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1:rtI~i:l 8.7 Paradox 1.1 • • • • • 512K 
'(:rt.'rtn':I 8.2 XDB 1.10 • • • • • 320K 

'f~ ·~rt<· 7.6 PowerBase 2.3 • • • • 384K 
'i'.:rP. r> 7.0 Open Access II 2.0 • • • 256K 
;-'..7;:.?P. 7.0 DataEase 2.512 • • • • • 384K 

'(,:"f't:.t 6.6 dBASE Ill PLUS 1'1 • • 384K 
{;Jf:.f 6.4 R:BASE System V 1'1 • • • 512K 

$495 
$750 u<r<rc-u 9.0 01 higher 

$349 trtrtrtr 8.0 - 8.9 
'1'1'1 7.0 - 7.9 

$395 tri1 6.0 - 6 9 
tr 5.0 - 5.9 

$600 All Other Ratings 

$695 • 7 0-99 
5.0. 6 9 

$700 • UNDER 5 0 

.. 
c;:i n t;:ik ~ out of the box nnd "Pnrndox is on ce again

Uw lop-rat ·d program. begin using right nway. 

Why Parad1 

'' Pa radox sti11 offers 
superior import/export 
facilities using Lotus 
1-2-3. dBAS~:, ASCII 
and other file types. It 
transfers bet.ween formats 
\Vi th stunning speed 

R11 :)C/ !JmWarla. l'C lii:'r··.i.. ' ' 

Paradox responds 
instantly to "Ouery
by-Examp/e" 

The m~thod you use Lo c.rsk 
questions is called ~)u e ry-by-
8xample. Instead of spending 
time figuring out how to do 
the query. you simply give 
Pnradox an example of the 
results you're looking for. 
Paradox µicks up thr example 
and autoimrticnlly seeks tlie 
fastest way of getting tile 
answe1·. Paradox. unlike ottler 
databases. mDkes it just ns 
r,asy to query mu Ili pie tClbl es 
simultaneously as il is to 
query one. 

with the latest version 
scoring even higher than last 
year's I.op score.·· (Software 
Digest's July 1987 Ratings 
Report-an independent com
pnrative rati ngR report for 
selecting IBivl PC Business 
t1oftwarc). 

All tests for U1e Ratings 
Report wrre done by the pres
ligious Nmiorrnl Softwnre Test
ing Laboratory. Philadelphia. 
PA. and tilt' message is crysk'll 
clear: Lhere is no better rela
tional database mnnager than 
PCll'(l(lOX. 

Because Paraclox emµloys 
:;tatc-of-thc-art arti ricial intel
ligence technology. It does 
almost everything for you
except take itself out of 
the box. 

If you 'vc ever used 1-2-3~ 
or dBASE'~ you already know 
how to use Paradox. It has 
Lotus-like menu:;, and 
Paradox docu mentatlon 
in 'luclcs "A Quick Guide tu 
Paradox for Lotus users.'' (lncl 
.. AOu ick Gu icle tu Paraclux 
for dBASE users... 

~---------,. 

dBase Ill PLUS 
• I • 

Open Acce ss II • 
L ar21'.ase 

A·BASE Sysre\'1 v • I 
Po werB se • 

I 

I 2 J • $ G l ' ~ ,c 
USABILITY 

Ideal pmgr;w1.\ hi!\'t' liitih 11 •1'/'/s of lwth 
powl'r illld 11.<;:1/lili/.V. l'rv!'m111s ploued io 
rr11' 11ppcr r/f;/u/iand prm/011 ur 1!11' 1/J;igmm 
;1/11.1\'t' cum'' 1·1t1se.1·1 111 ;1c/l/e1·/n1J I/Jal ideal. 

NSTL t. ~ste(J 12 different 
"

programs ancl amongst other 
resu 1ts. di srnvere<I that 
P;iractox is 8 ti mes faster than 
d B.l\SE: 6 ti mes f<lst.er than 
R:BAS!.'.: on a two-r\le join 
with ~ubtotals testt. 

Paradox does the 
impossible: combines 
ease-of-use with power 
and sophistication 

Even if you're a beginner. 
Pnraclox is the on1y relational 
datahase manager thnt you 

; 
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>xis the best 

Tbcre's no power like Paradox Power 	 Paradox makes your 

PROGRAM 
Paradox 

dBASE Ill PLUS \7 93 

Paradox saves you from 
future s/Jock 
Trends for the future with Paradox 

I ~IPAAADOX20 

'-IPARADOX3811J 

J PARADOX SOI. "1 

J PARADOX 0&2 'l 

1987 1988 

~ PARAllOll,Uf'llX '-l 

I 1959 I 1990 I 
Paradox ~86 allows users to 

take advantag, ur 16 Megabytes 
of Memory on n 386 machine. 
This allows Paradox users to 
work wit,h datnbases that could 
in the past only be handled 
by minicomputers and 
main frmnes. 

llotl la mot• ,.,.. ..- ~•'-* 
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• liMtW11tJN(M'l~~e·1e111(.<12Q,I,[)'~ 

• jCom JF\<I """ 3Can 3+ op!O":lir>J ~ '"""" I 0, I I u "'IV< 
• 	181.1 foNo IU>g" PC ~ ...wi 181.i fl: lcr.J IV"1 ~1 l'To 

'10'll "' lk'<l I ll" r.te 
• T"lJS 1~1 ve<'°' I~ I" '"I""" 
• AT&T Siar.lo> Nrr..:rt ""'1~T&TPC6300 Nrr..rt l'T011"'"..,,,.,,., 
• 	DIN< ""-UI cOOQ.J~ lf'.ll ;re IOO'J, ~"'"'DOS l 1 
~ .... o1~~rolw<J\'l 

$y1l1m A1fMl11mHl1 tar 3J.,1, UHr: 
• DOS20 01 h1~er 
• IBM" PS/2 ano PC, COmoJQ' PC''"'''" •M ~,.. , 

100% '~ibDle> 
• l12 KRAM 
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Your invcstmenl today in 
Paradox applications is pro
tected as new hardware and 
operating systems are used in 
your compnny. Paradox 2. 0 
applications wi 11 run un
changed on Paradox 386. 
Paradox OS/2. Pnradox Unix 
and Paradox SOL! All versions 
of Paradox will b completely 
applicalion and menu compati
ble . Paradox SOL will allow 
access to remote databases via 
SOL. Users will just type in a 
query as they normally would. 
and Paradox will translate that 
Query to SQL. 

' ' Parmlox 2.0 will 
do for the LAN what the 
spreadsheet did for the PC 

D;wid Sc/111/man. 
Bendix 1lel'OSpc1Cf' '' 

Sy1trm R1qu!rrm1ntr for lh Nll-t IAll!1k1l1l/011: 
• DO' l I OI ni""' 
• o~OK RAM 
• ' ~ t:G1nQmalio11 ol fi4t ~ tlvpfiv. Qr r;11~ ~ d r 1 ~' e 'i 

• Con tmh; mo."l(lr f"( Oi11~ 1:010< Cir ~GA n; IOI' '~1 Ul ;!iJa 1er 

Op/IHI/ Eqrlpm1al' 
• EM-5 •nd El~S ~els AST RAMl>"je ~~.' l"lol Ab<m Bll>r~" 

or al~! npande!'.9 ~tro1 ·~ .1..11.tW~I ~ 

• ~ 1ril~t!. Ccrn'lfo.1.!1trle llOl 11\1111 l rt11e1 QUJM)I Oii lJsrr [MI n1r1 

·~ .,.~ l>!tlmsioo by Sdru• Dit,it>l lrom ir.; M r'J.Bl ~ 
CQ"'<IJC Ii! INf'l"'lll dalfis.! /JI~ 

network run like 
clockwork 

Paraclux is just. as val uablf' 
to mu Iti and network users as 
it is Lo single users. ll. !'uns 
smooth Iy. intcl l igently and so 
transpnrently that mu I t.i users 
can nccess the same data at the 
same time-wit.110ut either 
being aware of each otller or 
getting in each other's way. It 
works exactly th{' same way 
wlletller you· re rlyi ng solo or 
as part of the crew. 

'' Anyone who hasn't 
seen t11e network vc;rsion 
of Paradox should take a 
look. Ansa has clramati
cally advanced th ·l state 
of the art in multiuser 
network dntabases 

f'l!il /,1'11/rt/(I(/ ,,, 

fff/'f.' 

Paradox was a deligl1t 
to use. both as a stand
alone product and from 
a local area network 
server. 

{)011 {,'ra/J/;, 
lnfuWorld J J 
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Paradox: the new 

corporate standard 


Paradox automatically 
updates your data and 
Jets you control access 
to information 

In "Co-Edit" mode. changes 
made by anyone are automati
cally updated to everyone. You 
can pre-set a "Screen-Refresh" 
Interval to occur anywhere 
From t-second to 1-hour inter
vals. (If you don't make a pre
set cl10ice. Paraclox automati
cally updates every 3 seconds 
so that you r screen always 
shows you updated data). 

While Paradox 2.0 Jets 
everyone share and update 
information simultaneously. 
you can configure it to keep 
secrets secret. 

You can restrict others' rights 
in a variety of ways with safe
guards protecting confidential 
files and/or giving someone 
"Read Only" rights which is 
to allow "View." but prevent 
"Change." The Paradox tech
nique-automatic file and 
record locking-ensures data 
accuracy and integrity in any 
mu1Li user environment. 

For a brochure or 
the dealer nearest you 
call (800) 543-7543 

PARADOX 

bv.Ansa 

A Borland Company 

'' With Vers ion 2.0. 
Paradox becomes a sophis
ticated multi user product 
that boasts an impressive 
selection of data-protection 
features and password
security levels 

Rust'/ /JeM:1rla. 

PC We•k '' 

Get serjous support for 
serjous Paradox applica
tion programming 

When you subscribe to the 
Paradox Developer's Resource 
Program (PDRP). you get a11 the 
resourc"'S and support you need 
ror sophisticated Paradox appli
cation development: unlimited 
access to our toll-free PAL 
programmers support line: the 
Paradox Developer's Toolk it: a 
subscription Lo Turbo n:chnix. 
Borland's bi~monthly technical 
magazine: and a 20% discount 
on the Paradox User's Journal 
published by the Cobb Group. 

Call our Customer Service 
Department at (408) 438-8400 
for your free PDRP inrormation 
kit with all the details. 

