


A new small computer �
t at won't limit you tomorrow �

New Cromemro System One hown with our 
hlsh·eapabilicy te11min I and printe,. 

Expandability 



Here's a low-priced computer that v.ro11't run out 
of memory capacity or expandability halfway 
through your project. 

Typfcally, computer usage tends to grow, requir­
ing more capability, more memory, more storage. 
Without a 1lot of capability and expandability, your 
computer can be obsorete from the start:. 

The 11 ew System One is a real building-block 
machine. It has capability and ,expandabiHty by the 
carload. 

Look at these features: 

• .ZSO.A processor 

• 64K of RAM 

• 780K of disk storage 
• CRT and printer interfaces 
• Eig:ht 'S.100 card slots, allowing expansion 

with 
- oolor graphics 
- additionaJ memory 
- additional interfaC1es for l eoommunica­

tions, data acqu"sltion, et<:. 
• Small size 

GENEROUS DISK STORAGE 
The 780K of disk storage in the System One 

Model CS-1 is much greater than what is typically 
avai lable in small computers. But hew,e, too, you 
have a choice since a second version, Model 
CS.1H, has a 5'' Winchester d rive gjves you 
S of disk storage. 

MULTI-USER, MULTI-TASKING 
CAPABIUTY 

Believe it or not, this new computer even offers 
multi-user when used with our advanced 
CROMIX operating system option. Not only does this 
outstanding O/S support multlple users oni this com· 
puter but does so with powerful features multi-

pie directories, file protection and record level lock. 
CROMIX lets you run multiple jobs as welt 

In add ition to our highly-acclaimed CROMIX, tllere 
is our coos·. This is an enhanced CP/M type system 
designed for singl.e-user applications. CPIM and a 
wealth of CPIM-compatib l.e software are also 
avai lable for the new System One th rough third­
party vendors. 

COLOR GRAPHICS/WORD PROCESSING 
This smaU computer even gives you the option of 

outstanding hign-·r,esolution color graphics with our 
Model SDI interface and two-port RAM cards. 

Then there's ou1r tremendously wide range of 
Cromemco software induding packages for wofd 
processing, busine-Ss, and mud1 more, au usable 
with the new System O ne. 

ANTl-OBSOLESCENCE/LQW..PRICE D 
As you can see, the new One offers you a lot of 

performance. It's ob111iously desisned with anti­
obsolescence in mind. 

What's more, it's priced at ·Only $3,995. That's 
considerably less than many machines with much 
less capability. And it's not that much more them 
many machines that have little or nothing in the 
way of expandability. 

Physically, the One is small- 7" high. And it's all­
metal in construction. It's only 141/a" wide, ideal for 
desk top use. A rack mount option hS a1lso available. 

CONTACT YOUR REP NOW 
Get all the details on this important building-block 

compuifier. Get in touch with your Cromemco rep 
now. He'll show you how the new System One can 
grow with your task. 

•CllQMlK ,nd COOS are ill(, �

1Cl'IM "' J !r.od('m;Jrll !Jis"olall Rt....uch �

C3 Crainenaeon• 
2ao BERNARDO AVE.. M•OUN1TA! NVIEW, CA MD4D • (•ti) 994-7400 
Tomorrow'• compu1ers today 



Managemenl Information Display lJhrasonk s.ector Jean ProceM Control 

Get the professional color �
display hat has �

BASIC/FORTRA simplicity �

O; TOO 
Here's a color displ y tnat has 

everything; professiona 1-1 eveI resolution, 
enormous color range, easy software, 
NTSC conformance, afld low pri.ce. 

Basica.lly, this new Cromemco Model 
SDI• is a two-board interface that plugs 
inlo ;my Cromemco computer. 

The SDI then maps computer display 
memory content onto a convenient color 
monitor to give high.qual ity, hish· 
resolution (756 H 482 V pixels). 

When we say the SD I resu.115 in a high­ Model SDI HIKl'l•lta4llution Color DISPLAY MEMORY 
Gr pliiCl lnlnf.icequality professional display, we mean you Along with the SDI we also offer an 

can'1 get higher resol:ulfon than this oplional fast and novel two·por:t memory 
system offers in an NTSC-conforming that gives independent access

HIGH RESOLUTIONdisplay. to the computer memory. n l\'\'o-port 
The resolution surpasses that of a color The SDl's high resolulion gives a memory stores one full displa y, permit­

TV picture. professional-quality display that strictly ting fas t compu ter oper lion even during 
m ets NTSC requjrements. You get 756 display.BASIC/FORTRAN progra11nming pixels on every visib le line of the TSC 

Besides its high resolution and low standard display of 462 jmage lines. Ver­ CONTACT YOUR REP NOW 
price. the new SDI lets you control wjth tial line spacing is 1 pixel. The Model SDI has been used in scien­
optional Crom mco software package To achreve the high-quality display. a tific: work, engine ring, business, 1V, 
that use simple BASIC- and FORTRAN· sepa rate output signal ls produced for color graphics. and other areas. ll 's a 
Ii ke commands. each of the three componenl colors (red, good example of how Cromemco keeps 

Pick any of 16 co lors (from a gree,n, blue). This yields a sharper image computers in the field up lo date, since it 
4096·c:olo.r with instructions like than is possibl using an NTSC-composlte turns any Cromemc:o computer into an 
DEFCLR (c, R, G, B). Or obtain a. ci rcle of video signal and c:o!or TV set. Fu ll image up-to-date coJor djsplay computer.
specified size, location, and color with quality is readily realized with our high· The SD I has still more features tliat 
XCIRC Ix, y, r, cl. quality RGB Monitor or any conventional you shourd be informed about. So contact 

red/green/blue monitor common in TV your Cromemco representative now a.nd 
·u.s. P<11. o. <1121281 work. se al l that lhe SDI will do for you. 

Model SOI plugs into Z-2H 11-megabyte 
nard disk oomput r or any CllOlfl('ll1CO 

computl"f 

C3 Cro111enaco 
lnoorpor111 ted 
280 DIER NARDO AVE., MOUNTAIN 'VIEW, CA 94040 • {411!i) 984-7400 
Tomorrow's computers 1od11y 
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" . .. stands well above 
other S-100 graphics dis­
plays in its price and per­
iormanoe range. 11 

BYTE, Produe'l :Rev w 

\\ __ _better monochromatic 
. . . display . - - - " 

ELECrRONIC DESIGN. 
1981 TEclinology forer:ast 

MICROANGELO �
ffiGH RESOLUTION GRAPHICS 
51 2 x 480 resolution black and 

RS-170oom· 
posits or direct 
drive output 

Local or external 
sync g:eneral:ion 

4MhzZ80 
microprocessor 

60 herb rea l­
Ume dock 

8 level interrupl 
lie-in 

IEEE SlOO bus 
compatible 

Screenware™Pak I 
A 4K byte operating sy.stem resident in PROM on 
MicroAngelo™. Pak I emulates an 85 character 
by 40 line graphics terminal and provides over 
40 graphics commands. Provisions exist for user 
defined character sets and directly callable user 
extensions to Screenware™ Pak I. 

Screenware™Pak.II 
.An optional software superse·t of Pak I which 
adds circle generation, polygon flood, program­
mable split screen for separate graphics and ter­

SINGLE BOARD COMPUTER 
white and vivid color displays 

Light p@D 

inhufaae 

Time multi· 
plexed relresh 

4K reside.al 
Screenware™ 

Pak [ operabng 
system 

32K RAM 
iso!aled l:rom 
hwl a.ddJess 

space 
High spood 

communications 
a.ve1 p 1allel 

bus porls 

And now . .. COL·OR!.! 
The ne·w MicroAngelo™ Palette board treats from 
2 to 8 MicroAngelos as "bit planes" at a foll 
512 x 480 resolution. Up to 256 colors may be 
chosen from 16.8 million tluough the program­
mable color lookup table. Overlays, bit plane 
precedence, fade-in, fade-out, gray lsvels; blink­
ing bit plane, and a highly visual color editor are 
standard. 

minal UO, relative coordinates, faster vector and 
charncter plotting, a macro facility, full UCSD SCIDN 
Pascal compatibility, and more. Ci rcle 328 on Inquiry card. 
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Editorial 

Local Networks 
Are Buzzing 

by Chris Morgan, Editor in Chief 

Buzzw rds ar a way of life in the computer industry, and the latest 
word (or, to be more correct, buzz.p/1ra.s11 ) among computer cognoscenti is the 
focal Metwork. Networks in one form or another have be n with us for some 
time. IBM's SNA n twork and th c X25 public network from 150 (In ternational 
Standards u ed by Tymenet and Telenet, are systems designed 
to transmit huge amounts of data over Jong distances. But iecently a whole 
new has sprung up to serve personal computer owners who want to 
send · lectronic mail or shar the other resources o a local network. 

This month we present seve.ral articles about networks , including one 
written by Harry J Saa.I, President of Nestar Systems Inc, called ''Local-Area 
N t'works: Possibilities for Personal Computers.'' ff an excellent overview of 
loi:al networks, their history, and the current state of the art. Much of the im­

behind the blossoming local-network field comes from Ethernet, Xer x's 
high-end local network system that can transmit up to 10 megabits per 
second (Mbps) of information be ween users. You may have seen. the :recent 
tel vision advertisements for th Eth met sys t m. 

Although Ether.net works well for large-scale systems employing minicom· 
puters or mainframes, it's< cas o overkill or microcomputers, which have 
inherent speed limitations. Two local network schemes, bo·lh patterned in ne 
way or another after Ethernet, n.ow exist to serve the microcomputer ma.rket. 
On suc:h n twork. made by es tar, is de crib d in d tail by Dr. Saal. The 
other is a relative newcomer - Corvus's Omninet. 

Comparing Two Systems 
Whil the Nestar system, offid lly caUcd the Cluster / One Model A, is 

designed exclusively for use with App]e 11 compute·r , the Omninet system 
aUows users to mix and match such computers as tlie App.le II, Radio Shack's 
TRS-80, the Onyx, ;md computers using th LSl-11 proce sor and th S-100 
bus. 

The data-tra nsfer rate of the Omninet system is 1 Mbps, compared with 
Nestars 240 kbps. Although Omriinet is technically four times faster than the 

estar system, the numbers can be misleading because th actual amount o 
tim spent tr-an mitting or receiving data and fr m th n tw rk usuaUy 
represents only a fraction of he total comp ting time. Recent tests by Xerox of 
rhc Eth met system bear out th s re ults . 

Of more importance to the average user is the network's reliability and how 
ea y it is to use. Th estar system has been around or mor than two y ars 
and has earned high marks for reliability and sophisticati n. k 's particularly 
well suited to dassroom lJSe, and I have seen the system at work in many 
s hools around the country . The Omninet system is just beginning to appear 
on the mark.et, and we pfan to r·eview it in detail in a futur issue of BYTE. 
Aside from its ability to handle a variety o:f computers, Omninet also offers 
the at'lracti n of low pric . The hardware cards for th Appl IL TRS-80, and 
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Ne....v! Controller and Drive s . 

xpect more from Percom. You won't be disappointede 
Percom•s doubJe.d er it Z Controlle-r for the H-89 is 
now ilivailable. 

Check its many outstanding features. 
And keep in m.ind its from Percom a c-ornpany 

that introduced i ts first disk system iq 1977. 

• Controls up to four single- or double-headed mini-disk drives. 
• Handles 35· , 40-, 77. and 80-track drive , nd other rd 
track d nsilies. • Formatied data storage capacity or 80-track dis­
kettes is over 368 Kbytes. Forty-track diskett store over 1 4 
Kbyles- CapaclHes for other track densities arc proportion.al. A Z 
system wilh four double-headed, 80-track drives provides almosl 
3 megabytes of on-line data. • The Z Controll.er co-resides with 
your 1-l -89 disk drive co11lroller. Your sortware can select e ither. 
and you don 't have lo mov drlv around \Uh n switching be­
tween systems. • The Z Controller includes Percom's proven dlg ­
ilal data separator circuit and dependable wrlle-precompens.alion 
circu Ii. reliable disk opera lion for a long, long lime und r 'Z' 
conlrol. • The Percom Z Controller is priced al only •2 com­
pl t 1.1.1Uh HOO .c;ompa1.ib1e disk drivers on diskette. internal int.er· 
connecting cable and compreh nsive us rs manua l. 
Svstem rnq uirem ents.- H-89 Cornpuler wlth 24 Kbytes memo­
ry Replacement ROM Kit H-88-7 and HOOS 2.0 . 

PERCOM DATA CO MPANY, INC. 
2 ,i Iii. KIRBY GAAL.ANO, 'fE)(AS ?'50<!2 

12i 412'72"3421 

Add On Z Drives for H-89, H 8 ComputE1rB 

• Forty- and eighty- ack in either l · or 2-drive modules" 
• A!I drives are rated for single- and doublc·<lensily operation . Wilh 
a Z Controller, an 80-trcick drive can s tore over 364 Khyles tfor· 
malted, one-side). a 40-track drive can store over 184 Kbytes. 
• Some model permit " mppy" tor..ge, le!ting you flip dl \<ette 
and store files on the second side. • Z drives are fu:tly les ted, indud· 
ing 48-h ur op raling bum-In lo prevent ·sh lpment of drirves with 
latent ddects. • Assembled nd tested one-drlve 1.m fr m only 
$399, two-drive units from only 795. 

Sy tern req,uiremei:W - H-89 or H-g compuler wlth 16-Kbyte 
RAM, Healh first-drive floppy disk syslem, HOOS and drives inter· 
conncc 'ng cable. (Two-drive interconnecti11g cabt opU011alty 
available from Percom) 

PlllCES AND SPECIF! ATIO s SUBJECT TO CHANGE WITHOITT on 

W t h for announ ement of 'Z' CPIM. 

.• � •.., 
• � Yes I' d like to know m(llt' <1boul l'mcom Z amJ 1he : 

Z Conlrotler Rush me fre!! li1P.r;it1tre •.. 
Send lo � • 
PERCOM DATA COMPANY. Inc. Dept. 26 -802 : 
2 11 N. Kirby SL Garland TX 75042 ! 

•..
• "' 

I O' •• : 

Toll-Free Order Number. l -800•527-:1592 � • .• 
• l ' l l'E.11 DATA COMPANY, Inc � ..•MAlL fOOAYlPBlCOM, zi;n <IO or.d ZFD SO "' lr,,.hm.lrks of P<1ca n •CP M t. o lr.'ldomoll< ol R-ch C<1fl"O' !!on • 



-

PROFESSIONAL PASCAL 

�
�

. YMBOLIC DEB GGER 
This fourth generation ersion or our reliabl .. Z-60 
m1tiv oode·compil.er adds the two features 
professionals ask for: 
+ SWATf"'-an interactive s1rinbolic Pascal debugger 
lhat aUows easy .ermr detection. 
+ Over l.ay -that al.I.ow larger programs to run in 
limited memory. 

A compiler for Professional pr·ogranuners 
Pa ca / Z is a true Pascal. Ud ose I follo•llS the J nson 
and Wirth st ndard wit 1aminim1m of xte s·ons 
designad lo aid th s ri·ous program developer in 
produ ing extremely compact, bus-rree code that 
ru · fAST. 
Pase l/ Z generates Z-80 nalive code Lhal is ROM ble 
and Re-enlranl. Permits separate compilation, direct 
file access , external routines and includ11s a relocating 
m cro assembler and Microsoft ornpalib le lin er. 
Ar.id oocJ.e written for PascaJ/Z is fully compatih l1:1 
w 'th J•PAS 8000, our new nat iv; cod Pa&cal compil r 
for Z -8000, to guarantee graceful migralion lo 
16 bit operation. 

Get uThe FACTS about Pascal" 
Confused about which Pascal lo buy? 

Pseudo-code ... Native code ., . M , MT or 
Z? Compare the unbiased benchmarks 

in our new booklet Dmo't huy a Pllli a.I 
c.ompi]er unti] you've it.. 

Call us for a &ee copy: 
800-847-2088 

(oulslde I YS ) 

or 607-257·0190 

And ask your lo cu1 
f uJj.sendce 

compul or daofor 
obour our 

Pu!!c:al! Z 
demo package. 

�
Micros for bigger ideas. 

•tha·ca lntersy:rdems hu:. 
1650 I lanshaw Rd " Ithaca , Y 14850 • TWX 510 255-4346 

.K. Disl rl bu lo r; 
1U111ca nter5yi;tems (U.K.)Ud . 

r.oleddHu Road London 6 8ED Phone: 01·341 2447 T lex: 29!l5G B 

Edltorl•I------------------------­
S-100-type computers cost Jess than $500 each, mea.ning 
that interested could a.ssemble a m'nimal 
two-node network for Jess than $1000. The only addj ­
tiona] cost is fol' the twisted-pair wiring used to connect 
the two computers. o central control compute.r is 

, �ne ded to run the network . 
Data is transmitted on the Omninet in blocks of ASCH 

characters using soHware tools called pipes, reminiscent 
of the pipes used in th UNIX op rating system bu 
aper ting in a different manner . ln this way, machines 
having incompatibJe perating systems (such as CP/M 
and UCSD Pascal) c n communicate, albeit with some 
limitat ions. 

Comparing Nesta.rand O mninet is like comparing the 
proverbial apples and oranges (pun intended). Omninet 
is attract iv for · ntry-Ievel users, and it's the onJy choice 
if you wan to ombine various brand5 of compuiers. 
Although rumo.r ha it that estar is e.xpressing an in­

1 

terest in other brands of computer-s besides Apple, th 
company ha mad n offi ial statement on tlie subject. 

estar has its own advantages, including its exc llent 
track record. The file server used i.n the Nestar system is 
ac tually an Appl•e JI computer, which can act as a spare i 
needed in the system. Also, estar offers extensive and 

software. The estar system .N:quires 
16-conductor rjbbon cable for computer interconnection, 
comp01Fed with h'll'isted-pair wire for the Omninet - a 
cost saving for the Omninet user. 

Corv us i adiveJy promoting Ornninet as an industry 
standard for rnkrncomputers . Onyx already has bought 
an Omninet license, and the Japan se are reportedly in­
t rested in the network. (l recently saw a very interesting 
hobbyis -d signed loca network system at tli offic o 
ASCJJ magazine in Japan. We hope to teJI you about that 
in a future issue.) 

