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background while you write a report 
in the foreground. To do that. you 
need two terminals so you can pre­
tend to be two users. Another restric­
tion is that one user's task can' t com­
municate with another user's task. 
And the command interpreter doesn't 
provide for multitasking at all (via a 
pipe operator like :1: you set up multi­
ple tasks only from BASIC or C. 

The multitasking printer spooling 
system seems to be an exception. but 
it isn't really. It actually runs as a 
separate user. 

The THEOS fi le system is a three­
level hierarchy. but it's less genera l 
than that of MS-DOS or UNIX. A file­
name can consist of three com­
ponents separated by periods: the 
filename. the file type. and the library 
member name. Each component can 
be up to eight characters long. A l­
though there is nothing that cor­
responds to current directory, you can 
set various default libraries. such as 
link library and macro library. If you 
edit a file named. for example. Memo. 
the editor treats it as a member of the 
default macro library. If you want it to 
be a file in its own right. you have to 
use periods in the name. 

Each file has an owner. The owner 
can set the file to be accessible by 
everyone or only by the owner. Since 
you need a password to log in. this 
system is reasonably secure. There are 
separate permissions for erase. read. 
write. and execute. 

In addition to sequentia l and ran ­
dom 1/0. the file system also supports 
a keyed access method. It has a 
mechanism for record locking. but a 
user can lock only one record at a 
time in a given file. This is inappro­
priate for transaction processing. 
where you want to keep all your 
records locked until the transaction 
completes. Also. THEOS doesn't pro­
vide other facilities needed for serious 
database management. such as auto­
matic rollback of aborted transac­
tions. Deadlock is possible. but I 
couldn't fi nd any mention of it in the 
manual. I assume that the operating 
system doesn't detect it. let alone 
resolve it. 

LETTRIX™ Improves PC Printing 
With LETTRIX™ your IBM ProPrinter, Epson, Oki data, 
IBM Graphics, Star Gemini, or Panasonic printer 
can print proportionally-spaced and micro j ustified 
letter- quality text directly from all software. 

Before: ABCDEFGHIJK LMNOPQRSTUVWXYZabcdef  
After: ABCDEFGHIJKLMNOPQRSTUVWXYZabcdef  

LETTRIX™ resides in your PC's memory between your 
software and printer, responding automatically to 
spacing, pagi ng, margins, boldfacing, underlining, 
italics, subscri pts and superscripts. Just print as 
you would normally... LETTRIX takes care of the rest! 

"The top of its class." - - PC PRODUCTS MAGAZINE 
"A fun program that is easy to use." -- PC WEEK 
"The sharpness and clar i ty nearly equals that of an 
expensi ve daisy wheel printer.'' -- THE NEW YORK TIMES 
"Surpr i singly low price." -- BOARDROOM REPORTS 

You can design your own characters on any display, 
or use the twenty different typefaces included: 
Broadway, courier, 010 Englisf), A1rt. ID<e<t«>, 
@OBV!l..OOOIE, />Q.AA a..... A"i.u. .. , 

WESTERN, l:'.: HAl!.<l\<!, Roman, BANKER, Gothic, 
Prestige, Folio, ORATOR, OCR-A, and the entire 
IBM foreign language and line-drawing character set: 

k <µ+ 13 ) a3 u au Ax • o 
Ea¢n2e co [ + u ] + 

n ' I &.718 [ at3 ax aµ/Q 

N I U

Franc;ais, Espanol, Italiano, Deutsch, PyccHH, 
<E).).'l')VlKos , .mP Oi7,,1.'.1'7 ,!> ovi11.:1'7:::i. rucman'7 ::imN ,JN 

You can cont rol l£TTRIX features either by accessing a 
menu that pops- up over your current software, or by 
placi ng simple single-character commands in your text. 

For fastes t delivery, charge LETTRIX to your VISA 
or Mast erCard by dialing (800) 351.-4500. 
LETTRIXlM cost s just $ 98·50. We pay UPS shipping. 

Call and mention this magazine for a free print sample. 
LETTRIX requires a n IBM PC, XT, AT, or compatible with 
50kb of free memory, and DOS version 2.0 or greater. 

This entire advertisement is an actual- size, unretouched 
column of text printed directly from a wordprocessing 
program on an EPSON FX printer controlled by LETTRIX™. 

HAMMERLAB CORPORATION 5700 ARLINGTON AVENUE  
C203) 776-5699 RIVERDALE, NEW YORK 10471  
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THEOS is easier 

to use than UNIX 


or Coherent once 

an expert has set up 
the system. 

THEOS can't access MS-DOS files, 
although it can access Oasis8 files. 
The text editor is a combination 
screen editor and line editor. similar 
in concept to vi and e.x. You spend 
most of your time in the screen editor 
part. but you do operations such as 
global changes in the llne editor part. 
You can use many of the special keys 
on the IBM PC XT keyboard (such as 
the arrow keys) . so I had an easy ti me 
learning and using the editor. 

The C compiler is called Definitive 
C and is described in its manual as 
compatible with UNIX Systems Ill and 
V. However. I didn't find this to be 
true. The compiler failed to handle the 
types enum and void. and the library 
functions worked differently (for ex­
ample. there is no fseek function). 
Also. you can't include a file named, 
for example. stdio.h. because a 
member of a macro l ibrary can't have 
a period in it. You have to use stdio 
instead. 

Aside from these irritating incom­
patibilities. the compiler worked. One 
nice touch is that it pauses after dis­
playing an error message so you can 
read the message when you get back 
from the refrigerator. Then you can kill 
the compilation if you think you've 
seen enough. The linker is also spe­
cial: It flashes the object module 
names on the screen as it finds them 
in the library. iceties like these might 
not be important. but they conveyed 
a feeling of quality and attention to 
detail that enhanced my confidence 
in the system. 

A regular BASIC and a graphics 
VBASIC are available at extra cost. 
VBASIC uses a virtual-device interface 
to support a variety of output devices. 
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I did not evaluate either BASIC in 
detail. 

INSTALLING AND USING THEOS 

I made a mistake in installing THEOS: 

l read the one-page installation in­

structions. followed them, and then 

got stuck. Although the system was in­

stalled. I didn't have the foggiest idea 

how to use it. 


What I should have done is spend 
several hours studying the 58·page in­
troductory manual first. Nuggets of 
essential information are spread 
throughout this manual. and you 
really need to know about them 
before you can get THEOS up and 
running. 

For example. to get the printer work­
ing you have to know that its physical 
name is centlp. The manual doesn't 
tell you this. but it does tell you where 
to find a file that lists the physical 
names. Then you need to know how 
the ATIACH command works. There's 
a section titled "Attaching Printer 
Devices:· but it only discusses general 
principles. You are directed instead to 
the chapter titled "Using the Printer 
Spooler'." There isn·t any chapter with 
that title. but there is one called 
"Using a Printer:· After more chasing 
around. you finally realize that it 
would have been much easier to read 
the manual sequentially from the 
beginning. memorizing as much as 
possible. Then at least you would 
know where to find information. 

You can boot THEOS from the hard 
disk. but it was difficult to figure out 
from the manual how to do it. You use 
a disk utility with an option titled 
"write boot sectors." 

lt was also very difficult to figure out 
how to install a second terminal. but 
once I did. the actual installation went 
smoothly. Again. if I were an expert 
on physical and logical devices. at· 
taches. and class codes. it would have 
been a breeze. There was no wiring 
diagram for the serial cable. but the 
same cable I used for Coherent 
worked. 

Ignoring the documentation prob­
lems, I would say that THEOS ls easier 
to use than UNIX or Coherent once 
an expert has set up the system. Th is 

is partially because THEOS has fewer 
commands. with fewer options on 
each command, and partially because 
of more use of menus and prompts. 
THEOS doesn' t try to be as clever as 
UNIX does. 

THEOS DOCUMENTATION 
The sentences and paragraphs in the 
documentation are written well 
enough. but there are major problems 
with the manual's organization. First. 
it has too little redundancy. For exam­
ple. instead of listing the terminal 
class codes in the subsection titled 
"Console Class Codes" in the section 
titled ''Attaching Console lerminals." 
the manual refers you to the chapter 
titled "Console 'Terminal Class Codes:· 

o such chapter exists. I experienced 
fa r too many wild-goose chases to 
track down cross-references. 

The manual is also too verbose. 
Long treatises on the philosophy of 
multitasking are mixed in with essen­
tial installation information. Since the 
cross-references are messed up and 
there·s no index. you have to read the 
manual sequentially. This takes twice 
as long as it should because you have 
to wade through lots of stuff that you 
could have read later at your leisure. 

Finally. the target audience for the 
manual is ill-defined. One paragraph 
discusses head load delay for a hard 
disk. while another explains what is 
meant by the word ··abbreviat ion," 
complete with an example. Not only 
that. but the explanation of head load 
delay precedes the explanation of 
how to install a printer. 

In summary, the manual does not 
present information in a logical order. 
has too many cross-references (many 
of them erroneous). mixes non­
essential and essential information. 
and has no index. But after reading 
the whole manual. I was able to 
understand how THEOS works and I 
had very little trouble installing and 
using it. 

THEOS PERFORMANCE 
l didn't run the B-tree program 
(benchmark 5) on THEOS. because it 
couldn't read the source code from 
my MS-DOS floppy. and l didn't have 
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time to work out a serial port connec­
tion to another computer. Instead. I 
tested just the random 1/0 and se­
quential \/0 programs. 

Based on these tests. it seems that 
random 110 is faster than MS-DOS but 
slightly slower than Coherent and 
PC/IX. In sequential lfO. THEOS was 
the slowest of the four operating sys­
tems by a wide margin. It's difficult to 
extrapolate from just two programs. 
but it's safe to say that the THEOS file 

system is in the same ballpark as MS­
OOS. which is slow. Since THEOS has 
indexed access methods built in. they 
are likely to be fast. although I ran no 
test to prove th is. 

CONCWSIONS ON THEOS 
THEOS is well designed and worked 
the way It should. It's easier to use 
and understand than UNIX, but it also 
has many fewer features. Of course. 
if you are implementing a specific ap­

plication. you don't care about the 
number of features: you care about 
whether the featu res you need are 
present. You might well find that 
THEOS is a perfect match for your re­
quirements. 

Compared to other operating sys­
tems for the XT. the price for THEOS 
seems too high. It costs twice as much 
as Pick or Coherent. and. with the C 
compiler. it costs even more than 
PC/IX. • 

APROTOTYPEFORYOURPROTOTYPES 


METHODS BY DIGITALK. A SMALLTALK PROGR.AM DEVELOPMENT ENVIRONMENT FOR 
THE IBM PC. AN OBJECT·ORIENTED SPEED DEMON. AN EXCITING WAY TO PROGRAM. 

Think about your problem. Browse the Methods 
Smalltalk source code. Select some building 
blocks like pop-up menus, windows, text-editors 
and dictionaries. Put them together. Try it. 
Oops, Methods tells you something is missing. 
No problem. Continue thinking, changing and 
trying. Now you're prototyping! Try out new 
ideas. Redefine your problem. And you don't 
have to throw th is prototype away. Refine it 
until you like the finished product. 

Methods by Digitalk A new way to develop 
software for the PC. Use it for windowing, 
simulation and artificial intelligence applications. 
Use it by prototyping. 

Methods is Smalltalk-SO"' language compatible. 
It includes its own Smalltalk source code. You 
can extend it in Smalltalk and assembly 
language. 

Methods operates on IBM PCs with 512K bytes 
RAM using MS-DOS or PC-DOS. Color and 
monochrome monitors are supported. No mouse 
is required. A Smalltalk language manual and 

5200 West Century Boulevard an environment guide are included. 
Los Angeles, California 90045 

Sma~lalk·80" Is a traclemarl< d Xero~ CotPO'lltkln IBM Is a reglotered tlademark ol (213) 645-1 082 
ln1emallgnal BLJSiness Ma.chines Corpo'lllkln MS Is a trademark ol Mla osofl Cor~otlon. 

Available from Digitalk for $250. Outside U.S. add $15.00 for 
shipping and handl ing. Californ ia residents add 6% sales tax. 
Visa and MasterCard accepted. Educational and Dealer 
Discounts Available. 

DIGITALK, INC. 


Fall 1985 B Y T E • Inside the IBM PCs • 239Inquiry 47 

http:PROGR.AM


rilling your needs m 

Tod8¥'s PO buyer is no pushover. Not 

only a.re low prices and prompt delivery 
demanded, but professional support, 
sound advice and innovative servicing of 
a.ccounts 18 expected.. It's no coincidence 
then that PO buyers a.ll a.cross the 
nation ca.ll PROGRESSIVE MICRO 
DISTRIBUTORS first. Hera's why. 

LOW COST, 
·HIGH TECH SOLUTIOlfS. 

PROGRESSIVE MICRO DISTRIBUTORS 
has the best prices on popular IBM PC 
ha.rdwa.re and software in the country 
(call and compare). Most orders a.re 
shipped the same or next d8¥ from our 
25,000 sq. ft. we.rehouse. Although we 
ship lltera.lly hundreds of orders daily, a.ll 

PC's a.re burned 1n overnight to 

insure tha.t your system arrives in 

excellent condition. 
We believe it ta.kes a. professional to 

provide professional service. That's why 
a.ll ea.lea and service staff" members, from 
our factory authorized technica.l experts 
to our highly experienced account 
representatives, a.re rigorously trained on 
a.ll current and new hardware and 
software. And if the need ever arises, 
direct a.ccess to our on-line customer 
service and technica.l support centers is 
ava.lla.ble and convenient to use. 

HOW TO KEEP 
UP WITH PBOGBESSIVE. 

As a PROGRESSIVE MICRO 
DISTRIBUTORS' oustomer,you'll e.lso be 
privy to new product Information and 
special money savmg incentives through 
the M.lorogram, '" our monthly customer 
newsservt.ce. You'll a.lso receive monthly 
price lists showing current pricing on 
our complete line of hardware, software 
and services. Lists e.re shipped 
a.utoma.tioa.lly with a.ll system orders and 
a.re ava.lla.ble on disk when requested. 
Plus, l'lUIB UPS shipping is guaranteed 
on a.11 prepa.ld orders with confirmation 
of current pricing. 

Call PROGRESSIVE MICRO 
DISTRIBUTORS tode,y, 'l'OLL :l'Blllll at 
1-800-446-7998, and we'll ma.11 a current 
price list to you immedia.tel:y. And 
remember, only PROGRESSIVE MICRO 
DISTRIBUTORS gives you a.ll of these 
benefits: low prices, sound advice, prompt 
delivery, professional support and direct 
customer service. 
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POLICIES 

1. We accept VISA, MC, AMEX; No surcharge for VISA or MC. 
2. COD requires ca.ah or certifled check; Company check when approved. 
3. Allow 1 week for personal and company checks to clear. 
4 . Wiring ln!orma.tton a.vaJJa.ble upon request. 
6. Corporate, Government and Inst1tut1ona.l volume purchase agreements ava.ila.ble. 
6. Ca.11 for exact shipping charges; air shipments take priority. 
7. Ifwe must split shipment, you incur no additional shipping charges. 
8 . All orders shipped insured - No additional charge. 
9. All products fully wa.ranteed; Some up to 5 yea.rs. 

10. All items subject to ava.ilabillty; Prices subject to change without notice. 

FOBOBDEBS 

1-800-446-7995 1-404-446-7995 
CUSTOMER SERVICE 

1-404-446-7996 1-404-446-7997 
HRS: 8AM-8PM EST. SAT.12N-5PM EST. 

Cll986 ATtlT In!orma1.1on Systems. 

ll!M 18 a N1gi.8t0Mcl l.radem&rk of loll• lnternal.lonal Bus1neas Machines Co.rp. 


http:prepa.ld
http:newsservt.ce
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akes us Progressive. 

PC SYSTEMS 1fARD DISK DBIVES MODEMS 

.Internal Kl' lOSMB.. ' .... ' '. "'" 
PC1XT lOMB.... 1:o. Hae AT 140.MB .......... 11111 

AT&TPC 6300 HA.YES 
640K, 2 clrlvos, monochl'omo monltor/ o.cl&pter, Heyes 1200 ( m<Ulrnel 300!1200, wto answer/dial) .. Mlt

AT20MB ............ HH Kl' l90MB . . . . . . . . U4H
DOSJBASIC. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . U HI Heyes 1200B (Internal 300/1200, W/S:me.rtoom II) .. H'rtPC/XT 20MB•• , •.•• , . H4t AT 280MB. . . . . . . . . . flttlMOK. 2 drives, color monlWr/adapter, DOS/BABIC Hftl Ha,yM 2400 (New external 2400 baucl mOclem) . ..... 1171 
&!OK, l drive, lOMB h&NI cll&k, DOSll!ASIC .•. . •.. Hltl AT 30MB •• ' • . . • • . • • . HU External DOAPCIXT 30Mll. . . . . . . . . HH PCIXT lOMB. , .. , . . . . HHAT&T PC 7300 & 8300 NewFMU!nk lOKBmocl&m .......... . . .... ....... a&LL
AT 86MB . .. , .. , . , . . IUH PCIXT 20MB. , .. .. . . . IHI
Call for your b""L p rlea on your •pacific configura.l.lon We proudlY otter whai. we l.h1nk aro I.ho best Al\TC.HOR AUTOMATION 
IBM PC prlcel!l"riormanea hllt'CI disk ancl streaming taps. Slgnalrnan Mark XII (1200 b&ld at 300 baud price) 1111 
258K. 2 <lrivea. monoch.r0me/prln1.<1r adapter sub-systems available. We wUI glad.ly t&S~ and formllt We also cury mocl&ltlLI by AHr RESEARCH, B!ZCOMP, 
/;fmonltcr .................... . .. .. ... . . ..... .. 11111 &ll,;' hard dl5k wo sell lit a nomlllal oha.rge, Our line PENJUL. QUADRAM. RIXON. VENTEL - plee.se call for 
266K. 2 drives. color/graphics adaptor M monJLor HUI ln~lucles : BEJl.NOULLJ TECHNOLOGY, CIP!iE!I. Oii.TA. curron~ prldng. 
2S6K, 2 drlvo,., I O?.ra Internal ho.I'd dlsk .. . • • . • • . Hltl EMERALD SYSTEMS, DMA. IRWIN, PEACMTR.BB 
IBM: PCXT T8CRNOLOOIES, QUADRA.Ll SYSOEN, TALLORASS. and NETWOBKING 
2!!6K, 2 drives., monochrome/printer a4apt"r WANOTBK 

We carry all the best names tncluillng 300M. Ali"!'/;fmonitor ,, •. , •. , •• , ... , • , , • , , • , , .. , , •• , •• , •• , Hltl 
RESEAI!.CH, l'OX, IBld, NOVELL, a.nd ORCHID256K, 2 drives, co1or1graphl.C$ adapter /;f monitor Hltl MULTIFUNCTION 
TECHNOLOOIBS. Call our NetworltlngAppl1cai.Jons266K. 2 d.rlves, l OMB Internal bard disk .. , . . . . . . 11111 mcperta to design e. coslr<ltt6Ctlvo dmc&.sha.ring256K. 2 drives. 20MB Internal ho.rel d!Bk , • , .. , •. , Ultf BOARDS 
networkecl lo,yout fbr your omcel 

