest in 
the 1991 Desktop PC atisfaction 

S tudy among business users ~ 
Proof, rhat of all the systems out 

there , there's really one clear winner. 

TO ORDER, CA LL 

800--545--7131 
tlOURS· MON-FRI 7AM-9PMCT SAT 10A ..M.6PM CT SUN 12PM ·!iPM CT 

IN CANADA: CAil 800·608·3021. KEYCOOE # 11 EAZ 

O rder Code #5000526 



FOR THOSE OF YC 
BORN INTOP~ 

g M llions of wtNMA.RKS•" 

U/>grade co a 1>irr11al screen 
moniror h)· adding uur oprional 
.!MB VliAM and !MB DllAM l3y adding r/1c #9GXE card, 

11/Jgrade. Then yu11 ca11 /xm rl1e new Dell Dimension XPS 
across m11lriplc a/iplirn rions \VlNMAliK (>L>rfonnance 

while yo11 work . is 11 (> ro 1.6 rimes fasr<>r rhan 
swnda rd VGA'. ' 

$3,599 
0 10' m11lti-session, do11lile­
spin , CD ROM drives come 

wir/1 a S/>~cial cdirion of Aldus 
PhoroSryler and are Kodak 

Pharo CD comparible. 

DELL DIMENSION XPS P60 PENTIUM SYSTEM 
(O rher s:m.:nL<femurd arc not />irnircd.) 

There are plenty of ways to attain ir. Take the C D ROM drive for example. Its double­

O ur Dell Dimension XPS P60 systems are all spin technology delivers nearly twice the data transfer 

Pentium based, and our i486 sys tems can easily be rate of single-spin drives. It' multi-sess ion, which 

upgraded to Pentium O verdrive'." And every Dell means it 's Photo C D compatible and you can have 

Dimension system on this page features accelerated your C Ds printed on up to fo ur separate occasion . 

local bus video. The rest of the specs read like a Even its motori zed loading tray is state-of-the-art. 

power user's wish list of the latest Video on the XPS ystcm · is ·upplied by a *9GXE 

technological innovations. video card that delive rs 26 million WINMARKs;· 

t /993 J J) l'om:r and A rn.-.:UJk'l D.·~ktufi /'.._-r,01uil C11111f•11wr Sa m fau: 1i1111 SwA~· i.:01ul1111~·d 11111nni: / ,1J'n 11\t."J u~Jlf111...l.·111' • Pri .-:·~ t .1li...l 111 th.! L'.S un:, _ SmllL' pr1.d 11 ~·u 1md prum1• 

Corpm.m1111 . ,\l_\.[)t)S arnl J\ licrosoJ r ar~· rl.',l,'l~tc.·r.:d rm..l.:·ni.nks 1111.d \\'1 ntlt • U'~ • ~a mubniu k 11/ t. l 1 ~-r11,11ft C1r{•flmriom. ",\ l u. nl"41jr \t"in.l"u' fm \'Cork,cwufi\ -~ 11 m·tlld.bk tU t1 s1 •.md.trJ 

111 rhe 1ni11k\ 1mJ ntimc.s l•/ flfh,-rs. <i) / '}<J-f I>dl Cornpur..:r Cirf~ 1rm1u11 . :\ /J nj.!ltf$ n·~cm:.I. 

http:m�tlld.bk


~U WHO WEREN'T 

:>WER, BUY IT. 


Pictu red System 

DELL DIMENSION XPS P60 PENTIUM 60MHZ SYSTEM 


S3,S99 
Business Leas.. : S I 30/Mo. 

• 16MB RAM • 128MB Max RAM • !MB V1drn RAM 
• 256Kll Ex1crnal ·ochc • \I I; Color 1'·toni1nr 

(15", 1024 x 768, .28mm, NI)• 528MB I lord Dril'e 
• 3.5" I.44Mll Diske11e Drol'e 


Drive • M ·DO 6.2/1' lou-;c 

• - Exp..'lnsion hus Ttual • M1cr ft \Xftndo" > f,ir Work~"""!" 
(l IS.>\ . I PCI. I PCl/15.>\ Available) 3.11" (or Wmdo"> J.I) 

• Multi-session, Double-spin CO ROM 

• PCI "'JGXE Video Accelerator Curd 
wirh Video Cu111 rol Panel Soff\1.-nn..· Order Cocle # 5000469 

DELL DIMENSION 433SVi486 SX BMH: SYSTEM 

Sl,399 
Business Lease: $52/Mo. 