Siggraph '81 
As I write this, '81 conference of Siggraph (the 

ACM's special interest group for computer graphics) is in 
:full swing in Dallas, and it ' a winner all the way. Ken 

, � Livingston (who, with Mark Dahmk , reviewed Siggraph 
'80 for us last year)1 is on hand again , and his foll report 
wiU appear later this year in BYTE. Without trying to 
steal Ken's thund r , I must· say that never be ore have I 
seen such exciting portents for the futu.l'e of computer 
graphics as I've seen in the last few days at this 
ference. The demonstrations of the latest computer 
animation left aU previous efforts in their wake . 

T he rost r of attendees includes just about everyone 
doing meaningful work in the computer graphics field. 1 
wi h continued success to Siggraph, a nd I hope many of 
our readers can attend Sigg:raph '82, to be held in Boston 
next summer. Por more information, write to Elaine 
Sonderegger, Siggraph '82 G neral Chairman, at POB 
353, Derby CT 06418. • 

Circle 185 o.n Inquiry catd. 



The ultimate s 'ngfe user ma.chine 
The PIJS-ao r"' with Cache BIOS1 is a 
professiona) system designed for the 
most rigorous single user CP/ M 
environments ... in business, software 
development, scientific, educational 
and industrial research . . . where 
speed and program space a:re critical 
factors. 

ymBIOSi ,quadruple p ed 
No matter wh thigh-level language 
you use .. . Cobol , Basic, Fortran, 
PL/ 1 • or Pascal . .. PDS·B O offers more 
speed. power and reliability than any 
other flo py based CP/M system 
currently on th market. The 
lnterSystems Cache m os fnUy 
exploil th advanced DMA and 
interrupt features of our reliab le 
Series n hardwm:e to buffer w hole 
tracks in extended memory so most 
,operations run two to four times 
fas ter than on other floppy based 
systems ... actua lly equals the speed 
of many small hard disk systems. 
And Cache BlOS also provide many 
sophistical d syst m test and 
protection fea tures lo assure reli.ab l'e 
operation. 
An ad vanood CP/M 
.appUcal·ion system 

PDS-80 has all you need for 
comm rcial sys t ms integration and 
applications software d ve]opment .. . 
includ ing a choice of the tndu try' 
only integral fl,bil front panel. Best of 
a.11 , PDS-80 aHo·ws the systems 
ln legrator or appHcatl:ons cfove[oper 
ad dre sing a vertical market lo 
develop on the same compo nen ts he 
con figures for resale. The highJy 
expandable modular des.ig,n with 

ZOslot S-100 mainframe allows a lmost 
uni 'mit d options lo suit ny nd use 
nviromnent . . . including a choice of 

tabletop or rackmounl design. 
]nterSystems wrn work with you al 

whate\ler level fa apprnpriate t 
configure the lfil'get sY'Stem you netid 
. .. right up ta foUy assembled and 
test d systems wit h nappy and 
W'nchesler dis d rive . 

ull · oftware upporl 
In addition to h1lerSystems' Cache 

BIOS nd the CP/ M operati ng 
syst rn , mod s of DS·BD 

can include 
Pas-cal / Z, 

our highl;r acclaim. d Z-BO native 
code Pascal compiler, and lnle rPak 
80 , ii special Sel of 11li mes 
induding a powerrul screen editor 
and versatil spoiling ditor l.o assist 
in the r pid editing, proofing and 
docume Hf ion of yo·u r cod . h so 
powerful prof.tramming aids also 
ilvaHabJe as standalone products. 

Clrc 

It's upg;rad able! 
Both lrnrclw.arn and oftware are 
designed to provide for upgrade to 16 
b.it operation. Programs wriUea for 
Pascal/Z. a.re fully compatible with 
I•Pas B,000™, our Z-8000• native ro de 
compiler, and all PDS-80 systems are 
upgradeable to our Hi bit multi-user 
DPS-8000. 

We build mic 11s for higge.r ideas. 
Your b ig ideas. We're ded icated to 
providin g the co mputer pw fessional. 
. .. Systems ]ntegra tors , comm·ercial 
program develo pers, scientific and 
industrial pmgrammcrs . .. w ilh 
professional hardware , nd softi.var 
tools . And ·we support our cus tomers 
to l h fuUest , with complete, 
professiona] documen la Ii on, 
ap pJication engineering consu Ita tion, 
and prompt. responsive service both 
from the factory and through fac.tory­
authorized service centers. 

Call us toll free: 800-847-2088 
for ,complete 
infonn.atimll on any 
of our 8 or :116 bit 
sy,stems and 

ware 
product , 

Uhaca lnlersystem me. • lGS·DHanshaw Road • llmi11£11 , NY 148.'l'D • Phone (607) <l!i-7-0190 • T\\ 0' 255 4346 �

U.. Di5Mbu tor llhaca InCersystem5 (U.K.)Ud. Coleridse Road Lon.doe N6 OED Phoa : Dl -341 244 7 'r:clex: 299568 �

? .rAO iaOO 7.... !iOOO • re I ll r 2.Hl:Jg, la ""'ft',adffllln ID( !tl1a:.11 l 11lt11"1.¥1itiHm1 lac. •'Rt11gls li!rud of Digital R rch 
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Letters �
Cleartng Waveforms 

I enjoyed reading Robin Moore's article 
···Mountain Computer's MusicSystem" 
(July 1981 BYTE, page 60). There may be 
some confusion, however, about the way 
the Casheab synth izer handl@S wave­
form storage. Wi th the Casheab syn· 
thesii.er. waveforms are stored on the 
thesizer cards and not in the 
memory. This was done for l"easons: 

• The Casheab synthesi.zer uses 10.24 
words by 12 bits for each of it5 16 
waveforms. This requires 25 K bytes of 
memory, which would be a considerable 
chunk of memory 1>pace if the waveforms 
were stored in the host"s memory space. 
• When the waveforms a:re · to d in th 
host's memory, processor is going to 
be requir d to transfer them to the syn­
thesiz.er. The MusicSystem uses DMA 
(direct memory accfl'SS.), which is probably 
the most efficient way to make th t.rans­
f-r. However. this effectively slows the 
Apple's processor from 1 MHz to 500 
kHz . 
• Jt is much easier to add more channels to 
a system by adding anoth r syn thl.!siz.er 
card set wh fl lhe waveform tables are not 
in the host memory. 

Ceasar Castro 
Casheab 
5737 Avenida z 
San Diego · 92124 

Unsung Marketer 

While ] •thoroughly enjoyed the recent 
article .ntitl d "The Japanese Computer 
lnvasion," j would like to go on he re,cord 
to corred some misleading information 
that appeared in the section regarding 
Hitachi on page 212, beginning wi th the 
third paragr ph. ·(See the August 1981 
BYfE.) 

Mr Miastkowski is correct in stating 
tha t there is no Hitachi marketing 
o.rga.nization in the US {for farge-s.cale 
computers, tha.t is, a qua!ifkation that 
should havC' been included) nor a:ny 
movement toward deveJoping one. 
ever, to call this a "major problem" tot<dly 
ignores HH.adu's sa tisfaction with th job 
being done by ational Advanced Sys­
tems AS) . "lack of a US organization'' 
has not "hurt" sales of th AS/9000. In­
deed, AS has doubled the sales rate of its 

predecessor and is progressing very welJ in 
AS/90!Xl penetration. 

Mr Miastkowski also states that Hi achi 
introduced th AS/9000 , This is incorrect. 

AS introduced the AS/9000, its redesign 
o 1the Hitachi M200H. 

It is also incorrect to charact rize NAS 
as a company "with (m rely} a large 
amount of sma.11-computer experience." ln 
the 303X class and upward, NAS has 276 
systems install d, hardly a lack of ex· 
perience. lf one includes MVS-class 
machines (which are generally considered 
Jiot to be "small" systems), the number 
goes to about 6001 And, in the "H" class, 
the subject of the par.agraph, we have 
more experience than either IBM or Am­
dahl (i.e., we're shipping and they ar1!n't)I 

las! ly, Miastkowski refers to Lhit 
"strang bug" which occurred at Lockheed 
Dialog and impli s lhat &ervic is a maj.or 
problem . This is absolutely untrue. 
Spedflcally, a problem arose in the chan­
nel check logic in which the software was 
unabl to recov r frcim a chann l check. 
Investigation revealed that, while the 
AS/ 9000 d1an:nel interfac:es were de-signed 
to published lBM specification 
rnents, .IBM had subsequently changed (in 
this case, loo en d) the pa;rameters 
governing the timing of the counting of 
pa.raJlel bits. We immediatety appHecl a.11 
EC re timing the param ters and r 
fined all oth :r AS/9000s. The inctden.t, ln 
fact, illustra ted the exp rti.se of our 
engine rs in s.olvlng · p.roblem w did not 
eve.n create and in solvin.g it in r«ord 
time. 

David Coldsm:ith 
Dilector-Sales Su.pport 
Natio!W Advanced 
800 E Middlefield Rd, 
Mou.n tal.n View CA 94043 

On Old Ad Age 

As a m chani :al ngine r, l hav had 
BYT · sav my ne k by letting me know 
what to expe t from the "Silicon 
Wonders" before other engiriee·rs. But I 
wou!d like lo share some observations 
about BYfE that I have made over 1hc lasl 
five years. 

BITE has evolved from a magazine of 
"hobbyists" into a leading and .respected 
technical journal. As such. the reader is 
assumed •to have sufficient 1. chnical x­

to read and assimilate the infor­

mation presented . To my knowledg • this 
as.sumptior1 has turned off a number of 
pot ntial s1.1bseribers . .It shouldn't be too 
difficult to publish a y rly ' 'Beginner's ln­
1tro" issue o BYTE which could in­
cluded with every new subscription. lt 
co1,1ld ·educate and entice new sub-Kriber.;, 
while the "old-timer " shouldn't object 
too strenuously to a yearly review of 
basics (who knows, it might even hel'p). It 
would definitely help ov rcom th hock 
to a neop·hyte who wants to team about 
the nifty-gritty of computet's and picks up 
a BYfE only to bed lug d 'I< ith "comput­
erese" and articles that go over his or her 
h-ad in the first paragraph. 

A good porti.on of each BYTE is 
lo adwi.rtisement .I am not com­

·pla ini ng. In f .ct, I hav I amed almost as 
much about computers from the ads as 
from the articles. But 1 currently hav 
about 30 inches of booksnel devoted to 
BYTE and, if Lhc advertisement could be 
r moved, that c uld b cut do\vf'\ to 2-0 
inches or An advertlsement that 's a 
year or more old is of little value to me, 
but artlcl s that ag ar v ry valuabl to 
me. Wha t l suggest is t bind the articles 
in one group tha t can be removecl or 
fili n.g, They could be preced d by the 
"prestige" ads and followed by the bul 
ads. I doubt this i:n form l 

would reduc the ff ct of adv rhsiog in 
BYTE since most of BYTE readers that t 
know either read every ad in each issue o.r 
ignore lhem. lt would roouce the space re.­
qui 11 d to archiv back issu s onsid ,,_ 
ab.ly. (I'd like to see this idea catch on 
because .I cur11c.ntly have. over 15 fuel of 
bookshelf dedicated to my technical jour­
nals and H's growing daily!) 

lew Merrk'k 
192'17-28th Ave W 
Lynnwood W A 98036 

Our "potential subscribE?rs" wlro nre 
lum.,d off by 01,r technicnl leV"d slrould 
lcikc ti look cil ot'f rrew sist.er publicatio11, 
Popular Compu . . . MH 

Legal .Argum nts 

As. an attorney, computer 1m.thusi.ast, 
and coauthor of a recently published 
booklet enti t ed ' 'Th Copyright Kit ­
How to Copyright Your Comput r Soft­
w r ,'' I f·eel ! must clarify two poin ts 
raised by Stephen Becker in his article 





Reddy Chirra improves his vision with 
an Apple. 

Reddy is an optical engineer who's 
used to working for big companies and using big 
mainframes. 

But when he started his own consulting 
b·usiness, he soon learned how costly mainframe 
time can be. So he bought himself a ·48K Apple II 
Personal Computer. 

And, like thousands of other engineers 
and scientists, quickly learned the pleasures of 



cutting, down · -n shar d _ e t. - · an,d having his_ _ o _ 1me �
own tamper-proof data base. " �

His Apple can handle 
formulas with up to 80 vari­
ables and test parameters on 
250 different optical glasses. _ 

He can even use BASIC, FORTRAN, 
Pascal and Assembly languages. 

And Apple's HI-RES graphics come in 
handy for design. 

Reddy looke,d at other microcomputers, but 
chose Ap,ple for its in...depth documentation, 
reliability and expandability. 

You can get up to 64K RAM in an Apple II. 
Up·to 128K RAM in our new Apple III. And 
there's a whole family .of compatible peripherals, 
including an IEEE-488,bus for laboratory 
instrument controL 

Visit your authorized Apple dealer to fin.cl 
out how far an Apple can go with scientific/ 
technical applications. 

It'll change thewayyou see things. 

The personal computer. pplcz 
fur 3uthmixd dealer nearest you, caU 1800) 538·969 In mil (BOO) 662-9238. Or wn tc:: Appl· C.amptl!c:r hie., lOlOO Dr, CA 

lor m1;ue inlo rmaUon o r Circle· no. 425 lor special OE lnfl)rtnaliOn 



"legal Protection for Computer Hard­
ware and Software.'' (See the May 1981 
BYTE, page 140.) 

Mr Becker tells us that he not 
recommend that his clients copyright (i.e., 
register) their software until an infringe­
m nr Sl.lit i contemplated . My advice 
wou !d be just the opposite. 

Section 412 of the 1976 Copyright Act 
specifically disallows statutory damages 
and attorneys' fees for any infr:ingement 
of copyright commenc:ed afrer first publi­
ca of the computer program if it was 
not registered within three months after 
the first publication of the work. This 
m ans tha t by not registerin.g comput r 
program three moiiths of publica­
tion, you los.e possibly impor·ta.nt dam­
age for infring m nt. For $10 (the cost of 
registration) . I feel a comput r program 
should be at the ea:rliesl possib le 
mome.nL 

Mr Becker also states that two copies of 
a compu t r program must be Hied with 
the Copyright Offic:e along with form TX 
for registration . ln fact, tlie Rules and 
Regulations of the Copyright Office (Sec­
tion 202 .20 (c} {2) (vii) Code of Federal 

provide that for a computer 
program published only in form of 
machine-readab l!! copies (such as mag· 
neric itape, disk, punch card, or the like) 
from which the work cannot ordinarily h · 
p re ivoo except with th iloid of a ma­
chine, th!:' depos.it need only consist of one 
copy of the first and !ast ZS page of 
program printout together with the page 

the copyright no tice appears. 
I hope these corre-ctions, in part, cl rify 

for readers a complex rea of ·th law. 

Noel D Adler 
14 lon.gacre C t 
Pod )efferS-On NY 11777 

Sl!ephen Becker Replies 
I stand by my ad1Jice. Mr Adler's st4te­

tlitH "Section 432 of the 1976 Copy· 
right Act pecifically disallows staltdory 
damages and al'torne:ys ' fees for any in­
fringemerit , . . " tells only of t1w 
story. In fact , the 1976 Copyright Acl 
sµ.edfically provides for statutory in­
fri11gemer1t occul'Ting after regislralion, 
wl1ether or not registration occurs witliin 
tlrr.ee montl1s after first publirntion of the 
work. 

ldeaUy. each program s liould be regis­
tered as soon .as possible. Copyright re.gi­
stratio11 of a program is neitlter as com­

plex •tor expensive f'IS plltenting. ft can, 
however, be burdensome to register eac:Ji 
program, partirnlrirly if you are develop­
ing a substantial amount of new software. 
&ldr regjsJmlion requires, besides the SW 
regis.rra.rioti fee and a.ttorney's fees (1f one 
is retained), deposit of a copy of tl1e first 
and ICiSl 25 pages of the program printout 
loge.ther witfJ the page wl1er the copy­
right 11otice 11ppetlrs if die program is pufr 
lislUJd only b1 macJ1i11e-readab.le form . as 
Mr Adler notes; otherwise. two complete 
copies of tlu program rnust be deposited. 

As a practical matter. however, tJie 
softwnre supplier will probably be.come 
aware of any infrittgemem fairly soon 
after it occurs. Th i11frin er wm be liable 
for stntu'tory damages and .atlomeys · f es 
for all infringemettts following regislrn­
t ion. 1f IJie .registrntion occw·:s w itl1in tli ree 
mo111f1s from tli e first pubJicalion date, 
the infringer will be liable even during the 
tln:ee-month i11teroenittg tim period. 
Evtm beforn registration, tlie t:ou.H.s lunre 
the dist:relion to allow recot1el'y of tf1e in· 
/ringer's profits to the software devdopE?r 
and mtty euen t11al royalt.ies be 
,:Mid. 

BYTE'S Gulde Pra.lsed 

My wife and 1 wish to th nk BYTE for 
including Mister McGiddies Creations Ltd 
i.n 'The BYfE Guide: CC Chicago_" (See 
the April 1981 "BYTE, page64 .) It is nice to 
be recognized for all th' work we have 
done to promote the best in Bluegrass 
music in Chicago, while serving hi.gh ­
quality food at a good pric· _ 

McGiddies is now compu! rited by 
48 Radio Shack TRS-&l Model l 
with multiple disk drives, Scripsit, and the 
Paper Tiger 460 printer. Without a 
publication like BYTE, lh information 
that would ne-00 to lea.rn how to u:.e a 
computer in small bu.sine would not be 
available . l can actually say the computer 
has put some fun back into paperwork, 
and, of course, the games are always fun, 

Thank you , BYTE. Keep up the good 
work. 

Hal and Sharon Berger 
Pres.ident and Vice President 
Misoor McGiddl<? . Crl!ations Ltd 
2423 N Un ol:n Ave. 
Ch1ca.go IL 60614 

(LlEfUJDM) �
Quallty Pe:rcom products ar ;wal l bte 
from the following authorized Percom 
rel"allers.. II a retailer is not listed for your 
are , C<J ll Percom toll free at 1-800-527­
1592 ror Ille address o! a nearby retailer, 
or to order directly from Percom . 