Cin:le 40 on &ader Service Card (DEALERS: 41) 
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EDITORIAL 


Not Just for the MacFaithFul 
"Gridlock surrounds S.F. computer 
show" screamed the headline in the San 
Francisco Chronicle. "More than 20,000 
people turned up for the first day of the 
three-day computer show. compared with 
30,000 for all three days of the show last 
year. Hundreds ... were unable to get 
into a packed keynote address . . . . There 
was almost complete gridlock from Mar· 
ket to Howard streets ... a.nd traffic 
backed up onto the Bay Bridge . .. . Some 
drivers complained lhat it took a half 
hour to go one block ." 

rm writing this on the flight back 
from this winter' s MacWorld Expo and 
can anest that it's all true-and perhaps 
even a little understated . It was a great 
show. in some ways reminiscent of the 
early days of microcompoting , with an 
electric atmosphere , a spirit of innovation 
and excitement, and a profusion of new 
hardware and software. 

h may be remembered as the show or 
the expandable Macintosh-a show when 
there finally were enough innovative 
products for the full Macintosh line (not 
just for the Mac ll) to satisfy all but the 
most fanatical criticisms about limited 
RAM. small and monochromatic 
screens, inadequate expan ion, and un
fulfilled visual potential. 

My briefcase barely fits under the seal 
in front of me ; It's crammed full of litera
ture and sample software. for everything 
from accelerators and expansion products 
for the Plus and SE: to 68030-based ac· 
celerators, professional -quality anima
tion. and digitized video products for the 
Mac II; and back to software that lets you 
accurately and flexibly drive color 
printers from monochrome Macs. The 
list goes on and on. 

It was a great show. And not just for 
the MacFaithful. 

Cross-Pollination 
Irs axiomatic that many of the concepts 
and 1echnologies that had their first wide
spread commercial appearance on the 
Mac already have influe.nccd aod im
prove.d 1he IBM world. But, until re· 
cently, linle has gone the other way. lt's 
left the Mac world essentially isola1etl 
from !he mainstream-a fertile but for
eign land to the overwhelming majority 
of microcomputer users. 

Some Mac users like it that way. They 
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regard the ..purity" of ihe Mac as an al
most religiou s issue. At several of the 
~how' s panel discussions. members of 
the audience actually castigated some 
manufacturers for ··selling out" beca·use 
t~ey adapted Mac products for PCs. or 
vice versa. 

Some PC users like it that way , too. 
These are the folks who made up their 
minds about Apple's "little beige 
toaster" when it first appeared and don't 
realize that the current crop of Macs and 
third-party hardware and soflware em
body the most desirable t ralts of the fBM 
side (e.g .. expandability and adaptability). 

It' silly-dangerous , even-to put on 
blinders and track only one class of ma· 
chine, or worse, only one brand of ma· 
chine : Good ide.as know no boundaries, 
except artificial ones, such as closed 
minds and closed architectures. 

And that's why BYTE (which is some· 
times incorrec.tly perceived as an MS
DOS publicacjon) attends Mac shows . 
Because no matter whether you're a Mac 
user or a PC user. you need to know 
what 's going oo in the other camp: Soon
er or later , you must deal with and choose 
among lhe best idc.as that emerge there. 

This cross-pollinization benefits every 
1,;omputer user. and it· s a fact of li.te of 
microcomputing today: The best foaturcs 
of hardware and software- wherever they 
originate-will eventually show up every
where . Keeping you informed of these 
developments . keeping your options 
open-that' what BYTE is all about. 

Some Specifics 
At MacWorld, we covered all the best 
product and te.chnology news virtually 
live for the Mic robytes Daily area of BIX. 
We then produced a Show Report (see 
below) immediately after the show 
closed. I've already mentioned some of 
the most imeresting products-many of 
which we'll soon be reviewing. 

But if you 'vc misseJ our earlier cover
age of MacWorld, here's a sampling of 
some of the show's other interesting 
items. As you read them , you'll see many 
examples of cross·pollinization. 

• Apple roll s out three new laser 
printers: from a S6599 model on the high 
end lo a $2799 PostScriptless model on 
the low end. with a $4.'599 PostScripted 
model in the middle. 

• Sculley lalks of twenty-first century 
"knowledge navigator .·• 
• Mainstay announces "Agenda-like'" 
program for Mac . 
• New Apple product lets MS-DOS PCs 
be AppleTalk nodes. 
• Apple and DEC share technology. 
• Activision program lets HypcrCard 
users genern.te reports. 
• WINGZ ··integrated spreadshee.t'' puts 
graphs. te,.;t on one page. 
• Truevision , maker of the Targa and 
Vista graphics cards for the IBM PC. an
nounced a sim.i lar card for the Mac II. 
• SuperMac's 24-bit color card for the 
Mac 11. 
• MacNeal-Schwendler introduces engi
neering soft.,.,are for Macs. 
• L-Otus introduces Modern Jazz. 
• Mac CAD package has modular 
design . 
• Kodak ' s first Mac projection pad . 
• Program lets you map ··information." 
• Sumrnagraphics announces d.igitizer 
for the Mac . 
• Deutsch Research introduces a simula
tion program for analog and digital 
circuits . 
• SuperMac/Levco brought out program· 
ming environments for its TransLink ac
celerator card. 
• Apple Programme.rs Group offers new 
versions of MPW PascaJ and MPW C. 
• Digital film recorder does slides from 
Mac graphics. 
• Two faxe s for the Mac. 
• Apple resists display PostScript. 
• Cricket presents "Cricket Presents. " 
• Cricket shows beta paint program. 
• Radius accelerator runs at 25 MHz . 
• WordPerfect for the Mac : The "look 
and feel" of the Mac with all the key· 
board fu netions of the IBM version. 

And much more. 
We'll also be producing a Show Report 

after this month's West Coast Computer 
Faire. We'll be glad to send you a copy 
for just the price of the paper, printing. 
and postage. Just drop us a note (send it to 
WCCF Show Report, BYTE, One Phoe
nix Mill Lane, Peterborough. N H 
03458) ; please enclose a check or money 
order for $3 and be sure to include your 
name and mailing address. 

-Fredl..anga 
Editor In Chief 

(BIX name: flanga) 
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The loneliest feeling on 
earth is the feeling that 
comes right after losing the 
data you've worked so hard 
on for so long. 
The solution? 

Maxell Advanced System 
lf4" Data Cartridges. 
They're fully compatible with 
all standa:rd and mini 1/4" 
data tape systems. 
Perfect fo:r file-by-file 
backup or mirror-image 
streaming, creating archival 
tapes or off-loading data. 

And best of all, they 
bring you the peace of mind 
which can only come from 
seeing the Maxell name on 
your computer products. 

Talk to your Maxell 
distributor about backup for 
even the most sophisticated 
computer today. Before it 
slips your mind. 

maxell. 

maxeu· 

THE GOLD STANDARD 
M11«ll C<>fl>. ol Ammao. 22-08 !ltaic. UIB. Faltlawn. SJ. 01 11 0 
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The small printer on the left 
seems positively unexciting 
next to the new ALPS ALQ300. 

And it's not just because of 
our colorful per:sonality. 

You see, the matic single 
~both offer the same great feature sheet feed andALQ300 is a lot 

f i rs t dot matrix printers with reso 
bottom feed. Andfaster. It handles er quality . T hey quietly print at 

y • r~ versat il e. A fu ll range of mod of course, it nmsbidirectional 
ths, transparencies, mu l tip le-par t f 

with all the most 
ing colors. And 
graphics with fly les, pitches and fo n ts. 

TheALQ300printseverythinglrom the/el/erqu.. Jity /ext you popular PCs and 
$e£' }Jere. to hfr1h resolu/1011 gr.tphics in seven colors. ft

for black and so ware. 
white work- spreadsheets, let It's much easier to use, too. 
ters, you name it-the ALQ300 Because you do everything 

zips along as fast as 240 cps. 
It can do more things. It has 

snap in/out 24- or 18-pin print 
heads. Multiple font cartridges. 
Paper handling extras like auto
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on the front panel. Change type 
styles and print modes. Load 
paper. Even override your soft
ware. All without software 
commands or DIP switches. 

You may have also noticed 
that the ALQ300 looks more 
substantial. It is. Treat it right 
and it'll run over five years with
out a breakdown. 

You may also expect that the 
ALQ300 is more expensive. It 
isn't. Our 24-pinversion has a sug

50 0 
• Q I 
JO 
20 u 
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And our 18-pin model is $1 less. 
Now it's time to make your 

own comparison. Callus for a 
free demo or more information 
at (800) 828-ALPS. In California, 
(800) 257-7872. 

And you'll find there really 
isn't any comparison to make. 

ALPS 

AMERICA 

gested retail price of just $995. IT'S TIIVIE YOU SAW THE ALPS. 




LM-301 LM-300 
with with 

PG-1600 Laserpage 
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Staff-written highlights ofdevelopments 

in technology and the microcomputer industry . 
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SQL Promises Portability, but It's Not Easy 
Becoming a Standard 
Incompatible database fonnats have 
long been a problem for computer users. 
It 's not uncommon to find several dif
ferent database programs being used 
within a single organization , all gener
ating incompatible data . If we're to be
lieve industry watchers and prognosti
cators, however, this problem will be 
sol ved by making Structured Query 
Language (SQL) the standard . 

Although SQL is just a language forr querying and communicating with data
bases , it requires a standard SQL "en
gine,·· or daca fom1at. to be use.cf effoc
tively. "The. real promise of SQL is the 
portability of file,s and ind.exes ," pio
neering compute.r designer George 
Morrow told Microbytes. "If you follow 
the rules of SQL, everyone can use the 
data." The problem, however, is that 
very little. data i currently in SQL for• mat . "Unfortunately," said Ansa Soft
ware's cofounder Rob Shostak, " most 
of the world 's data resides in flat files 
accessed by COBOL progn1ms. " 

SQL may indeed be the next stan
dard. But how long will this standardiza
tion take? And how will it affect data
base developers? With Oracle 's recent 
announcement of an SQL add-in pro
gram for Lotus 1-2-3 SQL products for 
the PC are becoming a reality . Mi
crorim also has announced SQL sup
port, but the new version ofR:base im
plements only some SQL commands and 
has no provisions for transferring files 
between R:base and SQL According to 
Morrow, R:base users " will be greatly 
disappointed·· when they discover that 
their files are till incompatible . 