IBM PC COMPATIBLE ABT BESEAJlC.H 
2S6K, 2 drlv&S, 8 slor.s, l35w power supply. , .. , .• , Uts Six Pak (384K. aerial. pe.rallel, CIC. opt, game) . .. . , lHt DISKETTES256K. 1 drtva. lOMB, 8 slotS, 136w pown supply tHH Advantqe ( AT RAM expanslo.n wlt.h opt.Ions) rm. Htl 
SANYO M:BC 888-2 VEJlBATIM:QUADBAM 
MB/DOS w / ! 28K. 2 cll'ive.a, color monitor. • . . . . . • . . HH Sl.njlle ol.dtJcl/81ngle dBfl6ity:........ 1011.H 100/lltl
Quod'boU'd (384.K. serial, po.rallol, game, 
These systems are brand new, ihlppocl fully r.e.sted o.nd CIC.'or...,ket).. . .. . . ........ . ... . . . . . . . . Hllt Doub!B aided/Double dena.il;y: . . • . . • 101HI 10011141 
bW"1led !JI, MlY we.rrani.eed ror ninety deys AND A.RE Quadldeg ( AT memory expansion up w 41d1!) !ram Hll DYSAN 
/\J..WAYS lN STOCKI QuadPOrL ( AT serial and parallel, opt. 4 more serial) not Dout>Je ald8d/Double dftnsity: . . . . . . 101 Ill 10011141 

MICROLOG Hlgh dens!~ AT dlSksu.ea:.... . .. . . l OIHt 100/IHIPJUNTEBS 
llally Blue 11 W/6'1.K ( 64-3&1.K. Z60. :a Mr. par, CIC) MH MAXELL 

EPSON LltUe J\eclll4m (.2B6K memory expansion) UH Rlgh dens11,y AT d.lakett<!S:. • • • • • • • • 10/IH 10011149 

FX..SS (160 cps narrow carriage NLQ doL mat.rlx) '411 PJllD 
FX· le.5 ( 160 cps wide carriage NLQ dot mo.trlx).. , IHI CHIPS Dou'ole sJdod/Dou.blo density • • • • • • • 10/HI 100111111 
LX-80 (100 cps narrow ca.rrtage NLQ dot ma.true ) Htt MK (nine chips) ... .. 110 l26K (AT RAM) ... . IW.I. 
JX-60 ( ISO cps narrow carriage color '1ot. mai.rtx) HH a067 (coproce8"or) .. lilt 258K (Jr & AT boards) SO.FTWARE 
LQ· 1500 ( LQ dot matruc wfpara.Uel !Jlt.or!ace) • , •• , nu 80287 (coprocesoor) Utt . .. . . . .. .. . . .. . . . . . IW.I. LCITUS$ymphof1Y..... , , .... , .. ,, . ............. .. .. '461

OKIDA'l.A CALL FOR QUANTITY DISCOUNTS AllJfl'ON·T.lll'BPrameworlt ••. ,,,,., •••••••.• , , , , , , • •SH 
t4L 192 ( 160 cpa no.rrow c&rrlacl& clot mntrlX) , .• , HH EN~LE 'Qy Software Oroup .. '''''' ...... ''''..... GI.LL
Ml. 193 ( 160 cps wlcle carria;!e clot matrlX) .••. , • , UU GRAPHICS CARDS SOFl'l'1ARE PUBlJSHINO PfA \'lrU.8, File, Or&ph,
PACllMARK 2410 (350 CJ)S wtde carrla.se We oarry a ve.rlety otcllspla,y adapters. Bo. O&ll ue 11 you Report . .... ... ....... , .. ...... ..... , ...... ,,. , bo•UI 

do•matrlX) ....... , , . , , .. , , .. , .. , .... , , . , . • , ... flttl 
 don't see the on.e you wa.nL or neocl help ch.ooslng. 881 l'/ordJ'Url'ect ........ , ....... , , , , , , .... , , , • • .. .. • IHI 
CANON MULTIMAnl wlspell!ng checker and wtorlol . • . • • • . • H?tHERCULES
LBNlAl (8 ppm, better lhe.n HP) . , . . . , ...•.. . .. Hiii MIOROSOFT\'fo.l'd 4,0 . , .. ... .. , . . ... .... . . . , , , ..... IHI
0JC&phlos Ca.rd (Lotus compllt.lblo monochrome
PW·l080A ( l60cp.sclot matruc) , •• , • .. , . •. . ••.• , , Hit LD'ETRBE Voll<Swrlt.er Deluxe wnextmerge . . . . . . . . . UHgraphics) ..... , . . ..... .... .. ... .. .. . ,., .. . • . .. . . lllt

PJ-1080A (32 cps color printer) • . . .. . . , .• , .. , .. , Utt LOTUS 1-2-3 . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . HOI

Color Orapll.lc.s C&rd (Short-slot COlt>r card wlpar) 1171 
ASHTON·T~dllasem ...... ,,, .. . ....... ,, .. , ... 1111
TOSHIBA PARADISE MlORORIM5000 ...... .... ... , . . .. ................ Ult 

MOcllllar OraphlCll Cl>tld f!I Llutt.1-Diapll\Y CArd rm. UH
P.351 (192 cps w1ds carrlag&LQclO~l!IAl.J'UC ) .. , ., fUH 

MICROSTU'F Ci'oastalk XVl .•.. , . .......... , .. .. .. .. U OI 
TECXAR PERSOFI' SmAI'I'erm 100, 125. 400 • . . . . . . . . . . . . . . . ow 

P.1340 ( 120 ops narrow carrla4!e LQ dot mai.ruc) . . HH 

TEXAS INSTRUMENTS Ora.ph!Cll Me.ater (640x400 16 colore and RELAY ...... ,,,, ........... ,,,,,, ......... ,,, .... cw.L

TI-655 ( 150 cps narrow carrl~e LQ dot matrix) .. H4t moruigraphlr;s) •. ,.,,., .... ,, ... , •• , . , , •• , . , • , .• , Mlt DOW .JONES All procluCIB.............. , , , .. .. .. • • • OW 
BROTHER SOROIMIIOS Complete MCOUntlng mOclulae . . . . !:om tlHPEBSYST
HR- 15 + ( 17 ops narrow can-la!le letter quality) . . •sn BPI ADCOUN'l'lNO Complete acoount:lng moclul"" . . . GiLLBOB Boa.rd ( cleo.r text on a colol' monitor) • , • , .. , • 1411
HR·25 ( 23 cps wtd.e co.rr1ac1e letter qua!Jt;y) , •• . .. . HIO OPEN SYSTEMS Acoowltln! • ... , , , . . .. .. . . .. . . .. .. IWJ. 
Hll.·35 ( 32 eps wtclo carriage totter quallt;y) . •. , •.• lftl SYSTEMS PLUS Books! acocuntln8 l!Yl'tem •.•. , . , . . cw.LTS!INGLA:sS 

Oltral'AK ( 132 ool. mono grapldes, oer, par, CIC). . MHC. ITOH MJroAJTOmAS ~YourMoney • , , .•••••••.• , lllt 
Starwrlter ( 40 cps leu.er qual.lty) • , ... , , .. , •• . . .. Hts MONOORAM DoUa.rs ancl Sons&••••••• ' ' .• ' ' • • • • • • • . mt 
PrlntmMtor (55 cps letter qu&llcy) ,., •••• , •••••• Ultl MONITORS DECISION Rl!SOURCES Slgrune.atarl 

Che..rtm84'ter , ................. ,,,, ....... ,,., , U7t/H4t
NEC AMDEK AUTODESK .AutoCAD wtlh or wtlhout extoos!onsPinwriter P.2 61 P.3 .. , .. , .. . ..... . .. ,,.......... OilL 3000 & 300A ( G resn or Amber, 
 l , 2, N3.... , ... ... . . .. , , ...... , . , , ...... ,,, ...... GALLSp!Jlwrlter 2050, 3650, 8650•. , •. .•.. , • , .. , , • , , • OilL composite vi'1eo monitors) ............. .. . .. 11111'111 
 ZSOFT .PC Paint Brush. . . . . . . . . . . . . . . . . . . . • . . . . IHAal<. about our full line of tractors o.nd cut sheet feedeml 3 l OA (Amber "!TL Input, non·alare tul>e) • , .• , ••.• UH HARVARD Harvard Projocl Menajlor .. .. . , , . • • • . . . GALL
COLOR 600 ( 13" 640x240 ROB wit.ext butt.:.n, audio) tu1 MICROSOFl'Pl'OJ6Ct. , , , .... , ......... , . , . • . . • . .. . . lt&L£
PLO'l'TEBB COLOR 700 (13" 720x460 ROB Wl.3lmm do~) .•. . . Mn 

WOl\DTECH c1Base COJI\l)Uere ' ' ........ ' .. • • .. .. • .. • '"' 
COLOR 710 (13" 7201480 ROB, non-g1 ...... 1ruo1<..r) 1171
We carry all HOUSTON lNSTRIJMENTS EUld HEWLETl'­ BORLAND Turbo Pascal & ~lbox .... , • .. .. .. .. • ... 18' 

PACKARD plotters PRil\TCETON GRAPHICS MICROSOFrAU proclucta.. .. ..... . . . . . . . . . . . . . • . . . QiLL 


PGS LIAX-12 (Amber TTL Input, non-glo.re r.ube) . • UH DIOJTALRESBAJU)HAUprQduct.e . ............ .... IWJ. 


FLOPPY DISK DRIVES BORLA.ND AU producta ............. , , , , , .. .. .. !ram Ill
PGS HX-12 (690x460 ROB wl.3lmm dot) . ...... . • '441 
PGS SR· l2 (890x460 non-lnte.rla.ced ROB w/,31 dot) HH SOli"I'STYLE Prlntwcl'ks printer UUIWllS. , , , , • • • • • • • • . Ill 

TANDONTM 100-2(DS/DD360K) . ... .. . , .• , •• , . U'9 
 UXAN NORI'QNOtWUee ......... . . . .. .. ... ... .. , . ......... Ill 

CONTROL JM.TA (DSIDD 360 K) , .. , ... , •• , •• , , • . • Un ROBvlaion 12-0, <1201., 4.25 /;f HO ... , .... .. . , . . . . Cl&LL QUAID COpywrtte, Dlek B:iq>lorer Y Zero DIAk . . . QiLL 
HALF-RBIOHT OOOK (PCiXTIATcornpat!'ole ).. U lt We oe.rcy wYSE anc! KlMTROM termll\als, call for prtcas. CENTRAL POINT Cow lI PC copies
HALF-Hl!IOH'J' l.2Mll (PCIXTIAT oompatlble) .... un J)rot<IC\O<lllOftWe.re • . ... ' .•. . . .. ' ....... '' ' ' ...... ''' ..,


PROTOCOL CONVERSION Afl'l'rallllnS ...... ''' ..... '' " .................. '' ' ..,
MISC. HAJWWARE 
We carry an A13T and DCA pl'Ocluet.a, call for prlces. 

POLAROID l'alett<> ( Makes color olldeo from your PC'S 
sereen) ......... , .. , .......... , .. , ..... , , , , ... ... llHI 
ORCHID PC Tut1)0 ( addS 8MH.z processor, mulUtasld:ng to 
PC) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . .. .. .. • ltoa Htt 
KEY'mON1C KB 5161 & 5153 keyboards.. .......... C.lLL 
MOUSE SYllTB.MS Optical PC MOOSE w.IPAINT....• ,, HH 
MICROSOl"J' Serial or Bus mouse w/LIOW!b Me.nu .. • , flll 
OlS Puwer Back-ups ( SI'S" and UPS') .... ..••••. ,,.. o.u.L 
QUADRAM Mlcrotazer Printer Bullllr • . . • • • . . • ftom UH 
CUKrI9 flylltem ""°""""ties....... .. ....... . , , • .. .. CALL 

Inquiry 158 

3039 Amw//er Road, Atlanta, Georgia 30360 
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PC Paintbrush: 

Because lite is too short tor 


monochrome pie charts. 

Fun 

is the best thing 
to have. 

With PC Paintbrush, you can add color, flair, 
dimension and creativity to achart, apre­
sentation, or an otherwise dull day.From 
chorts and grophs to serious computer art 
our newest generotion 3.0 PC Paintbrush 
will cheer you on with features no other 
grophics packoge can match. 

Best of all, ifs easy to use.'mu don't have 
to learn up to sixty commands, like you do 
with some producls.If you can understand 
Icons as simple as scissors, paintbrush, 
sproy can and paint roller. you're ready to 
start using PC Paintbrush. 

The pen is mightier
than the keyboard. 

None of history's great artisls drewwith a 
keyboard, and you shouldn't have to eJther. 
So PC Paintbrush Is now available with a 
cordless PenMouse, to give you complete 
freedom of expression.Of course, It also 
supports regular mice,Jovsti~, graphics
tablets, and Is compatible with most 
graphics cards. 

PC Paintbrush also has abeautiful way 
with words. The text icon lels you write in 
any of eleven fonls, In nine sizes, with Italics, 
outline, shadow and boldface variations. 

What's more, with the new 3.0 PC 
Paintbrush, you con draw rounded boxes, 
rubber band curves and circles, and edit 
pictures many times larger than the screen. 

· Are we making fun 
of 1-2-3®? Why not? 

For lotus™ users, PC Paintbrush's new PIG 

Go on, live alittle. 


interpreter loads 1-2-3™ and Symphony™ 
charts and 9raphs at your equipmenrs
best resolution, from an IBM EGA™(640 
X350 X16 colors) to aNumber Nine 
Revolution™ (512 X512 X256 colors). 

With our ffilEZE™ frame grabber you 
can pull graphics created bv any program 
right off the screen into PC Paintbrush.So 
you can take your Paintbrush and pallette
anywhere, improving the looks of things 
as you go.And having alot of fun on the 
way. In addftton, our optional presentation
package,SLIDESHOW, allows you to pro­
gram your graphics Into afirst class pre­
sentation with fades,zooms, quick cuts 
and animation. 

PC Paintbrush supports 19vldeographics 
cards and 30 printers and plotters. 

For more rnfonnation on PC Paintbrush, 
call or write us at the address below, or ask 

your computer"dealer for 
ademonstration. 

•111ru1111111 111 111111111111m•11111111u11 

Z·SOFT 

PC Paintbrush 

· Corporate Headquarters: 
ZSoft Corporation, 1950 Spectrum Circle, Suite A495, Marietta, GA 30067, 404/980-1950 


west Coast Sales Office: 

160 Sir Francis Drake Blvd.,San Anselmo, CA 94960, 415/456-0955 
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INSIDE THE IBM PCs 

ONE MILLION PRIMES 

THROUGH THE SIEVE 


Generate a million primes 

on your IBM PC without running out of memory 


~ 

BY T. A. P ENG 

A POPULAR WAY to 
benchmark microcom­
puters is with the Sieve of 
Eratosthenes. It is a sim­
ple and effective method 
for generating prime 
numbers. However. if you 
try to use the Sieve to ob­
tain more than a few thou­
sand primes on your IBM 
PC. you will soon en­
counter the dreaded 
phrase. "Out of memory:· 
You would think. then. 
that as far as micro­
computers are concerned. 
the Sieve of Eratosthenes 
would be an impractical 
way to generate a large 
number of primes. This is 
not so. Let me show you 
how to use the Sieve to 
generate a million primes 
on your microcomputer. 

Listing I (written in 
Microsoft BASIC) illus­
trates how. with very little 
memory. you can put 
500.000 numbers through 
the Sieve to obtain all the 
primes less than 
1.000.000. The idea is 
quite simple. Use an array 
of flags to represent the 
first 1000 odd numbers. After the 
nonprimes among them have been 
sieved out. reinitialize the array to rep­
resent the next 1000 odd numbers. 
Lines 120 through 140 initialize the ar­
ray and lines 340 through 360 rein i­
tialize it before you use it for the next 
1000 numbers. The largest prime 
whose square is less than 1.000.000 
is 997 and it is the 168th prime­
starting with the prime 2. To generate 

ILLUSTRATED BY JOAN HALL 

'J,. 

s 7 
26 

all the primes less than 1.000.000. you 
don't have to use primes larger than 
99 7. This is the reason for line 220 
and for the size of two of the arrays 
in line 110. The loop in lines 240 
through 270 flags all numbers less 
than 1000 that do not yield primes. 
(We have K = I + nP. so that K + K 
+ I = (I + I + I) + 2nP ~ P[2n + 
1 ). which is not a prime.) After each 
loop is executed. the value of K will 

be greater than 1000 (and 
K wou ld flag the next 
number if the size of the 
array were larger) and th is 
is remembered as K(C). 
The variable C keeps 
count of the primes gen­
erated with C - I as the 
actual number of pri mes 
generated at the end of 
each loop. Line 390 
assures that the value of 
K lies between I and 
I 000. You need line 460 
to give the correct value 
for the prime 0 in line 
490. All the variables ex­
cept C. 0 . and A are 
integer-va lued. There is a 
reason for th is. If the pro­
gram executes correctly. 
the output of line 540 
should read. "999.983 is 
the 78.498th prime and 
the largest less than 
1.000.000." 

It is clear how to modify 
listing I to generate all the 
primes less than 2.000.000 
or even 10.000.000. but to 
get a predetermined 
number of primes. we 
need to know a little 
about their distribution. 

Specifically. what we need to know is 
the size of the arrays K and P and the 
la rgest prime to be used in the Sieve. 
And in order to know this. we must 
have a rough idea of how large the 

(con1i11uedl 

Dr. T. A. Peng is a faculty member of tfle 
Department of Mathematics of tfie Natio11al 
University of Singapore and may 6e contacted 
al Lower Kent Ridge Rd.. Singapore. 051 I . 
Re17ublic of Singapore. 
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ONE M ILL ION PRIM E S 

Listing I: This program illustrates 
now !IOU can get 500.000 numbers 
tnrougfr the Sieve to obtain all the 
primes less tnan 1.000.000. 

100 DEFINT F-P 
110 DIM F(1000),K{168),P(168) 
120 FOR 1 .. 1 TO 1000 
130F(I) =1 
140 NEXT I 
150 P=2 
160 PRINT P; 
170 c =2 
180 FOR I= 1 TO 1000 
190 IF F(l)=O THEN 310 
200 p,,, I + I+ 1 
210 PRINT P; 
220 IF P>997 THEN 300 
230 K=l+P 
240 WHILE K< = 1000 
250 F(K)=O 
260 K= K+ P 
270 WEND 
280 P(C)= P 
290 K(C)=K 
300C=C+1 
310 NEXT I 
320 R= 1 
330 FOR N "' 1 TO 499 
340 FOR 1.. 1 TO 1000 
350F(I}=1 
360 NEXT I 
370 FOR J.,2 TO 168 
380 P=P(J) 
390 K= K(J)- 1000 
400 WHILE K < = 1000 
410 F(K) = 0 
420 K= K+ P 
430 WEND 
440 K(J)= K 
450 NEXT J 
460 R= R + 2000 
470 FOR I = 1 TO 1000 
480 IF F(I)"' 0 THEN 520 
490 OcR+l+I 
500 PRINT Q; 
510C=C+1 
520 NEXT I 
530 NEXT N 
540 PRINT O;"is lhe";C - 1; "lh prime 
and the largest less than 1.000.000" 
550 END 

Listing 2: A modi/red listing. tMs program generates a mi/Hon primes witnout 
overtaxing the microcomputer's rnernory. 