AllJ'IANSJ\S. 
ROCOMl'lmltSYSliEMS. • i ... S.""'9' 150Ll 62J s.2D'I 
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Introducing the Z Line . . . 

Now! Percom D'rives for Heath Comp·uters. 
Percom’s now making add on drives for your H-89 
and H•S. 

CompEete drive systems will be available soon. 
If your immediate need is for add-on s to.-age,. 

check the• features •of our fully c<unpatible Z dr-ives. 
If’ you plan to add a complet.e disk sy.stem, watch 

for the imminent announcement of our d.ouble›
denslty Z Controller. 

Given a choice, we think you’ ll choose fro m the 
Percom Z line. 

Add-On Z D.-ives 
� Available in 40- and 80-trac.k densities. in 1- and 2-drive 

oo!or-compati.ble 
� All drives are raled for single• and dou bl:e -den.sity ope:r›

alion. 
� ome model accommodate Hippy storage. II lving 

’:!’OU to flip a diskette and store files on he second s,;de. 
� Fully tesled both I clrically nd me.ch nically. Piu , all Z 

drives receive a 48-hour •operating b u rn -in lo uncover 
lalenl ddects. Look for the signed quality assurance slip. 

(?EfUlUM] �
PEADOM DATA COMPANY, INC. 
2'1 1 N. K!R9:Y GAltl.ANO. TE1t.AS 7!50<!2 

[21 l 272•3421 

� �Low prices: Fully ass mbled � nd tesl d. one-driv � units 
start at only 399, two-drive units from only $795. 

l FRO S'ER OM: IHE IBE T ONES FOR YOUH Al.L.[N•ONE 

Foona1; clNumb...">T 
Strg. Cap. 

Model Ol’le Sidi! fi(,."l1fLf-l'(".J. 

0 00 

ZFD t10 i:IO l02K 1801< 
ll’D-80 205KBO 36'1 K 
ZFD 100 '" '10 102K I � K 

S YSt M R QU IREM.El'lllS: 1-1-S'J or H- cornpu1er th 16 1\bytes of RAM. 
f•lea1h li.rst-dm’4? Boppy disJ! sysiem. Hec<11h disk-opera ns sys’lern aoo in· 
t1:1’C’nnn 11ng 0:..1.>1 IT......, dnw n ling eo11 )! , t>f,!tiont�, ly rr1;11m 
Perooml. Zfl).80 dnves indude a program patch on cbskelte to modify HDOS 
!or 80-1rack opt?ratlon. 

i’RllCES A D ’P£C’IFICATIQ. S SUBJECT TO CHA GE. WITHOU’f .OTIC 

Available Soon! �
Percom’s - ow•Cos t Doub le-Dens ity Z Controller. �

Yes. rt1 hke to kllOW more aboul Percom zdriv<!' .111d lhl! �• 
Z Conlmller Rush me free latl"raturn. ., •· 

�S•>nd 1o 
P � RCOM DAT/\ COMPl\NY. Inc .. Dept. 26 

� 
� 
••

211 N Kirby St Garland TX 75042 

------------------------- ··• 
••· 

------------------------- : . 
Toll-Fri!'f? Order Numbl!'.r. • 

•
MAIL TODAY! � llnl : , 

19.’ll PfJKOM DATA CO."IPAN’I. Inc. 
PERCOM, ZfD-40. ZFD.SO ,,.,;j ZFD-100 I• m:irl" <>[ P • 



TWELVE STRONG 
HEATH/ZENITH YOUR 

Pi.ck a strong partner 
A computer purchase is lhe beginning of a long le rm 
partnership between you and the people you buy from . 
Your ongoing need rorsoflware and access.or:les re ­
quires a partner who will s.iand by you w ith a growing 
line of products. And nowhere will you lind a more com· 
plete line ol hardware, software and accessoriies 1han 
at your Heathkit Electronic Cerder. Here a re lwe1ve 
strong reasons to make Heath/ Zenith' your pa.r1ner. 

1. The Computer 
T he rieart of the Heath/ Zenith line is the stand -alone 
89Compurer. It's a oomptete system wll.h buill-in 5%-fnch 
Hoppydisk drive, prof·essional keyboard and keypad, 
smart video terminal. two ZSO micropfoces.so rs , and 
two AS·232Cserial 1/ 0 ports. llcomeswillh 16K RAM, 
expandable to 64K. 

2. Peripherals 
These inc1ude the popular Heath/Zenith 
19 Smart Video Termfnal, loadecl with 
professional features. And lhe 14 Line 
Printer, p.riced as low as $495. Other 

p·rinlerbrands are on dfsplay, 
including1 high· 

speed, lypewri1er· 
qtiaJUy printers. 

3 .. Software 
Word processing, includes re liable, easy· to ·use 
Zenith Electronic Typing and powe rrul , h.1ll -lea1u red 
WOAD STAR . 
Small Business Programs, tealure General Ledgeif and 
Inventory Control. �

HUG, Heath Users' Gmup, .offers membars a 11ibrary of �
over 500 low-cost programs ror home, work or play. �

4. Programming languages 
For your own custom programs, 
Micn:isoll jang u ages a re 
avai lable in BASIC (compiler 
and interpreter), FORTRAN 
and COBOL. 

5. Operating Systems 
Three versatile systems give you the capabi lity lo per· 
form yollr specllic tasks. �
CPI M by Digital Research makes your syslem com­�
patible with I housan ds or popular CPI M programs . �
UCSD P·System with Pascal is a complete program 
development and execution environmenl. 
HDOS. Heath Disk Operating System gives you a 
sophisticated, flexible environment for prog ram 
construclion, storage and editing. 

·6. UtUity Software 
Expand the performance range of your compulerwlth 
a broad se le<::lion or u1ilily tools, inch.rding the best of 
Digitaf Research aind lhe complete Ii ne of inn oval ive 
Softstuff prod UCIS. 

7. Disk Systems 
The 8· inch Neath I Zen;th 4 7 
Dual Disk System adds over 2 
me9aby1es or slo raga to your 

B9 Compule r. Diskettes are 
standard IBM 3740 rorma1, double-sided, 
double -density. 
The 5 V4·fnch 8 7 Dual Disk Sysrem adds 
200K bytes of slorage toyour89. Both 
disk syslems fealure read/ write protec­
tion and easy plug· ·n adaptabil1ily. 

8. Self-Study Courses 
Leam at your own paeoe 
with Progr&mming 
Courses lhat lea.ch you 
to wrile and run yo ur own 
programs in Assemb.1y, 
BASIC, Pascal or 
COBOL 
A course on Computer ConcepJs 
for Small Business gives you 
Ille u ndersland ing to eval­
uate the ways a oompuler 
can benerit your business. 
Personal Computing is a 
complete introduction 10 
!he rund amenlals for I he 
novice. Every Heathk it/ 
Ze.nith course is pro· 
fesslonally designed 
for easy, s1ep-by­
s1ep learn ing . 

All HeattilZenilh 
Computer Products 
are evailafJle compfelely 
assembled and rested tar 
commercial use. Or in ·i!IBSV· 
to-bu11d , money·savfng kits. 



REASONS TOMAKE 
COMPUTER PARTNER �

9. Expansion Options 
Communicale with !he outside world througih a Three­�
port EIA AS·232C Seda/ tmerface. �
Expand RAM to 64 with easy-to-install expansion �
chips. 

10. .Accesso·ries 
Your Heathkil Electron tc Center has the 

latesl in modems, black-and-while and 
oolorvideo monitors, computer furn iture 

and a ful line of supplies, accessories, books 
and parts. 

11 . Service 
No one stands by you like Heath/Zenilh. �
We help yo u get your system up and �
running smoothly. Service is availT �
able from •rained 1echnicians. �
over lhe phone or al one of 56 �
Heathkit E!eclronic Centers. �

12. Value 
Your money buys yo 1u more because 
Heath/ Ze nflh prices are among the lndustry 's most 
competitive. Make your own comparison and fi.nd out 
how much you can save. 
Comp lete, integrated compuler hardware and soft· 

ware , designed to se rve you and to grow with you 
- that's what 10 look ror in a strong partner. And 

with HealhfZenith you get it all under 
one rool. 

AH at your 
Heathkit Electronic 
Cent.er 
P'ck the sto.re nearest you 
from the tist at right. Aind 
slop in loday for a demon· 
slration of the Heath/Zenith 
89 Computer System. If you 
can't 9 el to a store, send 
$1.00 for t e lalest Heathkit 
Catalog and the new Zenith 
Dala Systems Catalog or 
assembred commercial 
c-0mputers. Write to 
Heath Co., Depl . 334·827, 
Ben1.on Harbor, Ml 49022_ 

HEATH/ZENITH �

Visit Your Heathkit Electronic Center* 
wher;e Heath/Zenith Products are dfsplayed, sold end serviced. 
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Your strong1partner �



Comments on VIC 

l recently evaluated the sped ficatiom of 
various personal microcomputers now on 
th market, so I noticed. a couple of errOTS 
in Gregg Wil!iams’s comparison o Com›
modore’s new VIC 20 to other microcom›
puters. (See "The Commodor.e VlC 20 
Microcomputer," May 19.61 BYfE, page 
46.) 

Mr Williams stated that the VIC is th 
only ma.ch.in in which "the background 
color ca.ti, change ind pendently of the 
character color." This is unt.rue. If the 
Atari is used in graphics mode l or 17, its 
norm.al text clis:play is r-educed to 24 rows 
by 20 columns (similar to the VlC’s 23 

DMa a.n.op.M i1JJ � wfKllo.new WiOO’d ID rtou 11nd Y1XU'OOm _ lar. A world ol Ch• lulur.. Now. �
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'JOU kl '11111 lnm lbouund1 DI ll&lkp compuliH m)’dll.m11rvunod ,_n. WfllfTIU.._ . Ill !MOT , �
our CPJM r-..al•consol11<iprioglllill'l , ..-owi.l'Oll kl iP,PllfWl a. s.yWJm lllil igl\'inu JVU’" �
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Circle 239 on Inquiry ce.rr:I. 

rm.,.s by 22 colu:mns) and the baC’kground 
color b com s s parat ly adjustabl to 

ny of 16 colors. Mr Williams also incor›
rectly staled that the Atari’s normcal text 
display ts ’1 6 row by 32 rolumns"; ac ›
tually it is 24 rows by 40 columns, which 
means H can display 25% more text than 
any o.f the other computers he surveyed . 
1t also can be expanded to a full 32 K 
bytes of m mory by installing one of the 
riew 32 K-byte "Ra.mCram" boardS mad ›
by Axion (Sunnyval , Calif rnia). 

On th whole, BYTE should make 
of an effort in the future to sta.nda.rdiz.e 
comparison ,tables. For example, th cost 
of each system with a fully extended 
BASlC in ROM (.read-only memory) and 

16 K of programmable memory could be 
giv •n. The graphics capabilities should be 
compare<d. ill som way to show th trade›
off betwe.en high-resolution and multi›
color capabilities, such as the maxim.urn 
resolu tion available if you wa:nt die abili›

to display four colors simultaneously 
with individual color control over each 
pixel. I would be inter ted to know how 
the VIC the Super Exp.and r Car›
lridge would compare with the o ther 
machines reviewed according to this 
cri te.ri on. ff t.he advertised 176 by 176 
pixels are individually assignable to any of 
four {or morel colors, then the graphics. 
capabilities of the VlC 20 would H be­
tween those of the Apple (280by19’2) a.nd 
the Atari (160 by 96), b ing approxima.te›
ly equivalent to the Radio Shack Co1or 
Computer (128 by 192) � 

.Finally. Mr Williams mention.ed that 
the VIC 20 the 6502A microprocessor 
in.stead oft.he 6502. What’s the dif erence7 
Also, is it possible to replac:e the 6502 with 
a 6S02A1 

Ceorge fergu �
1810 Hemlock Pl 204 �
Schaumburg 11 60195 �

Gregg Wmia:m:s Replies 
Mr .Fergil5's two points a.bo11t t11e Atari 

are correct-my apologies for tit 
His comments Oii tile fairness of t11e c-om›
pari,,on chart point up tlie difficulty of 
coniparfog micr.oconipWeN fully. 

, �Anyom•. b1iyi11g a microcomputer should 
learn everytlring he or slie can about tlit! 

different bm11ds (jllSt as M r Fergus did). 
Sud1 an evaluatio11 was beyond ti1e scope 
of tl1e arlicle l wrote, so l chose repre:sen · 
tatlve configmations of tile differe.fll 
m icrocomptders. 

Tfle only .dlfferenc betwe n tl1e 6502 
n.nd tlie 6S02A is the Ii igl1er syst rn-clock 
freque11cy of 2 MHz for the 6502A. How­
ever, a 6502A mic:roproc:e.sso.r would offer 
no improvement in an exisUng microcoma 
p·li ter syst m witl1out simihirly upgradi11g 
Uie acces:s time of the: memor,y and in­
creasing the spe:ed of the sysllm1 clock 
(wfo'd1 may l'iaue lmrmful side elfeC'ts). 

APL Pafs 

I read Gregg Williams’s article ’Thr•ee 
V rsions of APL" with great {Sec 
the April 1981 BYTE, UIS.) His con›
clusion that Va.ngua.rd APL/V&l is the 
fu llest and .fostes.t i.mpleme-ntation is one 

t we agreed with two yea.rs ago when 

Clrc!e 250 on Inquiry card. _,.. 



l ' ed with :a. modem. rnwid:ts the ir1fo1111a· 
UOO 1J1ililh-S, ·uclt illl The f)c)W Jutli 1 nil , ()fb 
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mail with programs uch ,a5 (::OuriJ!land Micro 
and other d;ua 
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Letter•--------------------------------­
w made our own evaluation . 

Since the:n, we have modified andl en›
hanced Vangu rd APL ex tensively . 
M[croAPL’s own APL 4.0 release is now 
packed with goodies for ’the APL enthu›
siast. indude fast auxiliary pro s›
sors for tel(t sea.rc:h, character-set trans.la• 
tion, laboratory .instrument input/output; 
MicroTASK ut ility for pr-oject develop• 
ment, docum ntation, a.nd screen handl›
ing; MkrofILE software for four di .ferent 
types. of file access; MicroPLOT drivers 
for Tektronix. Hewlett-Packard, Qume, 
Diablo, and A•J plotters; MicroUNK 
work.spaces for on!in timeshari:ng links 
a.nd CP/ M file iMerchange; and Mkro›
SPAN, a complete comput r-aide-d in• 
struction for APL neophytes. 

I. hope BYTE will include us in lts next 
language review_ There are some exciting 
projects in the pjp lin for 16-bil APL sys›
tems. APL is very popular in Europe, so in 
the meantime, we hope European readers 
will feel free to contact us if they’ re in›
terest d in further d tai l . 

Robert 8Utl.estone 
MicroAPL Ltd. 
19 Catlierille Pl. 
Vktoria., London, SWlE 6DX, England 

Roots Fair and Square 

St v Abie’s statement that any• lO•digil 
calculator that accura.tc.ly yields 

= 2 "... is either doing "fu.nny 
arithmetic’’ or else is not teUing you 
l!Verything it knows" arouwd my curiosi›
ty . (Se-e "Leu rs," Ap.ril 981 BYfE, page 
16.} My rather a11cient Texas Instruments 
SR•5lA does, in fact, yield (../1)2 = 2. So 
I wondered if it was performing "funny 

arithm tic" or was hidi.ng information 
from m . 

The SR-51A does cakulat -•./2 to 
3--digit accuracy as does HP-41C. then 

displ ys the result rounded to 10 d igi ts_ 
The differ :nc • Ls that the SR-51A does not 
then proceed to forget the additional three 
d ig.its. These ar-e still retained in the 
register and are used in ;my subsequent 
operations. 

The ,(2 operation produces a displayed 
result of 1.414213562, but the internal 
memory has 1.414213562373. Squaring 
correctly produces a rounded result of 2. 
Th • other functions also pr duce 13-digit 
accuracy rounded to IO digits for the 
display. 

In the words of Mr Abel , my SR•SlA 
"is not telling m ev rything it knows." 
But, why should the accuracy o • the 
machine be limited to th size of th 
d.isplay7 Because it docs .not forget th 

ictr th11N digits it c.alcutated, the out›
dat d, middl -lin SR-51A performs with 
greater accuracy than the new, top-l in , 
very expensive HP-41C. 

In ddition, my SR-SlA, with a litt le 
trickery, will tel.I me "every thing it 
knows." Entering ..J1 yields a display of 
1.414213562. first, l multiply this by 100, 
which produces 141.4213562; th -n l sub›
tract 141, producing a display of 
0.4213562373. Thel’e are the three extra 
digits. 

For -r, the displayed resu:lt is 
3 .141592654. Mult iply this by 100, then 
subtract 314, and the result 0.15’9265359 is 
displayed . This would be accurate for the 
14-dig;it value of w ... 3.14159265.35897 
rounded to 13 digit . Th trailin’8 0 is sup›
ptes ed in th LED (Hght-emitting-dJode) 
display to conserve the batteries. 

U is als-o possible to enter 13 digit with 
an appropriate trick . To en ter 

1.414213562373, first ·ii!!'ller 3.73 EE-10, 
then add 1.414213562. This will rl!.suh in 
the r’fgister containing 1.414213562373, 
and squaring this will produce the 
rounded answ r of 2. 

Apparently, this accuracy cannot b 
achievNl with "the world’s fandest 
cakula1or." 

James E Kite.hen 
Director 
Chapman CoUege 
Residence Education Center 
General Del.iv-ery 
Beale ARI CA 95900 

Talklng DVMs 

In S tev.e Ciarda’s "Build a 
Speech-Sy11thesiz.er lnt>erface" 1961 
BYTE, page 46) , he describes an encounter 
with . di beli ving clerk "at a local elec›
tronics store" aft r asking if the-y carried 
"an.y DVMs (di;gi al volt ohmmet rs) that 
talked ," Steve imp.lies that today none ex›
ist, but someday they will be very com›
mon. Well, at !east one does exist. 

I recen.tly cam across a reference to a 
" talking DVM" in th Mar•ch 1981 Jou rmil 
of Clumiirnl Education (page 231) . Ifs 
available from Sabtronic:s International 
Inc, 13426 Floyd Cr, Dallas TX 75243 
(product number DM 2:010A). 