Shostak told Microbytes that Ansa is 
working on a version of Paradox that 
will accept data from SQL databases 
by providing a "seamless" translation of 

Paradox queries into SQL. "What 
users really want to do is access SQL 
data with commands they already 
know ," Shostak said. But do MIS man
agers want microcomputer users to be 
able to modify or update mainframe 
databases? In a survey of Fortune 500 
companies, " many executives said they 
don't want micro users to be able to 
update the majnframe, " said Shostak. 
Ansa is debating whether to provide a 
mechanism for exporting data from Par
adox back into SQL databases. 

Another problem is perfonnance. 
According to Morrow , the main bottle
neck in current PC database products 
is I/O. "SQL will be even slower, be.
cause the bottlene.ck is the CPU. SQL 
is highly interpretive. SQL gives you a 
nice language , but the price you pay is 
that it's CPU-bound ," said Morrow. 
Morrow's company, Intelligent Ac
cess, has been developing SQL inter
faces that are built into the hardware of 
disk controllers. 

Of course, Ashton-Tate is also 
working on SQL product~ and has hired 
several experts in the field . lndustry 
speculation has A-T acquiring a com
pany with SQL expertise . But accord
ing to Oracle's marketing direc1or, Gene 
Shklar, the first player to drop out of 
the SQL game will be A-T. "They sim
ply don't have the technology to com
pete with us, " he claimed . Shklar said 
that products liked.BASE m, R:base, 
and Paradox are not based on the SQL 
model and therefore can offer only par
tiaJ support of SQL. 

In any case, no standardization takes 
place overnight. In the meantime , we'll 
have to thrash away at incompatible 
data files and put up with converting to 
ASCIJ fonnat . 

New Approach Will Make Scanners Smaller 
Scanners will begin to change over the 
next 2 years as manufacturers adopt al
tern:a.tive technologies. The approach 
that look to be the scanner technology 
of the future is called "contact image 
sensor." It should enable mauufacturers 

to design scanners that are much more 
compact, much less expensive, and have 
much less image falloff than anything 
on the market today. One thing that 
makes today 's charge-coupled device 

comirmed 

Nano bytes 
We ' ll resist unfair comparisons 
to glasnost, but IBM opened its 
doors a bit following published 
reports regarding PS/2 Model 50s 
bowing up DOA . The company 

invited writers from sever.ii com
puter publications to its offices 
in White Plains , NY , to correct 
what it says are "misstatements" 
in the press. One person was 
quoted in a prominent news 
weekly as saying that 40 percent 
of the Model 50s he had ordered 
arrived defective; but IBM offi
cials said that the quoted person 
never ordered even one Model 50. 
We've heard about some minor 
problems with the machines but 
have yet to find the rumored 
graveyard. ... Speech Systems 
Inc. (Tarzana, CA) is investigat
ing the use of a phonetics-based 
speech-recognition system to 
help improve the language abilities 
of people with hearing disabil
ities. The study is funded by the 
U.S. Department of Education . 
SSI 's Phonetic Engine converts 
speech to phonetic codes; the 
approach is based on phonemes 
(basic elements of speech) rat.her 
than on whole words . .. . Quintus 
Computer Systems (Mountain 
View, CA) is testing a version of 
its Prolog compiler for 80386
based computers. Quintus Prolog 
adheres to Edinburgh syntax and 
provides a complete split-screen 
development environment with 
full-screen editor, i.ncrememal 
compiler, debugger , on· line 
help , and interfaces to C, FOR
TRAN, and Pascal. The split 
screen puts source code in the 
upper window. while Prolog ex
ecutes in the lower window . ... 
Teknowledge (P.-.t.lo Alto. CA) is 
bringing its Copernicus ei<pert
system environment to the MS
DOS world . The '' knowledge en
gineering tool " runs under 
Microsoft Windows on 286- or 
386-based computers and use a 
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DOS ex.tender to allow e ecuLion 
in protected mode. A company 
officiaJ told us that this version is 
aimed at programmers who want 
10 do the-development wo,rk on an 
IBM PC and port it to a main
frame or use the micro as an "in
telligent terminal." ... The new 
24-bit Mac n display card from 
Jasmine Technologies (San 
Francisco, C ) uses' extensions " 
to the Mac QuickDraw routines 
to make it possible for existing 
programs to be compatjble with 
the device. The software for the 
Rembrandt ll and mcards em
ploys the PICf2 format used by 
Quick.Draw , enabling you to 
paste an image to the Clipboard 
and then copy it into any appltca
tion . The card is designed around 
custom gate a.rrays but makes use 
of the Texas instruments 340 I 0 
graphjcs processor . . .. Having 
shipped its Pegasys 1 CAD pro
gram for the Macintosh, IGC 
Tecb.nology (Walnut Creek, CA) 
plans two more Mac CAD 
packages. Pegasys Expert, slated 
for this quarter , will add "true 
3-D, macros, more menus," and 
more, sajd an JGC official. 
Pegasys [[will run on the Mac lI 
in full color ano take advantage 
of that box 's 68881 numeric co
processor.... Hewlett-Packard 
(Palo Alto, GA) plans to release its 
workstations based on Motor
ola's 68030 in mid- 1988. The new 
memoers of the HP 9000 Series 
300 line will be object-code-com
patible with HP-UX . An 030 up· 
grade board will be available for 
the older , 68020-based models 
330 and 350, HP said . . . . This 
WORM does not crawl. Micro 
Design (Winter Park, FL) said it 
has speeded up its LaserBank 
800 WORM drive by replacing its 
8-bit host adapter with a 16-bit 
device. Claimed DOS throughput 
is now 90K bytes per second. 
The $9995 unit can hold 800 
megabytes of data .... Now 
there are mondo characters. 
Worthington Data Solutions 
(Santa Cruz, CA) has release(! a 
package that lets an'HP LaserJet 
Plus-compatible printer print 
characters 2 inches talJ, or what 
ty~-shop types would call 153 
points. License cost for BIGfont 
is $159 .. . . Researchers at tbe 
California Institute of Technol

continucd 

lCCD) based scanners so bulky and ex
pensive is the reduction optical system 
that requires an optical path-tl:iat is , the 
distance between the scanned docu
ment and the CCD sensing array- of 
nearly 400 millimeters. Most scanners 
aren 't that thick because a series of mir
rors and lenses is used to reduce the 
optics. Adding to the bulk and cost is a 
reflection source, usually a fluorescent 
lamp. 

Contact image sensors, however, 
have a maximum optical path of not 
more than 50 mm and replace a bulky 
lamp with a strip LED array . In a typicaJ 
contact image scanne , the paper origi
nal travels beneath two sets of LED 
arrays positioned roughly at 45-degree 
angles above tbe paper. The light that 
shines down on the paper is reflected 
up at 90 degrees through a rod lens array 
before reaching the photosensor am1y. 

Contact image technology is gener

aJly viable right now. but scanner 
makers say it currently costs about 3 
times more than the more commonly 
u.ed CCD approach. Contact image 
has its limitation as well. The dynamic 
range, for instance, is restricted to 6 
bits (64 levels) of gray. whiJe it 's possi
ble to push CCD to 8 bits, and even to 
I0 bits in some case . 

How long before contact image sen
sor te.chnology makes its presence felt? 
A representative of one scanner com
pany predicted that within 12 months, 
contact image sensors will be just as 
cosl-effe~tive as CCD, and within 18 to 
24 months, it will be more cost-effec 
tive. Most major scannel' maoufacturers, 
including Datacopy and Dest, admit 
that they are tracking the technology and 
say they will have contact image-based 
products, perhaps in the form of 8112 
inch hand-held page scanners, ready 
when the market wants them. -· 

You, Too, Can Build a VGA Board ·I 
Want to enter the fast-growing graph 
ics-board business? Two companies want 
to ht:lp you by offering a "manufac
turer's kit" that they say will provide 
everything you need to build a VGA
compatible graphics board for the IBM 
PC . 

Award Software (Los Gatos. CA) is 
supplying the BIOS and the design for 
the card, while Cirrus Logic (Milpitas, 
CA) brings the VGA~compatible. chips. 
Cirrus, whkh provides VGA chips to 
companies such as Video Seven, claims 
that its two-part chip set is the 6nly 
VGA-compatible set currently available. 

Like many announced VGA cards, 
the Award/Cirrus board design features 
VGA 1 EGA CGA, and Hercules com
patibility, plus support for both the new 
analog mon.itors and the 6lder digital 
ITL monitors. The board also fealures 
autoswitching between the graphics 
mQdes. Other enhancements include an 
800- by 600-pixcl by 16-color mode, 
support for a mouse in hardware, and 

performance that Cirrus claims is 4 
times that of the rB,M EGA . 

According to Award, people who 
purchase the $5000 manufacturer's kit 
wilJ be able to begin selling the board 
in 30 days . The kit includes an evalua 
tion board , schematics , film for mak
ing the boards , manufacturing instruc
tions, the text for an owner 's manual, 
and two color photographs for marketing 
literature. According to Award , e.ven 
FCC certi.fication has heeo taken care • 
of; the board design ha passed the cer
tification requirements, and getting a 
new version of itcertified is a mere 
"paper formality,· • the firm said. 

Award and Cirrus said that several 
manufacturers. including some monitor 
makers, should have versions of the 
board ready to ship by now for retail 
prices of $400 to $500. One manufac
turer is even toying with the idea of bun
dling the board with a new desktop
publishing package; the board would 
provide high-resolution text. 

~I 

Air Force Takes Tip from· PC Industry 
In a radical departure, Air Force plan 
ners have decided to ba the next gener
ation of USAF ighters and bombers 
around O'pen-architecture hardware, an 
approach that they admit has proven 
successful in the personal computer in
dustry. According to Lt. General Bill 
Thurman, commander of the Air Force s 
Aeronautical Systems Division 
(Wright-Patterson Air Force Base. OH), 
future aircraft will incorporate inter

changeable printed circuit cards, like 
those in an IBM PC, instead of dedi 
cated 0 'black boxd" that have been used 
for lhe past few decades. 

"Instead of contracting for a com
pany to buiJd an entire specialized radar 
set ," Thurman said, '' we ' ll contract 
for commoo cards." The approach , 
which the Air Force refers 10 as "mod
ular avionics," ·is not new, although the 
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From real time embedded 
applications to comprehensive 

systems purchased directly from 
Manx come with a 30-day. no 

&WW 

Al.tee C is available on a thirty-day money back guarantee Cali 
now and fmo out wny over 50.COO users give Aztec C one of rne 
h1ghesr user-satistac/1on ratings 1n tr•e industry 

Call1-800-221-0440 


commercial applications on 
Macin tosh, IBM PC, Amiga, 
Atari. and others. Aztec C has 
earned a well-deserved reputa
tion as an innovative. tough to 
beat, rock-solid C development 
system. 