100 DEFINT F-P:DEFDBL X-Z 
110 DIM F(10000),K(550},P(550) 
120 P=2:PRINT P;:Ca2 
130 FOR h· 1TO10000:F(I)= 1:NEXT I 
140 FOR I = 1 TO 10000 
150 IF F(I) = 0 THEN F(I) = 1 :GOTO 220 
160 P=l+l+1:PRINT P; 
170 IF P>4000 THEN 210 
180 K .= l + P 
190 WHILE K< = 10000:F(K) =O:K "'K + P:WEND 
200 P(C) .. P:K(C)=K 
210C=:C+1 
220 NEXT I 
230X=1 :Z=C 
240 FOR N = 1 TO 799 
250 FOR J =2 TO 550 
260 P = P(J):K"' K(J) - 10000 
270 WHILE K< = 1OOOO:F(K) = O:K"' K + P:WEND 
280 K(J)=K 
290 NEXT J 
300 X"'X+20000 
310 FOR I= 1 TO 10000 
320 IF F(I) =0 THEN F(I) = 1 :GOTO 360 
330 Y~ X+ I + l:PRINT Y; 
340 IF Z = 1000000# TH EN 380 
350 z,,,z+1 
360 NEXT I 
370 NEXT N 
380 PRINT Y; " is the" :Z: " th prime" 
390 END 

one-millionth prime is likely to be. 
Knuth gives an approximate value for 
the millionth prime and it works out 
to be a number between 15.000,000 
and 16.000.000 (see Tlie Art of Computer 
Programming: Seminumerical Algorithms by 
Donald E. Knuth. yol. 2. 2nd ed. 
Addison-Wesley. 1981). The square 
root of 16.000.000 is 4000. so the 
largest prime should not exceed this. 
The 550th prime is 3989. the largest 
prime less than 4000. (You can verify 
this result with listing l .) With this 
knowledge . . I modified listing I to ob­
tain listlng 2. which generates a 
million primes as I promised. 

A few remarks about listing 2 may 
be in order. We now sieve 10.000 
numbers at a time and the execution 
time for each loop is much longer. 
Also. listing 2 will need more memory 
to run. but this can be handled com­
fortably by most 64K-byte microcom­
puters. I used multiple statements in 
some lines to make the program look 

neater. One improvement is in lines 
150 and 320. where the array variable 
F is reinitialized immediately after it 
has done its work. This will save some 
execution time. The efficiency of 
listing 2 could be further improved if 
we replace K - I + P with K ... (P * 
P - 1)/2 , but this would involve other 
changes· and the program would no 
longer be as simple. While you can 
run listing I in interpreted mode. 
you'll be better off if you compile 
listing 2 (using the Microsoft BASIC 
compiler) to increase its execution 
speed. 1b test whether or not listing 
2 runs correctly. you can delete the 
PRINT statements in lines 160 and 
330 (and change the number 
1000000 in line 340 to 78498) to see 
if it produces the same final result as 
listing I. It may not be very important 
to know what the one-millionth prime 
number is. but it is certainly satisfy­
ing to find out fo r yourself that it is 
15.485.863 . • 
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Dynamic Rams 

41256-150ns (256K) 
4128-1 50ns (128K-AT) 
4164· 1 SOns (64K) 
Stat ic Rams 

6116P·3 (2K x 8) 
6264P·3 (BK x 8) 

Eproms 

2708 
2716 
2732 
2764 

27128 
27256 

Math Co-processors 

8087 80287 
Disk Drives 

Tandon, Oume 
Mitsub ish i, Teac 
Power Supplies 
135V 150V 

Please CALL or WRITE for pricing/brochure. 
LEO ELECTRONICS, INC. 
P.O. Box 11 307 outside Cali f. 
Torrance, CA 90510-1307 SS 
Call ' . residents 213/212·6133 800/421 ·95 
Telex: 291 985 LEO UR Fax: 213/212-6106 

TRY US ON ANY " HARD TO FIND" 
COMPUTER RELATED ITEMS. 

All major man ulacl urers. All parts prime .. All 100% guaranteed. 

Inquir y 229 

Express Computer Presents:a message to 
our subscribers a DISKETTE SALE 

You CAN buy quality diskettes at low PR ICESFrom nme ro trme we make the BYTE subscriber list 
including a LIFET IME WARRANTY.

available ro orher companres who wish to send our 
subscribers material about their products. We take greac SS DD .81care to screen these companies. choosing only those 
who are reputable. and whose products. services. or -(i)DS DD .90
1nformanon we feel would be of interest co you. Direct minimum quantity
maB rs an efficient medium for presennng the laresr of 50 diskettes I 
personal computer goods and services to our 
subscribers. Includes: TO ORDER 

* Box CALL TOLL FREE:
Many BYTE subscribers appreciate this concrolled use * Labels 800-437-5200of our mailing list and look forward ro finding *Envelope ask for operator 213 
1nformat1on of interest ro Chem rn lhe mail. Used are 

• 100% Error Free MD. residents call:our subscribers· names and addresses only jno ocher 
•Lifetime Guarantee 1-800-638-8890information we may have is ever given) . 

{24 hours a dayl 
While we believe the distribution of th is rnformarion LIFETIME Dealer Inquiries Invited 

rs of benefit to our subscribers. we firmly respect the WARRANTY! 
w ishes of any subscriber who does nor want to receive Send defective diskette back and we' ll replace it 


!if the re is a defect in original ma1erlal and workmans hip) .
such promotional literature. Should you wish co restrict 
C.O.D. and prepaid orders acceptedthe use of your name. simply send your request to the 

following address. EXPRESS COMPUTERBYTE Publications Inc. 

Attn: Circulation Department, 
 1101 Valley Glen Rd . 

70 Main St., Peterborough. NH 03458 Elkins Park, PA 19117 

9-TRACK MAG. TAPE SUBSYSTEM 
FOR THE IBM PC/XT/AT 

s4757 

For information interchange, backup and archival storage, 

IBEX offers a 9- track, IBM format-compatible w· magnetic 

tape subsystem for the IBM PC, featuring: 


• 42 M-Bytes on a single 
reel. I B E X 

• IBM format 1600 cpi. IBEX COMPUTER.CGRir<--t--1­
20741 Marilla St. 
Chalsworth , CA 91311 

• Software for PC-DOS, 
MS·DOS. (618) 709-8100 

TWX: 910-493-2071Write, phone or TWX 

for information 
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Compare the 

Hercules·Color Card 


·to IBM.'s. 

Five reasons why the Hercules Color Card is better. 

IBM Color Adapter $244 Hercules Color Card $245 

1. Compatibility Runs hundred of graphics Run the ame hundreds of 
programs. graphics programs. "The 

Hercules Color Card is so nearly 
identical to the IBM Color/ 
Graphics Card that it's almost 
uncanny." PC Mag. 

2. 	Printer port. one. Standard. Our parallel port 
allows you to hook up to any IBM 
compatible printer. 

3. 	Size. 13.25 inches . Limited to long 5.25 inches. Fits in a long or short 
slots. slot in a PC, XT, AT or P01·table. 

4. Flexibility. Can't always work with a 	 Always works with a Hercules 
Hercules Graphics Card. 	 Graphics Card by mean of a 

software switch. 

5. Warranty. 90 days. 	 Two years. 

Any one of these five features is enough reason to buy a Hercules Color Card. But 
perhap the most convincing reason of all is just how easy the Hercules Color Card is to 
u e : "Right out of the box, the Hercules Color Card goes into an empty expansion slot, 
ready for you to plug in ... and go to work-no jumpers, no oftware. For most 
application , it' just that easy.' PC Magazine. 

Call 1-800-532-0600 Ext. 432 for the name of the Hercules dealer nearest you and 
we 11 ru h you our free info kit. H }ercu es. Inquiry 84 

We're strong on graphics. 

dd r · : Hercules . 2550 Ninth St, Borkeley, CA !14710 Ph: 41~ i\.lO-GOOOTelox: 164063 Trudo.mtt•ks/Owner : Hercu les/ Hercule$ Computer Technology; I BM/IBM. 



INSIDE THE IBM PCs 

ToPVIEW 

IBM's long--awaited multitasking program 

makes its debut 
~ 

BY TJ BYERS 

TOPVIEW is a multitasking 
program that. for $149. 
enables your IBM Per­
sonal Computer to install 
more than one program in 
the system. This is dif ­
ferent from the window 
programs that presently 
claim to accomplish the 
same thing. When work­
ing with windows. you 
must quit a program 
before you can begin an­
other. With TopView. how­
ever. you don't have to 
quit either one of them. 
Both can be resident on 
the screen-and. more im­
portant. in the micropro­
cessor-at the same time. 

MULTITASKING 
TopView·s multitasking 
capabilities allow several 
programs to run simulta­
neously (see photo I ). 
This isn't the same thing 
as switching between pro­
grams without quitting 
them: it means that you 
can actually have one pro­
gram running in the back­
ground while using an­
other. Lers say. for exam­
ple. that you need to calculate a large 
spreadsheet. and the job will take 
several minutes. Instead of staring idly 
at the screen while the computer 
crunches away. you can banish the 
spreadsheet to TopView's background 
mode and proceed to work on an­
other program-the computer will 
handle both tasks at the same time. 
While one program is making calcula­
tions in the background. the other can 

ILWSTRATED BY LONN IE SUE IOHNSON 

be receiving data from the keyboard. 
You lose no time waiting for one pro­
gram to finish before you start the 
other. 

Multitasking is not a new concept. 
Mainframe computers have used 
multitasking for many years to 
enhance their performance. What is 
new. however. is putting multitasking 
capabilities into a personal computer. 

TopView brings multitasking to the 

IBM PC using a multiplex­
ing technique known as 
time sl icing. Basically. 1bp­
View divides the micro­
processor's time into slots 
during which it swi tches 
rapidly from one program 
to another. The time slices 
are very short. on the 
order of milliseconds. and 
the switching action is not 
apparent to either the ap­
plication program or the 
user. so the programs ap­
pear to be running con­
currently on the machine. 
In actuality. they are pro­
cessed consecutively in 
very quick order. The pro­
cedure gives a single com­
puter the ability to run 
more than one program at 
a time. 

Multitasking is not with­
out its faults. however. 
While one program is be­
ing processed. the others 
are held in suspension. 
Consequently. the pro­
grams tend to run more 
slowly. The more pro­
grams you have running at 
the same time. the slower 
each apparently becomes. 

A quick benchmark test using Top­
View to conduct a simple word search 
of Writing Assistant on an IBM PC AT 
showed that it took a full 14 seconds 
to search a typical 3000-word file as 

tconfim<ed) 

Tl Bwers is a freelance aulnor of numerous 
articles and books. including Guide to Local 
Area Networks (Prentice-Hal/) . He maw be 
contacted al POB 372. Hanca<:k. NH 
03449. 
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TOPVIEW 

TopView is very memory 

intensive. The minimum 
256K RAM leaves you 

about BOK bytes for 

use by applications. 

opposed to 3+ seconds without 
TopView. 

TopView is also very memory inten­
sive. as are all multitasking routines. 
While programs are in suspension 
between microprocessor access 
cycles. their parameters must be held 
in RAM (random-access read/write 
memory). This takes a lot of memory. 
JBM specifies a minimum of 256K 
bytes for TopView and recommends 
more for most applications. Installing 
TopView under PC-DOS 2 .1 using min­
imum memory (2 56K bytes) leaves ap­
proximately 80K bytes of working 
memory for use by application pro­
grams: PC-DOS 3.0 reduces that 
number to 68K bytes. This is not 
much memory when you start talking 
mult itasking. To give you an idea of 
how memory intensive TopView can 
be. let me say that my IBM AT con­
ta ins the full memory complement of 
640K bytes. After installing Writin{: 
Assistant. a very hungry program re­
quiring 232K bytes. and Filing Assis­
tant into TopView. I have a mere 96K 
bytes of memory left. barely enough 
to take on another multitasking chore. 
Moreover. very large programs. such 
as Writing Assistant and dBASE III. 
can't be run at the same time: there 
just isn't enough room for both. 

IBM solves the memory problem by 
modifying some application pro­
grams. Writing Assistant. for example. 
can be reduced to I04 K bytes. less 
than half its previous value. by using 
a routine that is outlined in the Top· 
View Applicatio'1 Guide. Unfortunately. 
it also reduces the capabilities of the 
word-processing program . Automatic 
save and retrieve are no longer 
available. and you have to enter these 
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functions by hand. The program also 
runs considerably slower. which is a 
real nuisance if you happen to be a 
good typist. But then. that"s a trade­
off you have to make when using a 
multitasking program. whether it be 
TopView or any other. 

USING TOPVIEW 
TopView is not extremely difficult to 
use. but it does take some training 
and a bit of expertise. which you can 
pick up from the IBM Top\fiew User's 
Guide. 'True to lBM form. however. the 
guide is not exactly the epitome of 
clarity. Although the guide is well 
organized. it sometimes glosses over 
very important points with a simple 
sentence or two. Unless you know 
what you· re looking for. the point can 
easily be missed. For instance. I found 
difficulty in releasing the cursor keys 
from 1bpView control when I first 
started using the program. A call to 
lBM resolved the problem. Oh. the in­
structions were there in the manual all 
r ight. just somewhat obscured by sur­
rounding material. 

To help you learn about 1bpView. 
IBM has included an excellent tutorial 
disk. In fact. IBM recommends you 
study the tutorial carefully before pro­
ceeding with the User's Guide-wise ad­
vice. because the tutorial gives you in­
valuable hands-on experience with 
the various attributes and functions of 
TopView, something that would other­
wise take many hours of intensive 
reading before the concepts and pro· 
cedures became clear in your mind. 
Plan on spending at least an hour with 
the tutorial : it's loaded with material. 

INSTALLATION 
Installing TopView is probably the 
simplest chore the program lets you 
do. You just type G and hit Enter; a 
batch file boots the 1bpView com­
mand program into the system. This 
is consistent with IBM"s policy of using 
the same command to activate all its 
newly released programs. 

The TopView batch command is dif­
ferent from other IBM programs. how­
ever. in that it can include optional ex­
tenders. lf you wish to bypass the 
welcome window. for example. and go 

straight into the program, you use the 
entry code g /a to initiate TopView. Al­
together. there are 18 optional ex­
tenders that can be used to modify 
TopView operations. Most of these ex­
tenders either specify or modify the 
monitor and/or its screen format. A 
couple suppress certain routines. like 
the welcome window. and one (kl 
assists with the installation of un­
disciplined non-lBM programs into 
the TopView environment. 

Once inside, you control TopView 
using a combination of windows and 
menus. This programming concept 
combines the advantages of menu­
driven programs. which are normally 
keyboard controlled. with the conve­
nience of icons. Although TopView 
has no icons, its menu entries act like 
icons. Unlike real icons. though. which 
are rigidly defined entities. the menu 
entries can be changed. Items can be 
added or deleted at will. and there is 
no limit to the type of application pro­
grams you can include. provided they 
are 1bpView-compatible. More on that 
later. 

You install application programs 
into the TopView environment by ma­
nipulating a pointer inside the window 
untrl it overlaps the desired program 
title on the main menu. The pointer 
can be moved using the cursor keys 
or with a mouse. Once you have 
selected a program. a single keystroke 
(or mouse click) loads the program 
into 1bpView. You can load as many 
programs into 1bpView as your mem­
ory will support. and all active pro­
grams may run simultaneously. 

Application programs are installed 
into TopView using a strict set of rules. 
and defining these parameters is no 
easy chore. You must specify no less 
than eight factors and up to a dozen 
more for certain applications. To 
facilitate the process. IBM provides 
you with a program menu containing 
3 8 predefined programs (see photo 
2). These programs. which include 
DisplayWriter and VisiCalc. have their 
values already established. and you 
can place them on the 1bpView pro· 
gram menu by simply placing the 
pointer over the desired program and 
completing a simple 1bpView menu 
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routine. You are prompted every step 
of the way. and the table makes pro­
gram additions very convenient. Once 
installed. the program remains in the 
menu until you remove it. so you 
don't have to go through the routine 
every time you start up TopView. 

When including other application 
programs for which IBM has not pro­
vided predefined parameters. how­
ever. you have to enter the values 
yourself. IBM assists you in this by in­
cluding with TopView a rather thick 
TorNiew Application Guide. which lists the 
parameters for 88 prominent software 
manufacturers and 3 50 software pack­
ages. The listing includes such popu­
lar programs as Framework. CrosSJalk. 
and Lotus 1-2-3. among others. To in­
stall one of these programs you sim· 
ply look at the printed information 
table and duplicate it. 

For all programs. you need to 
specify both a pathway to the pro­
gram and the program command that 
activates its files. When doing this you 
must be aware that 1bpView does not 
support batch files and therefore 
does not recognize batch-file com­
mands. If you try to use the g com­
mand to start an IBM program. for in­
stance. you will be in for a surprise. 
Much to your dismay, the machine 
simply locks up and goes bye-bye. 
Only a machine restart can correct the 
problem. which is too bad if you have 
files in progress that haven't been 
saved before the incident occurs. 

l suspect IBM did this on purpose 
to avoid DOS (disk operating system) 
conflicts. You see. TopView does not 
support all PC-DOS commands and 
supports none of the enhanced PC­
DOS 3.0 commands. If you were to ini­
tiate a batch file that contained a com­
mand that TopView couldn't execute. 
it's hard to say what might happen. 1b 
avoid the issue altogether. TopView 
simply doesn't support batch files. 

TOPVIEW ATTRIBUTES 
The DOS commands that lbpView 
does support. however. are available 
in a DOS Services file (see photo 3). 
This window lets you execute PC·DOS 
commands from within TopView. and 
although the command list is 

abridged. what remains can accom­ regular menu (you have to type these 
plish quite a lot. Altogether. TopView in). They include COPY and ERASE. 
supports 23 DOS commands. 6 as among others. and a rather compre­
selectable-word "icons'" and 17 in a (co11rimlld) 

Photo I: To,Niew's mullitasking features lel !:IOU run simultaneous applications. Tliis 
photo shows BASIC and To,Niew's Calculator program running at the same lime. 

Photo 2: To,Niew's Add a Program utilil!:I contains lfte installation parameters for 38 
programs. Installing these programs involves simpl!:I placing the cursor over a 11ame and 
hitting a ke!:I. 
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hensive SORT command. 
The purpose of DOS Services. of 

course. is to let you step in and out 
of PC-DOS without having to leave 
TopView. IBM also claims that the 
icon-generated commands make PC­
DOS easier to use by eliminating the 
lengthy DOS equations. I don't find 
this to be true. In some cases. it would 
be faster to just enter the equation. 
rather than having to dole out the in· 
structlons through three windows. 

The most useful TopView DOS com­
mand is undoubtedly PRINT. In its 
new enhanced form. PRINT allows 
you to print files in the background 
while you exlt DOS and proceed with 
other TopView routines. Moreover. 
PRINT contains a flle buffer that per­
mits you to specify the printing of 
more than one file at a time: file­
names are queued one after another. 
and wild-card entries are legal. If you 
request a PRINT C:*.* . for instance. 
lbpView wou ld type out the entire 
contents of your hard disk. which may 
contain hundreds of files. while you 
busy yourself with other duties. 

The full impact of this accomplish· 
ment is somewhat marred by lbp­

View's lack of support for a serial 
printer. Unless your application pro· 
gram contains a serial-printer function 
and you are working from that pro­
gram. you are limi ted to parallel 
printer interfaces. Perhaps this defi­
ciency will be corrected in later ver· 
sions of TopView. but I doubt it With 
fewer and fewer new serial printers ap­
pearing on the market. IBM may have 
simply decided the extra program­
ming and memory buffering required 
is not worthwhile. 