• 4Mll RAM • 64MB Max RAM • 3.5" l.44MB Di ke11c Drive 
• 270MB Hard Drove • ~IS-DOS 6.2/Mou e 
• Upgradcahlc to T\!mium O vcrJrh·i.: • Microsoft \Vind°''' for W0rkgmur-; 

3.11" (or Wondm' · 3.1) 

(3 IS:\. ZVL/ISA Av:i ilablc) 


• 5 IS.>\ Expa!l.>1011 lots Total 

• Acceler.11cd Local Bu Video 
• VS 14 Color Moniror 

(H" , 1024 x 7 , .1 111111. NI) 

DELLDIME 1SION 4JJV i486 DX 3JMHz SYSTEM 

Sl,699 
Business Lease: S63/1'fo. 

• 4~1B Rt\M • MMB Max RAM • 3.5" l.44MB Diske11c Dm·c 
• 340MB Hard Drive • M -DO 6.2/Mouse 
• Upgrndcable to l\:mium Overdrive • Microsoft Windo"~ fnr Workgrou1 

3. 11" (nr \Vindows J. I) 

(3 IS.>\ , 2 \l l) ISA Av:1ilahlc) 


• 5 Expansion Sluts Tc-nal 

• AccclcrmcJ Local Bus Video 
• \I 	 H Colur Mon11or 

(14". 1024 x 768, .28mm. I) O rder Code #5CXX)47 I 

DELL DIMENSION XPS 450V i486 DX2 SOMHz SYSTEM 

$2,299 
Business Lease: SSS/Mo. 

• SMB RA~ ! • MM!l Hox RA~! • !MB Video RAM 
• 450~-IB Hard Drive • 35" l.44MB Dbkwc Dri,·e 
• Upgradeable 10 Fbttium O vcrJri\'t: • MS-DOS 6.!/Mousc 
• 7 Expansi1111 Siem Total • Microsoft \Vind°'" for Workgroups 

(5 ISA. I Vl./ISA A"1ilahlc) J.11" (or \Vindo'" 3.1) 
• VL "9GXE Video Accclcrah>r G ird 

with Vu.lco Conrrol l';md .. ,ftware 

• VSl5 C11lor ~lonitor 
(15", 1024 x 768 , .1 111111 , NI) O rder Code #5000473 

DELL DIME SI01 XPS 466V i486 DXl 66MHz SYSTEM 

S2,699 
Business Lease: S IOO/Mo. 

• SMB R1\M • 64MB Max Ri\M • \I L"90XE Video Accd erawr Card 
• 256KB Exrcrnal ·ac11l' with Video Contrnl P.mcl Software 
• 450MB Hard Dri,·c • VSl5 Color Muni1 or 
• Multi -S<.-s.-inn. Oouhle-spin en ROM • 3.5" l.44MB Diskctoe Dri\"e 

Drive • M -DOS 6.2/Mousc 
• UrgrJdcahlc MI 'ntium 0 \-cn.lri \'c • Microsoft \V.ndrn" for Workgrou(l> 

3.1 1" (or \Vindo"~ 3.1) 

(4 IS.>\ , I Vl./ISA tkulablc) Order Code #5CXX)474 


• 7 Expansion Im' Tomi 

10 . XPS P60 PENTIUM 60MHz YSTEM 

S2,999 
Business Lease: Sil I/Mo. 

• BMB RAM • 12 MB Max R1\M • I MF\ Video RAM 
• 256KB External Cache • VS 14 Color Monuor 

(14' , 1024 x 768, .28111111, NI)• 450MB Hard Drive 
• l.5" I .44MB Diskc11e Drive 


Dri ve • MS- DOS 6.2/Mouse 

• Multi -session, Double-spi n ' I) ROM 

• 7 Expansion Slots li11al (3 IS/\. I • Microsoft \Vindows for \Vorkgn iups 
PCI, I !'Cl/ISA Av:1ilahlc) J.11' (or \V.n<lm•~ 3.1) 

• 	PCI "'JOXE V1Jco Accclcr:uor G ord 
with Vidcu omrol r.md Software Order Code # 50004 7 5 

DELL DIMENSION 466V i486 DX2 66MHz SYSTEM 

Sl,999 
Business Lease: S74/1'fo. 

• 4MB RAM • 64MI} Max RAM • 3.5" l.HMB Diskelle Drove 
• 450Mll Hard Drive • MS-DOS 6.2/Mouse 
• Upgradcahlc to l\:ntium Ovcrdrh·c • Micro.tioft \'\lmdrm · for \Vorkgroups 

3.11" ( r \Vindm's 3.1) 

( ISA. 2 VL/ISA Avaobblc) 


• 5 Expansion Slot> li>tal 

• Accclermcd Local flus Video 
• VS l4 Culur Mcmi tnr 

( 14", 1024 x 768, .28nun . NI) Order Coe.le #5000472 

DELL DIMEN ION XPS P60 PENTIUM 60MH: Y TEM 

S4,699 
Business Lease: $169/Mo. 