But don't JUSt take our word for 
it-try it yourself. We know that 
the best way to understand what 
puts you ahead with Aztec C is 
to use it. That's why Aztec C 

MS-DOS Husted ROM Development Systems 
Host+ Target: $750 Additional Targets: S500 

'Targets: 
• 6502 famlly 
• 8080-8085-Z80-Z180·64180 
• 8088-8086-80186-80286/8087·80287 
• 68000-68010-68020/68881 

Components: 
• C compiler for host and target 
• Assembler for host and target 
• !Inker and librarian 
• Unix utllltles make, dlff, grep 
• Unix vi editor 
•debugger 
• download support 

questions asked, satisfaction 
guarantee Ca ll for yours today 

We can also send you informa
tion that details the special fea
tures and options of Aztec C. 
Plus information on support soft
ware, extended technical sup
port options, and all of the 
services and specialized sup
port that you may need when 
you're pushing your software to 
the limits and . .. beyond. 

Features : 
• Complete development system 
• Fast development times 
• Prototype and debug non-specific 

code under MS-DOS 
• Compliers produce modifiable 

assembler output, support lnllne 
assembly, and wlll link with assembly 
modules 

• Support for INTEL hex, S record, and 
other formats 

• source for UNIX run time library 
• processor dependent features 
• source for startup 

Aztec C Micrn SyslemH 
Aztec C is available for most micro
computers in three configurations · 
The Professional : The Developer: and 
The Commercial system. All systems 
are upgradable. 

Aztec C68k!Am .•.. Amiga 
source debugger - opt•onal 

Aztec C68k1Mac . . . Macintosh 
MPW and MAC II support 

Aztec C86 . _ .. . . • . . MS-DOS 
source cJebugger • CPIM l1brar1es 

The foltowng have special pricing and 
configura11ons Call for details 

Aztec C68k/At • • • • • Atari ST 
Aztec cao ......... CP/M-80 
Aztec C65 . • • . . • . . . Apple II & II GS 

Standard System .. , ............ $199 

• C compiler 
• Macru Assembler 
• overlay hnker w11h librarian 
• debugger 
• UNIX and other hbraries 
• ut1h11es 

Developer System ....... _. . . . . . S299 

• all StancJard System leat,Jres 
• UNIX ut1hhes make . d1ff, grep 
• UNIX VI editor 

Commercial System •••.•...•.•• $499 
• all Developer features 
• source lor run time libraries 
• one year o! updates 

C 0 D VISA. MasterCard, Amencan Ex Manx Software Systems In NJ or outside the USA, 
press. wire (domestic <1nd 1nterna11onal]. and 
terms are available One and lwo day deliv 
erv 1111ail<Jble lor all <lomes11c ana mos\ 
1n\er11a11ona1 aesl1nat1ons 

One lndust11a1 Way 
Eatontown . NJ 07724 call 201-542-2121 

Telex: 4995812 Fax 201-542-8386 
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ogy (Pasadena, CA) used a Macin
tosh JI to control an experiment 
that measured chemical reaction 
times occurring in fcmto
. econds. (Light travels from here 
to the m90n in about one second ; 
in a femtosecond, light wouldn't 
even make it across the width of 
a human hair.) The Mac manipu
lated a data-acquisition. system 
and a laser actuator controller, 
under a program written in 
LightSpeed C by research fellow 
Mark Rosker .... Hecht-Niel
sen Neurocomputer Corp. (San 
Diego, CA) has developed soft
ware for helping a neur.iJ network 
system learn panerns . AR/NET , 
in conjunction with the company's 
Anza add-in board for the IBM 
PC and compatibles, uses a mas
sively parallel structure to recog
nize a learned pattern immediate
ly . .. Regardless of lhe number of 
patterns the network has learned, 
it can respond to any pattern it 
has learned , .. said company presi
dent Robert Hecht-Nielsen . The 
software can be set to signa.l the 
user when it encounters a pattern 
it doesn't understand . . , , Mac 
u ers can share PostScript fonts 
residing on a network with a print
ing utility from OlduvaJ (South 
Miami. FL). "The display fonts 
are the only ones that need to be 
present on the user 's machine. 
The utility can find and down
load the PostScript font to the 
Postscript printer," said Olduvai 
president Juan Chotsourian . Font
Share costs $295 per network 
and i compatible with networks 
uch as TOPS, AppleShare, 

MacServe. and HyperNet . ... It 's 
a Compaq 286 controlling the 
four robot-controlled cameras 
NBC now aims at Tom Brokaw 
on the Nightly News.... And 
now it' s time for Digital Exer
cise! International Component 
Manufacturing gets our Who'd~ 
a-Thought-It? award thi s month 
for its Exer-flex "exercise 
putty. ·· The silicone-based pulty 
"strengthens fingers and reduces 
operator fatigue among computer 
users. " the company says. It can 
even improve your digital dexter
itv and reduce tension, ICM 
ciaims. Now we're awaiting little 
spandex leotards for our fingers 
lo wear while exercising. 

I • 
.. '. 

Air Force s decision to support the 
concept is. 

' 'We want to develop architectures 
that will integrate avionics to cut weight 
and costs," Thurman explained. " By 
using highly specialized cards that have 
very high speed i.ntegrated circuits , 
which are just starting to become avaiJ
able , we will reduce a 50-pound air
craft data processor to a 3-pound com
puter on a card." 

Among the planes that will incorpo
rate open architecture, are the Advanced 
Tactical Fighters, which are the follow-

ons to the current generation F- I.SS and 
F-16S, and the Advanced Technology 
Bomber (the "Stealth" bomber). Thur
man, who is often referred to as " the 
architect of the Air Force of lhe twenty
first century. " told Microbytes Daily 
that some current planes , including pos
sibly the F-16. will be retrofitted with 
modular avionic systems "wherever ap
propriate." adding that "we just woo 't 
rip out the avionics of an F- 16 for the 
sake of doing it." He sees modular avi
onics as a great opportunity for all card 
manufacturers . 

Valdocs Liv~s, New Owner Says 
Veteran microcomputer users may re
call TPM , the Valdocs text management 
and operating system that runs on the 
old Z80-based Epson QX- 10 and QX
16. Rising Star industries, the devel 
oper of Valdocs, went bankrupt about 2 
years ago , leaving Valdoc at version 3 
Plus. However, a small company called 
Interface Solutions (Yuba City , CA) 
has acquired the assets of Rising Star 
and plans to eventually release new 
products based on Valdocs. 

Don Soegaard, president of Interface 
Solutions told Microbytes Daily that the 
company' s first project is porting Val
docs 3 Plus to a single-board Z280 com
puter , which wiJI plug into the QX-10 
or QX-16. The Z280 is a 16-bit version 
of the 8-bit ZSO and has performance 
characteristics comparable to an 80286. 
according to Soegaard. The Z280 
board will have up to 3 megabytes of on
board RAM , a SCSI port, serial and 
parallel ports. and an internal bus to 
allow additional card-to-card interfaces 
for a floating-point proces or or more 

RAM . The Z280 version of Valdocs 
will initially be very similar to version 3 
Plus, but it will support electronic mail 
in the background, using the Epson 's 
on-board Z80 for that purpose . 

The next step will be to rewrite Val 
docs in C and port it to MS-DOS and 
OS/2, said Soegaard. Valdocs is writ· 
ten in ZBO assembly language and in 
Forth. Soegaard said the rewritten ver
sion will include a relational database. 
an expanded indexing system , and a 
new editor , which will be " a stand-alone 
desktop-publishing system ." 

Soegaard emphasized that Valdocs 
will be a starting point for a greatly ex
panded software system. "Unfortu
nately , the concept of Valdocs was to
tally lost , because it was too slow on 
the Z80 and was released with a lot of 
bugs ." Soegaard said he believes that 
there is still a place for the Valdocs inter
face. and he estimates that there are 
some 50,000 QX-10 users. Interface 
Solutions welcomes inquiries from 
OEMs and software developers. 

Ethernet Inventor Speculates on Future 
LANscape 
By the year 2000. the local -area net
work (LAN) cene will consist of four 
standards, Ethernet inventor Bob Met
calfe told an audience recently . Met· 
caJfe, who is a vice president at 3Com, 
said the surviving quartet will consist of 
AppleTalk, IBM's Token Ring , Ether
net, and FDDI (Fiber Data Distributed 
Interconnects). 

"You might have believed that I 
would say that Ethernet should be the 
only LAN, and I admit that that argu
ment does have a certain charm," he 
said, 'but that won't be the case." 
Metcalfe predicted that Ethernet will re
main the predominant LAN standard. 
since. 500,000 Ethernet connections are 
currently in use today. and , he said , 

3Com is shipping about 30.000 connec
tfons per mo.nth. 

AppleTalk's advantages , said Met
calfe. are that it is the easiest LAN to in
stall and it is built into the Macintosh . 
Its biggest drawback, he added, is its 
slow speed, especially when the LAN 
consists of more than four Macs: never· 
thcless, it will be around for the next 
12 years. 