Among the attributes particular to 
TopView are SCROLL. COPY. CUT. 
and PASTE. Although these are fea­
tures commonly found in most word 
processors. TopView has extended 
their capacity to include interaction 
between programs. TopView lets you 
work between the programs. transfer­
ring data and files as you wish . If. for 
instance. you want to transfer an ad­
dress from a database file into a word· 
processing program. you can do it 
using the SCISSORS command. pro­
vided the two programs contain the 
TopView SCISSORS subroutine. 
Presently. only IBM software contains 
these routines. and not all IBM pro-

Photo 3: Under Top\fiew. you use the Start a Program menu to begin applications 
and utilities. One utility. DOS Services. lets you use DOS commands by choosing from 
a menu (6 commands) or entering from the keyboard 117 commands). 
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grams at that. But IBM has already 
released a TopView Programmer's 
Tool Kit that contains most of the Top­
View subroutines on two disks. so I 
suspect it won't be long before we 
begin seeing TopView-compatible 
software from third-party vendors. 

SOFTWARE COMPATIBILITY 
Installing a couple of TopView subrou­
tines into a program doesn't neces­
sari ly make it TopView-compatible. 
Programs that manipulate DOS or the 
BIOS (basic input/output system) 
routines won't work with lbpView. 
Neither will programs that rely on 
precise timing cycles for their opera­
tion (because of the way lbpView 
slices up the microprocessor's time) 
or software that loads at a specific 
memory location. Memory control 
must be the absolute domain of Top­
View if it is to function at all. Programs 
that directly con trol computer hard­
ware (other than the keyboard or 
communications port) are strictly 
taboo. And certain interrupt calls are 
also not allowed. CopyllPC. for exam­
ple. is not TopView-compatible. 
because of the way it modifies the in­
ternal workings of the computer. And 
although I haven't had a chance to 
test Flight Simulator on TopView. I 
doubt it will work for many of the 
above reasons. 

Some copy-protected programs also 
have a hard time with TopView. Often 
the problem is getting the program to 
load into the TopView environment. a 
problem caused by the copy-protec­
tion scheme itself. This is especially 
true of p(ograms like SideKick that 
use "fingerprints" to prevent un­
authorized use. Even when such a 
program is copied to the TupView pro­
gram. the disk must remain resident 
in the A: drive for access to the finger­
print. Writing Assistant also works this 
way. Unless you have the correct disk 
in the drive at exactly the moment the 
program expects it (or if the program's 
timing cycle is a little bit off). the com­
puter shuts itself down. And despite 
IBM's claim that the effects of this ac­
tion are nondestructive. it isn't 
necessarily so. Sometimes a warm 
boot (hitting Ctrl·Alt·Del) can recover 
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the system.. minus the flies. but in 
many cases a complete machine re­
start is the only recourse. The difficul­
ty in loading copy-protected material 
can sometimes be resolved by sus­
pending all TopView application pro­
grams while the new program is load­
ing. 

Communications programs are an­
other tough nut to crack. Many of the 
public-domain communications pro­
grams simply won't work due to the 
time-slicing effects of TopView. Only 
communication protocols with a pac­
ing mechanism are recommended for 
asynchronous communications. This 
wi ll ensure that no data is lost 
because of unavailable t ime slots. A 
few examples of pacing-mechanism 
protocols are XON/XOFF. XMODEM. 
and Kermit. Kermit. by the way. can 
be found in the public domain. 

What is TopView-compatible. then? 
Just about any program that runs in 
PC-DOS and is not limited by the con­
ditions mentioned above. There are 
many such programs. Nearly all IBM 
software is lbpView-compatible. as are 
many of the most popular non-IBM 
software packages. such as dBASE II. 
Electric Desk. ProKey. and WordStar. 
A rather notable exception among 
this elite group ls IBM's Debug. which 
is not TopView-compatible. Overall, 
though. you will find that most soft­
ware written for the IBM PC is 
TopView-compatible. IBM has gone to 
great lengths to guarantee that 
whatever runs on PC-DOS should run 
in TopView. though some of TopView·s 
attributes may not be available to all 
programs. Even networking programs. 
li ke Telmar's MicroNetwork Service 
5.0. can be used within TopView's en­
vironment. 

You have to be a little careful. how­
ever. of how you set up your applica­
tions. Programs that run under inter­
preted or compiled languages. for in­
stance. often change the software 
interrupt vectors. Running more than 
one such program under TopView can 
cause both to look into the same 
memory space for program informa­
tion . The result is competition be­
tween the programs. The same con­
dition can occur with two programs 

AT A GLANCE 

Name 
TopView 

Type 
Multitasking environment 

Manufacturer 
IBM 
POB 1328 
Boca Raton, FL 33432 
(800) 447-4700 

Computer 
IBM PC, XT, AT (and compatible$) 
with 256K minimum, 640K and a 
hard disk preferred: requires PC­
DOS 2.0 or higher 

Documentation 
Loose-leaf manual in a standard IBM 
binder along with wo application 
guides and a Quick Reference 
foldout 

Warranty 
90·day limited warranty on the 
program itsell; the warranty states 
that if a cusomer finds a program 
defect, IBM will correct it or refund 
the customer'S money 

Price 
$149 

that open files using the same file­
name. You can resolve the conflict. Jn 
many cases. by instal ling the pro­
grams in different directories so that 
each program has its own unique file 
path. 

TOPVIEW UTILITIES 
IBM has installed its own util ity pro­
grams in TopView. Version 1.00 incor­
porates four of them. including DOS 
Services. a functional' alarm clock 
(which Jets you set up to five alarms 
within a 24-hour period). and a Color 
Change Program. This last utility 
allows you to specify colors for the 
background. foreground. and window 
borders. 

My favorite utili ty. though. is the 
TopView Calculator. The calculator 

itself is nothing special-you can get 
the same thing at the supermarket for 
about five bucks. But the lbpView Cal­
culator is always handy and its bat­
teries never go dead. which always 
seems to be the case with the half 
dozen or so calculators I have scat­
tered about. 

The calculator does all of the stan­
dard mathematical functions like add. 
subtract. multiply. divide. percentage. 
squares. and square roots. It even has 
a memory. You can enter data into the 
calculator in any of several ways. If 
you use a mouse. you can roll it 
around until the cursor is over the 
desired "key:· then click. You can also 
move the cursor with the cursor keys. 
which is quite a chore-it takes at least 
three keystrokes to move the cursor 
one calculator button. Fortunately, the 
calculator will accept input from the 
regular keys and the numeric keypad. 
You can execute math functions from 
either the regular keyboard or the 
function keys. Unfortunately. IBM 
forgot to put a funct ion-key template 
into the TopView package. so unless 
you memorize the functions. you will 
always be looking up their definitions. 
This is not hard. since the calculator 
includes a very comprehensive help 
menu (as do many TopView programs) 
that fully outlines all calculator opera­
tions and options. 

Like so many other IBM introduc­
tions, TopView may very well set new 
standards for the computer commu­
nity. Beyond its computer-based im· 
p lications. IBM has introduced a 
unique feature: It sells TopView with 
a limited 90-day warranty. This means 
that if within 90 days of purchasing it 
you find a defect in the program. IBM 
will correct it or refund your money. 

CONCWSION 
TopView is a very sophisticated and 
potentially useful program. It has its 
problems. such as its voracious ap­
petite for memory and the difficulty 
or inability of incorporating some ap­
plication programs. but TopView's in­
novative multitasking features. its very 
attractive price tag of $149. and the 
limited 90-day program warranty will 
attract a lot of takers. • 
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That's because 27 mill ion American adults 
can't read a chi ld's bedtime story, can't read a 
street sign, can't read .. .period. 

Functional illiteracy has become an 
epidemic, an epidemic that has reached 1 out of 
5 American adults. It robs them of a decent 
living, it robs them of self-respect, it robs them 
of the simplest of human pleasures ... like 
reading a letter from a friend or a fa iry-tale to 
their ch ildren. 

Tragic as that is, it's not the worst part. 
Because people like this could be taught to read, 
if we had more tutors to teach them. Sadly, we 
don't. Today, the waiting period for a tutor can 
be up to a year. 

You can change that by joining the fight 
against illiteracy yoursel'f. It takes no specia l 

~ .! . 0~ 
~U1c1 C~alition for Literacy 

qualifications. If you can read, you can tutor or 
help us in countless other vyays. You'll be trained 
to work in programs right in your own 
community. And you'll experience the greatest 
satisfaction of all ... the satisfaction of helping 
people discover whole new lives. 

So join the effort. Call the Coalition for 
Literacy at tol l-free 1-800-228-8813. Helping 
takes so little. And il literacy robs people of so 
much. 

Volu.nteerAgainst Illiteracy.
The only degree you need 

is a degree of caring. 



INSIDE THE IBM PCs 

WHEN YOUR PC 

DOESN'T WORK 


You can find and fix most malfunctions yourself 
~ 

WHEN YOU BUY an IBM Your IBM PC (Chilton Book 
Personal Computer. you Co.. 1984) . 
get two diagnostic aids 
to help you spot many of POST 
the possible causes of Each time you flip on the 
malfunctions. First. each power switch to the IBM 
time you turn on the PC. POST runs a quick 
power. the PC goes check on the major sys­
through a self-testing cycle tems inside. This testing 
called POST (power-on takes from a few seconds 
selt-test). And. second. to about three minutes. 
there is a diagnostics pro­ depending on how much 
gram in the back of the RAM you have. During 
Guide to Operations manual this time. POST conducts 
that provides more exten­ quick tests on the system 
sive testing of the various board. RAM. power sup­
systems. circuit boards. ply. keyboard. external 
and peripherals on your chassis (if you have one). 
computer. and some of the adapter 

The major difference be­ J cards. During this testing 
tween these two diag­ cycle. nothing shows on 
nostic aids lies in the ex­ the screen. nor is there 
tent of the testing per­ any indication that any­
formed. The IBM folks did thing is happening (except 
not include sufficient in­ for the delay) unless POST 
structions on how to use finds a malfunction. Then. 
the aids. nor did they pro­ it signals you with error 
vide simple error mes­ codes and/or audio 
sages. There are no mes­ signals. 
sages like " I think your A part of any diag­
RAM !random-access nostics aid is knowing how 
read/write memory! is things are supposed to work. 
bad:· Instead you see a After you become accus­

BY G ENE B. W ILLIAMS 

string of numbers like 
··0340201:· Once you understand how 
to decode the string. however. you'll 
find that it tells you not just what is 
malfunctioning. but where. Both POST 
and the diagnostics program generate 
the same codes. So. once you know 
the decoding procedure for one. you 
know it for both. 

These two methods of testing. cou­
pled with some simple steps and com­
mon sense. tell you exactly what has 

ILWSTRATED BY DlANE TESKE HARRIS 

gone wrong and where. for about 95 
percent of all malfunctions. Chances 
are good that you can find and fix 
what appears to be a major fa ilure 
with little more than your fingers. In­
stead of spending hours of downtime. 
and perhaps hundreds of dollars. you 
can usually do the job yourself in a few 
minutes. This article covers all of the 
basic steps. For more information. see 
my book How to Repair and Maintain 

tomed to using the PC. 
you can easily forget the exact se­
quence of beeps and grinds it makes 
as it boots up. This is important to 

(contin~edl 

Gene B. Williams is a professional writer·and 
the author of the series. How to Repair and 
Maintain Your . . . (IBM PC. Apple. 
VCR. Kaypro. Macintosh). His other in­
terests include the martial arts and ham radio. 
He can be reached c/o BYTE. POB 372 . 
Hancock . NH 03449. 

Fall I 98 5 BY T E • Inside the IBM PCs • 251 



F I X VO'UR OWN PC 


know: however. without these sounds 
you are less likely to realize when 
something malfunctions. 

For example. one day when you sit 
down at your PC. just before the pro­
gram begins to load. you hear a long 
beep and then a short one. You might 
recognize this as being something dif~ 
ferent from the norm or you might 

not. If the program loads successful­
ly, you're quite likely to ignore the 
warning-only to lose all your work a 
few hours later when the PC locks up 
or refuses to save your work due to 
a system-board malfunction. 

The next time you begin working at 
your PC. pay attention to the sounds 
of the normal boot sequence. Then. 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~. 

Here are 87 reasons to 
buy at Elek-Tek, not to 
mention lhe fastest 
delivery anywhere. 

f·MSGA' 
BERNOULLI BOX 

1. 	10 meg 'h height Drive for 
IBM· PCIXTIAT & 
compa!ibles ...• . • .• $ 1675 

2. 	20 meg v. height Drive 1or 
IBM·PCIXTIAT & 
compali.bles •.••.••.• 2335 

3. Non·Boolable lnlerlac:e Card 104 
4. Booable lnterlaoe Card . 2 34 
s. 	10 meg cartridges f0< above 

(3 pak special) ••. .•. •• 125 

23. 	 Amdek 31 OA 
Amber Moni1or ••••••.. S 150 

24. 	 Generic MulU 
Mt1ltihJnovon Soard. 64 K . .• 129 

25. 	 Generic M'ulU 384K 
Multirunction Boald, 364K •• 169 

26. 	 AST Six Pak + 
Multdunctlon Soard, 6"K • . 225 

27. AST Six Pak + Oaaded) 
Muillfunct.on Soard. 364K •• 279 

211. AST Megeplus II 
M<JtillNlClloo Board. 64K ••• 270 

29. 	Quadram Quadboard 
MullilunctiOn Boarcr. OK •• . 195 

30. Quad111.m Quaclbaard 
l.\\J11i. 8oofd, 64KIJ&4K •. 210!2~ 

Save 300/o to 430/o 
off Maoofacturer Suggested Ret. prices on 


EPSON • Dlddata • Siar • lllAlllD 

• 10SI& • COMREX • 


EPSON 
6. LX BO ...............$ 215 
7. AX 100+ .... .. ........ 350 
8. FX85 ...... .. ........340 
9, FX 185 .. . ...... .. .. , • . 475 

10. LO 1500 par~llel . . • . •..CALL 
11. OXIO Daisy Wheel 10CPS • . . 230 
12. OX20 Daisy Wh8'll 20CPS .•CALL 
13. Comrex II Conviter ••••• . • 269 

STAR 
SG 10 .... . . . . ...... .. 23514. 
SD 10/15 ••••••.••••••CALL 


16• SA 10/15 ........ .....CALL

15. 

OKI 
17. 	 120.Oki 182 ••••• • .. ••••••CALL 

18.. Olli 192/193 ... . .......CALL I 21. 

19. Oki 84 ...... . ........CALL I 22. 


PRODUCTS FOR IBM-PC 
31. 	 Orchid Tech. 

PC Turbo 186 ••••••• .• • . 57ll 
32. 	 ""8dlse 

Modular GraJ)hlCS Card .• . 290 
33. 	 Hercules 

Monochrome Card ••••... 329 
34. 	 Hercules Color 

Cd.of Grapl\ic Card •• •. .. . HD 
35. 	 Now.tlari 490&05·1 

24CXJBPS inc. M e Som..are .620 
36. 	N~tlon 490603 

'h Card Modern 2400 BPS 
No so4tware • •••.. , . .•••425 

DISKETTES 

'i!7. 

38. 

39. 

40. 

41 . 

42. 

43. 

44. 

EPSON 
FX 85 

TOSHIBA 
To5Mla P34I. , ........CALL 
bs!Lba P351 , •• •••••• CALL 
Tbstlll)a P1340 •.•.••• •. CALL 

N0"8llon 490603-1 
As ""°"" w:. MSOOS ~Nilre •• 490 
Hll')'91 12008 
lnlBmal modem wlsoltware . 3 59 
AT&T 4000 
30Cll1200 Exl MOdem • •••• 335 
Hayes 1200 
External modem ••••••••• 399 
HayH 2400 
Exiernal modem •••..•••• 599 
US Robot ics Courier 2400 
Ext 24008 S~ Modem .•• 460 
US Rabatfc1 Telpac 
Telecomm. Sohwarn •.••••. 75 
TEAC FDSSB 
\Ii hL DSDO Disk Dnve • , ... 90 

85. DC100A. 
86. OC30DA 

•••••. . .•••• S 14.00 87. DCJOOXL ••••••••••• S 21.00 89. DC60CIA •... •••••• , . 5 23.50 
......... .. .. 18.00 88.. DC300XL/P ..........22.00 90. DC1000 ... . .. ... .... . 15.00 
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make paying attention a part of your 
normal routine. At the very least. let 
yourself become aware that some· 
thing other than the norm catt happen. 

When everything works correctly, 
the cursor begins blinking on the 
screen a few seconds after you tum 
on the power. It continues to blink 
during POST. The light on drive A 
comes on. there is a single short 
beep. and the LED [light-emitting 
diode) goes out momentarily. When 
it comes on again. the program loads. 
Anything other than this sequence in­
dicates that there is a problem . 

The original plans for the IBM PC in­
cluded a cassette-tape machine to 
load and store programs. Although 
the idea was abandoned almost im­
mediately. the cassette port remained. 
So did a form of BASIC resident in 
ROM (read-only memory) to operate 
the cassette. So. if you·re attempting 
to load a program and you suddenly 
find yourself staring at a BASIC 
screen. drive A isn't loading the pro­
gram. ROM has taken over and has 
automatically booted up cassette 
BASIC. 

Try loading another program. and 
carefully observe the sequence. As 
the program roads. you should hear 
the drive's stepper motor moving the 
reaclAvrite heads across the disk. If the 
drive is trying to load but can't for 
some reason. the cassette BASIC will 
load from ROM. 

POST ERRORS 
Tuble 1 contains all the primary error 
codes. signals. and symptoms gen­
erated by POST. An x in the code rep­
resents any number. For example, 
"xxxx20 1" won't appear on the screen 
with the xs. but with numbers. such as 
"034020l :' This code indicates a 
problem with the RAM (the ··201 .. 
ending). and it also tells you that the 
program found an error in the second 
RAM module from the right on the 
front row (the "0340" prefix) . 

A few of the indications given are 
not strictly a part of POST but are 
common enough symptoms at power­
up to warrant mention. The ··nothing 
happens" symptom. for example. is 
not a generated error code. nor is the 
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cassette BASIC display. Yet both are 
strong indications that something is 
wrong. Some of the error signals are 
audible beeps. These may or may not 
be accompanied by actual error 
codes. 

If you have either an error code or 
a symptom. you should use the diag­
nostics disk, which checks the system 
more thoroughly. If the PC won't load 
the diagnostics program. there are 
some initial steps that you can take. 
Most of these are self-evident. If 
nothing at all happens when you fllp 
on the power switch. most likely no 
power is getting to the PC. The actual 
problem could be anywhere. The wall 
outlet might be dead. The cord might 
have been accidentally kicked out. 
The power supply inside the PC could 
be fau lty. Or something deeper inside 
the PC could be shorting out. caus­
ing the power supply to drag down 
and shut itself off. 

D IAGNOSTICS DISK 
One mistake many people make is to 
use the diagnostics program only 
when a malfunction occurs. This is 
somewhat like going to the doctor 
only after you're seriously il l. You 
should use the diagnostics program 
as a preventive check. If something is 
starting to fail. the program might 
spot it before it becomes a serious 
problem. If you use the diagnostics 
program on a regular basis, you'll 
have a better idea of how things are 
operating. 