Charles J Spi111ter 
40S4 Shop.a Ct 
San Jose CA 95 24 

TJie Fr:anklin institute Re:searcl1 Labora­
tory also lins a talking 1.10/tmetu ouoil­
able. Contac;r tlrir company at B1mjcimirr 
Franklin Pky. Pl1iladelJJl1ia PA 19103. 
(215) 448-1340. - - ­

GET THE LATEST SOF WARE PRODUCTS NOW... 
.....CHECK OUT 
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rform to lfl fullest c a pablll ›
aur hardware demand s 
re designed to meet the 

ecloUzed requlremenls of 
a'(a microprocessors. State-ot›

software from Technical 
lf'JPS Consultants keeps pace 

w the rapid advancements In 
computer technology so your 
hardware con llve up to Its fu ll 

Our complete llne of 
ote-ot-the-ort software includes: 

The UnlPLEX'u OperaHng System 
UnlFLEX, a true muJll-user, mu ttl ›
tasklng system for the 6809 and 
68000 microprocessors, supports 
such features as: 
� �hierarchical file systems �

device Independent 110 �
� tour Gigabyte disk capacities 
• full file protection 
� Inter-task communication via �

pipes �
110 redi rection �
task swapping �
full random-access riles �

� �comprehensive shell command 
language 

UniFLEX, struc ured or torge-scale 
microprocessor systems, wi I not 
run with minimal systems and thus 
has avoided design compromise. 
(Off-the-shelf versions and OEM 
llcenses are avallable.J 

The FLEX"� Operating System 
FLEX. a powerful , easy-to-use 
operating system designed tor 
the 6800 and 6809 microproces›
sors, Includes: 
� dynamic fllespoce ollocotion 
� �random Illes 
� batch job enlry 
� outomol c space compression 
� �English error messages 
� user env ronment control 
� disk resident commands 
� tlexlble device 110 
� printer spooling 
Plus, FLEX can accommodate 
herd disks os well as floppies. The 
System Is ovallable off-the-shelf 
for a variety or systems and ln a 
tleld•adoptabte version. (OEM 
llcenses ovollobJe.) 

FLEX and UnlFLEX ere lrodemcrks cl 
Technlcal Svstems Consullanls , Inc . 

a 
Support Software 
Technlcal Systems Consultants 
offers a full llne of state-of-the-art 
supp ort software compatlble to 
FLEX and UnlFLEX, some of which 
are: 
� �native c end Pascal compllers 

for advanced programming 
�� extended BASIC for business 

and educational appllcatlons 
� text editing and processing 

software 
� sort /merge package tor b usi›

ness applications 
�� variety of absolute and relocat›

able assemblers 
�� debug and diagnostic 

packages 
... and more. Write or coll today 
ror our brochures describing 
our complete product llne. 

Box 2570, 1208 Kent Avenue 
Wesf Lafayette. Indiana 47906 
(317) 463•2502 Telex: 27-6143 
Sc: utpfu ro b y Joonn ChaMly 



YOUR OWN �
68000 SYSTEM �
HE EASY WAY �

FULLY ASSEMBLED BOARIDS PROVIDE COMPLETE 68000 �
CAPABIUTY. ANO ALL BOARDS CAN BE INTEGRATED �

INTO YOUR OWN SYSTEM. �

MC68000 M LTIB,USTM �
B.As , D MICROCOMPUTER �

This board provides a fu ll speed MC68000 as the CPU for your 
MulltlbusTM based system. 256 ki lobytes ot on-boa.rd RAM perm t the 
MC68000 lo execute code at full speed (B·MHz dock with 110 wait states). 
Tihe board Is oompatlble w.lth the proposed IEEE P796 bus a:l a compliance 
level of 016M20116V.02L Edge connectors for a logic analyzer are pmvided 
to ease debugging. Bus timeoln protection, slmpl'e memory pro1 1ection 
and interrupt type se'l·ection are also provided. 

MAIN PERIPHERAL BO.ARD VDEO·BOA.RO 
•Up to 32K Bytes or PROM • 32K Bytes or RAM 
•Triple lnlervalTlme· •Programmable Vldoo Controlller 
• Two Programmable USARTS • Programmable OMA Contro ller 
•Polynom al Generator aliild Checl<er • PROM Character Sels-Up 1.0 
• Three Parallel !Interface Chips 256 CharaclEns 
• Keyboard Interface • En.hancements: Reverse Vjdeo, 
• Baud Ra.to Generator for USARTS Underslrlke, Blink, 
•Priority lnlerru,pt Control.ler Suppress 

• lnlerrupt Leve1 Options 

An 1/0 board wUh up to 5 ser,ial 1110 ports is also avai able; other 
Mu1tibusrM compatible boards wlll be available In the near future. �

Mul llbus Is a trademark of Intel Corporation. �
Fer further inf01111a,iotl, write Qr 1;<alf: �

TSD Display Product s, Inc. .35 01Yflfe Dri11e, Bohem·la·, New York 1"f716:. Tel 516·589-6800 �

BDSC Upd· te 

Thank you, BYfE, for the "print£" 
lll'Chnical note and the la.rger artide on 
BDS C. by Chris Kem . (See ''Pdnrffor t.he 
C Function Library," May 1981 BYTE 
pag 430, and 'Th BDS C Compiler," 
Jun 1981 BYTE, page 3S6.) Unfortuna.t 
ly, the items have fall n victim to some 
time-warp distortion, and several points 
regarding the package were out o date. 

[nth p.ontf a_rtide, refe nr;; is made to 
a clumsy melhod of passing formal para­
meters to C functions in which rhe para­
meters are copied into absolute locations 
ln m mory by the call r and access d 
from there by the suhordinate function . 
The paramet _rap·assing m c.hanism of 
BDS C has been totally revamped 
those days . Currently, all parameters a.re 
passed on the stack, and all local (auto­
matic) variables also reside on he stack. 
Also, a printf that is functionally equiva­
lent to Chris .Kern's is now a standard part 
of th packilf,ie. 

The June review was completely accu­
rate in all technical details, execpt for h 

that "it's a shame the BDS com­
plier doesn't go one step further and pro­
vide redirected input and output. , .." 
Actually, the current Vl!Tsion of BDS C 
does include a special-fo.nction lilbrary for 
performing both directed .110 (input/out­
put) and pipes in. the staiidard UNIX-like 
manner , is a recent addition o th 
package, and it has the advantage ·Of not 
w sting any memory if it isn't used, be­
caus.e H's merefy a simple set of library 
functions (written in C, of course). 

BDS C users may be interested know 
that the compiler has recently been run 
under the MARC ope.rating system (a 
UNLXrlike system) and that the ·combined 
package will b a1tailabl soon fr m 
Vor!-ex Technology. MARC furthers BD 
Softwar 's tradition of translating the 
"best'' of UNIX onto 8060• and Z80-ba.sed 
systems. BDS C finally has 11 opera iJlg 
system it can app11eciate. rather than 
battl . 

hor Zolman 
BO Software 
33 Lothrop St 
Brighton MA 02135 

Circle 372 on lnciufry care., ClrC'le 33a Qn fnciulry card. ­



ars Ahead 
GUARDIAN lets you orgarnze evel)l!hng you need co do 

today tor years ro come. The singJe-rine entnes are easy ro 
make. and can even be m flag you several days rn 
advance of the even . 

Advance To Go 
GUARDfAN rs programmed co automatically advance 

s.cheduf .appojnrmems. PTA meetings. vaca ion 
s.chedules. t;ix deadlines and other 

GUA=H>iAn activl 1 s rndefin itely. unti' you 
cancel the enw 
internal Cdlendar adJusrs itself 
from year to year.

I Protect.$ Your Interests 
GUAAD!AN s easy to 

use as penc11 and papei; but us rnernoiy can't 
be lost or erased by accident System Jailure 
and operator error are protected by automatic 
nle closure. Password protection keeps 
)CUI fries confidermal. 

GUARDrAN's dis has the St()(. ge capacity 
{O organize up to 2,000 separa e evenrs for 
200 people at the same time. 

v:;'...i tomik rorme. ro recervE 
maximum efficiency and ease in organizing my petsonal hfe 
with my m1crocompmer. 

I ADDRESS __________________ 
STATE IP____ 

1have enclosed s119.95 10 avoid delays and handling charges. 
D Check 0 Money Order Pntt rD. lll'ld te;g,epi coo 
D COD. flf delively address rs drfferem lhan above. prease speciryj 

Please spec1ly one: D 5111-lrch cr.sk D 8-inch 
Pl s __r:i_C!((l4; s .. o 

l23 E. Broadway 
PO. Box 727 
Cushing_ 011ranoina 74023 

You s.pen up to s2.soo on compu(er hardvv., e 10 make yow 
personal life easier. You djdn't spend itjusr for tun. 

Now rhere·s GUA.RDIAN - rile fim microcomputer sofaware 
program thar can truly organize your Jife with ultimate ease 
and speed. 

GUARDIAN is the only program that lets you make a single 
one-line data entry to remrnd you . . . for tile rest of your rife ... 
of bjrthdays, oil changes. appointments and any other recurring 
evencs. Oilce an irem and 1ts frequency of recurrence is entered. 
)'(lu'JI nevei have to worry abOLJt 'emembet1119 again. Each 
morning you flrp a switch. emeryour persorral code. and get on 
ins.tam readout of evel)<thing you need to accomplish that day. 

Pla1n1yspeak1ng. there·s no need for special codes orcompu er 
language with GUARDIAN ..you talk to •Land rt rarkS rig.ht b Ck 
in plain Engl rsh.GUARDIAN even tells _you how to ente< Cl t and 
correct errors with step-by-step on-M 1nstruccioo through 
built-in video displ<!y manual. The printed manual that rnmes 
with GUARDIAN is also comprete and ea>y-:to.,underst.and. 

Ye·

an 

I 

I CllY 
: 
I 
I 

I 

b �

The GUAADlAN program is recommended or us.e with any 
soft disk drrve system wit'148k memoJY or mor . :ncl opet: s 
on any CP/M -,iJ<lsed system or the TRS so•., !Model r, Hor 
Iii). Programs are avallabJe on 5Iandard 514 - or 8-inch disk. wit 
storage sreeve. $119..95. 

GUARDIAN is av<ldable directly from nme Management 
SOftware. nd isnot sord tl1ro119h any st0te. catalog or other 
sou ·ce. To order GUAROfAN earl one of our tolr-tree numbers 
or re um lhe Older blank belovv. 

Calr now on rree ro oraer jAsk for operamr 60 l I 

1..SOOa824-7888 inatronwrde. except Ca1iForn1 
Alaska and Hawau) 

I ..a00-852 7777 trn carirorniaJ 

1-800-824-7919 (10 Alaska and Hawarrl 



’�Of Tandy corp_ 
’TM u. OfC.Jllfornla 

'Olrcle 295 on inquiry caret 

Did you know 
that with 
the new 

UCSD* 
P-SYSTEM �

you can write 
programsln 

and run them on 
ALTOS, APPLE, COMMO­
DORE, CROMEMCO, DEC, 
INTERTEC, PHILIPS, OHIO 
SCIENTIFIC, RADIO SHACK, 
TERAK, TEXAS INSTRU­
MENTS, VECTOR GRAPHIC, 
ZENITH, and many more... 

without change I 

(Think about that next time 
you want a larger market) 

we support systems 
software and appllca­
tlons ready-to-run on 
APPLE. DEC LSl·U1. RADIO 
SHACK MODEL II§ and AL­
TOS. 

PCD SYSTEMS 
P. 0. Box 143 
Penn Yan, NY 14527 
315•536•3734 

tTM DIOlt<’ll EQulpme11t 

Pofnts on ,p,1,nters 

In connection with th review "The Ep• 
son MX-80 and MX-70 Printers’’ (see tlie 
May 1981 BYTE, page 22}, the following. 
sp cific comments may be of in tl.l’resl: 

� The MX-80 offers four rather than 
charac ter densi ties. The ourth is the 
double-width reduced character. It is pro›
duced by an SO (shift-ou t) code when an 
SI ( code is i.n ffect . The resultlng 
density is 3.25 characters per cm per 
inch). 
� A fourth charac ter s.tyl can be obtained 
by transmitting codes , or both boldface 
and emphasized . The result ls a character 
heavier in bolh horizontal and vertical 
lines_ 
� line spacings f less than •1-:, of an inch 
ort th MX-80 are overridden when 
graphic characters are pre!ient . In our ex›
perience, even a si.ngl graphic haracter 
in line will cause th line, eed to default 

I to " of an inch. (This phenomenon is not 
covered in the user’s manual .) 
� The annoying bu.u .r on th MX-80 can 
be lurn.ed oH by use of internal switch 1-6. 

’ � � The ( ,ven though its charac;ter 
m trix is 5 by 7) produces a graphic 
matrix of 480 by 8 pixels per line_ 

As for th Apple U interface, which 
does not transmit the hi.sh bit and. hence, 
the graphic chara(ters. the peculiarily lies 
in the Epson-designed interface, rath r 
lha.n the Apple’s memory. Our compariy 
produces and distributes a:n for 
the Appl U and the Epson p rlnters that 
transmits all bits and all characters . We 
aJs;o produce a firmware print 
c rd for lhe Apple ll. In conjunction wit.h 
our interface, this card will (in addi tion to 
many other functions) produce a low-r "›
solutlon graphic dump on the MX-80 U5’›

ing the graphic charact rs nd a high-reso›
lu tion graphic dump on the MX-70, wMd1 
is printed as eight graphic lines on each 
pass. 

A mnon Katz �
P1es<iderit �
Inverted-A [nc 
40• Forrest HiD ln 
G r.u1d Prairie TX 75051 

I have just purchased the MX-?O ver›
sion of Epson•s print r, and I"�’ uld Uke to 
make two comments on the May 1981 
BYTE article. 

Flrst, th MX-70 can prin wM1 eight 

points, se�rn, which means that with 
software it is possible to print 

lowercase descender by utiliz.ing the 
graphics mode. 

Second. the Epson interface card for 
the Apple II computer has a link option 
for t.he most-signiflcant bit that musl b 
changed to allow this bit to get !o the 
pri:nter. The graphics mode requires a true 
!(>.,bit (2-byte) arw,ument to instruct the 
printer as to many by tes ar to be in›

•d as poi.n on the prin l head . 
Also, a comptete by te is requirE’d to define 
whkh hammer is to strilk . Befo" I 
di covered J had some weird e feels 
every time I tried the graphics mode. 

] think the graphics mod i th most 
significan t part of the MX-70 because it 
allow’ a large number of extra features lo 
be definecl by the user: 

� � peci I-character sets 
� proportional spaces b t ., n characters 
•� proportional spaces b tween words 
� overstrike. and 
� underlining 

B.ruce Piggott 
725 City Pk 
Rochester Y 4615 

Ch ngfng Names 

Gary Stotts’s App]e Name-Address pro›
gram is so 1a@ful tha t 1 made a modifica• 
tion for .my own (S th Apiil’ 
98 BYTE, page 32.) Although there is a. 

way to change the address and telephone 
number of a per:>on listecl on the file, there 
is no way of changing a p rson’s nam . 
There m y b re son to change th per ›
son’s riame: marriage, for example. [have 
added few lines to !he program to do 
just that . (See Hsting 1). 

Gino J Pfanza 
49 Brow11dafo Pl 
Port Ch Y 10573 

Lisfng 1 

1172 PAIN ; PRINT " OLD: " ;NS(I) 
1175 PAINT : INPUT " NEW: ";N.$(1) 
1177 IF LEN (NS.Cl)) < 1 THEN 1175 • 

Credit Due 
We inadv rt1mtly omitted the (redit line 
for the photographer r sponsible , or the 
photographs il’l ..A took at CC ’81" 
tSeptember 1981 BYTE). We apolog:iz.e to 
Richard Faverty. 





The IBM Personal Computer �
First Impressions 

Phil Li?mrtlO!U �
89 Rems:en St �

Brool'cJyn NY 11201 �

[BM (International Business Machines Corporation) 
has at last introduced the ke.enly anticip.ated IBM Per­
sonal Computer. Based on Inte] Corporation's 8088 
microprocessor, th·e new mac.hlne is s.1ated to appear in 
stores this month, with various hardwal'e options, at 

Photo 1: The new IBM Persona·! Comp1:1ter is bcm1d orr the illtel 
8088 m.icYoprocessor tmd wW be s11ppor1ed by S-Oftware /mm 
well-known, independent source$. Sflown he.re are the Systern 
UnU witl1 two built-in 5- lm:11 drives, black-and­
w./1ite video monitor. the adj11.slable keyboard. and an Epson 
MX-80 printer bearing the TBM label. e.ili of whicl1 sells for 
$4385. 

prices ranging from $1565 to more than $5000. Color 
g.r.aphics are built in, and up to 256 K bytes of user 
memory may be installed . 

The hardware is impressive, but even more striking are 
two decisions made by IBM: to use outside software sup­
pliers akeady established in the microcomputer industry, 
and to provide information and assistance to indep n­
dent, small-scale software writers and manufacturers of 
peripheral devkes. 

T'.he Ust of software sources indudes Microsoft. Digital 
Research,. Pe.rsonal Software, Pea.chtree Software, 
Softech Microsystems, and information Unlimite-d Soft­
ware. For hardware configurations induding floppy-disk 





drives, mM wilJ sell three different disk ope'rating sys­
tems: CP /M-86 from Digita] Reseal'Ch, the UCSD p-Sys­
tem from Sohe:ch Microsystems, and IBM Persona.I Com­
puter DOS, developed by Microsoft .in imitation of 
CP /M. IBM is:n't trying to force th.e world to choose 
tween the IBM DOS and other popular operating sys­
tems. The published documentation of IBM Personal 
Computer DOS will include the source-code listing of the 
BIOS (bask input I output sys:lem}. and of the diagnosUc 
prog:rams executed autom.aticaUy when the computer is 
turned on. 

The hardware u:sies an jnte.rconnect ion scheme diff·erent 
from the industry-standard bus, but lBM doesn't 
want to exclude anyone from developing plug-compati­
b le printed-circuit boards fo:r installation in any of the va­
cant expansion slots inside the chassis. ln fact, the com­
pany plans to publish a ha1:1dware manual with drawings 
and industry-standard speci.f:icat:ions. IBM's attitude 
toward support for independent hardware and softwar·e 
efforts was summarized by Don Estridge, Director of 
Entry Systems Business for the rnM Personal Computer. 
"IBM wi 11 provide information for the existing cottage in­
dustry to design ·boards, " Estri.dge said. "We're op n to 
any software proposals. " 

The Dataface GR0-11 'nter­
face expands your Olympia ES 
Series electronic typewriter 
into a Jetter press quality printer for your personal or bus i­
ness computer. And, you sti ll have a fu lly featured eiectmnic 
typewriter- two mach1nes in one. 