Metcalfe characterized Token Ring 
technology as old (about 5 years behind 
Etheroe\, he said) and slow (with data
transfer specifications of 4 megabits per 
second, as compared to Ethernet's IO 
megabits per second) . TBM has been 
hurt by the comparison. Metcalfe said , 

comim1ed 
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Some of the world's biggest 
problems are being solved with 
atouch of Smalltalk. 
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The world is made of objects.So short amount of time. Perfect for pro· on the next generation OS/2 operating 
naturally. the world is t\m1ing to Object· grarnrners who are looking for a fast, system as well as OOS. 
Oriented Programming (OOPS). And efficient prototyping environment. And Get Smalltalk for a small price.the fastest ,easiest OOPS language and anyone who wants to quickly and easiJy 

Smalltalk/ V sells for just $99.95.environment is Smalltalk/ V. learn OOPS. 
Srnalltalk/ V286 is $199.95.The follow·With OOPS you program by defining Introducing Smalltalk/ V286. ing optional applications packs areobjects, their inter-

Our newest available for $49.95 each: Communirelationships and 
version of Small cations; EGA/VGA Color; Goodiestheir behavior. 
talk offers faster #1, Goodies #2, Carleton Tools andObjects can repre· 
and more power· Goodies #3. Carleton Projects.sent both real · 
ful OOPS capa· And everything comes with a 60-day,world entities 
bilities. We've money·back guarantee.-people, 
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MB capacity for Digitalk, Inc., 9841 Airport Blvd., Lostions such as 
25 times the Angeles, CA 90045.stacks, sets 
mernorv. And And let us help you put Smalltalkand rectangles. 
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as evidenced by "the greatlengths which .. ,2000. lower costs. improved technol  ing to lack of performance. Star LAN 
IBM has tried to prove that 4 is greater ogy, and greater user needs will make which curre.ntly operates at I megabit 

WordPerfect®... without the Template!!! 

l.cr's get right co the point! ow you m o use:- your Word Pakn withnur :i remplar!."_ Wir h our Sofr
ware l nrc.:g rated KeyhoMd. aII Word P(' rfrct commands arc primed in rnlor ·roded m u It i-kgn1ds. 
di r('cdy on 1hc keys in hold. casy-ro· read acronyms. 
How :1boui ;1d\•an1agcs ? Idea l for 'dedi art•d environmem' rnmputin!i Employe('/mJ{k nt lnm•in· 
trai ning rime is greatly rt·dured . Eli min:H<"S having ro r('f'c·rcnr r hack and forr h heiwt·en 1ht· 

fu nction keys and till' tt·mpl;ire: Rnlun:s 'hu m and .Pt'r.k' npt'rnt1ons and /rl'F< 11f' 
_your keyboard for placeme nt of arH>thn 'oftrn mrrl sofrwarc.: rempbte . 
Wha1 abou1 dcskiop publishing ? i\dd up our adv:rn1;1gt·s :ind rh« answer is 
obv ious. Make WordPerfect the effif itm and (OSI cffrriive rool it wa.' irun1dnl 
to bC' wit h a POi Sofrw:irt lnrcgr31ed Keyboard. 
Cant/Kt PDi /or 11dditiomJ/ f<e.vboard .i1tdpn11ttd .Uyrap app!t~;ztion r. 

For all IBM PC t XTtAT & Comp:.iriblo S,,., 11> .11 Booth M~ l 01 1h c WE.STCOAST 
COMl'lITTR FAIR E. April 7- 10. I <)~~ 
;11 th<- Mr)i('"()nC" C.C"IUC"f , S:. n fr.tnrl~o. 

~- PRECISION DECORATORS, INC. r• 14140 NW. Sc ience Park Drive, Portland. OR 97229 
• 5031646·5024, FAX 5031646· 7850 

IH"4 (>( I Xl , AT,,. ,,,,frm>rh nt '""'"'""""' Ru""'" Mnh""' 
WnrdPort"· ' ,. , md<m>r• of wmdPorfn• u..,,...,.,..,,, 

Nllme 

Address 
Clly ---- Slate ___ Zip ____ 

Phone 
fl/o PO box 11dd,esses plHse. shipping ~la UPS 

n Check Enclosed ( l VISA n MC n Discover 
Card ~ Explrallon Date: ___ 

Order oplions: n 101 key (enhanced). I HI · TEI( 
(check one) r l 84 key (standard AT) ~ Keyboard 

than 10." He alJuded to IBM published 
documents stating that Ethernet oper
ates at only '20 percent of specification , 
which comes to about 2 megabits per 
second. "It is convenient that 4 is bigger 
than 2, " he said while denying the 
IBM claims . re.ality, Ethernet oper
ates at more than 90 percent of specifi
cation, or more than 9 megabits per sec
ond , he said . 

At more than $10,000 per worksta
tion, fiber-based FDDI networks cur
rently are cost-prohibitive for most sys
tems, Metcalfe said. But by the year 

Transputer Board Boosts Sun to 640 MIPS 
A new Transputer-based board from 
Topologix (Denver, CO) converts Sun 
workstations to parallel processing 
supercomputers . Toe Topology 1000 
board features four 32-bit INMOS 
T~OO Transputers, each with its own 
memory array , which gives each board 
a peak performance of 80 reduced· in
s1ructiQ)l-set computer RISC) MlPS 
(miJlion instructions per second). 

A maximum of 64 megabytes of 

FDDI much more common. One rea
son FDDJ will become attractive is that 
the average LAN in the year 2000 will 
be carrying at least 10 megabits per sec
ond, as compared to today's average of 
about I megabit per second . "Ten-mega
bit Ethernet is empty today but will fill 
up by 2000," Metcalfe said . '' By that 
time, FDDI will be there .. , 

Among the LANs tbat should not be 
in the repertoire , Metcalfe said, are 
AT&T's StarLAN and the proposed 
IEEE 16-megahit-per-second Token 
Ring standard, botb for reasons relat

high-speed dynamic RAM can be used 
per board . You can connect up to eighl 
boards to a standard Su workstation 
(via a simple wiring harness), yielding 
a peak performance of 640 RISC MIPS, 
!he e.quivalent processing power of 40 
or 50 68020s , Topologix claims. 

"The Topology I000 is basically an 
accelerator board f9r the Sun," Topolo
gix president Jack Harper told Micro· 
bytes Daily . " But it gives you a lot more 

per second, "will not be a major -player," while the IEEE' s 16-megabit
per-second proposal "does not offer a 
big enough [perfonnance] advantage." 
Metcalfe said. 

Metcalfe obviously has his prefer
ences abou1 which LANs should be 
around at the turn of the century. but 
he is reaJistic enough to k_now that there 
will be more than just four LAN envi
ronments . "The risk is that there will be 
too many members of the repertoire by 
2000." he aid. " not that there won't be 
enough ." 

.. 
horsepower than an average accelerator 
boar ."To illustrate the board's capabil 
ities, Topologix ran the standard pro
gramming problem that determines 1he 
most efficient (in terms of time and 
money) !ravel plans for a sales rep visit
ing 12 cities . According to Harper. a 
standard Sun-'3 takes 15 hours to solv 
the problem, wh_ile the same worksta
tion with one Topology board takes 20 

con1/nued 
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This $1595 fra~egrabber

price won't surpris~you, once 


you knowourhistory. 


1626: Chief Fred 
Sold Manhattan for $24 

worth of beads. 

1803: Fred ..Napoleon" Bonaparte 

Sold the Louisiana territorv for 


less than 3cents an acre . 


Nobody gets something for nothing. But through
out history, anyone dealing with ow: family has come 
awfully close. 

Take, for instance, our new DT2853 512x512x8-bit 
frame grabber that performs real-time image process
ing on the IBM PC AT. It has advanced features like 
built-in real-time math and logic operations; square 
pixel display (for perfect display without geometric 
distortions); and external trigger inputs (for machine 
vision inspection applications). And it's supported by 
a wealth of software. 

You get all that, and it's sold for the next-to-nothing 

1987: Fred Molinari, President 
Seils the DT2853 frame grabber 

for $1595. 

price of$1595- well bel.ow the nearest competing board. 
Give us a call today. We don't offer prices like this 

very often, but when we do, they make ru~tory. 

To learn more. see us in 

Call (617) 481-3700 
Gold Book l987, or call to 
receive our first-ever 1987 

3-BookSet, including 1987 
Catalog. Product Summary 

Price List. and AppLication 
Handbook . 
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HARMONY COMPUTERS 
2357 CONEY ISLAND AVE . (BET. AVES T & Ul BKLYN. NY 11223 


ORDER DEPT. ONLY 800-441-1144 OR 718-627-1000 - INFORMATION 718-627-8888 


NO ADDITIONAL CHARGE IBM PS II MODEL 30 (20 Meg) $1699.00 PANASONIC 1091 i II $179.00 
FOR CREDIT CARDS EPSON LX800 $189.00 COMMODORE 1260 $449.00 

P--..; K-AP ll~I 

P..,,.~lllAPl!.9;1 ....
... .... "PRINTER SPECIALS"' -...P~li;IW I~ 

""- l !Ut ""',.. 
£~LQtl)'.)Jfr-.u "'i(.C eob-P'f ... ........,.,, ~
;s E:""6'1 lD&!alJ ..." ()lo.,. l~"'-"' ,.,. .... ........ ,,..... 
St.. NA~'~~Q~ ... ~I~~ ,.,. ICIQllDol... l:.!lo'";t'l~6iel ,.. S... N• lOCOC ... ,., ...... ,.,,dM.m llfJ~ 
r:.~n. ?f!ll:lf Qio..MU N'1 e 1rtfJ .: .,, ~ 1'1Jl 1.) ,..
e-~l:'l(i=ioo ..,,. St. NO tO"' Oli.o..ta:r.J • lnk: ~'~ ..... E.~E); IO(l(I ... 5tM NO l'Jo - fJ~L~ ... '.Sltl' 140 l AIO ...P.,,._..,. l\XP IDm • ilrkAi.t 1 ""' .,. ,,., """"'""' Coo ,..,,
lltW~ ll Sleii N8~1 ' "" ~K.D\091 1~ 7 

~ ).&t !jl.... ,.. '" 
"GU~~~ f'~K:r.P~ i.. ,.., ....,.,...,,.~1 ~1t:fC :h~ M• "' ~· 

P~l<'XPlm 
M;C M$0 ..... '"'~1U.P11:n 11a:1DiP _,.,,.., "" ..,.,.,.. 1.1,5\. 
Nft 2°m .,. "' 
'if C ...IBM AND COMPATIBLES r-.1:CM ,.,,.. I ~-.iveP~UtUf'fll'lltl ... 
"'l'f:CC"X"~ NEC POWERMATE 

f2'49 "~ ....,... 
SEAGATE HARD DRIVES PORTABLES ,,.. -....,."'' ,,..., COMMODORE ... -""'... mt c~..-., •11a 1s.-•..a,...., ... ...C~•t:t,,.. ,•• t

•)l• °'''•1•' ,,""'... m> t~Ot• &I •( •r•PC BOARDS DRIVES. CHIPS ... t~1C0. 1 • 0r.-..• ... 
"' •!t1 1> •• 0-.. • t ]lll.. ""'WI -.... :oQ1 Ill ;:; 

1),1 U C!l;,I H..."" '"' SI*' Hlf 1000(; ... " ....., 
MODEMS " AlrllQ.l ~ •lfl t Dlll 4~ '" 

4-Q."' IOIJI Co. ~ ,,..,..MONITORS "~ · YXl~it' 
, MX11 

... 
• """"J;t 111 J;u, .., uoq.~• 11U1 

~ ...,..-Cft)iJQ ll "' "'' ..,,. "" ..."" ,,, "' 
41M••l1Q.oli... ... IBM SOFTWARE~'t lOA... 
l..tllM ~ Ci:ilor !IOOS....,... ,,."' ~1. Co»rtn "' t 11ii..,1n v... 11;1• ,.. 