The diagnostics disk that comes 
with your PC does a more thorough 
testing of your computer and its 
systems than POST does. It also offers 
the option of running multiple test­
ings. This is very important when it 
comes to testing circuits and IC (inte­
grated circuit) modules. Unlike less 
complex components that either func­
tion or fail. a chip can work fine. then 
it can fail and then work again. A chip 
is also more prone to operate correct­
ly while it is cool and then break down 
after the PC has been going for a 
while. POST or the single-testing op­
tion of the diagnostics program are 
less likely to spot such malfunctions. 
The multiple-testing option of the 

diagnostics program should be used 
to detect such problems. If you 
suspect that one of the circuit boards 
is faulty and if you suspect the system 
board in particular. choose the multi­
ple-testing option. You should let the 
test run a minimum of 30 times. pref­
erably more. 

To run the diagnostics program. in­
sert the disk in drive A and reset 
(reboot) the PC (by Ctrl-Alt-Del or by 
shutting it off. waiting 5 seconds. and 
turning lt on again). The normal se­
quence of beeps and grinds should 
occur. After POST completes its cycle. 
the light on drive A should come on. 
followed by a single short beep. and 
then you will be able to hear the 
grinding of drive A as the program 
loads. 

As testing begins. you may log any 
errors to disk. The log itself can be 
kept only on the diagnostics disk; 
however. if you choose this option 
you cannot cover the write-protect 
notch. Obviously. to log errors to disk. 
your PC and its disk drives must be 
running well enough to be able to 
write to the disk. 

You can also log the errors to a 
printer, which is how I prefer to do it. 
This frees the disk drive and allows 
you to let the testing run unattended. 

As the diagnostics program ex­
ecutes. it tests the disk drives. When 
it's ready to run the test. it stops and 
signals you with a long beep and then 

Table I: POSf error signals and codes. 

If nothing at all 

happens when you flip 
on the power switch , 
most likely no power 
is getting to the PC. 

The actual problem, 
though , could be 
almost anywhere. 

a short one so that you can replace 
the diagnostics disk with a scratch 
disk. (The reason a scratch disk is 
needed is because the testi ng 
destroys any data on the disk.) If 
you've installed additional RAM as 
one or more RAM drives. you will get 
errors on these drives. This portion of 
the diagnostics program tests physical 
drives only. (The RAM chips are all 
tested earlier in the program. regard­
less of their function.) 

DIAGNOSTICS ERRORS 
Tuble 2 lists the primary error codes. 
signals, and symptoms generated by 
the diagnostics program. The primary 

(w11Wmed) 

SIGNAL OR CODE MEANING 

Nothing happens Power supoly or ? 
Continuous beep Power supply 
Repeating short beeps Power supply 
1 long beep, 1 short System board 
1 long beep, 2 short Monitor 
No display Monitor 
Ca.ssette BASIC display Disk drive (usually A) 
101,131 System board 
201 RAM 
xxxx201 and Parity Check x _ RAM 
Parity Check x Power supply 
301 , xx30l eyboard 
601 Floppy-disk drive 
1701 Hard-disk drive 
1801 Expansion chassis 
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difference between these and those If there's no display and given by POST is that the diagnostics 
program generates a code even when 
a particular system or circuit is oper­
ating properly. POST does not. This 
successful-completion code ends in 

you must resort to the 
audio signals alone, 

all zeros. (For example. when the sys­
tem board successfully completes move cautiously. testing. a 100 code is generated. while 
properly operating floppy-disk drives 

Table 2: Diagnostics program codes. 

CODE MEANING 

02x Power 
1xx System board 
20x RAM 
xxxx RAM 
xx20x RAM 
30x Keyboard 
xx30x Keyboard 
4xx Monoch rom~ monitor 
Sxx Color monitor 
6XX Disk drive 
7xx 8087 math coprocessor 
9xx Printer adapter 
11xx Asynchronous communications 
12xx Asynchronous communications 
13xx Game adapter 
14xx Printer 
15xx SDLC communications 
17xx Hard-disk drive 
18xx Expansio.n chassis 
20xx BSC adapter 
21xx BSC adapter 

Table 3: Diagnostics disk audio run-tfrrougfr . 
1. 	 Power is applied: cursor should blink during POST: short beep; program loads. 
2. 	"Select an Option" screen (O- run diagnostics routines, 1-lormat disk, 2- copy 

disk, 9-exit to system disk): enter "O" for diagnostics routines. 
3. "Installed Devices" screen: beep: enter "Y': 
4. 	 "Diagnostics Choices" screen (O- run tests one time, 1- run tests mul iple times, 

2-log utilities, 9-exit diagnostics): enter "O" or "1": program now proceeds 
lhrough tests for the system board and RAM , and there will be a delay of up to 
several minutes: this delay will be followed by a short beep. 

5. "Typematic" (keyboard test) screen; press Enter; short beep. 
6. "Display Attributes" screen; enter "Y"; short beep. 
7. 	"Character Set" screen: enter "Y"; shor1 beep. 
8. "80x25" display; enter "Y": short beep. 
9. "40x25" display; enter "Y": short beep. 

10. "320x200 Graphics· display: enter "Y": short beep. 
11. 	 "640x200 Graphics" display: enter "Y": press any key eight times, short beep; 

enter 'Y''. 
12. 	Long beep-short beep signals beginning of drive tests. Insert scratch disk in 

drive A; press Enter; drive LED will light and drive will grind: two beeps: enter 
''Y''. 

13. Repeat step 12 tor each drive installed (long beep, short beep, scratch in B, 
Enter. LED lights, grind, beep beep, enter "Y') : ignore results on RAM driveS­

14. Short delay and a single short beep signals the end of a completed cycle. 

give a 600 code.) 
Audio error signals are also pro­

vided. making it possible to run com­
plete dicignostics even when the 
monitor is dead. The ·order of the 
tests and screens that are supposed 
to appear are given in the Guide lo 
Operatio'1s manual. However. this 
doesn·t include a key to the audible 
signals. It's a good idea to run the 
diagnostics program before you 
suspect any problems and make ap­
propriate notes about the meanings 
and occurrences of these signals in 
your manual. 

If your monitor is not displaying 
anything and you must resort to the 
audio signals alone (see table 3). 
move slowly and cautiously. Pay extra 
attention to what happens and when. 
If you lose track or doubt what is hap­
pening for any reason. begin again. 

FINDING THE MALFUNCTION 
Tracking down a malfunction isn·t as 
difficult as you might think. It requi res 
little more than the process of elimi­
nation. lust where you begin your 
search depends on the symptoms. lt 
is usually fairly obvious where to start 
looking. There are just so many prob­
lems that can occur and just so many 
causes for a particular malfunction. 

The process of elimination begins 
with the simple and the most obvious 
and then moves in a step-by-step 
order to the more complex. For ex­
ample. if your PC is completely dead. 
start from the outside and work in. 
Check the wall outlet plug something 
else into that outlet. such as a lamp. 
or use a volt-ohmmeter (VOMJ to test 
the outlet. And check for the 
obvious- is the plug properly inserted 
into the outlet? 

Next. eliminate anything else out­
side the PC including any switches. If 
your computer is plugged into a power 
strip or another external device. by­
pass it. and plug the machine directly 
into the outlet to see if the problem 
lies in that device. (The internal switch 
on the PC almost tests itself. If the fan 
is running. power is getting to the 
computer and the switch is good. If 
the fan isn·t running. then power isrn 
getting to it. due to either a lack of 
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power or a faulty switch.) 
After eliminating everything up to 

the power supply as the possible 
cause. try to find out if the problem 
is coming from the power supply or 
from somewhere else in the com­
puter. You can do this best by testing 
the power supply outputs with a 
VOM. Or you can disconnect every­
thing inside the PC. including all the 
ci rcuit boards. If the power returns. 
you know that one of the connected 
devices caused the problem. Then 
connect the devices again. one at a 
t ime. until the power fails. (Be sure to 
shut off the power before removfr1g or connect­
ing anything!) 

The same basic procedure applies 
to other malfunctions. Set up an 
either . ..or sequence. Find out what 
is not malfunctioning and then you 'll 
know what is . For example. if a pro­
gram fails to toad. the problem is with 
either the disk drive or the program. 
If the drive is failing. the cause is prob­
ably either the drive itself or the cir­
cuit boards in the computer. (With 
disk-drive problems. you can swap 
drive A wi th drive B. If things begin 
to work again. you know that some­
thing is wrong with drive A. If not. 
then the problem lies with either the 
drive card or the system board.) 

PROBABLE CAUSES 
The single most common cause of 
computer malfunction is operator 
error. You may have accidentally 
kicked out the plug or turned the con­
trast or other controls on the monitor. 
Operator error is often the last thing 
suspected or checked. Checking for 
the obvious and possible operator 
errors are always the first steps to take 
in track ing down a malfunction. This 
is especially important if you've made 
some change to your system. Installa­
tion instructions and software docu­
mentation are notorious for being 
poorl y written. It's easy to make a 
simple mistake. 

For example. one PC owner up­
graded his system with a new multi­
function card that was fully populated 
with RAM. Off came the cabinet. and 
in went the board (after careful ly 
following the instructions). However. 

when he tried to use it. the PC tocked 
up and refused to do anything but 
reboot- and then lock up again. His 
automatic response was to blame the 
new board. but after removing the 
board. his computer st ill didn't 
operate correctly. 

What seemed to be a major com­
puter malfunction turned out to be a 

simple problem. When he added the 
new board, he brought the total 
number of COM ports to three. The 
PC handles only two. With that thi rd 
port installed. the PC no longer knew 
what to do and locked up. During in­
stallation he had changed the switch 
settings on the system board. When 
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the expansion board was removed. are brought on by not completely 
the switch settings still indicated the understanding how to use your soft­
additional RAM. When it wasn't there. ware. The more complex and power­
the PC generated an error. All he had ful a program. the more likely you are 
to do to " fix" his PC was to change to make a mistake along the way. Even 
a switch block on the new board to a complete software crash isn't nec­
disable one of the COM ports. essarily a software problem. Accord­

Once you've eliminated operator ing to Verbatim Corporation of Sunny­
error. check the software. Many errors vale. California. at least 80 percent of 
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all software and disk failures are 
di rectly due to fingerprints on the 
disks. 

Then there are the bugs that manu­
facturers almost invariably miss. A 
program may work just fine in its 
primary form. but when you try a new 
feature. it doesn't react the way you 
expect. This may be a manufacturer's 

bug. but it may also be another oper­
ator error. caused by the operator not 
fully understanding how to use the 
new feature. 

Once you have eliminated operator 
and software errors. you can concen ­
trate on the PC itself. Suspect the 
mechanical devices before the elec­
tronics. Anything that moves is prone 
to wear. A drive fa ilure is more com­
mon than a chip failure. (Failure to 
load programs can be as simple as a 
broken or improperly closed disk­
drive door.) 

SUMMARY 
Computer malfunctions are relatively 
rare. Despite the fact that computers 
seem to be complex. a computer with 
the power of the IBM PC is actually 
much less complicated than a por­
table television set. There just isn't 
much that can malfunction . When 
something does go wrong. it is most 
likely to be caused by: first. operator 
error: second. software error: third. 
mechanica l problems: and last. the 
electronics. By using the process of 
elimination. you can usually track 
down the source of the trouble fairly 
quickly 

POST and the IBM PC's diagnostics 
disk can help you pinpoint the causes 
of many malfunctions. However. there 
are times when neither of these will 
run. Normally. this indicates a more 
serious malfunction. (It can also mean 
that nothing at all is wrong.) There are 
also times when these diagnostic aids 
won't be able to find the cause of the 
problem. Then. when all else has 
failed. you may need to call a repair­
man. 

The most important point I can 
make ls this: Realize that you can find 
and fix most malfunctions if you move 
carefully and thoughtfully-one step 
at a time. • 
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INSIDE THE IBM PCs 

IBM PC FAMILY 

BIOS COMPARISON 

BIOS vectors for the PC and its relatives 

~ 

BY }ON SHI ELL AND JOHN MARKOFF 

IBM'S PERSONAL COMPUTER has 
grown into an impressive family of re­
lated machines. Jn addition to the 
original system. there are the PC Xt 
XT/370. 3270 PC, Portable PC. PCjr. PC 
AT. and AT/370. as well as several in­
dustrial and military versions of the XT. 

As the PC family has grown there 
have been additions and deletions to 
the basic hardware of the machines. 
This article and the accompanying 
tables l. 2. and 3 compare the vari­
ous BIOS (basic input/output system) 
features of the PC-family machines. If 
you wish to program on one specific 
machine. these tables can assist you 
in determining which functi.ons can be 
used across all machines in the family. 

The purpose of the BIOS is to pre­
sent a common interface to programs. 
be they application programs or oper­
ating systems. to minimize the amount 
of code that must be rewritten be­
tween machines. The BIOS allows the 
programmer to isolate hardware 
dependency to a single set of primi­
tive routines. The BIOS permits por­
tability and compatibility between dif­
ferent hardware environments_ At the 
same time. almost all of the speed 
and control of direct hardware access 
is retained. 

The BIOS is made up of the codel 
programs that provide the device­
level control for the major 1/0 devices 
in the system. In the IBM PC family the 
BIOS ls contained in ROM (read-only 
memory) on the system board. along 
with cassette BASIC and a set of rou­
tines (called POST for "power-on self­
test) that check out the machine when 
it is turned on. 

The BIOS creates hardware in­
dependence by providing a level of in­
direction and separation from the 

hardware. For example. when using a 
BIOS call to send a character to a 
printer. the programmer doesn't need 
to know what the 1/0 address of the 
printer port is or how to control it 

The BIOS is normally invoked via a 
set of interrupts that are vectored into 
various BIOS entry points. Other in­
terrupt vectors are used to service 
hardware interrupts. such as "disk 
operation finished: · In practical terms. 
the software invokes the BIOS by 
loading the appropriate registers in 
the microprocessor and issuing an 
JNT instruction. For example: 

MOV AH,O ; Load AH with the 
BIOS function code 
for "print the charac­
ter in register AL.:' 

MOV AL,'B' ; Character to be 
printed, in this case a 
11B11 

MOV DX ,O ; Print it on LPT1 
(printer number 
minus 1) 

INT 17 ; Printer BIOS entry 
interrupt 

The INT {or software interrupt) in­
struction transfers control of the 
microprocessor to the routine whose 
address is in the 4-byte interrupt vec­
tor for this interrupt. There are 2 56 in~ 
terrupts in the 808x microprocessor 
family: the first 128 are used by the 
BIOS and the operating system. the 
other 128 by BASIC. These 2 56 ad­
dresses are arranged in table form in 
the first I K byte of memory. where 
bytes 0 to 3 are for I NT 0 and bytes 
3FC to 3FF are for INT FF {addresses 
and interrupts are in hexadecimal). 

The BIOS is extensible. When the 
POST routines perform their start-up 
diagnostics. they scan the ROM ad­

dress space for "add-on .. routines that 
install themselves. An example of this 
extension is the IBM Enhanced 
Graphics Adapter. which extends the 
video interrupt INT 10 as indicated in 
table I . 

Tu install itself as a BIOS extension. 
a routine 

I . Copies the current interrupt pointer 
into your routine. 
2. Disables interrupts. 
3. Replaces current interrupt pointer 
with the entry address of your routine. 
4. Reenables interrupts. 

If the routine is installed after DOS. 
the DOS functions 3 5 (get interrupt 
vector) and 2 5 (set interrupt vector) 
can be used. 

The rule for BIOS entries is one soft­
ware interrupt per device. Additional­
ly. there may be one or more hard­
ware entries and one or more entries 
that point to tables or blocks of data 
used by the device driver. The inter­
rupt vectors used as pointers to data 
instead of code allow easy alteration 
of the enviroment. such as changing 
t~e character set displayed for 80 to 
FF by the Color Graphics Adapter. 

According to IBM. the only time you 
can safely bypass the BIOS is when 
you access the following: 

• I/0 port 21: Interrupt mask registers. 
• 6 l : Sound control. 
• 40.4 l .42 : Timer/counter. (Note: 

(conlinued) 
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Table I: The ROM BIOS vect.ors for the IBM PC family. 

Interrupt 
Function 
Code PC PC XT PCjr PC AT 

BIOS 
Ext. Comments 

0 n/a y y y y divide-by-zero trap 

1 I n/a y y y y single-step mode (used by Debug) 

2 NMI n/u 

n/u 

y 

n 

y 

n y 

y 
y 
n 

parity-check rouline 
also coprocessor interrupt 
keyboard-interrupt routine (keyboard has data ready) 

3 n/a y y y y breakpoint (used by Debug) 

4 nla y y y y overflow trap 

5 nla y 
y 

y 
y 

y 
y 

y 
y 

print-screen runclion 
uses address 50:0 for status 

6 nlu " reserved 

7 nlu 
r I 

reserved 

8 nla y y y y timer-interrupt handler 

9 n/a y y y y keyboard-interrupt handler 

A n/a n n n n ega vertical retrace in1errupl 

B nla y y y y communications controller (e.g., serial port) 
hardware entry 

c n/a y y y y communications controller (e.g., serial port) 
hardware entry 

D n/a y y y y 

I 

alternate printer 
(PC AT~ 80287 interrupts first come in here) 

E nla y y y y disk-controller interrupt enlry 

F nla reserved 

10 video 1/0 0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 

y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
n 

y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
n 

ye 
y 
y 
y 
y 
ye 
y 
y 
y 
y 
ye 
ye 
y 
y 
y 
y 
y 

y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
n 

ega 

ega 

set CRT mode 
set cursor type 
set cursor position 
read cursor posit.ion 
read light-pen position 
select active display page 
scrol I active page up 
scroll active page down 
read attribute/character al current cursor position 
write attribute/character at current cursor position 
write character only at current cursor position 
set color pallette 
write dot 
read dot 
teletypewrite to a.ctive page 
return current video state 
set palette registers 
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Interrupt 
Functi.on 
Code PC PC XT PCjr PC AT 

BIOS 
Ext. Comments 

10 (continued) 17 
18 
19 
FE 
FF 

n 
n 
n 
n 
n 

n 
n 
n 
n 
n 

n 
n 
n 
n 
n 

n 
n 
y 
n 
n 

ega 
ega 
ega 
Iv 
tv 

character-generator routine 
alternate select 
write string (with optlonal attributes) 
get screen buffer address (text mode only) _ 
update real display (text mode only) 

11 nlu y 

y 

y 

y 

y 

y 

y 

y 

equipment determination, returns status of optional 
equipment 

uses BIOS data area: EQUIP_FLAG 

12 nlu y y y y memory-size determination, returns amount ol memory 
in the system 

13 floppy disk 0 
1 
2 
3 
4 
5 
15 

16 
17 
n/a 
nla 

y 
y 
y 
y 
y 
y 
n 

n 
n 
y 
n 

y 
y 
y 
y 
y 
y 
n 

n 
n 
y 
n 

y 
y 
y 
y 
y 
y 
n 

n 
n 
y 
n 

y 
y 
y 
y 
y 
y 
y 

y 
y 
y 
y 

reset disk system 
read status of last operation 
read sectors into memory 
write sectors lrom memory 
verify sectors 
format a track 
read disk type 

(none. disk no change line, disk, hard disk) 
disk change status 
set disk type lor format 
uses BIOS data area DISK_POINTER 
uses disk 'state machine' at 40:90 to 95 