The GRQ Series Interface features: 
1. Staridard EIA RS- 233- C Serial lntertaoe and Para lrel 
(Centronrcs compatible). 
2. Standard asynchronous ASC 11 code, 7 bit data: 1 start �
bit: accommodates 1 or 2 stop bits automatically; �

modates odd. even or absence of parity bit. �
3 .. Fifty thru 9600 Baud data rate options. �
4. Two K buffer: supports X-on, X-off protocol as well as �
RTS signals. �
2.S Oc!Obtr 1981 ® BYfli f'ubl!ic.ations Im: 

General Sys.tem Characteristics 
The entry-level. version ·of the IBM Persona] Computer 

consists ·of the System Unit, which contains. the 8Q88 
m.icroprocesso.r, a 40 buih..in ROM (read-only 
memory) containing the ex tended version of Microsoft 
BASIC. a built-in speakef that can be pr-ogramrned to 
play music, a power-on automatic self-test of ystem 
compon nts, 16 K bytes of user memory in the form o·f 
semiconductor RAM (r.andom..aca:ss read / write mem­
ory}, a combination and printer adapter, 
and empty space for two 5-inch floppy.,disk drives . ln 
this minimal configuration. the system uses an audio-cas­
sette recorder for mass storage and an ordinary 
se:t as a video monitor. 

·, ot induding the cassette recorder and moo.Hor, tl:ie 
minimal system wiU seJ for $1565, With a sillg]e S-'nch, 
160 K-byte floppy-disk drive and 64 K bytes of user 
RAM, the price increases to $.3'005. An expanded business 
system with powe·.rfo] color graphics, two floppy-disk 
drives, and an IBM-labeled Epson MX-80 dot-matrix 
printer costs $4500. In additi.on to the 40 ROM, 
the system has a 16 K-byte RAM buffer for graphics op­
erations. None of the user memory is required by the sys­
tem software. 

5. Circuit board is instalted Jn­
side typewriter back panel 
along side logic board. The 

connection between boards aocomplished by 40 pin 
jumper cable using exist ing socket No soldering required. 
Power is provided to the GRQ thru two pins of the 40 lead 
cable. lnstal lation in 10 minutes. 

End user, Dealer, Distributor and OEM inquJries are wel ­
come. Fo addition al details, specifications and computer 
compatibility contact 

237:2 A WALSH AVE, SANTA CLARA. CA 95050 
{408} 727-6704 

Clrere ·n 1 on Inquiry ea«!. 



-nd G-,ener t1orlMI__ __ __ a ,_ __s 
MEASUA.EMENT systems & co11tmls proud y 

Introduces its new and' excit ing "2nd Generation" 
fami:ly of &100• compatible p roducts. Each has 
been specif ically designed for use with 

vectored priority interrupts, RS-2320 interfaces 
w ith full handshake, asynchronous or synchronous 
ope:ratuon with asynchronous baud rates to 11'9,2'00. 

Available in four or eight channel versions. 

TH DAWN OP 
WAGE 

The 2 ·h -r 1�_ e _ e. 

multi-user and network 
operafng systems such OUB EDE SITY 
as MPIM, CP/NET, and LO PY DISK 
OASIS,. Every product is 0 TROLL BOA D­
ful ly tested and burned· con1rols up to four 51A • 
in, comes with a 1 year inch or 8-inch disk drfves 
guarantee, and offers usi:ng BM soft sectored 
you features,not formats. It features 1 K 
currently available from of on-boaru buffering, 
any other source. DMA controlled data �

transfers and the per­�
za ROCES OR formance character­�

BOARD - The most istics of the superior �
powerfu l CPU board available today. Outstanding 
features include 4MHz operation,. high•speed serial 
and parallel, 110 utilizing OMA or programmed 
control, ei:ght vectored priority interrupts, and a 
real time clock. 

MUL I-USER SERIA /0 A - For use In 
expanded' systems requiring up to eight 
serial 110 ports. Features include: 16 inaskable 

'Al I i>rodu"ta. me I 1 a 1tf!IW IEEE •l:allido<da 

Syste1ns . Group �
A Divisi on of MEASUREMENT systems &.. controls 

Incorporat ed 

Circle 216 on lnqulwy card_ 

NEC 765 chip. 

SELECT B E M MO Y BOARD ­
Features include 110 port addressing for bank 

select with, 256 switch selectable 110 ports for the 
memory bank addressing. The memory is 

configured as four totally Independent 16K 
software-selectable, banks with each bank 

addres:sab'le on any 16K boundary. 

"Attractive Dealer & OEM Pric-es" 
See your nearest computer dealer, or 
,contact us for he complete story on 

The 2nd Generation. 

1601 Orangewood Ave,., Orange, CA 92866 
TWX/TE.LEX: 910 593 1350 SYS-TEMGAP ORGE 



Plug-in circuit cards of user RAM are available in three 
denominations: 16 K bytes {$90), 32 K bytes ($325), a.nd 
64 K bytes ($540). The user can increase the memory 
capacity to 256 K bytes using the available IBM boards 
and slots. (Outside companies could make a single mem 
ory board containing 256 K bytes of RAM, or expansion 
boards that contain even more .) AU user memory is 9-bit, 
w"th one bit devoted to parity check. An edge connector 
on the back of the Syst·em. Unit fooks as if it is longing fo.r 
a hard-disk drive, but IBM is mum on that possibiJity. 

The 8088 processor communicates w"th memory and 
peripheral devices through an 8-bit data bus, but ·t con­
ducts. its internal affairs using the 16-bit instructfon set of 
[ntel's 8086 microprocessor. In the ]BM Person.a Com­
puter. the 8088 operate-Sat 4. .71 MHz, with a cyde time 
for main storage of 410 nanoseconds; for access. the cycle 
time is 250 nanoseconds. 

Together,. the System Unit, keyboard. and a monitor 
make a very smart, fu l..feature terminal A six-foot 
coiled cable connects the separate keyboard. to the Sys­
tem Unit. You can ad"ust the keyboard's tilt toward you 
wh.en it rests on a or you ca.n hold it in your Jap. 
The sysrem supports both uppercase and lowercase char­
acters, and all 83 keys have automatic repeat. Ten keys 
on the right side are for a i:rnmer:ic keypad and cursor 
controls, and ten special-function key.s can be used for 
editing. The keyboard provides access to 256 character , 
including all the ASCII (American Standard Code for [n­
formation Interchange} characters and many other char­
acters useful for producing virtuaUy any sort of g;ra.phics 
display. 

IBM s-ells .an 11111-inch green-phosphor video monitor 
for $345. The monjtor displays 25 lines of BO characters 
each. You can adjust brightness and contrast ·or use soft-
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ware to activate underlining, Mgh-"ntensity blinking 
characters, and reverse video. 

With a color monitor, the IBM Personal Computer will 
support 16 foreground and eight background colors. In 
the medium-resolution graphics mode, screen resolution 
is 320 pixels (picture across by 200 down. In the 
high-re olution graphics m()de, reso1uUon is 640 by 200 
pixels. Text and graphics can b mixed, allowing you to 
label items in a graphics display. 

One Centronics-compatible parallel printer port and 
one RS-232C serial I I 0 (inpu tioutput} port are standard. 
An asynchronous communications adapter ($150) en›
ables you to connect a modem to the serial port. 

lBM is even offering a Game Contr.ol Adapter ($55) 
that permits connection of user•suppHed joysticks and 
paddles. to the IBM Persona] Computer. 

SaJes and Service 
lBM’s sales and servke :strategies show the computer 

giant’s determination to develo,p quickly into a maj,or 
force in th microcomputer marl<.et. Beg.inning this 

month, the company is marketing the Pe.rsonal Computer 
nationwide in four ways: 

� through Computerland retail stores 
� through Sears, Roebuck and Company’s new 
machines ores (IBM wiU trajn the Sears sales personnel} 
� through a special sales unit in th IBM Data Processing 
Division (for hi.gh-vo,I me sales) 
� through IBM Product Centers, wh.ich wiU make pr•ovi›
sions for installment purchases 

Only four Product Centers e.xist now, but rBM has 
selected many more cities a round the count.ry as sites for 
future centers. "[n the course of the next years," said 
CB Rogers, Jr, IBM vice president and group executive o.f 
the General Business Group, "we expect to be fairly weU 
represented.’’ 

IBM wilJ offer a. s percent discount on sales of 2.-0 to 49 
units, 10 percent on Si.des of 49 to 150 units, and 15 per›
cent on saJes of 15 units or more. Educational instihl• 
tions will also r ceive dfacounts. 

Product Name 
The lBM Personal Computer 

M:anufactu:rer 
lntemationa.l Busines’S Ma.chines CorporaUon 
Information Sys.ttms Division 
En1 ry Systems Businm 
POB l3Z& �
Boca R ton FL l3432 �

When Available 
October 19S1 

Where Available 
Sears, Ro buck and Company’s business-machi.nes 
CQmpu1erk1nd 5tor-11$ 
IBM Product Centers 
rnM Data Prncessing Division (volume s.altsJ 

Components 
System lJnil 

Size: width 20 Lni:he5, d,epth 16 inches. height 5.5• inchl!s; 
weight {witho:u.t disk drives) 2.1 pounds. (with two disk 
drives.) 28 pounds 

120 VAC �
Processor: Intel 8083 �
Cycle Time: m;iin slornge, 4 0 nanoseconds; access. �

250 nanoseconds. 
Memory: � 4-0 K b:ytes of buih•in ROM memory). 

16 K bytes of uSll!’r RAM (rand.om�atte:ss tt’ad / 
writ>e memory); expand bt to 256 K byt s 

Stan.d_rd : � keybo3rd for dala tl!)C t entry; audio-c-as5’!Ue 
recorder connectot; fiw cxpa Mlon s!ols for 

display, c:ommu nlo.tion ,. and 
g.ame ada.ptel"51; built-in speaker far music program• 
m ing; power-on automallc. o.f com• 
ponents; BASIC..Jang1.1a1t1 lnte-rpreter; 16 K byte5 
of user RAM ( II user RAM is 9-bit pari’ty 
memory) 

Keyboard ; � k for da!a and lext enlry, 10 key5 for 
numer-k entry and cursor control, 10 special fonc›
t ion keys, ancl ASCII cha:racter-s and spocial 
graphics charach?rs (total 2.56 char-acters); 
automatic r put on all eys; a.djustabJc typing 
angle; detac:hab!e six-fool coll cabl’ 

Disk drives: up lo two 5-inch floppy-disk drives. 160 K bytes 
e.a.ch 

Oper ,ting Sy terns �
IBM Pen;onal Campull!’r DOS (Microsofi) �
CP/ M-t\6 (Oi.g:i ta.I Research} �
UCSD (Saflecih �

Software A vailiabJe for [BM PerSOnal Computer- DOS 
BASIC interpr,eter (Mkrosoft) stand;m:I.; extended BASIC inte.r-›
preter- (Microsoft) $f0; PilsC’al (MicrosoIO $300; VisiCaJc 
(Personal SohwareJ :S200; Urtforma tion Unlimited Sofl • 
ware) St:75; Ledger, Account RKeivable, Acc;qynt.s 
P.a.yable {Pe11c:h.tre-e Soft,...�41re) :$595 e.ach; a.synchronous corn›
muriiciUioN 5upport S40: Adv nl\lre (Mkn>5ortl S30 

Hardware Prices 
Sysl.ern Unit, 16 K-byte RAM, keyboard $1265 
System Unit, 48 RAM, keyboard. 

ifl,gle floppy-dM<. driv , disk-drive 
Monochrome video disp:lay 345 
Combina.tlo:n monochrome-display ad pier 

and printer adapteT 3l5 
Colot�gl’aphlc;,-monitor ada.pter 300 
16 K-byte m rnary-expansio.n kit 90 
32 K• bytc mecnory-exp.ansion kit 325 
64 K-bybe memory-e panjion kit 540 
Disk-drive <tdapler 22.0 
D’isk drive (5-inc.h floppy disks) 570 
Asynthronous communitatio.ns adapter 150 
G me-control adapt r SS 
Keyboa rd 270 



The guyon the left �
doesn't stand a chance. �

The guy on the le t has two file foId ers. a11ews ma·ga• 
zrne.and asandwic·h. 

The guy 011 the right has the OSBORNE 1 , a fully 
tunctional computer system in a portable package the size 
of a Als-0 in lhe case are the equivalent of over 
1600 typed pages, stored on floppy diskettes. 

The owner of the OSBORNE 1 is go ing to get more 
work done-andbetter work done- in less ·ime. and with 
lless effort. 
Unlo·ld it, plug it iin, and go to work 
HkeY·DU'Ve nev·er worked-berore.. •. 

Go to work with WOROSTAR word processing, so 
your correspondenoe, reports, and memos take less time 
to produoe, and say more of what you waned to say. And 
with MAILMERGE' -the mailing system that turns out 
personalized mass mailings in the time you 'd spend on a 
rou gh draft. 

Go to work with SUPERCALC®, the e1ectron1c 
spreadsheet package lllat hand les complex projections, 
financia l planning, statfstics. and "what i'f'' questions in­
stanrly. For lhe more technically minded, SUPERCALC will 
process scientific data and calculate results . 

Go to work wil'h powerful BASIC language too1:s­
tlle CBASIC-2 business BASIC, or the Micrnsoft BASIC 
lnterprete r. 

That's standard equipment 
Options includeabout athousand different software 

packages from ah,ost of vendors designed to run on lhe 
CP/M computer system. 
G,o to work.at the office al home, 01r in l:he field . 

Or anywhere. Optio·nal battery packs and telephone 

lransmission coup lers mean you need never work without �
the capabiIities of the 0sBOANE 1 _ That's good, because �
youwon 't wantto work again without it. �
AU for S1795. It's inevitable. �

flhe OSBORNE 1 is the productivity machine that's 
chang ing the way people work. Put simply, the machine 
de livers asignificant productivity edge- day in and day 
out- to virtually anyone who deals with words or num­
bers . Or both. 

Since the entire system i,s only $1795, i:t won· be too 
long before the guy on the left has an OSBORNE 1 of his 
•Own. The same pro bab.ly goes for the person re.ading 
1his ad. In fact. we think it's inevitable. 

OSBORr4E 1 illClt1des aZBOA CPlJ, 64K 
bytes or RAM two 100 lrilob)'te 

II sk II ives. ii llusfJJeSS lw)lt!Qard. 
buill·in monilor. IEEE 4.&8 and RS232 frl i!r· 
racts fll t prinbtu s things i hal 

toM neected to co 111 puters . plus
CPfM, COllSIC·2 . icrosOll Elf<SIC:. 
WOROSTAR. alld SlJPERCALC. T e 
sysce m Is a'ilililable lrom com· 
pu1er retailers 11o11tlonall)'. 

$1795. l·t's 
inevita'ble. 
=­- ·sa.o 
C 10M:PUTE1R COR:PORATION 
2.6500 Corporate Avenue Hayward. California 94545 
Pi'lone (4 5) 887·8080 WX (9\0) 383-20.21 

Ci rcle 284 Qn lnciurry card, 



JBM's service p.laru should meet or exceed those offered 
by other microcomputer manufacturers. For a start, IBM 
offer5' a 90-day warranty. Owners can extend warFant]es 
to a full year for between 7 and 9 percent of the purchase 
price of various system components, o.r buy annual ser­

contracts for 10to15 percent of the purchase price of 
components. For example, an extended wa.rnn ty for the 
System Unit costs $86; a maintenance contract for th· 
System Unit costs $112. For the System Unit, disk drive, 
and adapter, an extended warranty costs $154, 
and a mai.ntenance contract costs $196. 

Servk · will be available at Sears, Computerland, and 
from the lBM Product Centers, regardless of where you 
bought the computer. Service contracts with the JBM 
Product Centers call for exchange oF major system com­
ponents. IBM will send a replacement keyboard, printer, 
or System Unit by courier within 48 hours of the owner's 
call . 

Three Ways to Generate Software 
Recogniz.ing the advantage that an existing broad soft­

ware base gives to CP / M-compatible, R dio Shack, Clnd 
Apple computers, IBM plans to meet the problem head­
on with a thre.e-part strategy. 

First, when the Personal Computer reaches stores this 
month, it will be accompanied by a software offer includ­
ing some application programs .ready to run with IBM 
DOS. Here's a quick look at what IBM is off ring : 

• IBM Personal Computer DOS. This CP / M look-alike 
from Microsoft offers the familiar "A> " prompt charac­
ter along with features for copying files and disks, com­
paring fiJes and disks, initializing disks, displaying a 
directory, renaming fHes, and other housekeeping chores. 
Although .it has a debugger and a line edi.tor, IBM DOS 
does no yet have an assembler . It seems safe to speculah! 
tliat Microsoft is hard at work on that. 
• a cassette-.level enhanced Microsoft BASlC int·erpreter 
that supports input/output instructions, use of the key­
board, display , light pen, and printer, and many editing 

nd mathematical functions . 
• a disk-level Microsoft BASIC that provides extensions 
including more powerful graphics, date and time.of-day 
functions, and communication capabiliti: s; th enhanced 
graphics include such features as point, circle, and 
get / put display, and inc:reased l.ight-pen suppor for de­
sign work {$40) 
• a Pascal compiler, also from Microsoft ($300) 
• VisiCak, the electronic-worksheet program from Per­
sonal Software 
• Easywriter, the word-processing p.rogram from ]nfor­
ma.tion Unlimited Software ($175) 
• an asynchronous communications program {$40) (This 
is written in BASIC and is menu-driven; the menu in­
cludes an option For t.he Dow Jones Information Services, 
anothe.r for The Source, and another for teletypewrit :r­
like communkation . IBM soon wm also offer a ull 
subset of Model 3270 emulatio·n capabilities so that the 

Personal Computer can appear to \arger IBM systems as 
an JBM 3270 terminal.) 
• genern]-ledger, accounts-payable, and accounts-receiv­
abte packages, from Peoiicht.ree Software, but \-\!'\th color 
and other enhancements fo.r ease of use ($595 each) 
• Adventure, the fantasy--simulation game, from Micro· 
soft ($30} 

The second part of IBM's sohware-development 
strategy is to offer Digi.tal Research's CP /M -86 operating 
system and Softec:h Mic:rosystem's UCSD 
{which includes UCSD Pascal). Purchasers of these oper­
ating systems w:ill have acc-es-s to many pro­
grams a,s they become available. IBM says it expects the 
availahiJity o these operating. systems to provide the op­
portun.ity for many cu rent applic<ltions to be transferred 
to the IBM Personal Computer with minjmal modifica­
tions. This pproa.ch will enable owners of the IBM Per· 
sonal Computer to use a tr mendous amount of softwar-e 
originally written for otlier common machines. Users can 
have everything that IBM offers without giving up oft· 
ware for the other t:wo operating systems. 