,..,.. P•rf1111ce!M l"•ll Pio.e Jt.,.'" t Ld1nSr -.oll ...... 
Pn••ui~H"11"( D 1•.-.. J •... ... ,, 11 : ,...... ~~~""'w~~'l,,., Sff lotl(Jllokoll 'l'll l)O(l l 1) 

'" ,,.... '" 
.SC&11~ 1o'td.o ( ll i:I 1 ~'i1 Y ~lil' lo:f'C •~1tl1W 1 .... - N(C M.mtyMll U.oc•o«1J1"1/. ) ,'OJ ..'" ""' ... 

o:1PtJ 1e c1 • 1 .,..,,, APPLE""" ~~~t;,~=., .. o;1Pir1Jtt: llobt ,... 1 ..,,,. ...... "' c l 4 2004!11$1..-R-Oe C~ :n ...
Pr,5 r ti;:iltU..,..•WHI •t;obC~•...""' ~Uo' t.... UhJ.l•U 4 Cl,,.. 1,i1 ~ ~ ..."' "'"°'1 AG8 CM!Clo11WU I... 
ttoo111111 Ul,.1.. 1 t Q ",.. "" ,.. t,/,lf •IH A l'I ¥ .0..U ue... "' • "ill p ' • " \ :IKI> wwu.... - MACINTOSH SOFTWARE ~ .. " I ... " " ¥onowtrE • m ' .~ ...... ~..... ,., " AT&T 4 1.!I • •NC...O,.....'" - ~-dlOI 11'1 10 ,..

"9til'¥0tU u ... i"ot0r......... n. '
...,,. ..'"..."' ~~j:;""~l<I ~..."':.~fo::; ~~.~~ .·"..M ...'" ., ~.':,'hi ~· ~. "• uu • 
... .... "' . ~···· 

10• 1• Tr..,1ff'f Son... .... • r.d t'~• I 
l 1-f) tlld'ioft•••• 

,.__..(lf'\ltlf1¢V,,..~ tao'f(llll~ """~'Ol'.,....O"OJIOll,... ~·~ ..... ~~--Dlll'......,....C:Cll'.,._. •~~ 
~"--....~°"' _..,...... _..,. Prce>W.O~ ~'ID~~ !'OIL• ...... l~ ............ ~ 

""' 

minutes . When the workstation ha~ 
four Topology boards, the problem is 
solved in 5 minutes, he said. 

The syslcm has parallel Common 
LISP software (which -supporlS parallel 
processing applications) and an ex
tended C compiler (for parallel numeric 
applications) . It also provides a Unix 
interface that permits Lisp and C access 

MICROBYTES 


to Unix system calls . 
A non-bus-oriented architecture, in 

which all elements are linked ~ permits 
c nstruction of com~uter networks of 
arbitrary size and topology. The result
ing flexibility is one of the board' s 
trong points. On one hand, Harper 

said, you can overlay a grid onto an 
image, making each Transpurer respon

sible for processing in individual grid 
areas. However, he said. the system can 
also be turned into a tree machine for 
other applications. 

Topologix will be targeting the 
Topology 1000 at "general-purpose'' 
markets-sim1Jlation. image process
ing, and so on, Harper said. The board 
is available for "aboUI $500 per MIP.·· 

Some Mac Developers Not Following Ru les, Apple Says 
Software developers who take short- Apple has said to developers "that if slight edits and recompiles will be re 
cuts When writing programs for the Mac they follow the rules of nside Mac. quired 10 operate properly in the fu
intosh may be getting by with it for the they won't have any problems, and we ture. The remaining 35 percent will need 
time bei!!g, but those shortcuts are mean ii ," he said. "But not all of them significanl work, however. 
short-sighted , Apple software engi  have listened to us, and they are going to The Apple engineer pointed to 
neers told Microbytes Daily. have to recode in the: future." Microsoft's Excel as an example of one 

"'If a prognuruner has a<lherecl to /11 How serious is the problem? Ac pmgram that hasn' t adhered to the Mac 
side Macintosh rules." one Apple cording 10 another engineer, only about rules. "The version of Excel you buy 
spokesperson said, "the software can 15 percent of aU Mac programs tested today won't run under 1he Mac oper
very easily be ported to run under future followed the Inside Mac mies. With ating sys1em 2 years from now ,·· he 
versions of the Mac o~rating system. ,. about 50 percent of the programs, only claimed. 

TECHNOLOGY NEWS WANTED. The news staffat BITE is always interested in hearing about new technological and 
scientific developmems that might hav a11 impact 011 microcomputers and the people who use them. We also wam to keep track 
ofinnovative uses ofthlll technology. Ifyou know ofadvances or projects that involve research relevam ro microcomputing a11d 
want ro share that infomwtion, please contact us. Call the Microbytes staffat ({j()3) 924-9281, send mail on BIX to Microbytes, 
or write to us at One Phoenix Mill Lane, Peterborough, NH 03458. 
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Upgrade Your Technology 

We're Programmer's Connection, the leading 
independent dealer of quality programmer's 
development tools for IBM personal com
puters and compalibles. We can help you 
upgrade your programming technology with 
some ol the best sonware tools available. 
Comprehensive Buyer's Guide. The CONNECTION, 
our new Buyers Guide,contains prices and up-to-date 
descriptions of over600 programmers development 
tools by over 200 manufacturers. Each description 
covers major product features as well as special re
quirements, version numbers.. diskette sizes, and 
guarantees. 
How to Get Your FREE Copy: 1) Use the reader ser
vice card provided by lhis journal; 2) Mail us acard 
or letter with your name and address; or 3) Call one 
of our convenient toll free telephone numbers. 

II you haven't yet received your copy of the 
Programmer's Connection Buyer's Guide, act 
now. Upgrading your programming technol
ogy could be one of the wisest and most 
profitable decisions you'll ever make. 

•••••••••••••••••••••••••••••••••••••~
386 products Us! Ours 


386 ASM/386 LIHK Cl1lSS Asm Oy Rut t..111 .............. 495 389 

386 DEBUG~ DeDtllXJIJI by~~ .................. . 195 129 

NOP C·386 lJy MicraWay ........................ .... - !ll:W 595 62'.l 

NOP Forlr.111 -386 ily M...roWi!)' ......................Jlew 595 529 

PC-MOS(.l86 S.'!Jle-Us"' by 1118 Solrllaie IJi<........... r95 155 

PC-MOS/386 5-USM Dy /he So'7'ffilfe /.illc , .......... .. 595 539 

PC·MOS/386 25-Us8'Sby 1lwJ Sdrwc l.JTI(.......... ... . 995 869 


blaise products 

ASYNCH MANAGER Soeaf'/ cl.l' lllsra'..... ....... .. 175 135 

CTOOLS PLUS/5.0....................................... -- 1?9 gg 

PASCAL TOOlSITOOl.S 2 ............. . 175 135 

Turbo .I.SYNCH PLUS/4.0....................................... 129 99 

Turbo c·TOOLS ................. .,.._............... 1Z9 99 

Turbo POW£R TOOLS PtUS.'4.0 ., 129 99 

VIEW MAMAGER SIJcal)'Cor P.!scal ........... . 275 199 


borland products 
EUR£ilA E1Jliilrn So1••,_.,. ..................... ...... , ... . 167 I05 

P•radox1.1~v Ans:JJIJol~w -···- .... -· ........ 495 359 

Paradox2.0byAltsa/8otlM'.I ....... - ··-···· .... . 125 525 

Paradox Networll Pxk ny A1r.:1/81Y'1ll<l....... . 9115 725 

Oualtru; The Pra!nsional SpreadsheeL ........ 11.w 195 m 

Reller: The Analyst .......................................,.. . 150 99 

Sidekick............. .•.. . ......... .. ,. , ..•. ... 65 57 

Superkey .. _.. ....•.. .. ................. 100 64 

Turbo Basic Comp;~r._ 100 64 

Turt.J Basic Oa1abas~ Toolbo1 , •. 100 64 

fUlt.:l Basic EdilOr Todbox --·-·· ........ ... .. 100 64 

Twbo llMic Telecom Toolbox , ................. -"-- 100 64 

TIKllD CCompiler (CalfrYSi.(Jpll{l pm<llds) .............. 100 64 

TUJbo Ughlning . _ ............................ ... ................ 100 64 

TIKllD Llghlring Wc.d WkZanl ............................. .. 70 47 

Turbo !'Meal .. ............................................Sll!l 100 59 

Turbo Pi!lital 0313113sa Toolbo1 .... _ .... . 100 64 

Turbo Pa«al Oe11eloper'sToolllll ........._. ........... . 395 259 

Turbo PuC31 Edilor Toolbo1 .................................. 100 64 

Turbo Pascrl Gameworlli Joojbo1 ................... . 100 64 

Turbo ~1 Graphi1Toolbox -·-··-······ HJ] 64 

Turbo P~cal NumcrlC31 M<lhods Toolbo1 ···-· 100 64 

TIKbo Pa.cal Tulor ........................ ·-·· ............. 70 41 

Turbo Prolog Compiler _. ···- ·-····-·--·- 100 64 

TUfbo Prolog 10olbo1 .................. , , .. 100 64 


c language 
Ec:o-C88 Modeling Compile< b!'troso#"' ... ' .. Su\; TOO 69 

LalliDO CCompiler vin 3 2 /1Uf11 l.3~«.. .. SOO 21i5 

M.rl w.mams let's C"'~r FPl!E csd.. ·-···"'·-·····-~ 75 54 

Uni""'re 68000 CCron Compj!er bySDS ............. 995 829 

UM<.lre Z~OCCross Cl>rnpiler 1!r SDS ............. .. 9'.15 829 


database management 
Cllpperflr /.ai.ft/();'pJ..... ,......."........ ... .. .. ... .......... ... 695 379 

dBASE Ill l'tls byAsllftwJ·l.ile ... ,.... .. . •... .. .... .• .. ... 695 389 

d8Xlby Wolll7eCflS~1~1n:s .................., -·-··-· 169 99 

fox Base 1'1113 l!rfai Sol~• ............. ... ............. ... 395 249 

Geo~l!l 11/b)ll1... ~--·---····· .. ··- .. ·····' 395 
 24.9 

USA ........ 800-336-1166 

Canada ..........................................800-225-1166 

Ohio & Alaska (Collect) ... ...............216-494-3781 

lnlemalional. ..................................216-494-3781 

TELEX .............................................. 9102406879 

~ lb.r$• 9·30 W. TO8'.00 PMESl MOfmy 11¥00!1' Flld3y 

l'oces. lomtS alld rAJOO!lms "°" " "*'°I I/ Cl ~nge 
CW1~11 Qa8 f'rlllJ;immer'sComocllon IJC(l!POr.l!ro 

Sale Prices effective through 03/31/88 

HetlllOrller Plus fJY Wf)ffflecll S)~rcm:s . 