13 hard disk nlu 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

OA 
06 
oc 
OD 
OE 
OF 
10 
11 
12 
13 
14 
15 

y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 

y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
n n 

y 
y 
y 
y 
y 
y 
y 
nlu 
nlu 
y 
y 

y 
y 
y 
y 
n/u 
n/u 
y 
y 
n/u 
n/u 
y 
y 

not used by PC or PCjr 
reset disk system 
read status of last disk operation 
read sectors irto mem cry 
write sectors from memory 
verify sectors 
format a track 
format a track and set bad-sector flags 
format the drive starting at the desired track 
return the current drive parameters 
initialize drive-pair character 

(INT 41 used by XT, 41 and 46 by Al) 
read long 
write long 
seek to desired track 
allernate drsk reset 
read sector butter 
write sector butter 
test drive ready 
recalibrate 
controller RAM diagnostic 
drive diagnostic 
controller internal diagnostic 
read disk type 

(none, disk no change line, disk. hard disk) 

14 RS232 110 0 
1 
2 
3 

y 
y 
y 
y 

y 
y 
y 
y 

y 
y 
y 
y 

y 
y 
y 
y 

initialize communications port 
send a character 
receive a character 
get port status 

(co11tfnue.dl 
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Function BIOS 
Code PC PC XT PCjr PC AT Ext. CommentsInterrupt 

14 (continued) nla uses BIOS data areas 
y y y y RS23LBASE (0:3) 

space tor four ports but BIOS supports only two 
y y y y RS232_TIM_OUT 

15 cassette 1/0 and advanced functions 

n/u y not used on PC XT 
0 y n y nlu turn cassette motor on 
1 y n y n/u turn cassette motor off 
2 y n nfu read from cassette 
3 y n y n/u write to cassette 
20 n n n y AL= 10, setup of SYSREQ routine· 

n n n y AL"' 11, completion of SYSREQ function• 
80 n n n y device open' 
81 n n n y device close' 
82 n n n y program termination' 
83 n n n y event wait 
84 n n n y joystick support 
85 n n n y AL"' 0, system-request key has been pressed' 

I n n n y Al"' 1, system-request key has been released' 
86 n n n y wail (for N microseconds) 
87 n n n y move block of memory 

(can move to and from extended memory) 
88 n n n y return amount of memory above 1 megabyte 
89 n n n y switch processor to virtual mode 
90 n n n y device-busy loop• 
91 n n n y interrupt complele flag set' 

16 keyboa rd 0 y y y y read next ASCII character 
1 y y y y set Z flag if buffer not emply 
2 y y y y read shift status 
3 n n y n set Typemalic rates 
4 n n y n turn on/off keyboard click 

I 

17 printer 0 y y y y print a character 
1 y y y y initialize printer port 
2 y y y y return printer-port status 
n/a uses BIOS data areas 

y y y y PRINTER-BASE (0:2) space for three printers 
y y y y PRINTER_TIM_ OUT 

18 ROM BASIC n/a y y y points to resident BASIC 
I 

19 nla y bootstrap loader, IPL the system from a disk 
nla y y bootstrap loader. IPL the system from a disk or hard disk 
nla y bootstrap loader, IPL the system from a disk or cartridge 

1A 0 y y y y read current clock setting 
time of day 1 y y y y set the current clock 

2 n n n y read the real-time clock 
3 n n n y set date tram real-time clock 
4 n n n y read date from real-time clock 
5 n n n y sel date into real-time clock 
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Interrupt 

1A (continued) 

& sound serect 

Function 
Code 

6 

7 
80 

PC 

n 

n 
n 

PC XT 

n 

n 
n 

PCjr 

n 

n 
y 

PC AT 

y 

y 
n 

BIOS 
Ext. Comments 

set the alarm (24·hour maximum. 
goes oft and causes an INT 4A) 

rese the alarm 
set up sound multiplexer 

1B nlu y y y y keyboard break address 

1C n/u y y y y timer tick 

1D n/u y y y y video parameters for 6845 initialization 

1E rJu y y y y disk parameters 

1F 

20-3F 

n/u y y y y graphics character extension for 320 (and 640) 
by 200 mode color graphics ada~er 

DOS functions 

40 nlu n y n y pointer to disk BIOS entry 

41 nlu n y n y pointer to first hard disk, parameter block 

42 rJu n n n n ega pointer lo screen BIOS entry 

43 n/u n n n n ega pointer to EGA initializing parameters 

44 

45 

I 

nfu 

n/u 

n n y n ega pointer to EGA graphics-character table (also PCjr) 

reserved 

46 nlu n n n y pointer to second hard disk, parameter block 

47 n/u reserved 

48 n/u n n y n cordless-keyboard translation 

49 nlu n n y n nonkeyboard scan-code translation-table address 

4A-S9 nlu reserved 

SA n/u clu cluster-adapter BIOS entry address 

56 n/u reserved 

SC n n n n net IBM PC Ne work NETBIOS entry point 

SD-SF n/u reserved 

60-67 n/u reserved for user program Interrupts 

6B-6F n/u not used 

70 n/u n n n y IRQ 8, real-ti me clock interrupt 

(amtl~ue~ 
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Functlon BIOS 
Code PC PC XT PCjr PC AT Ext. CommentsInterrupt 

n/u n n n y IRQ 9, redirected to IRQ 2 

72 nlu n n n y IRQ 10 

73 n/u n n n y IRQ 11 

74 nlu n n n y IRO 12 

75 n/u n n n y IRO 13, ooprooessor, BIOS redirect to NMI interrupt (INT 2) 

76 n/u n n n y IRQ 14, hard-disk controller 

n nlu n n n y IRO 15 

78-7F not used 

80-85 reserved by BASIC 

86-FO used by BASIC when the BASIC interpreter is running 

F1- FF not used 

Notes on the table: 
All PC AT interrupts are valid lor real mode only. 
The XT/370 and 3270 PC both use the PC XT BIOS. 
The ATf370 uses the PC AT BIOS. 

Iv TopView function. 
clu Cluster adapter. 
ega Enhanced Graphics Adapter function. 
net IBM PC Network, NETBIOS function. 
n/a Nol applicable. 
n/u Not used. 
n Nol supported. 
y Supported. 
ye Supports a superset. 

These INT 15 functions are just operating-system hooks; 
they perform no BIOS functions. 

The Typematic rate ol the PC AT keyboard is programmable, 
but no explicit BIOS support is provided. Also, the AT'.s 
keyboard has an internal 16-key buffer. 

When a hard disk is present the INT 13 disk interrupt is 
rerouted to INT 40, and INT 13 points to the hard·disk BIOS. 

When !he NETBIOS is installed, interrupts 13 and 17 are in­
terrupted by the NETBIOS; interrupt 18 is moved to INT 86 
and one of INT 2 or 3 is used by the NETBIOS. Also. the 
NETBIOS extends the interrupt 15 WAIT and POST 
functions. 

BIOS extension add resses 
COOOO- C3FFF 16K EGA BIOS 
C4000-C5FFF 
C6000- C63FF 256 bytes Professional Graphics 

Display communication 
area 

C6400- C7FFF 
C8000-CBFFF 16K hard-disk BIOS 
CCOOO­ CDFFF BK IBM PC Network 

NETBIOS 
CEOOO- CFFFF 
D0000-07FFF 32K cluster-adapter BIOS 
08000-DBFFF 
OCOOO- DFFFF 
EOOOO- E3FFF 
E4000-E7FFF 
EBOOO- EBFFF 
ECOOO- EFFFF 
FOOOO-FFFFF 64K ROM BASIC and 

"simple" BIOS 

INT 15 functions 
WAIT function (A"' 90): can be used by the operating· 

system task dispatcher to dispatch another task while 
the current task wails for its 110 operation to Onish. This 
is lhe most efficient form of mullitasking. 

POST function (A= 91): 1/0 operation complete, which can 
be used to inform the operating-system task dispatcher 
thal an 1/0 operation for a waiting task has been com­
pleted, and the task should now be moved to the 
ready queue. 
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Table 2: Hardware i11terrupts for the IBM PC family of computers. 

Hardware-Interrupt 
Request Line PC and PC XT PCjr PCAT 

NMI Parity Errors Keyboard Interrupt Parity Errors 

rAO 0 timer ti mer-d ock interrupt ti mer output 0 
IRQ 1 keyboard 110 channel (reserved) keyboard (buffer lull) 
IRO 2 reserved 1/0 channel cascade for 8 to 15 
IRQ 3 serial port 2 asynchronous port (RS-232C) serial port 2 
IRQ 4 serial port 1 modem serial port 1 
IRQ 5 hard disk (not on PC) display vertical retrace parallel port 2 
IAO 6 floppy-disk control floppy disk Hoppy·disk control 
IRQ 7 parallel port 1 1/0 channel (parallel printer) parallel port 1 

IRQ 8 real-time clock 
IRQ 9 redirected to JRQ 2 
IRQ 10 reserved 
IRQ 11 Interrupts 8 through 15 are nol available reserved 
IRQ 12 on the PC, PC XT, or PCjr reserved 
IRQ 13 coprocessor 
IRO 14 hard-disk controller 
lRQ 15 reserved 

NOTE: IRQ 3 and 4 may be used by SDLC (synchronous data·tink control) or bisynchronous communication cards 
instead of serial ports. 

Table 3: IBM PC DOS interrupts used by the IBM PC Network program. 

Interrupt Code Function Subf unction Comments 

21 30 
44 

59 
5A 
58 
5C 

5E 

SF 

n/u 
09 
OA 
08 
n/u 
nlµ 
n/u 
00 
01 
00 
02 
02 
03 
04 

open file with sharing specified 
IOCTL, is device redi rected? 
IOCTL, is handle local or remote? 
IOCTL, change sharing retry count 
get extended error (a,dditional errors added) 
create temporary file with unique name 
create new file 
Jock byte range 
unlock byte range 
get machine name 
set up printer-control string 
get assign-list entry 
redirect device to net 
cancel redirection 

2A 00 nlu check to see ii network BIOS is Installed 
01 nlu execute NET810S request 
02 n/u set net printer mode 
03 n/u get device-shared status 

2F BB 00 
03 
04 

net command installation check 
get server POST address 
set server POST address 

Don't change port 41 .J 
Timer frequency will remain 
fixed at 1.19 MHz. 
• 201 : Game contro l 
adapter. (Note: Use the 
timer for delays.) 

Concern ing abso lute 
memory locations. note the 
following: For interrupt vec­
tors (0:0 to 3FF). functions 
will be added but no func­
tions will be redefined. For 
the video-display buffers 
(8000:0 and 8800:0). the 
display memory maps will 
not change for a given 
video BIOS mode of opera-..l 
tion. If the bit map is 
altered. a new mode will be 
defined to support it. For 
ROM BIOS data areas (start­
ing at 40:0), variables will 
retain their current defini­
tions as long as the corre­
sponding functions are 
defined- don't count on 
these! • 
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Co1:;:~e hard disk kit $395 
Comes complete with virtually the 
identical controller that's in tlie 
IBM®XT, and Xerox®warranties the 
hard disk for one year do. 

How can we offer this fantastic 
price? Simple. We buy in such 
volume that even the most ava­
ricious hard disk businessmen 
unclerstand they have to give us 
the best price possible. We could 
pocket the difference, but we 
don't. 
Instead~ we put the extra 

profit into our testing facilities. 
That's why Xeroxguarantees our 
$395 10 megabyte hard disk for 
one year. 

Xerox knows, as our c us­
tomers know, that we have an 
~xtensive testin~ program. Here 
is what we eontn&ute toward giv­
ing you the maximum hard disk 
performance. 

Best Dri\'C•s A\·ailahle 

First we buy the best drives 
available. Sounds trite, doesn't 
it? I mean, a drive's a drive­
right? Har:dly. You should see 
some of the junk we get in our 
labs. Some have such high fail­
ure rates that we even ques· 
tioned our own $10,000 hard disk 
tester. But when we tested other 
manufacturers• drives we were 
assured that our equipment was 
fine, which just confirmed that 
the bad hard disks were not only 
bad-they were real bad. 

But that's just the weeding aut 
process. We then take each drive 
that we've put through our tester 
and test it again with the control­
ler you've requested. We call tbis 
a "tested pair." ' 

DOS Doesn't Do It 
In case you're thinking that all 

_ 1 

lllllf lllllllllll 

this is an unnecessary duplica­
tion of what DOS does for you , 
let me explain the disk facts of 
life. 

If DOS did what you may 
think it is supposed to do when 
you format the disk, DOS would 
map around these bad areas. 
Unfortunately, DOS doesn' t do 
this. 

DOS 2.0 and 2.1 can't enter 
the bad tracks. DOS 3.0 can , but 
only on the IBM AT. Unfortu­
nately, as the press bas so well 
documentated, the AT's hard 
disk develops bad tracks later 
on. 

We do what DOS can't 

We believe the problem is so 
bed, we use a software program 
that eerforms a powerful test of 
your Clislc drive on all of the IBM 
or IBM compatible computers­
PCs, XTs, and ATs. Our formal 
takes hours to analyze the disk. 
But when we finish , you know 
that the bad tracks are really 
mapped out so you won't write 
iooa da.ta that will disappear 
mto a black hole. We even send 
you a printed statement of our 
test results. 

Oar software allows you to 
type in the bad track locations 
from the list supplied by the 
manufacturers, so you'll never 
write good data. to them-even 
if DOS didn't identify them as 
bad. The software even lets you 
save the location of these bad 
sections to a file, so that you can 
reforma t your disk without 
spending hours re testing. 

megabyte bard disk with 18 msec 
9f average acces speed. 

-

Compatibility 

To be sure that your hard disk u 
100 percent compatible with the 
IBM XT you don' t ne~ed to bu} 
the same hard disk that's in the 
XT. You can't even be sure wha1 
brand hard disk it is because 
lBM, like Express Systems, goes 
into t~e marketplace and buys 
hard disks from several vendors. 
However, they buy their Xl 
hard disk controller from onl~ 
one vendor-the same one we 

You can buy the lBM XT con· 
troller from IBM for $495 or you 
can buy from us, the functional 
equivalent, manufactured by the 
same company that makes 1t for 
IBM for only $195. ls il the ex­
actly identical IBM XT control· 
!er? No, it's better. First, it take~ 
less power, and secondly, it canWe even include a program control from 5 to 32 mega· that will give you continuous bytes-the IBM controller can ' comments on tile status of your work with only 10 megabytes. Ithard disk. No more waiting for is 100 percent IBM XT compati­that catastrophic failure. ble, and 100 percent is lOO per· 
cent. Ifyou want to save a slot. A \'crage Access Time we carry a version tJ1at lets you

As you might suspect, some hard operate two hard disks and two 
disks are faster tlian others ill floppy disk drives. 
their ability to move from one 
track of data to another. The More than 32 Megah)·tes 
time it takes the hard disk to 

You can operate with more than move one-half way between the 
32 megabytes (the limit of DOS)beginning or the disk to the end 
through the use of "device driv· is caJled the "average access 

time." 	 er .'"~xpress ~ystel!1s can suppl.)
yeu with device drivers for ourThe first generation of 10 meg­
hard disks for over 32 megabyte abyte hard disks had average ac­
formatted. But, if you don' t have cess times of 80-85 milliseconds 
individual files, or databases that (msec). But computer users love 
R!e large, you might want to con·speed, and guess what-the av­
sider 011e of our controllers that erage access time for the new 20 
can divide our 65 meJabyatemegabyte hard disk in the IBM 
(formaued) hard disk mto two IJ is only 40 msec. (We ell an 
equal volumes of 32 megabyte AT equivalent with only 30 msec 
each.access time!) , 


Th.ere are some legitimate rea­

Reliabilit~· sons for the shortec access time. 

It 's particularly helpful when We offer you a choice between 
lhere are multiple users on the iron oxide and plated media­
same hard disk. It's also im~or­ the stuff that cover rhe hard 
tant when running a compiler. disk and gives it ii magnetic 
But remembec, before you get properties. Iron oxide is.-well. 
too wrapped up in the access it's rust. If you inadverten tl y 
speed, there's always thal ST 506 joust your disk, you may cause 
interface which won't let data the low flying bead to dig our 
transfer from the hard disk to the some iron oxide. A litlle ru i 
computer any faster rhan 5 me­ flake can ruin your whole day. 
gabits/second. We've bypassed Plated media is more re istant to 
th<1t choke hole, too. If you want damage, and if it happen , less 
the functional equivalent of a data is Jost. 
Ferrari with a turbocharger, or­ We offer both types of hard 
der our 10 Mbit per second 100 disks. The iron oxide is older 
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technology, and quite fral}kly, 
manufacturers understand it bet­
ter. Their better understanding, 
combined with some of the spe­
cial head locking mechanisms, 
give us peace of mind when we 
sell you one. 

Poner 
Hard disks consume power. Our 
small, half-high hard disk con­
sume so Uttle power that you can 
use them with your existing IBM 
PC power supply. lf you plan to 
use lots of slots, you'll want to 
increase your power supply to be 
afe. We offer the same amount 

of power for your PC that comes 
intheXT. 

Our Customers 
Some folks just never feel com­
fortable buymg mail order. The)'.
forget that Sears began as a mad 
order house or that IBM is now 
into mail order. But, if it helps, 
here is a partial list of customers 
who have felt comfortable to buy 
from us. 
JBM Sears 
American Express Honeywell
U.S. Army MIT 
AT&T (Bell Labs) RCA 
Bausch & Lomb Lockheed 
Xerox Sperry 

t:as~· to Install 
H you're like most of u . raised 
on the boob tube rather than the 
Great Books, you'd rather see 
the movie than read the book. 
Well, now you can choose to 
read our installation manual or 
for only $9.95 more, you can get 
a VHS or Beta video cassette 
showing the simple steps for in­
stallation. 

Warranty 

We offer you a one year war­
ranty on our hard disks-the 
same as IBM on the AT and 90 
days on the tape drives. {It's all 
the manufacturer gives us.) If 

Forrnanecl Plated 
MB Height Medi• 

JO V2 no 
IO 'h yes 
21 'h yes
21 Full no 
32 'I! ye
32 Full no 
65 Full no 
100 Full yes 

Removable Hard Disk 
IO 'h no 

Tape System and Subsystem 
Forrnaned Seorage capiaoty 

60 Mby1e~ 
60 Mbylcs Subsystem 
21 Mbytes (unfonnatted)Stanlstop Subsystem 24 $ 595 $ S9S 
26 Mbytcs Floppy Tape" Subsy~lem 31 s 749 s 749 

ControUers 
A ll of our hard disk ;md tape ~x1ntrollers arc avai lable scpunucly: Ple1lsc call for prices. 
Subsystem Chassis 
Any of our disk or t<tpe units arc available in an exlc rnal subsy lcm for an additional 
$250.00. You can mix & match any of o ur 'h high hard dish o r 1:.t pe drives toge1hcr or 
add any single full height hard disk. 

Tape Cartridges 
Exprc s Certified 555 foo l 310 Hci 1/1-inch Data Cartridge $35.00 
Power upply 
130 Wall Power ~upp l y 
150 Wall Power upply 

•wilh lhc purchase of any drive 

anything goes wrong wilh your 
tape or disk drive or hard disk. 
send it back in Lhe bo it came in . 
However, we have found that we 
can usually solve the problem 
over the phone . So call first for a 
return authorization number be­
cause we can't accept any returns 
without it. 