The third part of the IBM software strategy is to 
establish its own Personal Computer Software Publishing 
Department. The new department will solicit software 
from outside authors, both professional and amateur. 
IBM wilJ send software-submission informa tion packets 
to anyone who writes to IBM Personal Computer Soft­
ware Submissions, Dept 765, Armonk Y 10504 . IBM 
will a1so encourage its employtts to write software for 
the personal computer (on the employe s' own tim ). 
Authors will rec ive quarterly royalties based on actual 
sal s. 

A Shaking Out? 
For those of us who dislike giants, the CBM Personal 

Comput r comes as a shock . I expected that the giant 
would stumble by overestimating or underestima ting the 

the public wants and stubbornly insisting on 
incompatibility with the rest of the microcomputer 
world. 

But IBM didn 't stumble at all; instead , the giant 
jumped leagu sin front of th competition. Although the 
lBM Personal Computer has not (as of this writing) 
reached store shelves, it already .seems to hold a irm 
position in th field . Its prices seem to compare favorably 
w.ith available 16-bit S-100 systems. Furthermore, the 
cost of an IBM Personal Computer configured for word 
processing is not much more than that of an Apple II 
P]us, an lntertec Superbrain, or most oth r 8-bit 
machines fuUy equipped for word processing. A superior 
machine from 'the start, the IBM Personal Computer 
should grow in capability as outside vendors begin pro­
dudng peripheral devices and add-on hardware for 
special applications. 

ln fact, the on y disappointment about the IBM Per­
sonal Computer is its dull name. One rumor claimed that 
IBM r ferred to this computer .internaUy as th Acom. To 
me, it looks more like a Mighty Oak. • 



STllCTllEI SYSTEMS �
FllllCllL SIFTllRE. �

Amil• LESS IS CIEADll �
- YlllOll 

Penny wise and software fooIish. One of the 
,best ways ocheat your business is to waste awhole 
lot of lime on so utions Ihat don't work, or that can't 
grow wilh your business. And frankly, we get p,hone 
calls every day rrom computer users who've tried to 
gel by on "bargain" software, and found that "bar­
gain" software is the most expensive ind a business 
can own. 

Here's a racl: if you have a real need for a 
computer in ariy ol lhese areas: 

General Le<:! ge r 
Accounts Receivable 
Accounts Payable 
Order Entry 
Invenlory Control 
Payrol l, 

any business software less than Structured Systems 
Financia l Software is cheating your business. You'll 
cheat yourself out of lots of lime. Time spent with 

BBIESS. 
systems which aren't designed for high vo lume use. 
You'll cheat yourself out of reliable audit controls 
and reliable error prevention features. Out or the 
training you invest in a system you outgrow when 
you need lo add morn disk storage, more customers,. 
more data. You'll be cheating yourse lr out of asoft­
ware bargain ill tile truest senseor the word- the 
greatest value for your dollar. 

CP/M microcomputer systems can do the 
job of minicomputers. Structured 
Systems software makes thal po­
tential a real ity. Right now, 
hundr,eds of businesses 
are profiting fromlhe 
financial controls and ......
operaling efficiency of 
SSG f:inancial software. 
So can you rs. "-·· · ·· . 
1- --- - ­

T11ke ii ,easy on yoursell. 
1Bul.se nlence your com:pule r 

.I to Ilard la tior. ---

..I Please send more 
Information on your ::..::----­

I o General Ledger 0 ReaiM!bk: D Order Entrv 

o Accoun1s Pa!(able D Payroll D COOlrol 

Company ______________ 
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Build an Intelligent �
EPROM Programmer �

longtime followers of the activities 
.in Ciarcia's Circuit Cellar may 
remember an incident 1wrote about a 
few yea.rs ago. My friend Jerry need­
ed to program an EPROM (erasable 
programmab?e read-onJy memory) 
device in a hurry for a demonstration 

Copyngnr © 198 1 oy Steven A Ciarna Ari 
reseived. 

Stev,e Gard.a 
POD 58.2 

Glastonbury CT 06033 

at Ms ·computer club . The EPROM­
programming arrangement we de­
vised gave me the idea for the article 
"P.rogram Your Next EROM in 
BASIC'' {March 978 BYTE, page 
84) , in wh ich 1 presented a d sig n for 
an inexpensive programming circuit 
a nd told how to driv·e it with software 
written in a high-level fanguage. 

EPROM has a.dvanced 
considerably since then . ln 19'78, lhe 

Photo l: Complete intelligent sysrern , con.oi5Hrrg of 
ZB-BASJC Microcomp1der, the EPROM-programmi11g interface of figure 4b, 11 1d 
a video-display terminal. 

:type-2708 EPROM chip, which r,e­
quires a three-voltage power supply, 
was jus t becoming established, 
repladng ti e hard =to-prog.ram 
type-1702 EPRO M device. Not only 
was the 2708 easier to program, it 
also held more data: 1 K (1024) 8-bit 
words, compared to 256 8-bit words 
stored. by the 1702 EPROM. 

The 2706 EPROM has been re­
placed in most new designs by the 
single-voltage type-2758 EPROM, 
and a number of 
devices that require only a single­
voltage power supply have been 
developed and ma d.e available by 
several manufacturers. These ar the 
type-2716 (2 K 8-bit words, or 16 K 
bits), type-2.732 (4 K 8-bit words ), 
and type-2764 (8 K 8-bit words) 
EPROMs. The 2716 has become 
especially popular, part1y because Hs 
2 K bytes an! sufficient memory 
space for storing most bootstrap 
load rs, command monitors, and 
simple utility p rograms; and partly 
because the 2716 is usually priced 
under $10. 

The 2758, 2716, and 2732 EPROMs 
are members of th sam - family o 
components, sharing a common 
pinout specificat:ion .. Wj th only minor 
modifications to the wiring, a 
designer can allow different-capacity 
memory devices to be plugged into 
the same socket on a circuit boar d. 
Th is ve'rsatility also means the same 
basic circui t can serve in several 
pHcations. 

My pr vious article on EPROMs 
suggested using an jnterpreted BASIC 
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program to drive the EPROM­
programming circuit. This jdll!a did 
work, but it took a long tirne to pro­
gram a 2708 EPROM. lf you wanted 

program more than a few 270Ss, 
you would have been wise to pack a 
box lunch for the occasion. The 
BASIC program demonstrated the 
algorithm for programming an 
EPROM, but a machine-language 
driver pro ram was needed for prac­
tical htfge-scaJe EPROM program­
ming. 

The slow sp ed for programming, 
or "burning," 2708s his way r·est.dts 
from the n ed to iterate the write 
pulse 100 times for each byte Joca­
tion. Eac::h byte in the 2708 must be 
wriuen for at least 100 ms 
(mmiseconds) to assure stability of 
the s!ored data. However, 
100 ms duration must consist of 100 
separate. pulsed write sequences, 
each last ing only 1 ms. An 1024 byte 
locations must be addressed in &e­

quence while a + 2.5 V programmfog 
pulse is applied for 1 ms for ea.di ad­
dress.. The cycle is then repeated 100 
times. 

The 2716, on the other hand, re­
quires only one loop through an the 
add.resses, instead oflOO loops. Whil!e 
each Joca tion is being addressed, a 
50 ms programming pulse is applied, 
usually ti.med by a one shot 
(monostable multivibrato ) . The 
50 ms, single-loop programming 
conditions all well within the speed 
capabilities of BASIC, and no 
ma.ch.in -lang:uage dri. ver routine ne d 
be written for serious use. 

Using a program essentially the 
same as the one presented in the 
original article (running under an 8 K 
BASJC interpreter on a Z80 
microprocessor with a 2.5 MHz 
dock rate) , a 2716 can be completely 
burned in 154 seconds, requ1rmg 
75 ms per location. The minimum 
time required with a ma.chine.­
language driver is 103 seconds, or 
50 ms per locatio.n. Th difference is 
hardly noticeable. 

Because EPROMs are so widely 
usro, I thought it was about time to 
write another article on them, featur­
ing the· 2716. First, I' ll discuss why 
EPROMs ar used and how they 
wo.rk, and then l'U describe the desjg;n 

ol my new EPROM-programmin,g 
circuit:. 

What is different about this new 
circuit7 I decided to "unbundle" the 
system and design the EPROM 
grammer as a stand-alone, intelligent 
unit. By incorporating the ZS-BASIC 
Microcomputer (my July-August Cir­
cuit Cellar project), we can easily put 
1together a stand-alone 2716 program­
mer with capabilities that rival those 
of units costing ten 1times as much . 
(See "Build a ZS-Based Control Com­
puter with BASIC, Part l.' Ju1y 1981 
BYTE, page 38, and "Part 2," August 
981 BYTE, page 50.) 

Whys and Wherefores of EPROM 
A personal comput r , even in its 

min"mum configuration, always con­
tains some user-programmable 
memory or RAM (random-access 
read / write memory), usually in the 
form of s miconductm memory in­
tegrated circuits. This memory can 
contain both programs and data. Any 
machine-word-level storage element 
withill the memory can be 

Jy read or modified (written) as 
needed. 

Any of several kinds of electr·onic 
components can function as bit­
storage elements in this kind of 
memory. TTL {transistor-transistor 
logic) type-7474 flip-flops, bjstable 
re.lays, or tiny ferrite toroids 
(memory cores) a.re suitable, but all 
cost too much. are hard to use, and 
have other disadvantages. 

In personal-computer and other 
microprocessor-based applications, 
the most cost-effective memory is 
mad from MOS (metal-oxid 
semiconductor) integrated drcujts. 
Unfortunately, data stored in these 
semiconductor RAMs is volatile. 
When the power is turned off, the 

is ost Many ways o.f dealing 
with this problem have b en devised, 
wiith essential programs and data 
u5ually stored in some nonvolatile 
m dium. 

In most computer systems, some 
data or programs are stored in non­
volatile ROM (read-only memory). A 
semiconductor ROM can be random-

Photo Closeup of tJi EPROM programmer. On the right is the ZS-BASIC 
Mfcroc-omputer circuit board witl1 the progn1m-controller software resident in the: 
cmboard EPROM. On tlie left is die prototype type-2716 EPROM programming 
interface. lt includes a control panel, 1m operator display (LED5), a zt>ro­

EPROM socket. and a 4 K-byte buffer memory. 



ly accessed for reading in the same 
manner as the volatile memory, but 
'th data in the ROM is p rmanent. Jn 
a mask-progra mmed ROM . th data 
that can be read is determined during 
the manufacturing prncess. 
Whenever power is suppli·ed to 
ROM, this perman -nt data (or pro­
gram) j available. in small computer 
systems, ROM is chiefly u ed to con ­
tain op rating sys tems and / or BASIC 
interpreters-programs hat don.'t 
need to be changed. 

Another type of ROM is the 
PROM (programmable read-only 
memo·ry ). A PROM componen t is 
delivered from the factory containing 
no data . T he user de.cides what da ta 
he wants it to contain, and per­
manently programs it with a spedal 
programming device. Once initially 
programmed, PROMs exhibit the 
characteristics of mask-programmed 
ROMs. You might label csuch PROMs 
as "write-onc·e" memories. 

T he u I lra.vi o let-light-era sable 
EPROM is a comprnmise between the 
"write-once" kind of PROM and the 
volatile memory. You can think o 
the EPROM as a "read-mostly " 
memory, u ed in r ad-only mode 
mos t of the time but occas.ional1y 
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Figure la: PlrysicQ/ s t,-ucture of one bit-storage cell in a 2716 EPROM . Tlie cell consists 
of a .FAMOS (floating-gate auafond1e-iniection metal-a.tide semiconductor) fi .1 cl·effect 
transistor lrlaflufactured in stacked-gate configurati.011 . Dllrit1g prog :amming. a 
vo.ltcl e plaud o ri the select go.te creates M eitt>ctr-ic field witltin Jhe Tile field 

tire 1mer y levels of elec:trmis passing tire d1am111l from drain to source 
enough that· some of the eledrons are able ,to ti mrel rf1rougf1 tlie silicon·dioxrde in· 

and au1m1ula1e 011 tlie floating gate. 

-

Vrr vtt' Outputs 
Mode 118) {20) (21} (24) (9·11 , 13· 171 

Read v•• v,, +5 +5 D_, 
High 

Slalldby v,,. !Jon' l care· +5 +5 impeda nce 

Pulsed v,. 
Proo ram to v,H Vm -t-25 +5 D,. 

Pr09ra.m 
Veri1y v,, v,, +25 +5 o... 

Program 
lnh1bil v•• +25 +5 

High 
impedance 

Tabl l: Voltages preseri t r:il specified pins of the 2716 durir1g the five modes of 
opemtion. Vn must· be b1 tire range -0.1 
+2.D V to Vtt' + 1. 

erased and reprogrammed as 
necessary. The EPROM is er-ased by 
exposin.g the s.i Iicon chip to 
uhravio et light at a wavelength of 
2537 angstroms. Convenien tly, most 
EPROM chips are packaged in an 
e11dosure with a transparent quartz 
window. (I once wrote about a. dif­
ferent kind of "read-mos tly " 
memory, the EAROM: electrically 
alt rable r memory . An 
EAROM is erased by pur·ely electrica.i 
means , w i thou. t re orting to 
ultraviolet ligh t. See "Add on-

V to +0.8 V: Vm must be in tile range 

volatile Memory to Your Computer," 
December 1979 BYTE. page 36.) 

How the EPROM Work 
EPROMs made by Intel Corpora­

tion and several other 
tore data bits in cells formed from 

stored-charge FAMOS (floati ng-gate 
avalanche-i nject ion meta1-oxide­
semiconductor) transistors . Such 
transistors are similar to positive­
charinel silicon-gate field-effect tran· 
i tors, but with two gates, a · hown 

in figure l a. T he lower, or "floati ng," 
gate is completely surrounded by an 
insula tor layer of silicon dioxide, and 
the upper "control" or "selec t" gate is 
connected t·o external circuitry. 

The amount of electric charg 
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stored on the floating gate determines 
whether the bit cell conta.ins a l or a 
0. Charged cells are read as Os; Ul1­

charged cell are rea.d as s. When the 
EPROM chip comes from the factory, 
all bit locations are dear d of charge 
and are read as logic ls; each byte 
contains hexadecimal FF. 

When a given bit cell is to be 
burned from a 1 to a 0, a ·Current is 
pa sed thro·ugh the transistor's chan­
nel from th source to the gate. (Th 
electrons, of course, move the op­
posit way.) At the same time, a 
relatively high-voltage potential is 
placed on the transistor's upper select 
ga.te, creating a strong electric Held 
with in the layers ·of semiconductor 
material (This is the function of the 
+2.5 V charging potential app:Bed to 

the 2716. ) In the presence of this 
strong electric field, some of the elec­
trons passing through the source­
drain channel gain enough energy t·O 
tunnel through the i.nsula ting layer 
that normally isolates the floating 
gate. As the tunneling electrons ac­
cumulat, on the floating gale, the 
gate takes o:n. a negative charge, 
wn ich makes the c:eU contain a O. 

When data is to be erased from the 
c:hip, it is exposed to ultrav'iolet light, 
which contains photons of rel.atively 
high energy . The incident photons ex­
cite th electrons on the floating gab 
to suffidently high energy stat s 
they can tunnel back through the i.n­

lay r. removing the charge 
from the gate and r tum ing the cell to 
die 1 state. 

Programming the 27 ·6 
The 2716 EPROM contains 16,384 

(16 K) b"t-stora,ge cells configured as 
2048 1ndividually addressable bytes . 
Thi organization is often called "2 K 
by 8." The comp.letely static opera ­
tion of the device requires no clock 
s·gnals. 

The pinout specification of the 
2716 is shown in figure lb, and a 
block d iagram of its internal structure 
is shown in figure l e. 

The 2716 has Hv di ferenl 
operating modes, for which the input­
voltage requirements are shown. i:n 
table 1. The re.ad, standby, and pro­
gram modes are the ones J'Hdiscuss in 
detail, since the program-inhibit and 
program-verify modes are importan t 
primarily in high-volume applica­
tions. 

]n the read' mode, two control in­
puts ar us d to & lix:t th chip after 
the processor has selected the 
memory address . The OE (output 
enable) line is provided mainly as a 
means of jointly selecting a bank of 
several 2.716s, perhaps by a connec­
tion to the memory-read line on the 
system bus_ The CE/ PGM (chip 
enable/program) input i decoded 
and used as the primary device­
selecting Jin . 

DUA OUTPUTS 
00-01 

O! 
CE/PGM - -

CH IP- sntCT. 
AtjO 1--­

l'llOG. l OG,I C 

A0· ... 10· 
ADO,RUS 

1 PUTS 

V OECO'O£A 

I OECOOU 16,384-B IT 
'CHI. MA ll l X 

figur le: Block di1lgrnm of internal structure of 1'i2 typir-2716 £PROM . 

Aher the Jog.ic level present on the 
CE/ PGM pin. has been brought low, 

the OE input should also be brought 
low. Then 120 ns (nanoseconds) 
dapse before the data is 
available on the data-output pins . 
This is sufficiently fast to be 
hle with other types of memory 
devices in most systems, allowing 
di11ect connection of the 2716 to the 
sy tem bus. for reading data, as 
shown in figure 2a on page 40. 