QllidlSilvef tt;W/Ylff{J(}•Sys/ems ·-···· ,_ ............. 

R:Qase 5£100 oy 1.11cronm .................. . 

R:Bae S>(tlem Vlf/ M!t'IM'll .......... .. .... ........ . 

Tom Re!lig's Lll!rafy ~v rQlnRen') & As.<oc 

Ul l'nlgr.rmmer ll/ Wa~IJfr . 


digitalk products 
SmaUtiM /J'f Dlt)rl?.!k ,. 

EGA.NGA Color OptkJn ..... 

Goodiel: Qiglrefte Nl ··-·- , .. 

Goodin lllskelLe 112 New 

Goodies Oiskc!Le #3 .. .. .. .... ,. .. .. I~ • 

Small!alWComm ................... . 


logitech products 
LOGIMOUSE MV.V~ ... , .... .., ........ 

LOOrTECH Modula.2 Delle!opmenl SV$lllm ........ 


Modula·2Compiler Pack..• - .... ..... . . 

Moduta·2Toolkll ....... , ··-····-· 


microport products 
OOSMerge286 SprolyWs!1S ry Ulimlf.'11 
OOSMeroeJ85 N lsetS .................................. .. 
DOSMorgeJBli iJWlrJCl! Us1»........................ ·-· 

Syit.m V/386Complelc Package •• ··- ·

Sy11e111 V/AT Complelo f';JCl(aQo . 

Olllor Mlcropon Produc1' ...................................... 


Flash-Up with FREEMou,,e 
from Software Bolllinou I Y 

List S89 Our s S79 
Flash·Up 1s a memory·rcsidcn1 mac ro, mcn11 .111d 1101c m~~er 
compatible with most languages. Easy·to·usu IG<i \111 c ~. 1m: Iu(li: 
a pull-down interlace and nn·hne help /Ind ur1111 03 31 /88, 
you'll also gel a M•crosoll coinpatoble mouse f 11El 

microsoll products 
Microsoft CComplier Sw/Crx.leV•JW 
Mlcroton COBOL C001plicu 'Of/JCOBOl """" 
Mlcnnoll Extel ... 
Mi<rosoft FORTMN OµIJlrrnlig Coo'f)lcr 
Microsoft Learning OOS .._,_ .. 
Micrnscft MACH 20 . . ._ /lr.w 
Micrusotl Macro Assembler............................ 
Microsoft Mouse A.f ll!loell.'5 .• . .. .. . 
Microsoft Pai;c:il Compiiei .... . . .. _ -
Microton Quicli.8ASIC 4 " 
Mlcroscft QulckC ... 
Mlcrosoll Windows 
Micro50lt Windows 386 
Micr01'lft Windows llelielopment Kit 
Microsoft WNd ... ...• ...... ..•• ". '. 
Micrnsoft Worb .........................- ................... 

Circle 208 011 Reader Senice Card 

ORDERING INFORMATION 

IREE SHIPPING. Orders within the USA (including 
Alaska & Hawaii) are shipPf~d FREE via UPS. Call !or 
e.xp1ess shipping rales. 
NO CREDIT CARD CHARGf. VISA. MasterCard and 
Discover Cara are accepted al no exira cost . Youi card 
is charged w11en your orde1 is shipped Mail orders 
please include e~piralion date and author i1ed signa
ture. 
Ito coo O!l Pll FEE. CODS and Purchase Orders are 
accepted at no oxira cost. No personal checks are ac
ceplM on COD Orders. POs with 11et 30·day teims 
(wrth lmtlal minimum order ol $100) a.re available to 
qualilred US ~ccounts only. 
rio SAL ES TllX. Orders outside 01 Ohio ~re 1101 
Ch3rgea sales tax. Ohiocustomers please;i(1d 5%Ohio 
tax or provideproof ot tax·exemption. 
lG-OAY GLi fl l\ANTE E. Most ol our products come 
wiltr a30-day docurne11tatior1 evalua1ion ~e r iod or a30· 
oay return guarantee. Please note in at some manulac· 
lurers resn ict us lrom offering guarantees on their 
producls Call for more informaiior1. 

OUll ADVICE. Our knowledgeable technical staff 
can answer 1echnir.al questions. assist In compar ing 
products and send you detailed product 1nformatlon 
lailored to your needs 
INffRll ATIOllAL OHO~H S . Shrpp1og charges IOI IO· 
ternal lonal and Canacfra 11 oiders are based or1 the sh•P· 
ping caruer ·s standard rate. Since rates vary between 
came rs, please c~ll or write 101 the exact cost. lnter
natronal orae1s (except Canada). please 1oc1uae an aa 
d111ona1S10 for export prepara11011 All payments must 
be made with US !unds diawn on a US ban~. Please 
include your telephone number when ordermg by mail. 
Oue to government regulations. we cannot ship to all 
countties. 
,1A11 OROEll" Please include your telephone 11uin 
ber on all mall orders Be sure to specify computer. 

~·~on•~•~*s~~-,~~~compiler or hardware ln1el1ace(s). Send mall orders 
to : 

Programmer's Conneclion 

Order Processing Depa rlmeot 


7249 Whipple Ave NW 

North Canton, OH 44720 
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peter norlon products 
Advanced Norton Uti li lies 
N0<1on Commonde1 
Nor1on Guides S(>l.'CJlrL1rt;a•f1! · 
N0t1on Ulllilles 

sco producls 
SCO FoxllASE + 

XENIX Syslcm Vlor PS/2 by SCO 

XENIX Systc mv 286 lwsco 

XENIX S~lem V385 MSCO 

Olher sea PrexluCI$ 


Hrw 77.i 595 

11<.w CALL CALL 


1295 979 

1.i9S 1145 

c1\1. L CALL 


wiley professional products 
50 MORE: FORTRAN 
Sdentifie Sobro"tine Librar; rur lMS/ 
ScienUrit Subroolinc Lib 5(>1.'0lyCa f ,;w,m 
STAnlB.GL .,................... •. 
STAn18.TSf .. 

olher producls 
~CTOR 11'1 Wl1!t'11«f1" Gtorl/l 

Al1y1 Ada Producr • ;u v.m111c;1 

Arity Prolog Produc I• AH l·:wm//!.\ 

Briel ny Sn/JA'JIJSY.,-11)1 11) 

C·31bon COjlY Plui; rwM llf/IJll <'CllJC/ooJ)' 

Dan BnckHn's O.,mo II ovSo/!Wa111 r;1t1k·11 

l):!s1piew /mm lll;,ult!l rJ(xk. 

Oi<k Qpti m~r bySoliti(~c Syirm15 
Disk ~nlciilll tJy Pnmc .'i<ll/.1J/Jll'i -.... 
Oi:l;k T«.11 nicion -t ~vPrrnc SuliWIS .. . 
MiniProbc hy Arrm ................ . 
Mace Ul~ilies F:llJI MlC~ So1~1oir 
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rir:C :n•,,ll·fSI.. 

TLIB DyIJu.~IJI ' SfS/CI>~ SQ/O\lllC 

Turbo Prolcssional 4.0ll)' ;wtu\i•"" 

TurboHAlO r1 <Yr1 //, OJ 

Twbol'll"'"r Lilitilies 1'1 ltil!d bwe! 

Vcatllc h v CD.~lcn Bbw Sf'Si nl$ 

VenllJra Or!slrtop Publish"' Ill' 1!F/O'X ......... 

Vle3WAI Oelu1e tr/ f,()l<..1!111 BowSysl.-ni 

Vopt oi Got'<n a,,..·s""'"" 

lteootll!'Y-PC llt Xfli OSOf1 - .. 
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ASIC 
EVGATJI 

Micro 
Enhancer... 

Everex 	 the #1 


Technology 
Everex, one of the leaders in graphics 
technology, offers a complete line 
of advanced graphics adapters for 
IBM PC"'fX'f'"A/AT® and compatibles. 
Application-Specific Integrated Circuits 
(ASIC) designed by Everex, have led 
to the quality, features, price and 
performance of these products. 
Choose the graphics adapter to suit 
your needs and start enjoying the 
Everex difference today! 

• True VGA on PC/XT/AT and 
compatibles 

• 256 simultaneous colors from over 
256,000 

• 	All 17 VGA modes implemented in 
hardware 

• 	Runs VGA, EGA, CGA, MDA and 
Hercules® software 

• Supports 	PS/2, multifrequency, EGA. 
CGA. and monochrome monitors 

• S12 x 480 with 256 colors for 
true color video applications 

• 	Special 1280 x 600, and 800 x 600 
modes 

• 	132 column text modes 

• High resolution EGA 
• Compatible w ith IBM® EGA 
• Supports automatic mode switching 
• Extended 	EGA modes 752 x 410 

and 640 x 480 
• 	132 x 44 and t 32 x 25 text modes 
• Supports multifrequency, 	EGA, CGA 

and monochrome monitors 
• 	Can run Hercules software on an 

EGA monitor 
• Includes feature adapter and RCA 

jacks 
• Very attractively priced 

EVEREX EVER tor EXcellnnce. Evergnphlc:s Plus. EVGA, Evargraphlcs Delu~e. Ultre Graphics, Micro Enhance1. RamFont, IBM. PC, 
PCIXT, PCJAT, PS/2, Hercules and Mlcrosoll are trademarks and r&Qls11m1<1 traaem•fk& or tllelt reepac llve companies. 1967 Everex 
Systems. Inc. All rights reserved. 
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Choice in Graphics. 