Comes complete 

All Expre s Systems product 
come complete witb the appro­
priate software, tape and/or hard 
disk controllers, and cables 
where required. Hard disks are 
formatted and tested with the PC 
DOS of your choice. All drive 
sizes are formatted capacities. 

If your application requires a 
stacking kit, power spJjtter ca­
bles, daisy chain cable, or some 
other variation, we ' ll supply 
these items at a nominal charge. 
We even ship our hard disks with 
Command Assist™ an on- line 
DOS-like manual to give you 
help with your DOS commands. 

TransferA-. PCorPC/XT ATAccess Rate 

5 mscc 5 Mbils/s s 395 s N/A 
85 mscc 5 Mbils/~ s 495 s /A 
85 mscc S Mbils/s s 795 s 595 
3!1 msec 5 MMIS/s s 1,535 s 1,340 
85 m~cc 5 Mbii-/s s 995 $ 795 
JO m!iCC 5 Mbits/s s 1,775 s 1.575 
30 msec 5 Mbi1s/s s 2,295 s 2,070 
18 mscc l!I Mbi1s/s s 4,995 $ 4.995 

T 
90 mscc 5 Mbilsls s 1,095 N/A 

Data 
Transfer PC or PC/XT AT 

Height 	 Rate (k'sec) 
11:: 	 88 s 995 s 995 

88 s 1,295 s 1,295 

More tiucsliuns'? 
Because we spend so much at­
tention on the front end with en­
suring that our disks will arrive 
in working order, we have a cus­
tomer service department that , 
unlike many of our competitors, 
has little to do. When you need 
us, you won't get a constant busy 
signal.

Call our friendly, knowledga­
ble customer service s~aff to get 
answers to your que uons-be­
fore or after the ale. Our peo­
ple, who know the PC, can talk 
you through the sticky parts, and 
they'll respond to you quickly.
Just call us. 

s1s.oo• 
$125.00 

How lo order 
­

Pick up the telephone and call 1­
800-341-7549, to order. We ac­
cept Master Card, VISA, Amer­
ican Expre and Diners Club. 
Or send a cashier's check or 

~ ~ 
money order (We'll take a 
check, but you'll have to wait for 
it to clear) and tell us if you want 
one of our recommended config­
uration or you want to mix and 
match yourself. Corporations 
with a DUNS number may send 
purchase orders for quantitie 
over five. 

CaU Toll Free 1-800-341-7549 Ext.1600 
In IUinois call (312) 882-7733 Ext.1600 
Express ystcm , Inc., 1254 Remington , Schaumburg. IL 60195 
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Race ahead with FastStart 

the only tutorial that works with 

your application software. FastStart allows 

you to use information management software like 

Lotus 1-2-3T~ dBaseT~ and REFLEX™ instantly. Which means that 
the minute you start learning, you start producing. So, if you've never had 
the time to learn the software that you need to know, order FastStart. 

800/421-0833, ext. 288. Jn California, 800/662-6222. P.O. Box641, Del Mar, Cal!fornia92014 
dlhse II and Ill :u~ 1t2dem:uks of Ashlon-Tale. Lotus 1·2·3 ls a trademark of Lotns llevelopmcnl COrporalion. MS DOS Is a trademark of 


Mlcmsoft Corporalion. REFLEX Is a tro.dcmru-k of AnalytiCll Corporation. 


Inquiry 124 for End-Users. Inquiry 125 for DEALERS ONLY. 

r --- - ------------------­
P!J!lJSesendme the sojhvare I've dll!Ckl!d. Charge my 0 VISA 0 Mastercard "' 


NAME
D Fas.Start Lotus t-2-3 $79.95 


D FastSlllrl dBase lI $64.95 
 llTl.EJOEPf 

0 FastStartdBaselil S69.95 

"'MASTERCAAO BANK ,
0 FastS1art REFLEX $69.95 


0 FastS1artDOS(2.0or2. I) $59.95 
 EXP. DATE 

D Send me your catalog of computer-
SIGNATURE CITY SWEbased training products. 

(
0 Bill me. My POii ls ___ OA1E PHONE 8512213 
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INSIDE THE IBM PCs 

DEVICE,.lNDEPENDENT GRAPHICS 

Writing software for the IBM Enhanced 


Graphics Adapter using the Virtual Device Interface 


WHEN IBM'S Enhanced Graphics 
Adapter (EGA) was introduced just 
short of a year ago. a fair amount of 
anticipation was generated among 
IBM PC programmers and end users 
who relished the prospects of another 
speedy. feature--bangled accessory for 
their souped-up PCs and ATu. How­
ever. anticipation turned to frustration 
as programmers settled down to 
develop applications for the new 
wonder; the board was extremely 
complex and quite different from 
previous IBM graphics-adapter 
boards such as the Color Graphics 
Adapter !CGAJ. 

Application developers addressing 
the EGA have two choices: program 
the hardware directly or program to 
the Virtual Device Interface (VDI) pro­
vided by IBM in its Personal Com­
puter Graphics Development Toolkit 

Programming the EGA directly has 
two areas of difficu lty-a long 
development cycle and limited por­
tability of applications- but one 
perceived advantage: fast execution 
speed. 

Conversely. programming the EGA 
via the VDI has two big advantages-a 
very short development cycle and 
universal portability of applications­
but one perceived disadvantage: 
slower execution speeds. relative to 
the direct-hardware approach. 

This article describes VDI program· 
ming techniques and points out the 
advantages to be gained from pro­
gramming the EGA with the VDI 
rather than directly to the hardware 
with conventional graphics program­
ming techniques. 

First. Jet's take a look at program­
ming the EGA directly. 

The Enhanced Graphics Adapter is 

~ 

BY THOMAS B. C LARKSON Ill 

an advanced graphics controller card 
that supports resolution as high as 
720 by 350 pixels on monochrome 
monitors and as high as 640 by 3 50 
pixels on color monitors. lext and 
graphic images are greatly improved 
over their appearance on the CGA. 

While it delivers high image quali­
ty. the EGA can cause programming 
d ifficulty. Specific challenges 
presented by the EGA include 

• Board complexity 
• Mode/RAM/monitor variability 
• Indirect access to bit-map memory 
• Write-only registers 

BOARD COMPLEXITY 
The EGA is an extremely complex col­
lection of silicon. It contains 52 VLSI 
(very-large--scale integration) circuits 
and a very complex register structure. 
A large number of instructions must 
be issued and coordinated for every 
graphics operation. 

For this reason. it's practical ly im­
possible to exhaustively document 
every register combination for the 
EGA. leaving the programmer no 
choice but to take a trial-and-error ap­
proach. The EGA Technical Reference 
Manual contains descriptions of the 
registers but tells nothing of how they 
interact. what combinations produce 
what effects, etc. 

MODE/RAM/MONJTOR 

VARIABILITY 

The EGA can be operated in 17 
modes and four RAM (random-access 
read/write memory) configurations on 
three different IBM monitors. In order 
to run. a program must be written to 
a specific mode/RAM/monitor com­
bination and then cannot run on any 

other mode/RAM/monitor combina· 
tion without changes. 

Faced With this proliferation or 
boards within a board. in addressing 
the hardware directly you have two 
choices: You can invest a tremendous 
amount of development time and ad­
dress every possible mode/RAM/ 
monitor configuration. or you can 
choose a subset of EGA mode/RAM/ 
monitor configurations. 

INDIRECT ACCESS 
TO BIT-MAP MEMORY 
Access to the EGA's bit-map memory 
is indirect. with different access 
modes provided by different EGA 
register settings. These various bit­
map memory-access modes provide 
a spectrum of mechanisms for op­
timally implementing bottom-level 
graphics primitives. For example. line 
drawing is best done in DX writing 
mode (I 0 in the Write Mode field of 
the Mode register). but copying rec­
tangles of pixels from off-screen bit 
maps to the screen bit map is best 
done in processor data mode (00 in 
the Write Mode register). Both differ 
substantially from the direct bit-map 
access familiar to CGA programmers. 
DX mode provides a means of writing 
all planes with particular colors at 
once. and processor data mode lets 
you read and write each plane in· 
dividually. There is no way that a pro­
grammer can directly read all bits of 
a given pixel in the EGA. as you can 

(am!inued) 
Thomas B. Clarkso11 111 (GSS. 9590 
Soutfiwest Gemini Dr.. Beaverton. OR 
97005) is chairman and CEO of GSS. 
developer ·of IBM's Personal Computer 
Graphics Development Toolkit and Profes­
sional Graphics Series. 
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Try It. 

Then Buy It. 


PC-Write.[m 

A fast, full-featured word 

processing package for the 

unbelievable price of $10. 

Complete. You get a manual 

on disk, mail merge, split 

screen, keyboard macros, 

on-screen formatting, full 

printer support, and more. 


Try PC-Write for $10. 

Then register for $75 to get: 


• latest diskette 
• printed manual 
• two updates 
• phone support 
• newsletter 

Registration supports our 
"shareware" concept that 
keeps our prices low, and 
allows our development of 
PC-Write enhancements. 

Shareware means you can 
get PC-Write from a friend 
or user group to try, and 
give away copies yourself. 
Then register if you like it. 
No risk! 

Byte, IBM 
Issue 1985 
Our current 
version 2.55 
offers many new features, 
like viewing the directory 
from the editor itself. 
PC-Write makes a great 
program editor, too. We 
even provide source code 
in MS-Pascal and assembly. 

" 

Order PC-Write Today. 
Satisfaction Guaranteed. 

9~2~52 · 

219 First N. #224y 

• Seattle, WA 98109 

GR A P H IC S 

with the CCA. All rererences to the bit 
map are mediated by the EGA hard­
ware. 

WRITE-O NLY REGISTERS 
Many of the EGA's registers are write­
only. This means that a supervisory or 
background program cannot arbitrari· 
ly save and later restore the screen 
state. F'or example. when a program 
is directly accessing the hardware. 
concurrent applications cannot grab 
the current state of the screen. switch 
to a different process. and then 
restore the screen state when the pro­
cess is resumed. 

Another challenge presented by the 
EGA is long processor wait states 
caused by its high refresh rate. The 
EGA's number-one priority is to keep 
the screen refreshed. The running 
program may manipulate the screen 
bu ffer whenever it likes. but conten­
tion for the buffer is always resolved 
in ravor of screen refresh. The advan­
tage of this priority is the absence of 
the "hash" familiar to CGA program­
mers. The disadvantage is that. in 
some screen modes. the processor 

may have quite a few wait states 
before a screen buffer cycle is made 
available to it. 

Also, the EGA hardware only direct­
ly supports some Boolean operators: 
REPLACE. AND. OR. and XOR. 1b 
support all possible operators may re­
quire an extra write of the bit map. 

Most of these programming diffi· 
culties are concentrated at the en­
vironmental setup level rather than at 
the graphics functionality level. where 
draw-line commands occur and pixels 
are actually being moved. If graphics 
functionality is complex (such as 
drawing vectors. copying rectangles. 
and drawing on-screen bit maps) and 
the program must run in diverse hard­
ware/software environments (the 
situation faced by most IBM PC ap­
plication programmers). the direct-to­
the-hardware programming task is 
very complex. Writing and optimizing 
the necessary low-level primitives is 
time-consuming and highly memory­
intensive. However. if you are writing 
a simple graphics program that will 
never run in an environment with 
other graphics software (that is. there 

SOURCE 
CODE 

COMPILER 
LINKER 

LANGUAGE 
BINDING 

APPLICATION 
PROGRAM 

VIRTUAL DEVICE 
INTERFACE 

DOS 

DEVICE 
DRIVEi'! 

PLOTTERS GRAPHICS 
PRINTERS 

DEVICE 
DRIVER 

~ 

ENHANCED MOUSE METAFILE 
GRAPHICS 
ADAPTER 
DISPLAY 

Figure I: The Virtual Device Interface stands 6etwee11 an appliction program and the 
specific devices lhal the application controls. 
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GRAPHICS 

A challenge presented 

hy the EGA is 

long processor wait 

states caused by its 
high refresh rate. 

is no environmental code to deal 
with). then programming the EGA will 
be a simpler job. 

Making programs compatible with 
different or higher-resolution graph­
ics adapter cards that will be pro­
duced is another important issue. For 
every new card and monitor intro­
duced. the application developer who 
wrote directly to the EGA hardware 
will have to rewrite code-sometimes 
a little. sometimes a lot. 

DEVICE INDEPENDENCE: 
THE VDI 
IBM has provided a way to program 
the EGA in a device-independent 
manner. The Personal Computer 
Graphics Development Toolkit allows 
programming to a Virtual Device In­
terface. rather than to specific model 
RAM/monitor configurations of the 
current EGA. IBM's VDI implemen­
tation contains optimized device 
drivers to all IBM PC hardware. from 
printers and screens to graphics 
adapter cards. together with language 
bindings to C. Pascal. FORTRAN. 
Compiler BASIC. assembly-language. 
and macro assemb~er. 

The Virtual Device Interface is a 
layer of software at the operating­
system level that serves as a logical 
graphics interface between the ap­
plication and the devices being con­
trolled by the application (see figure 
I). The role of the VDI is analogous 
to that of a JX>rtable operating system: 
As a consistent application interface. 
the BDOS performs alt logical system 
functions while the BIOS handles 
hardware-dependent operations such 
as displaying data on the screen. 

(CDn Ii miedJ 

ToC 

ornottoC... 


The C language used to be intimidating, Then RUN/C came along. It 's an 
interpreter. That means you can run a C program immedialely. without 

compiling it. Per feel for learning C and writing programs inleraclrvely. Use it 
with any standard C compiler for a complele developmenl system. 

AU N/C LfrE •• AU"/ C PROFl:SSIONAli. 

Learn C the naiurlll way w1ll1 the RUN/C Lite AU th!! RUNIC L.t1e adVanlag<s. plus PQWerll.li 

orllr00..cl0< y pock age leatures le< program dc"lllopmen1 


5AMP\.~ PROORAMS. 1:.o.&O&U~ LIU~•Rlt:S""' 


Comas "'1" cnt~ acctaime<l C rcfetcnccmanual Lood and ,.., Y')IJJ la\'001e llb<<'lrvlunc11ons IC.Food. 

and o<Jer 100 sam?e programs on drsk. Hilla. elc) lrom wrthKl )OlJI RUNIC "''"'1l'ele<I code 


£.&.SY COMMA.HOS.& FUNCT10HS Ol!BUGGIHC. TOOLS 

Wnte 8lld e•ec~e prog<ams 'Mlh LOAD, Eon: and Poish program modules belore comphrig, New 

R~ Ocbug with TRON. TRACE , and PRON Use so.-ce·codc dot><Jg9111g racht.es allow you to set 

PC BASIC graptoc luncricru; ~koPtll: GE~ ORCLE, mt.4ilple bmakpoon1s, s.ngle-s1ep lllrough a program. 

and LINE, SCREEN. ond DRAW vtew and change vanobles wing exe<:uliOn 


Call l.Jleboal" ab0u1RUN{C1nta.pwtors and ou1 calalOg o1 quahly p<ograrnm1ng IOOls. 

RUNIC L.t1e, RUN/C- The C lrilllfprcl<l!,RUNJC PlolesStOnal and Loadable I.banes are trademarks 
o4 Ary? o4 Rea"°" Co. 

L1lct>oa1 alld L1lcboal IOgo are traooffilWl<s ot lifeboat Associates 
C.food Smorgasbor<;l is a tradi>mrul< ct Lallice. In¢. 

HalO is a l radcma•k ol Medl8 Cyt>emetics. Inc 

CRUNCH NUMBERS 5 TO 15 TIMES FASTER 
With MATHPAK 87TM by Pro~'"" ~us So1tw110 

For Turbo Pascall , Mlcrosoft2 Pascal and Fortran and IBM PROFESSIONAL FORTRAN3, Compilers 

Make full use of your 8087 chip by eliminating overhead. 
OVERHEAD - It 's the reason your compiled programs perform 

4~1t.. floating point operations 5 - 15 times slower than the capabilities of 
.l. s your 8087 chip! 

'1 Unfortunately, Overhead is inherent with all high-level languages. But 
....______::___.. NOW with MATHPAK 87™ you can ELIMINATE THAT OVERHEAD! 
MATHPAK 87™ is a set ol 4D HIGHLY OPTIMIZED ASSEMBLER RDUT1NES for common mathematical 
ope rations . including: vec1or matriK operations , solution of linear equations , leas! squares curve fit· 
ting , slallstical analysis , lourier analysis (FFT. convolulion) , numerical integration, solution of dif· 
lerential equations and more. These routines were developed by a team of engineers and scienlists to 
encompass the most common mathematical operalions and lo squeeze the utmost performance from 
your hardware. 
MATHPAK 87™ ROUTINES are so EASY TD USE all you have to do is LINK THEM TO YOUR PROGRAM 
AND CALL THEM DIRECTLY! Adetailed and EASY TO READ MANUAL (with lots ol EXAMPLES) shows 
you how to GET STARTED IN 1D MINUTES. 
Whe ther you write programs for you rsell or for someone else, you need MATHPAK 87™. You know 
that lhe " snappier lho program - the happier the user" and the greater the user's productivily. With 
MATHPAK 87™ your programs become blazingly lasl - FASTER THAN YDU EVER THOUGHT PDSSI· 
BLE. MATHPAK 87™ also saves you programming time. Thoroughly tested , BKperl-wrillen routines 
lree you to solve your problems - instead of writing complex but standard routines for matriK inver­
sion, Fast Fourier Transforms et cetera . Your PROGRAMS become SHORTER, run FASTER and are 
FINISHED SOONER . 
TO ORDER: Send check or M/ O 10 Precision Plus Soflware. 255 Grea1 Anow Ave., Ste. 650, Oepl . B-10, Bultaro. 
14. Y. 14207·3081 . Introductory prices in eflect until December 31 , 1985. Speclly version required . 
D MATHPAK 87TM - Turbo jlor use wl1h Turbo Pascal 8087) $69.95 (Regular Price $89.95)or 
D MATHPAK 87TM - MS (tor Microsoll Pascal, Forlran or IBM Professional Foriran]@ $109.95 (Regular Price 

$149.95 ) Offer good on orders received by Dec. 31/85 only. 
Acid $5 for shipping & handling. Orders outside U. S.A. & Canada add $20 shipping & handling . 

BONUS We will include FREE wi1h each order ready·lo·run example programs tor electrical network analysis , mulll· 
component dislillalion and lramed structure stress arialysis. Use or adapt these pn1grams lo your t>Wn needs . 