The 2716 can be plac din the static 
standby mode to reduce the power 
consumpUon without increasing the 
access time once it i addressed . Witli 
a TTL h1gh level applied to 
CE/ PGM. 1the output lines assume a 

high-impedance condition. It doesn't 
matter what voltage is pres nt on 
OE. 

Jn the program mode, particular bit 
cells a11e induced to contain 0 values. 
Both ls and Os are present in the data 
word presented on the data lines of 
the 2716, but on.ly the presence of a 0 
causes action to take place. 

When the V,.,_. power-supply input 
is placed at a potential of +25 V and 
the OE input is at a high level Wm), 
the ITL-level data to be progr.ammed 
for a specific address is set up on the 
2716's data lines, and the address is 
·et up on the addr ss lines AO through 
AlO. After a setup time of at least 
2 µ.s {microseconds). a high IT ­
level progr;;imming pulse 50 ms long 
is applied to the CE/ PCM i.nput. 
dresses. to b programmed may be 
pedfied in any order. 
Th 50 ms programming pulse 

must be applied once for each loca­
tion to be programmed. Under no cir­
cumstances should a constant high 
level be appUed o the · El PGM in­
put in he program mode. Repeated 
SO ms pulses to the same location are 
acceptabl.e, but any pu Is - width 
greater than SS ms might destroy the 
chip.. (The minimum pulse width is 
45 ms.) Using a nonrctriggerable 
one-slwt (monostable multivibrator) 
to generate the puls.e is one simple 
protective measur·e. 

A Simple E.PROM Programmer 
As we have previously seen, in the 

read mode the 2716 may be connected 
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directly to the sy$tem's address and 
data buses. It's not so easy, however, 
in the program mode. 

Because of the setup-time interval 
must eJapse after the address 

data a11e presented , the programming 
pulse must come at an instant that 
doesn't fi t too well within the syn­
chronous operating constraints of the 
typical computer system bus. This 
li mitation is most eas..ily overcome by 
using three parallel output ports to 
communicate with the EPROM. The 
a.ddress and the data can be held con­
sta n't while the programming puls is 
applied. Figure 2b shows a block 
diagram of this scbeme, and figure 3 
shows the schematic diagram of an 

WPITC/Pf?O(;hAM 

8 - BI T PARALLEL 
OUTPUT l ATCH 

00-07 

27lt> 

DATA 8UI AO· AIO 

PUlSE 

ADOlll!H 

Figu1e 2;.i; For read-mode op ration, tire 2n6 £PROM is fast 1mougl1 lira/ it can be 
direr:tJy c:orrnuted to the tu.idress and datfl bus; s of mo:;t mic:rocomp11ter systems. Tlte 
OE (outp11t itnable} line h used as a rmu:ms of joi11tly selecting a bank of2716s. 

w!tile die CE/PCM (d1ip e11ab/e/progrnm) line is used lo select tlie partit:ul'ar in­
t :grat.f!d drcult tf1af is to be addressed. 

DATA BU$ 

2716 

ADDRESS aus AO·AlO 

actua l circuit that uses. this principle, 
which can be used with almost any 
personal computer. 

The simple EPROM-prograrnming 
drcuit uses two integrated circuits 
besides the EPROM: the Intel 8255 
PPI (Programmable Peripheral Inter­
face) and a type-74121 one-shot. The 
40-pin 8255 contains three separa t 
l!O (input/outpu t) ports. T wenty­
fou r 110 lines ca.n be programmed for 
various input, ou tput, and control 
functions. (For more information on 
the 8255 PPJ , see "Interfacing the 
S-100 Bus With the Int J 8255," by 
David L Condra, October 1979 
BYTE, page 124, or the Intel Cornpo­
mmt Do.ta Ca talog.) 

In this application, 1 set up the 8255 
to operate in two differen configura­
tions. When prog:ramming, ports B 
and C contain the address, and port 
A contains the data. All ports 
are set up or output. When verifying 
the contents (in read mode) after pro­
gramming, ports Band C again con­
tain the address, b1.1t port A is et for 
input to read output data from the 
2716. 

The 8255 is rela ively simple to use. 
lts four interna 1 registers for porls 
and control are a ccessed just like any 
other I/O device. Using a 
tion of chip-select and address­
decoding logic, partic1.1lar combina­
tions of logic levels on the AO and Al 
lines designate the sped ic: register be­
ing addressed, as shown in tab]e 2. 
The data word into the mode­
control register configures the par­
tiruJar functions of the 24 VO bits. 

Setting all three ports for output is 
accomplished by writing hexadecimal 
80 into the mode-control register. The 
other combination, B and C set for 
output with A set for input, is ar­
rang d by loading hexadecimal 90 in­
to the mode-con ro] regis er. These 
two control codes a.re the only ones 
req uired . 

he EPROM interface in figure 3 
requires the operato.r to select the 
11ead or program mode by the posia 
tion of a toggle switch. [n the read 
mode, the V u..£2Wer input will be at 
+s V, and CEIPGM and OE win 
be at logic 0. In the program mode, 
with the switch dos d, VP" will be at 
+25 V, OE wjn be at logic 1, and 
the one-shot wrn be strnbed for each 
succes.si ve location. The drive r pro­
gram which coordinates this effor t 

Address Bits 
AO A1 

PorlA 0 0 ,Port B 0 
Pori C 1 0 

MOCle-Controi �
Re11is1er �

Table 2: Addressing of porl and 
mode-control registers in tl1e lritel 8255 
Programmable Psripfiimd lrltetface. 

Fi,gure 2b: in the write-progmm mod.Cl, the need for 1111 asynd1ror1ot1s programmfr1g 
ptdse 11ecessit.ate:; the use- ofextenrnJ data latclies, driueri b:y the output ports of tlre con­
trolling system. 
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will be essentially the sa me as that for 
the more sophisticated EPROM pro­
grammer yet to be described. 

An Intel igent Programmer 
The 2-chip EPROM programmer 

previously described is an interface 
des igned to be attached to a program­
development-type computer system. 
h can do just as much as the one I am 
about to d iscuss. However, what 1 
have in mind is better than a mere 
EPROM-programming interface: an 
in tell igent EPROM programmer, a 

devi.ce tha.t functions 
only as a programmer. 

[n my opinion, such a programmer 
should be able to perform the foll ow­
ing accept raw input data by 
various means and store ·his data in a 
buffer memory, read a previously 
progr.immed EPROM and store the 
contents in the buffer, wrHe the con.­

tents of the buffer into another 
EPROM, and c;:ompa.re the con tent 
of the same or a differen t EPROM 
chip to the buffer. ln e$sence, these 
are standard load, program, and 
ve.rify funct ions consistent with any 
reasonably useful 2716 programmer. 

Pho to 1 on page 36 shows th pro­
totype o.f such a device . The in­
telligence for this programmer is sup­
plied by a ZS-BASIC Microcomputer, 
a single-board computer specifically 
configured for use as a controller in 
dedicated applications. Using this 
ZS-based controller b·oard, J was able 
to program and test the driver soft­
ware directly and easily . 

The final configuration consists ·of 
th ZS board, 4 K bytes of ·expansion 
memory, the EPROM-programming 
cir cuit of figure 3, three pushbutton 
witches, and some LEDs (light­

emitting diodes ) added to com­

munica te wi th the operator.. The 
pushbuttons L, V, and W activate the 
load, v·erify, and write functions, 
respec tively . The three LEDs next to 
them are labeled Read, Write, and 
R ady . Two more LEDs, Jabeled T 
and L (for terminal and loc;:al ) are 
pJaced ad jacent to the C ontrol slide 
switch . I'll explain them later. 

The in telligent EPROM program­
mer has two operating modes . With 
the Control switch in the L {loca l) 
position, the programmer receives a ll 
its commands through the pushbu 
ton sw itches. With the C on trol swi tch 
in the T (termi.na.l) position, the pro· 
grammer eKpecls to receive com­
mands l"Om a video terminal or 
teletypewriter ·connected to the 
ZS-BASIC .icrocomputer's RS-232C 
connector. ln this. termina] mod , you 
can examiri · the b uffer contents, 
di rectty change or introduce new 
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data, and e ecute the stand rd read, 
write, and verify functions by 
keyboard commands. In addition, 
this mode facilitates erlal en try of 
data directly into the bulfei:-. 

The tocal mode emulates the 
pushbutton operation of typkaJ com­
merdaI EPROM programmers. Press­
ing L (load) will cause the device to 
read an EPROM inserted into the ZIF 
{zero insertion forc,e) integrated­
d rcu it socket and store the data in 
2 K bytes of the 4 K-byt 
read/ write-memory buffer. (The buf­
fer has enough capacity to store all 
the data in a l-yp -2732 EPROM, 
making possible yet more versatility. ) 
Press·n,g W (write) will make the 
device program the 2 K bytes of data 
from. he memory buffer into an 
erased EPROM inserted into the ZIF 
socket. Pressing V (verify) wi.11 cause 
the ZB program device to compare 
the contents of the buffer to the 
EPROM. The LEDs indicate the cur­
rent status and inform the· operator 
wh n a function has bee'n completed. 
AJ'l opera tfons and control 
assignments are under program con­
trol. Their mean.ings and functions 
can easily be chang d in ofrware to 

your specific requirements. 

Prog:rammer Hardware 
The EPROM-programrning hard­

ware consists. of two basic sections: 
memory expansion for the ZS-BASIC 
Microcomputer (shown in figure 4a ), 
and the EPROM-interface section 
(shown i.n figure 4 b ). 

After the 
sofl:\vari! has been written and 
bugged (which is done using the 
BASIC in terpreter}, it can itself be 
placed into an EPROM, which can 
then be plugged into the Z8 boa rd' s 

Type +5V GND 

IC1 Z6132 28 14 
IC2 74 LS30 14 7 
IC3 74LS04 14 7 
101 74LS30 14 7 
IC5 74121 14 7 
IC6 7406 14 7 
IC7 74LS04 14 7 
IC8 9255 26 7 
llC9 2716 see schemalic 

diagram 

Z6132 memory socket. With the on­
board read / write memory removed 
to accommoda.te the EPROM, a 
separate buffer m mory must be add­
ed lo th Z8 board to hold the data 
read from or written into the 2716 be­
ing processed. This can be provided 
by the original or another 26132 
qu.asi-static 32 K-bit memory device 
and two other chips. lCl in figure 4a 
i the Z6132, and IC2 and IC3 func­

tion as address decoders. As con· 
figured, the 4 K-byte expansion 
memory reside at hexadecimal ad­
dresses 8000 SFFF. 

Th EPROM·interface hardwar 
shown in figure 4b i.s essentially the 
same as that in figure 3, with a few 
more "bells and whistles ." As 
previously described, the 8255 PPI is 
attached to provide three paraUel 
ports. Instead of using four incremen· 

FROM 
28-llASI C 
lillCROCOM.PUTER 

TO FIGIJl!E •b 
IC •· 

AIJ AU 

"'15 

' .) 
.AOO R OECO,DE D 
FOR 8000•-8F rF 20 
H XA DEC I"AL 

22 

Wi' 

AU 

AIO 

2"' 0 

All 
ICl 
Hl32 
u )( 8.>------<11,__________ AJA7/D7 

�

�

.... �

lJ::>--------f-+-i-if--t-------!./7 
A3 �

Al 

10 AOAO/DO 

DO Dl D2 Dl 04 D' 06 07 
11 12 IJ I$ 16 11 13 19 

2 

flgure 4.a: Schernatic dia ram of the buffer-m2mory Section of aw intelligent EPROM 
programmer. Tlris circuit expands thi? read/ write memory capadtJ,t o f the ZB-BASIC 
Microcomputer. and it may be used in dep1m.drmtly of tire EPROM-ptogramming inler· 
face . 
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taUy adjacent addresses to designate 
the mode-con ·rol-register and port 
locations, conserved hardware and 
addressed the our ports as follows: 
hexaded ma! 9000, port A; hexa­
dedma] 9100, port B; hexadecimal 
9200, po·rt C; and hexadecimal 9300, 
mode control. 

Other di.ff rences in the circuit in­
clude computer control of the 
read / write functi.on and the supply of 
power to the EPROM. th.an 
making you ma.nually tum off the 
power to insert or extract a 2716, the 
EPROM programmer controls the 
power th.rough a relay. The READY 
LED indicates when the power is off 
(the LED will be lit) . The three con­
trol signals come from output port 2 
provided on the contro1ler board. Bit 
0 is the power control (0 = off, 
l = on), bit 1 is the read/write c:on­
rol (0 = read, 1 = write), and b.it 7 

provides the program puls to the 

one-shot (a transitjon from low to 
high and back to low). The Control 
switch and the 1three pushbutton 
:switches are read as bits 4 tlirough 7 
o an J/ 0 port into 
hexadecimal address FOES (decimal 
65000). This input port is also provid­
ed on the Z8 boa rd. 

The lnt·eHlgence for the 
EPROM programm r is 
supplied by a ZS-BAS.IC 

M1cro·compute,r. 

Software Control 
The dr1v r program for the pro­

grammer i:s written in tiny BASJCand 
.r·esides in EPROM on the controlling 
ZS board. The routine is very 
straightforward and can easily b 
rewritten to run on another BASIC 
interpreter, should you care con­

ISOR 

SEl' POAT 2 
OUT PU T A D 

VU 

nect the EPROM interface to a dif­
ferent computer. The entire program 
is too complex to cover in this 
it includes a lot of code neoessary 
merely for screen formatting and 
operator interaction in the terminal 
mode. Let's confine our attention to 
the less involved. routines which 
allow automatic programming con­
trol i.n the local mode. 

The code for the local-mode con· 
t:rol routines is given in listing 1 on 
page 47. Flowcharts of the constituent 
parts of the listing are shown in 
figures 5 through 8. Essentially. th 
pr-ogram cons.ists of a supervisory in­
put s.ainner and four subroutines. 
The supervisor i:eads the pushbutton 
and slide switch inputs and transfers 
control to the appropriate subroutine 
to execute the corresponding func­
tion. The functions include r-eading 
th EPROM and storing the data 
values in the buffer. wri ing he bu ­

Photo 3: C,loseup of tl1e prototype 
co11trol pan I. Tire L, V, and W 
pusJ1butto11 switclies control the 
load, ogn'fy, arid wn'te fuirctiml-s , 
respectively. The T and L indica­
tions next to tlie slide switcli stand 
for lemn'nal and local. hi local­
modc operation, no uideo-display 
terminal or teletypewriter is 
11et:essar;y. and all EPROM pro­
gm.mmiPJg and verificati011 can be 
a1:complislied wi'tlz only these con· 
trols. 

Fil!llre 5: f/owd1(lrl of tlte commm1d-input, 
programming software, as sJiown in li5ting 1. 

G,O TO• 
HAM ll'IAL 
SUBitOUTI M'E 

GO TO 

SUBROIJTI 

GO TQ. 
tllEtllOR'l' •IHIFHll• 
A 0-EPROM-COMP.llRE 
SUB,.ROUT 11'1.E, 

ao 10 

PROGR.llMMER 
S\JUOUTHiE 

s :cU011 of tlie EPROM­



fer contents to the EPROM, compar­
ing the buffer and EPROM values .• 
and transferring control to an interac­
tive routine that communicates with 
the operator through a keyboard and 
display (terminal mode). The 
flowcharts indicate the sequeooe. 

Conclusion 
As the technology of EPROM 

manufacturing continues to be 
developed, l will keep a doSie eye on 
the possible need for circuits to use 
new components. Perhaps in another 
fuw years rn he writing about i.nter­
facing arid programmjng 1-megabyte 
EPROM chips. 

l shall also be investigating other 
projects using the ZS-BASlC 
Microcomputer as a component that 
can give additionaJ flexibili y and 

Text co111im4ed 'm µage 4 

SUFFER 

Photo 4: Closeup of .ZIF (z.ero fr1sertion force) sockt't. When the lever on the 
lower left is in tl1e vertical position, the two meta{ contacts toucl1ing each JC (in· 
fl!grated circ11it) piti are spread far apart. Tlie IC therefore requires no (z.ero) extra 
effort to sepamte die contacts during insertion or removal. Wlien the lever is 
dow·n, as s11oum, tire two co,rt.acts are lamped against each IC pin, and the IC is 
held fast with good' electrical contact. 

SET 92SS PP I 
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RE.AO EPllO"' 
CONTEtHS AHO 
STORE I ff 
r.\ 'E.MOA'I' BurFER 

NO 

I HCREME T 
ADDRESS 

T\JRH OFf �
EPROr.\ POWER �

:EX IT Photo S: Closeup of the prototype EPROM·programmer interface. Other than 
the i:ontrol pemel tmd ZIF sodcel, the interface essentially cm.sist..s of a 4 K-bytr 
buffer memory and 3 programmable 110 ports. Users wishing merely to exp1mdFlgure 6: Flowcl11l rt of tlie subroutir1e to 

o,riginal ZB·BASIC Microcomputer need add only these sf'ctions. load 1l1e EP'ROM progmmmer's buffer 
memory from a pr1miousiy progri:m1med 

EPROM d1ip. 
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f igure 8: FlawcJ111rt of tl1e ro11ti11e tl1at uerifit!s correct progrtm1mi1tg of tlte EPROM_ 

Figure 7: Flo'Wdrart o the rou tine lo 
write data from tf1e buffer in to a new o·r 
msed 27.!6 EPROM diip. 
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listing Program ro.t4tine! to rnmrol u11rioi1s fimt:tio11s of Ille rnlellig1mt EPROM progrmrm1er. wri'tten for the BASIC/ Debug 111­
terpreter of th Zi log Z867I single-cl1ip n1icrompuler foimd in tfie ZB-BASJC Mir:romputer. 