• 16MB RAM • 1 28~lll ~lax RAM • IMB Video RAM 
• 256Kll Externa l Codlc' • VS 17 Color Monimr 

( 17', 1024 x 768, .28mm, NI)• !GB C ·1 Hard Dril'e 
• Multi~:tl' ion, D<1uble->pm CD ROM • 3. 5" I .44MB Diskette Dri\"C 
Orin~ • MS-DOS 6.2/Mou<e 

• 7 Ex1x10>ion Sims Total (2 !St\, • Micro.,ofc Windows fnr Workgroups 
I PCI, 11 I/IS.>\ Av:1il:ohlc) 3.1 1' (or \Vind0\1~ 3.1) 

• PCI "9GXE Video Accclcr.1111r Card 
with Vitko Cont ml P:ind ~ o frwarc Order Code #5000476 

3 levels of magnification and on-the-fl y resolution switching. 

A nd you have the security of knowing your system is 

backed by the computer company that ranks highest in 

customer satisfact ion - according to the 1. 993 J.D. Power 

and Assnciates Desktop Persona l Computer C ustomer 

Satisfaction Study among business user ·: 

So gc;t your ha nd o n all the power you ever wanted. 

TO ORDER, CALL 

800--873--2300 

HOURS: MON.FRI 7AfA.9PM0 SAT IONA·6PM CT SUN 12PM.5PM CT 

Even if you weren't born into money. IN CANADA~ CA LL 800.668.3021. KEYCODE #1 IEBA 

nm t11•t11lahlt• rri r.,m,d,1 °f11mn1·u f..·.umt: 1m1lfl ,l!l'1l M L.>11Sl11J! li ruu,. . /n • .: Tl-u.• lnh·l /11 \i. f..· md f\·11mm1 Pn i,.·.._•Ht_ f ~Os t1r.._• fl'l,'ht..1d fl11.f..·H1.o k. , 111t..l 1..J '{o, /'0111 111n Pr1 1'.·l'~\1 1f, anil { ) l\1' 1lrn ~ drc.· m&..f..·m.wb 11/ /1111·/ 

,. :hmi11:h 4/~~~N.; univ l1
1•fll't''' II ti ft',i!l) h.'Tt.',l rmJ.....,narl,. of r..·.m.._·~ Ef..•1 1rorn.-s ( .u1t• ' "\\ '" '.\t:\HK\ rl"SI ri:mli 1 . ~ ltltneJ t..:.· nmrun,i:: \\ '/1'.:Hf,, '( .,, , ...,... 11111 ' 11 cu h1.? ·-h !l\.f .~ !.~6 ("(1l.i tr~ l)dl d1)l Lmm l"'Jfnlc.'fllr)' Ull(Ti.' ' I 

http:fl11.f..�H1.ok


60 Ml-lz Penci111n 

microprocessor. \Xlow. 


8MB RAM 


450MB hard drive 


256KB excemal cache 


PC/ #9G'X.E video 

accelerawr card wich 11ideo 


comrol panel software 


1MB video RAM 


MS-DOS' 6.2, 

and a mouse 


Microsofc' Windows" 
for Workgrou/Js 3. 11 " 


(or Windows 3. 1) 


DELL DIME 

You might think you've been cl ippin' right along 
with your i486'." Well, sit down in front of one of 
these babies and fi nd out what speed is all about . 

Take a minute to read the features up there by the 
monitor - starting with that sweet 

VS 14 Color Monicor 
( 14 ;· 1024 x 768 , .28mm, NI) 

Mulci-session, double-spin 
CD ROM drive 

One 3. 5" diskecte drive 

This syscem comes from 
che company chat ranked 
highest in cl1e 1993 ].D. Power 
Deskwp Personal Compucer 
Cuswmer Sarisfaction Swdy 
among business users t 

(
\' 

$2,999 
Business Lease' : 111 / momh 

Multimedia Sound 

utJgra de including 

Souncl Blaster 16 
and Peavey•· Speakers 
available for an 
additional $ 199. 

$2,999. That's the kicker.li ttle 60 MHz Pentium chip that's 

TO ORDER. C:\LL 

800--934--9504 
HOURS MONH I 7N• -9PM Cl SM 10A.Y.·6?M Cl SUN 11?M-5 PM Cl 

1'1 CANADA: CALL 800-668-3021 KEYCODE # l lEC4 

O rder Cuclc #5000453 

nearly twice as fast as any i486 chip. Then call the 
800 number below and find out how simple it is to 
fina nce a new DcW Pentium System. You won't find 
anything in the same league. Not with all that 

power. A nd not for $2,999. Yeah, 
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