VISA & MASTER CARO ORDERS CALL 1-416-761-5309 30 Day Money Hick Guaran1ea 
Reg . Trademarks : Borland In erna1iona11. Microsoll CGrporallon2, 1n1e1nalional Bu si ness Macnlnes3. 
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COMPAQ COMPAQ 
256k. 2 floppies 

IB M AT 20 + 20IBM PC 20 + 20 IBM XT 10 + 10IBMPC 
DESKPRO 10 MB 

20M8 HO &roMB 8atla.ip 
S12k, l or 2 floppies256k. 1 or 2 Hopples 256k. \ or 2 lloppies 

64 Ok . 1 Of 2 IIoppIes20M BHD ~HOMO ElilekuplOMB HD & lOMB ~ ~MJ;] CO.MPAQ 
256~ . 1 or 2 floppies 

IBM AT 30 + eoIBM XT IBM XT 20 + 20IBM PC 10 MB 
DESKPRO 10 + 10 

20MB HD &20MB Backup 
512k . 1 or 2 lloppies256k. 2 floppies 256k. 1 or 2 floppies 
JOM BHD &60MB !lockup \OMB l!D & IOMB Backup 

COMPAQ 
256k, I or 2 floppies 

IBM AT 40 + eoIBM XT 10 MB IBM AT 20 MB181111PC20 MB 
DESKPRO 20 MB 

40MB HD &!iOM BBackup , Backup Ava flable 
512k. 1 or 2 floppies256k. I or 2 Jloppies 512k , I or 2 ltoppies 

COMPAQ COMPAQ 
2.561!, 1 or 2 floppies 
IBM PC 30 MB IBM XT 20 MB IBM AT 30 MB J 

11 lg wl .. !'fil-l ·;i 
m1111111m1111m11mm1111111111111111 : · ifL 1 

LJ LITI 

=cr__..~~\M''~._.- _ I \ 
DESKPRO 30 MB 

256k. 1 or 2 floppies 
PORTABLE2561<. 1 or 2 floppies 512k. I or 2 lloppies 

Backup AvailableFOR EXTRA SAVINGS 
Call for the latest prices foc your custom 

COM,PAQ COMPAQIBM PC 10 + 10 IBM XT 30 MB IBM AT 40 MB configuration. All systems are configured 
256.k, 1 or 2 lloppies PORTABLE 10 MB DESKPAO 40 MB256 • 1 or 2 floppies 512~ . I or 2 lloppies and tested at no ex:tra cost and come 

Backup Available256k . I or 2 lloppleslflMB HD & IOMB Baclalp only with Compumail's 90 day warranty. 

* PRl,CEWA R * CAll us LAST WITH YOUR BEST QUOTES 
PRINTERS FLOPPY/HARD DISKS MONITORS MODEMS*EPSON Daisy Wheel OX·10/OX· 15 . . . . . .. CALL 

Fx-85+ LO .... $339 FX· l85+ LO ....$459 
Shl fdr fX·B5/FX· 185 ....•.....$249/$299 
NLO Upgrade Kil !or FX·80/FX· l00 ..••.CALL 
LX·SO/Hl-80/JX·BO .....$219/$359/$469 
T1aclor LX·80/FX·80/Hl·80 •. •$501$601$10 
L0·1500w/Pararlel Module ....... - ...$800 
l O Tract/Sing/Dual Shi Fdr .. S70/S<l50/S750 
LX·90 w/Parl nlerface &Tractor ••.•....$279 

DKIDATA ••.••••... . _. . ..TOOLOW TO QUOitE 
. . .. . OKIMATE 20 w/IBM Plug & Prin1 .. .. .. 

182·P/182·1BM .. _..•..... 192·P/192·1SM 
193-P/193·1BM . . • .••. S.4-P/8'1 ·1BM 
192Traclor S70 2410 PIBM __ .CALL 

TOSHIBA 1340P • .. . ..$499 
TOSHIBA 351P . . . ''REDUCED"' ...•..$1049 

351 Tractor/Shi Fdr .• - . . • • • . $190/$790
JUKI 6100/6200/6300 • .$349/$549/$679 

6XOO Tractor/Shi Felr .........$150/$250 
5510P(160cpsJ .SJ69 5510 Color Kil ..$150 

BROTHER ....•.•..•••.•. TOD LOW TO QUOTE 
HR· IO/HR·15XL ......... _.... _.. _..CALL 
HR· 15 Trac/K\'brd/Shl F$' ... .. .. .. . . CALL 
HR·25P/HR·35P •........... ... - .. CALL 
HR·25/35 Tractor/Sh! Fdr .. . .. • CALL 
2024L LO/Graphics-24 pin. 160/80 cps .CALL 
2024L Shi Fdr·Narrow/Wide ..••..••. CALL 
1W1NRUER 5 • • .Vi.IJrfd 's First Cb! Matrix & 
Daisy Wheel OOIRlined In OHE • • .. . •Best Price 
TWINRITER 5Trac/Shi Fdr •.•..... CALL 

C. ITOH ProWriler Jr w/NLO ............$219 
llSlOBPI .s:m S510$EP+NL0 .$379 
8SlllSCEP+ L0 .$449 1550-EP ......S429 
15!iOSEP+NLO. ,$519 1550SC&+NL0.$619 
24LOP . . .$949 A10-30SP . . • . $439 
VI0·20P. • .•S379 A10Tractor.•... $160 
F10·4ilP • ..$869 F10-55P ....S1069 
F!OTraclor/Shl Fdr •..•.•. . .•. $190/$290 
CX·4800P 4PenPI011er . . -...•.• -....$429 

OUME LellerPro 20P (20 cps) . . • . • . •• $399 
20PTrac/Sh1 fdr .. - - - - . - -- •. $150/$390
SPRINT 1140+/1155+ .......Sl299/SIJ99 
SPA INT lnterfaoe Moclu e ...•..•. - .. · .$80 
SPRINT Trac/Shi Fdr . • • • • . . •. $210/$690 

PANAS ONIC KX·l'3151LO (22cps) .. - . . - · .$459 
KX·Pl~/91192193..•$179/S249/S349/S449 

STAR Powet Type/SB· 10 ••.••.•... $329/CAl.l 
SG· 10/SG· 15 (120Cps) . . - - ...$239/$389 
S0·10/S0·15 (160cps) . • ·$349/$459 
SR·lOISR· 15(200cps) .. -- .$499/$599 

NEC PINWRITER P-2/P·3 . • • ..5499/$699 
Shi Fdr fOI P-2/P-3 . . . . .. -....$350/$420
2050/355018850 .. .$5491$9991$1399 
SPINWRITERTrac/Sh1 fdr . .. .$190/$790 
ELF 360Par 116c!lsl.. • • -• • · · · - · · · · _$419 

DIABLO Advanlage f>-25 · ·. · .. • · • • · · • · $499 
630 API .$1499 630 ECS·IBM ...$1599 
Trac/MecllSlngfeBln Shi Fdr. . .$230/$470 

CITIZEN: 18 rnonll\s manuiaclurer warranty 
MSP· 10/IS(\6()/40cps) • . .... .$299/$449 
MSP·2Dl25 (200/SOcps) .......$439/$589 
Shi Fdr (Specify Moclel) • · .. - · • - • • ..S229 

LEGEND CP·Vfl ... $899 1200 ....$259 
880/1000/138011385. ..$1991$219/$259/$319 

ANADEX. 9620Bl9625S·PLUS • .. · · $1199/$1299 
97258 COLOR ...... ·• - · · -· · · · - - · .$1399 
WP6000tDP6SOO • • • · • • · · • .$2299/$2569 

CDC/MITSUBISH!/PANASONIC ITAHDON/TEAC 
Half HI DSOD ...... 'REDUCED' $90 
Free Mounting Kil with 2 Drives 

CDCn ANDON Full Ht DSDD !99 
HARO DISKS tor IBM PC/XT 

10 MB Int w/ConlrOllel 'AEOUCED' S399 
10MBEXI w/Confrollel 'REDUCED' S649 
20 MB Int w/Conl!Ofle1 'AEOUCED ' S529 
20 MB EXI w/Qin11ollet 'REDUCED ' $799 
33 MB Int w/ContrOller • ' REDUCED' S849 
3J MB EX! w/Controller .. 'REDUCED' $1CM9 
44 MS Int w/ContrOller 'REDUCED' .S1CM9 

MAYNARD C01111Jlete line 
MAYNSTREAM p(JlatfelapebaC~~B . $9'.l'J 
MAYNSfREAM pMabie ~ badql OOMB .Sl299 

HARO DISKS/ BACKUP FllR IBM PC AT ... CALL 
GENOA GALAXAY TAPE BACKUPS 

20 MB Int/Ex! $749/5849 
2() MB lnllExL . . - . S999/$109'J 
32 +60 MB Ex! Disk/Backup $2399 

TALL GRASS NEYI PCIT FORMAT 
2S/l5 MB w/60 MB Backup S25991S3399 
50180 MB w/60 MB Eliltkup .$4299/$5499 
!iO MBTaJMlllaCl<uponty . . S1199 
Controller . - .S140 Cartridge(60MBI .. $40 

EVEREX 10/2() MB lnl w/Conl . . .$579/CALL 
EVEREX 60MB Int/Eld Tape Backup.· S899/S999 
EVEREJC Expansion Chasts Hall Heigll1 - .$699 
EVEREX E.qlanslon Chasis Ful Heighl S749 

INTER DYNE TAPE BACKUP 
10 MB lnl/Exl.. 'REDUCED'... $369/$549 
20 MB Int/Ext .. 'REDUCED' CALL 

HARO DISKS/BACKUP FOR COMPAQ CALL 
Bernooll Box by 1~10+ 10 • . CALL 

Aulo Bool also Avaiable 
BERNOULLI Box llV Iomega 20+ 20 - · CALL 
EMULEX JAVELIN HO &BACKUP • . .CALL 
FYIR SUPPLY l30/150Wans $89/Sl09 

AST SIXPAK 64K .$219 384K • S245 
R.;~age! Ad\lant..a.geO-K.. SJ]g 

ORCHID BlossomO-K .. $169 384K $19'3 
Conquesl for 18 PC/XT (up IO 2MBJ . __ CALL 
~111"1BMXTslD1slul(uplo2MB) .• CAU. 
EctellforlBMAT (uplo4MB) CAll 

TECM AR Gaptain O·K .$169 J84K .$199 
AESTRO ATw/Treasure Chest .... Best Price 

INTELAbove Board (up 10 4MB) CALL 
PAllAOISE 5-Patlt O·K.$159 3S4K- -$189 
BT6 Plus w/64k . . . . $175 384k $199 
MF-100 0·K .........Sl79 384k . S209 

Par, Se1 & Game Pons. Clock/Cal 
OUAOBOARO O·K .....$189 384K ...$219 

Silver OuadbOard: O·K lo 640k .... - - ..CALL 
Gold Ouaclboatd : MUltlluncllol1 &Color ..CALL 

I Quacmeg:AT (up 104 MB) .. . • . . ... CALL 
Ouaclpoll·AT/Expansion Kil. ......CALL 

INSTALL RAM & lesl brd lor PC/ AT • $201$40 

PGS MAX·12/HX·12/ HX·12E $169/$4191$499 
HX·91HX·9E/SR-12 .$419/$499/$549 
SR· 12 w/ScanDoubler • . . ..•. S6'.:l9 
SR·12 w/Sigma 400 . . . . $999 

TAXAN COMPOS IT 115 Green/116 Amber S129 
MONO 121Gr/122 Amb . . . $139/$149 
COLOR 620 4 lei(! modes 640X262 Res $359 
COLOR630 4 lexl modes 640X400 Res . $399 
COLOR 640 Top ol lhe line rmnitor S489 
COLOR 640 w/TAXAJI 555 RGB car~ $749 
COLOR 640 w/Pelsysl BoB Ord • • S799 
COLOR 640 wI Sigma 400 . $')39 
COLOR 640 wtSigma 400 & PC Mouse .S!O:l9 

AMOEK 300GIJOOA/310(11M) .$139/S1491$159 
COLOR 30015001600 . . . ,$239/$349/$419 
7l0 $489 w/Tecmar G~ic:s Master . $899 

IBM Enhanced Color Monitor . . CALL 
ROLAN 0MB·142 t4 "/Col« Monilors •Best Price 
TECMAR CoO' $529 w/Grain&s Master . $'339 
TILTI SWIVEL Monl!or Pedestal • .$30 

HEACULES Monolilaphlcs ... $279 COior •. Sl49 
HERCULESCOMPATIBLEMoooGraphiCs . .$199 
EVEREXThe Edge Best Price EYer 

Graphics Eclge . . Even BeHer Price 
AST Mor109raph Plus . _ . .$339/$3&9 

Preview for Mono Graphics . S279 
Graphpack w/64k . _. . _ . . . . _.. $549 

PERSYST SOO:t Color/Mini Mono .$159/CALL 
ColorCombo: Multilunctlon&Color .rromS299 
Mono Combo. Multilunclion & Mono frnm S299 

PERSYST SoB Board $339 
PERSY ST w/TAXAN 440 . $799 
IBM EGA (Entianted GraP.hics Adapler) • CALL 

Gold OuadllOard: Mulhfun&lion &COiar ,CALL 
STB Chauller " REDUCED" • . . .$299 
PARADISEModu~r Brd . • . . 11om S259 
ORCHID TurllO Graphics Conlroller ..... _. CALL 
TECMAR Graphics Masler $429 

GMasterw/TECMARColorMonilor _ ... $939 
GMasterw/AMOEIUIO Color Monitor • $899 

GENOA Spectrum .llest l'lice 
MYLEX Chairman . • • . .. SJ99 
SIGMA COLOR 400 (specify MOl1i11lf) $47'3 

COLOR 400 w/PGS SR· 12 S999 
COLOR 400w/TAXAN 440 . $939 
3Bu11on PC Mousew/PC Painl . • Add $100 

HIG·H- -­ES­

. Major 

8
QUALITY! rands 

64.KRAM Set _£7 lO+Sels..$6 50+ ... $5 
128l< RAM Se1. $35 10+ Sels . . S33 50+ . S30 
2S(jl( RAM Sel •. $30 10+ Sels .. $28 50+ .. S25 
8087 MalhsCo·Processor ......... Best Price 
80281·3 tor IBM AT .. _. . 'REDUCED' .....$23ll 
ORCH ID PClurbo w/l2Sk . .$549 640k .. $699 

PORTABLE 288 
Cuslom Conflgurallons 

COMPAQ 
DESKPRO 289 
Cuslom Conflguratlons 

IBMXT 
COMPATIBLE 
Custom Conllgurallons 

IBM AT 
COMPATIBLE 
Custom Conriguralions 

IBM COMPATIBLES 

ARE YOUR LOW COST 


ALLTEA NATIVE 


NEWLm PACKARD PAINTERS •• - •..••.• CAL.L hiimlll't'l'm'.Fi:~;;t;'iiffip;;j;;;:&'i:oiiiit;';;t;;;;nitm;-ov;raiiiii'!rat;:-§iii*ii7fiiiin'miii\in.I CALL FOR OUR WEEKLY 
SILVER REED Oalsywheel · Paralel Models. A'md'1C21t!~a:~=~~~·~bv.b~&~kJ . cm~aifls 

400/500/550/770 • • ·$189/$269/$3791$669 <1mu\111mm"<i'..sil lsret1adalsiils nln.I. FIMll~~., 20%~(1di1$50). Pto1dS!IWdi'1 UNADVERTISED SPECIALS 
T'ELE'4 IDEO 750 Daisywneel. 50 cps ••.••.• CALL fatby <2'lni aire ,.;u, ll'ilUltUa" WTn/. f(r tte:s. ~ lllM ~ C31 lldl l!."'11 tr....,, a.I>. I kr l'llmly 

A8/A8ClABCO Swilch Saxes ..... . - .•.•CALL ~rtn«locMllJr6Wtal~diletMlttjltl D10%le\Qd'aV!tMILSW).ltl~tr~cnolt.m 

KENSINGTON Universal Printer Sland .......$20 IXJT!liti!Yl1-ll'f f;l.1Xl.l:i, rt>(\!11¥1axl RJ'sctln1!711Wt1n. rt>~.~ct ..at:-ftsas,P1mR11 ct:~ 


t!u:tos IN 3~ l> dllt'. ~ .IOl»/a fll'IMOOS O'. PICICl.P. IUASE CN.I. ARST RIA \\OOll.aUll.I . 

~~ra• 

_ EllEHEX ExpansiooCllasis Fu I H ght 
OUADRAM OUADsprinl. .. 'REDUCED' ... $499 l------------- ­
MICROWAY'S Fullmllllt/# Smasher •.. . ••. CALL 

ElsyOi!la 128 :nl/1200 Bd 1111 w/PC1 Ill S199 
SmuTEAM 212A 1200 Bd E:d w/o s11 .S209 
Ii.AYES 1200 Bw/SmartCom II S319 
HAYES 1200 Ext. w/o Sollware . S349 

Smartoom II .$89 NEW 2400 Bd EXI S589 
HAYES Transel 1000 . " REDUCED" S299 
POPCOM C· 150 lnl w/PFS:Access . S289 
l'llPCOM X·150 Eit1 w/PFS:Atcess S299 
AST Read\! 1200 Bd soon card w/Crosslal $35'3 
PROMETHEUS Pi\OMODEM 1200 Ex! . . S269 

Options ProoesSOI • $79 w/Moclem . S6!i 
Aiphanum Display S79 wI Moelem S6!i 
PllOMOOEM 1200 Ex1 + Bolh Options S399 
PllDMOOEM 1200 B lnl w/MITE so.tlware S229 

OUADMODEM II shortcard w/Crosstal~ XVI CALL 
2400 Bd Upgrade Kil for Ouadmodem II CALL 

Yen ·Tel Hall Card w/Crosslafk XVI S349 
1200 Plus Exl w/o software $349 

BIZCOM p 1n1ern Modem EXT SJ 19 
STIXL/XT • S289/S319/$359 

WATSON ln1egraled Voice Data. odem CALL 
FJ/eREX 12008 lnlernal wlsollware S249 
U.S. ROBOTICS Complete Uoo CALL 

08 ERON OM NI READER 
A m11S1l tor any one usin9 word processing. 
W:>rks like a scanner. translerring lexl from 
paper to rour COl'lljluter. Reads common type
laces. Wll save hours of laborious 1ypin9. II is a 
greal teclmOlogical breaklltrough al a very rea· 
sonable price. Comes complete w11~ inlerface 
ancl software for ywr compu1er $599 

IBM lERMI AL3161 · 1 .CALL 
IBM TERMI Al3161 · 11 . , .CALL 
GENERAL Parametric 's VldeoShow CALL 
CHORUS PHOTOBASE/PC·EYE CALL 

MISC. ADD ONS 
CADLE Parallel, 611 . $20 Serial. 6 fl . $25 

KeybOardExtension. 6N •.. $10 
FLOPPY Drive Controller $109 
FLOPPY Controlle1 w/P,S.G & Clock/C.11 $199 
FLOPPY & HO Conflofler . " REDUCED " $299 
HAYES Transet 1000 . . . REDUCED . &299 
MOUSE SYSTEMS PC Mouse w/PC Pairu $129 
MICROSOFT MOUSE w/PC Painttlrush 

Bus/Serial. . . . .$1291$139 
KEYTRONICKB 515L.$165 ATUpgradeKil SlS 

KB5l53Twnouch P~d . _ CALL 
A8/ABC/ A8CO Switch Boxes CALL 
COMPUTER ACCESSORIES P 1·2·3 _ $299 

POWER DIRECTOR P2t5J $89 P1216) $129 
KENSINGTONMasl111 Piece (5 oollelS) .$89 
KENSINGTONUniveisal P!lnter Sland. , S20 
KENSINGTON Master Piece Plus . CALL 
PC ~~board Slarage Drawer S99 
STANDBY PWR SUPPLY wfsurge pro!OOJOn 

200Wal1s .••$269 300Wans CALL 
aoowaus (Sine wave) . .. $679 

TILT/SWIVEL Monitor Ptlleslal $30 
PWR SUPPLY 1301150 wans . • .$89/$129 
EVEllEX E.qlansloo Chasls Hall Heigh! . $699 

S749 
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