100 REM I TELLIGENT EPROM PROGRAMMER 
102 REM USING CIRCUIT CELLAR BASIC COMPUTER/CO TROLLER BOARD 
103 REM CLEAR VARIABL ES AND CHECK KEYPAD ENTRIES 
105 @246=0 ; @2 =- 0 
110 A=O : B=O : Y=O 
130 A=@65 000 
13 5 RE •t B7-TERM/LOCAL, B6-LOAD, BS- WRITE , B4-VERIFY 
140 IF AND(A , %80)= 0 THEN 5000 
150 IF AND(A , %40)=0 THEN 1000 
16 0 IF' A D(A ,.%20)=0 THEN 2000 
170 IF AND(A , %10)=0 THEN 3000 
200 GOTO 13 0 
1000 REM READ/LOAD BUFFER SUBROOT'INE 
1005 REM CLEAR VARIABLES AND SET 8255 FOR I/O READ 
1010 X=O :Y=O :A=O : B-0 
102 0 @% 9300=% 90 
1025 REM MEMORY BUFFER STARTS AT 8000 HEX 
1030 @2=1 
1040 GOS UB 11 00 
1050 @B=@%9000 
1060 GOSUB 130 0 
1070 GOTO 1040 
1100 B=(32768+X+(Y*256)) 
1110 :X=X +l :GOSUB 1200 
1120 
113 0 RETURN 
1200 IF X=256 THE Y=Y+l :X =O 
1210 RET URN 
1300 IF B=34815 THEN @2=0 :GOTO 13 0 
1310 RETURN 
2000 RE WRITE CONTENTS OF MEMORY BUFFER INTO EPROM 
2010 : Y= O :A=O :B=O 
2015 REM SET PROGRA1MER TO WRITE MODE AN:J TURN ON EPROM POWER 
2020 @2=3 
2030 @%9300=%8 0 
2040 GOSUB 11 00 
2045 REM SET DATA .AND ADDRESS ON 8255 AND PULSE WRITE STROBE 
2050 @% 9000 =@B 
2060 @2=131 : @2=3 
2070 GOSUB 13 00 
20BO GOTO 20 40 
3000 REM VERIFY CONTE TS OF EPROM TO MEMORY BUFFER 
3020 X=O : Y=O :A=O :B=O 
3 0 2 5 REM S.ET .PROGRAMMER TO READ MODE AND TURN ON EPROM POWER 
3030 @% 9300=%90 
3040 @2-1 
3050 GOSUB 1100 
3055 REM COMPARE EPROM AND MEMORY -- IF WRONG , TlJRN ON ERROR LIGHT 
3060 IF @%9000<>@B. THEN @2=128 : GOTO 130 
3070 GOSUB 1300 
3080 GOTO 3050 
5000 REM ENTER TERMINAL EXERCISOR PROGRAM HERE 
5010 GOTO 130 

O<iobotr l9SI Cl BYTE Plfl>llcatiora Inc 4?' 
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RCA's remarkabl e new VP-3303 
1111nteractive Data Termi nal turns any 

home TV into a vid:eotex disp lay un it. 
Now you can connect your family to 

lhe whole informative and entertaining 
W'Ol'id of �C�o�m�p�u�S�~�r�v�e �.� The Souroe, Dow 
.Jones News.IRetrieval and other lime-
sharing and data-base networks. 

All you need is oor VP-3303, a 
modem and a mod.em oabre, a telephone 
and your home TV. 

You can ·g:et instant w:.:ess lo re-­
g'onal newspapers and newsletters . . . 
VllEilather reports arid sports results . . . 
oomputer games and moie. You can use 
loo VP-3303 to make air1ine rese:rvalions 
, . . tin<:! restaurant recommendalions in 
cities around Ille world. Plus stool<: �m�a �r �~� 
kel and corporate data. Or access your 
school or business compuler. You can 
even send eleclronic mail and buy 
products. 

Whal you have working ror you is 
a versame, lealUf&-pack.ed �i �n�l�e�r�a�c �i �~� 
data terminal which can be worth 
l'ar mo;re to you than ils low price. 
Us unique color-locking circuitry gives 
you .sharp oolor graphics and rainbow 
free characters. You gel 20• and 40 
characler formats in one of �e�i�~�h�t� col 

membrane keyooaTd switches give you a 
nialural feel. 'Nilh reverse video, 'YOO can 
emphasize certain fellers, words or sen­
tenoes. A built-in tone generator ... plus 
a white noise generator ... let you create 
everything rrom !he sound or explo•slons 
to the sound of music. 

The RCA VP-3303 tcS complele wilh 
both AS232C and 20mA current loop !n­
terfaces. It has six baud rates, eig:h'! dala 
formals aod ASCII enrodlng , .. verse.til· 
ily lhat albws you to connect dlrectll; to 
a computer, as well as time-sham. 

The RCA VP-3303 is truly a line vid,eo­

1ex termlnar . And don't forget il's made 
by RCA ... lhe lirst name in lerevislon 
· · · oo.v lhe roremost name rn vicfeote:i:: 
terminals. 

See a demonstraUon ol lhe new 
RCA VP-3303 at your local comput9'r or 
electronrcs dealer, or order direct from 
RCA,, toll rree m by mail. 

Order now . • . only $369.00 (Sug· 
gested user prlce.) For more fnfor­
ma.lion call toll free. 800-233-0094. In 
Pennsylvania, call 717-393-0446'. 

ors and separale co or backgrounds. Visa m MasterCard holders may 
The spill·prool, easy·lo·clean keyboard order by phone. Or send a check 

is i'ighly �s�~�i �l �a �b �l �e� for PR·IM.E including �$�~� delivery
hostile ·em11ronments. �
Arnd lhe llgh touch �

TIME �
charge per unit plus your 
local sale-s taoc. 

HARING. �

Texl contrmiod from pMge 45: 

c:apabi IHy to an othlfrwise simpfo 
project 

Next Month: 
Jf you 've w11r1ted to use ii 

switching-type power supply in your 
projects but didn 't know .how to go 
about it . ymi wm have an opporruni­
fy to fitid out as 1 explore this topic in 
November.• 
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New fro01 HIPL0TTM �
6-pen plotting for as little as $1480*. �

FCC dou II trmd 
Ul li•IHI 

And you can retrofit your present single pen HIPL0T for only $395. �

The new HlPL<llT DMP Series 
6-pen op'tion makes high perfor­
mance multi-pen plotting affor­
dable. It's available on the DMP-2. 
3 or 4 models in the HlPLQ'>T 
famiJy so you can enjoy the ad­
vantages of multi-colored pJots on 

1surfaces of 81/2M x 11 M (Dl A4) 
or 1 w x 1r (DIN A3). Of 
course, you also get the standard 
H1PLG>T range of capabilities suc:h 
as inte ligence, contro·ls, interfaces 
and resolutions. There's a model for 
virtually every plotting application. 

Big Pedormanc in a Small �P�l�o�t�:�t�~�r� 
Since it 's introduction. the 

HIP <l>T DMP Ser:ies has been rec­
ognized as the innovative plotter 

1Tudrm.Jd. iJI H i H.rilOl1 lnJ.11rmnimt 
• U. �~ rot1ll 11ri•:t•• �

Cc.,,!r nln" ' Iii rrd �1�,�.�.�.�J�~�.�,�l� nf �
ml:.rorlit'J; O..t .. Compu.1n Corp. 

line which made low-cost, high 
performance digital plottill"lig a 
rea itv. 

Now, with our new 6-pen 
optjon, here's an eX!dting 11 w 
dimension h'I the DMP Series' ver­
satility. [magine standard models 
with RS-232-C and parallel inter­
faces , intelligent models with 
RS-232-C or Cen lrnn ic compa­
tibl ' �i�n�~�e�r�f�a�c�e�s �,� a choioe f con­
trols, r-esolu ions, and pen speeds. 
Add to this the ability lo plot with 
6-pens on paper, v Hum or Mylar 
(id·eal for overhead projectors) �~�a�d� 
you have th ultimate p?oll "'r 
pric / performance combination 
- the perfect choke for t·he user 

or OEM. 

Clrcle 169 lor Ill raluM 
C' role 170 to h11Ye' repre:s11nla4 live call 

Ea.s"iy Retrofitted to Ex•sting 
Hl.fl0T Model 

IE you already have a single 
pen DMP-2. 3 or 4. don't despair. 
For as litt le as $395 you can 
upgrade these models wi.th our 
6-pen conversion kiL lfs simple to 
do . . . and the complete change 
can be made by the use.r in only 
six minutes. 

So why wail ? Let us send you 
complete informatim'I on tl1is 
�b�u�u�~�k�t�f�1�r�o�u�g�#�1� in ,a.ffordabte, �m�u�l�t�i�~� 
pen p.Jotting, Contact HoU5ton 
lristrument. �0�~�1�1 �?� Housfori Square, 
Austin, Texas 78753. (512) 837-2820. 
for rusf1 liternltmi requests, ouisid 
Texas, call itoll free �1�~ �8�0�0 �~�5�3 �1 �-�5�2�0�5 �.� 
For teclrnical i11formatioM ask for 
operator 5. In Europe cor1tact 
Houston lnstrumimf, Rochesterlaan 6. 
8240 Gistel. Belgium. Phone 
059127-74-45. 

h uston i strume t 
GRAPHICS OIVISfON OF 

BAUSCH & �L�O�M�B �~� 



Ultra-L .ow-Cost Network �
for Personal Computers �

Ten years ago, computer ".hackers'' 
listened with. glee lo predictkms that 
techn.ological advances would soon 
.aUow them to buy the.ir very own 
computers. Indeed, the s·eers 
predicted, the computers of the future 
would fit into a spare bedroom or 
basement and wouldn't even require 
air conditioning. The word went out: 
start saving $100,000 to be J1ead.y 
when that great time came. 

The time came with a vengeance. 
Today you can hardly take twenty 
paces around a technical organiza­
tion, S<Chool. or office without bump­
ing into or being add.rnssed by yet 
another computer. 

One of the sad outcomes of this ex­
ponential growth was creation or the 
computer junkie, the unfortunate 
soul who went out and bought each 
of the pewest computers he or she 

Ken Clements .and Dave Daugherty 
Pacific: Polyted:inica.I Corp 

POD 2780· 
Santa Cruz CA 95063 

could afford. The junki.e ended up 
with a basement foll of equipment 
and a computer habit that could be 
satisfied on.ly by more spending. 

Just when the future was looking 
grim for these computer junkies, 
saJvation took form and appeared on 
college campuses. Perhaps the best 
explanation came from a recruit. r 
from the giant Xmumblex Corp, who 
took a young graduate aside and 
whispered, "I have just one word for 
you; ne.tworks." 

The big-computer companies and 
an army of computer scientists ap­
parently wi.U be going network c:razy 
for t:he next ten years. This dev lop­
ment thrills the computer junkies 
because it provides more computer 
"stuff" to get e·xdted about. And. the 
junkie$ cakufate, if they ·could get 
their own personal networks going, 

ULCNE T TWO · CONOUCTOR CAB LE 
GR OU 0 �

DATA �

2K 2K 

-1 2v - 12\1 

'1 

RECE l \IEO TA ANS;.l lH£0 SIG .A L RECEIVED 
OATA OATA GROUND DATA 

RS- 232 RS-:32 
092!1·1' DB2S P 
CON ECTOR CONNECTOR 

�F�'�i�.�g�u�r�~� : : Simplest uers.ion of ULCNf:T. The additio11 of a diode, cable, a11d termi11atirig' 
resistors co11verts R5·2J2 p·orts into '" basic network for personal computers. 

they might be able to string together 
au the "coldware" collecting dust in 
�~�h�e�i�r� basements. 

What stops most people from going 
ahead with their own networks is 
complexity, both in terms of cost and 
technicaJ considerations. A typical 
coax'al network ''box" may b as dif­
f:icult to build and interface as was the 
computer you wanted to network. 
This stumbling block is particularJy 
�]�a�r�:�~�e� for the computer junkie who 
owns no two pieces of hardware that 
are the same. He must come up with a 
new interface for each one. 

But almost all those pieces of hard· 
wa11e have at least one RS-232 serial 
port. RS-232 was designed to provide 
poinHo-point communication, and it 
requires some central manager "box" 
lo produce a network. But with as lit ­
t]e as one d.iode per port, two 
resistors for the ends, and a. -12-volt 
(V> source, you can turn RS-.232 into 
ULCNET, the �U�l�t�r�a�-�l�o�w �~ �C�o�s�t� Net­
work. 

Simple T'echnique 
The prima.ry technique for this 

transformation is shown in figure 1. l t 
js amazingly simple: just connect a 
diode in series with the transmit line, 
then connect the receive line and the 
diode to your �c�~�b�J�e�.� At the ends of 
the cab e you wiU need resistors to 
"pull down" the Iin.e to - 12 V and t·o 
help soak up reflections. Serial com­
munic:at ions via RS-232 are usually 
not too fast, so the type of cable and 
exact terminations are not critical. 
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EPSON MX·BO .... ..... . $CALL 
80 cps. 9 ·:9 r1a ·1>. Lower case ·11·1th 
·1 ue c1escenders! B1-d1rect1onal & 
Log c sec1<_1ng/Ad1ustable lracro I 
E�~�p�a�n�e�.�J�e�d� print1ng/B'oc" grapl11cs/ 
Forn1s co11trol.1Compressec1 pr1nt1ng.1 
Douole-s1•1!\o prt•1t1ng1Correspon­
clence qui'll1ty1Ernphas1zed pr1n 1ng 
q1oc!Q1 St<1n.-1a 1cl parallel 1n1edace 

EPSON MX·BO F/ T ..... .SCALL 

Sd· 1 c features as 1t1e MX 80 pus F11c­
1 on Feed At11ustable removable trac­
to1 1s sta id<ircJ for ease of hancfl111g 
rorrns anci s ngle sheets 

EPSON MX·100 F/ T .....$CALL 
&-1ir'e b::i1 N"<.. ris the rv· -80 & �·�.�~�x� so 
F/T tJut 011 5 1 " 1·1c.h car'1age lor pr1nt­
llKJ 132 colur--1'1S 1N1th s:andarcJ 1Ocp1 
ton1 or 232 colurrins 1n :Ile corn­
pressecl clia•c1cter lonl The MX-100 is 
colllp ete ·,1:1t' Dot Resolution 
Graoh1cs 

Circle 13 on inquiry card 

EPSON INTERFACES & OPTIONS 

'riS "! \I• t l 11 ·•t1.r s j(. 

�l�~�r �1� 

.,J._U'l-'1L rJ':: .:>1 �'�"�'�~�"� ::· [; l[R 

S(fl 1•L ..::Aul[ .._.J,L" ·;,,.,_ 
�1�. �:� �~� 

�~�L� 
'r"'" r-i '· ...!R r· 30 [' -,l 8ESOI 0TION GRM'·t ·CS <;II 
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We built a reputation on our 
prices and your satisfaction . 
1•,•,, Q�r�n�~�m�t�!�'�!� �~�1�·�e�r�1�·�1�1�1�r�u�:� ... e sell lur JO rJa•t'S II �~�n�·�1�:�l�1�1�n�q� 

•s t,1onq 1usl rtlu•n lh< 1rem ar.d .... e II �1�n�a�~�e� I r gl'I 
�·�~�n�i�l� or course. ...e II oa1 �J�n�~� �s�h�1�p�p�1�n�~� �c�~�a�r�q�e�s� 

We ac(L-CI Visa aod MasJer Cara on all orders COD 
�w�;�~�p�l�c�d� 111• ro �~�3�0�0� OC W• ais,. �~�·� .tl>I sc·1 ,1 our 
ct1aY.' c1uers 

P ·asr· atlll $2 OD to· sta11darcl UPS sr1prc1nq a• d 
lia1 rtlir'Q �(�)�~� �o�r�d�~�r�s� un �~�1� to �P�O�'�J�1�'�i�l�~� �r�J�~�l�1�'�l�e�1�e�d� 11 11 c 
rnrlinenl31 US Call us tor �s�r�1�p�p�i�~�g� charges on 1lems 
Iha! �.�~�e�1�<�;�I�-�.� n•ore Jnan 50 JDtmds �r�c�1�~�1�g�n� f POanct APO 
orders p icasc .ind 15°0 lar �~�h�1�p�p�1�n�g� �C�a�l�l�l�c�r�n�1�~� 1·s 
1a•·nts a11d fi°o <,ales la• 

31245 La Baya Drive , Westlake Village , Californ ia 9·1362 

llYTF. October 10$1 S l 



























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































"Over15,000iteins in inventorycould be 

a nighttnare~ But it's not 'cause tny 


1Challenger COtnputer 'Works 
like a dre,ain!' 

" My faslener business is 
growing rap id ly. I 'have over 
800 customers uti li zing my 
15,000 inventory items dail y. 
Keep ing track of invento ry, 
orders , and rece ivables at 
tn 1is vo lume leve l cou ld be 
an igntmare. But it's not 
'cause my Challenger com· 
puter works 1ike a dream. 
Terrific, Ohio Sc i entific~ " 

Ricfrard Nolan. Pres1deM, 
Aerospi'lce Nylok Corp., 
Ha wthome, Ne~•1 Jerse~' 

Ohiiro ScienUf ic was first to add Wincheste r 
hard disk drives to microcomputers. Thi:s 

advanced technology allows low cost 
mi:cro computers to store over 100 Ii mes 

as much information on line as they 
could before. 

''Wit h our Cha llenger computer we 've developed 
soph ist icated rea l estate prog.rams and in fo rmat ion 

tiles that g ive our customers and our sales 
assoc iates that extra edge in rast, accurate rea l 

estate market in rormation analys is and forecast ing_ 
We now have a st rong managerial accounting and 

market informat ion system as we l I as word process· 
ing at an affordable cost. Terri f ic, Oh io Sc ienli fi e ' '' 

Chat/es Smith. Jr.. Presidl'n t , Montag1.Hf, Miller & Co., Ac-;:mor 
CfrarloUeS~ifle, Virginia 

OHIO SCIENTIFIC HARD DISK BASED 
MICROCOMPUTERS STA!RT Al LESS TH.AN $10,000 

AND ARE SOLD BY MORE THAN 400 OEAL 1EAS 
NATIONWIDE. FOR THE ONE NEAREST YOU, 

CALL HJ.QQ.321-6850 TOLL FAE E. 

'Tm a fu e l o i I jobber, 
and I can' t be lieve how 
re liable my Challengier 
has been, w ith all i t 
has lo keep 1rack of. 
But , it's been doing it 
tor two years now, and 
that's terri t ic, Ohio 
Sc ienli f ie ! ' ' 

Wade Car Ison. 

Vice Presidenr. 

Wally Carts on & Son 5 . 

tutdsuom, Minne sot a 


I I• 
a Company 

1333 SOUTH CH ILUCOTH E ROAD 
AURORA, OH44202 • (216) 831 -5600 

C i re le 271 on In.q u4r~ card. 
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