Ultra 
Graphicsnl 
• 	Very high resolution monochrome 

graphics adapter 
• 1664 x 1 200 resolution 
• Ideal for desktop publishing 
• 	Microsoft® Windows driver included 
• Perfect for CAD applications 
• AutoCad driver included 
• Non-interlaced display 
• Suppons PCS 15'' and Moniterm 

19" high resolution monitors 
• Co-exists 	with standard video 

adapters 
• ROM BIOS to allow single display 

operation 

Evergraphics 
Deluxe.. 
• Supports standard monochrome 

monitors 
• 	High resolution 1024 x 704 and 

1024 x 352 graphics modes 
• AutoCadfl driYers included 
• Compatible with Hercules 

RamFontno modes 
• Displays foreign language, scientific, 

rnath characters instantly 
• Powerful, easy-to-use font editor 
• Over 3,000 characters in RAM 

simultaneously 
• 	Runs sr.andard monochrome 

software without modification 
• 	132 x 44 and 132 x 25 text modes 

f vergraphics 
Plus™ 
• Low<ost monochrome graphics 

adapter 
• Compatible with Hercules graphics 
• 	Fast scrolling 
• 132 x 44 and 132 x 25 text modes 
• Configurable parallel port 
• 	MDA text compatible 
• Works with standard monochrome 

monitors 

(~cL-

in UY. 1 •800•8 21-0806 ---VER~For more informalion or for lhe name 

of your nearest Everex dealer ple<1!ie call: in C.lif 1-800-821-0807 .a.t31 Mllmonl Drive, Fremont, C4 9'538 
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LETTERS 


FEA Concerns 
Nicholas M. Baran' s article, "ANSYS
PC/Linear anti MSC/pal 2" (November 
l 987), failed to focus appropriately on 
the critical issues in the evaluation of a 
professional-level IBM PC finite-c.lement 
analysis (FEA) system. The report was 
highJy subjective and unjustifiably biased 
toward MSC/pal 2. 

Let me begin by stating that I am not 
without my own biases . I work for a 
mechanical engineering consulting firm 
that provides training and technical sup
port to users of the ANSYS program, Al
though Mr. Baran did note several of 
MSC/pal 2's deficiencies-limited prob
lem size capacity, lack of an adequate 
element library , and so on- he tended to 
dismiss these critical factors as unimpor
tant . On the other b.and , he took every op
portunity to mini.mjze ANSYS-PC/Lin
ear's superior features (e.g .. interactive 
modeling capability, advanced analysis 
options. and upward compatibility with 
the mainframe version). 

Mr. Baran stated that ANSYS-PC/Un
ear is a more expensive program than 
MSC/pal 2 . This is true.. However, in PC 
FEA . you do indeed get what you pay for . 
The degree of sophistic.ation and com
plexity of professional-level FEA code is 
at least an order of magnitude above com
mon PC-base~ applications. The absence 
of an elemeut as basic as a three-dimen
sional solid in MSC/pal 2 is a serious li
ability . We live in a world composed of 
three-dimensional solid objects; to model 
them effectively often requires a continu
um element of this type . 

Mr. Baran claimed that time-to-solu
tion on similar analysis problem was 
equivalent for both prognnns. He did nOI 
elaborate on the type of problem he 
solved; he stated only that the model 
contained 2000 degrees of freedom. 
ANSYS-PC/Linear uses a wave.-front 
solution method, i.ufluenced by element 
ralher than node order. If vou don ' t know 
the value of the maximun1 wave front in 
the model. the number of degree of free
d.om is largely irrelevant. Numerous 
benchmark studies have shown that 
ANSYS-PC/Line.a.r has the fastest time
to-solution of any MS-DOS finite-ele
melll program. 

Mr. Bard.n r<tised the issue of east: of 
use and learning. It seems he based his 
entire evaluation upon the single user's 
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manual in his possession. Each ANSYS and plmt• elemems- rarlwr 1ha11 solid ele
PC/ Li near lease or pure hase includes ments. Many of these types of problems 
training credits for an introductory semi cmi be solved ucmrutely using MSC!pu/ 
nar on using the program. Apparently 2as well as ANSYS-PC!Um?ar. 
Mr. Baran did not avail himself of this Sina MSC/pal 2 does not use ci wave
opportunity. He stated !hat ANSYS front equation solver, rhe value of the 
PC/Linear is difficult to learn. I have to maximum wave from does nm help us 
ask, relative to what-a spreadsheet? a rompan: performa11ce. I inttmtimwlly 
word processor? We are talking about avoided anempring a formal benchmark. 
learning to effectively use a powerful en because of the difJere/I/ solution meth
gineering analysis tool ; to use it properly oc.ls. My own t,xperience in running iden
requires an investment in time and effort. tical problems 0 11 both programs was that 

One of the most serious deficienc.ies in rheir performanct' ls roughly t'quimlent. 
Mr. Barn.n's review i11 his dismi~~a l of Ami let's fa ce it, whether it wkes 40 min
ANSYS -PC/Linear's interactive model utes 0 11 one or 48 minutes on 1lze vther. 
generation capabili1y (which MSC/pal 2 both program\' are prelfy slow on cm IBM 
lacks). He states, "The inte.ractive mode PC. 
is most suitable for issuing a few on-line let '.1· 1w1 con/us<' a program '.\" <'ase of 
commands to obtain a plot or a small li st use with rhe /JrOCt•ss of foaming and ap
ing . For creating a moderate-size model, plying tht• co11cep1s of fi11ire-i:lt:me111 
I found it mut:h e.asier to prt:pare the input analysis. While a grem deal of training 
file using a text editor and then to run and education are involved in applying 
PREP? in batch mode usi ng my input FEA compelently, there is 110 rea.\'lm why 
file ," To prefer worklng in batch mode the user i111erj(1ce of a progrwn like 
when an excellent interactive cupability ANSYS-PC/Li11ear should be so complex. 
exists (with on-line he.Ip, immediate plot· '/'here is no re.aso11 that a beginning user 
ting, and error correction) is insane. I .Yhould have to spend hours /eafinfi 
wonder if Mr. Baran prefers shaving in through the mamwl trying lo figure 0111 
the dark- th 'at' s what it feels I ike to how 10 ge11era1e a mesh parrem. 
create an FEA model in batch mode . I'm sorry, but all the finite-element 

Now that I've gotten all that off my programs 1'1·e seen, including MSC/pa/ 
chest. let me say that Mr. Buran 's criti 2. coula benefit /ram improved uJer in
cism regarding difficulty i.n obtaining a terfaces. There is rw rt?ason why engi
hard copy in ANSYS-PC/ Linear was en neers should hm'e to contimu: to put up 
tire.ly valid . However, Version 4. 3 of with 1erse command languages and for
ANSYS-PC/Linear is now available . and bidding documenratiori. 
its new vector display mode oplil1n com Finally . I stand b ' my evaluation of 
pletely corrects this problem. ANSYS-PC!Li11ear 's imeracrive modeft>r. 

Victor R. Urbach No, I don't like sllllving in the dark, but I 
Westbury, NY also don '1 like Ihm1ing with a dull blade. 

I still maintain 1hat 1he imeractfre mod
I stated in rhe article that ANSYS· eler i~· extremely difficult ro 11se. Perhaps 

PC/linear is the more cupahle and jkr with a tmi11i11g coune, my altitude wouM 
ih/e product. On the other hand, I think change, b111 I was evaluating the program 
it 's a bit presumptuous ro claim that thl' continued 

"degree of sophisticatioTI and complexity 
of 11 professio11a/-level FEA code is ar 

LElTERS POLICY , Wh<'ll .rnbmitting u frt·least an order of magnit11de above com
/er for pub/i(:u/imr. doub/.-.,puce i i mr one 

mon PC-based app/icmio11s. " It all d(~  sule l !flhr paper mrd include your name and
pe1uis on what you plun to do with tht' addres.<. E~pres.< •our comments mu/ idea.< a t 
program. And though we do li1'e in a dearly a11d cn11ci.1"dy as pnr.whk We can 
1hree-dimensio11al world, a great many prim listings and rabies alimg wi1h a le11er if 
problems con be solved ill two diml!11 1hev are slwrl u11d legible. 
sions with beam or plate e!eme111s. Bi:rnuse wt: ri:aivl! h1111drt!ds of /e/ll!rs 

eu ch m1Jn1h, we cum1m pi<blislr all of them, /11 1/re years I worked as an engineer 
We amnOI re11<rn lell<'r.< to awhors. Ge11erper forming stres.y w1alyse.1· ofmechanirnl 
ally . ii 1ake.1 fimr month.! /mm the time we reand structural componems. I would say 
ceive a letter umil n·e pubb.~h i1.

80 percent of1he problems involved beam 



RA I MA'S COMMITMENT TO YOU: 

Announcing - the database 

development system that 


TMyou designed. 


Q 

~ ~ 

c PROGRAMMERS
We asked what you 
wanted in a databast: 
development system and 
we built it! 
db_ VISTA nr is the database developmem sptcm for 
programmers who want powerful, high performance 
DBMS ca pabilitie~ .. . and in anv environment. Based on 
the network databa, e model and the B-tree indexing 
method , db_VISTA III gives you the most powerful and 
efficient system for dat~1 organization aml access. From 
simple file management to complex database structures 
with millions of records. db_VISTA Ill runs nn most 
compucers and operating systems like MS-DOS, NIX. 
VAX/VMS and OS/2 . It's wrilten in C and the complete 
source code is avai lable, so your applic:uion perfor
mance and ponabili t }' are guaranteed! With db_VISTA 
III you can build applications for single-user microcom 
putt:rs to multi-user LANs. up to minis ;md even main
frJmes . 

he db_VISTA Ill"' D~&abasc Development System 

r ....jl>r fNrUR 1111.lmk 
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0 Royalcies, Sou rce 
Code Availability. 60 days FREE Technical Supporc and 
our .30-day Money-Back Gm1cantce. Extended services 
available include: Application Development. Product 
Development, Profession:il Consulting, Tr-.1ining Classes 
and Extended Application Development Support. 

HOW TO ORDER: Purchase only those components 
)'OU ncc<J. Stan out with Single-user for MS-DOS then 
add components, upgrade .. . or purchase Multi-user 
with Source for the entire db_VISTA III System. 
It's easy ... call toll-frt:c today! 

db_ I iTA mi pcdonn9 
rcl11ionsl OBM ·~ fth ditecl 

'IH!C ID data and lcR dalli 
n:dundaney. Yt1ur applla011n1 

run llut 1' 11nd more efflc:len11y1 

db_VISTA 11r Database 
Development System 


db_VIST,A Ill ~ s~9~ . -~96o 

db_QUEJ\Y"• S~9~ . Y.160 


db....l\[V& 5~~)~ - ~960 


We'll answer your quesLion.~. help 
determine your needs and gel you started. 

• CALL TODAY! 
1-800-db-RAIMA 
(that's 1-800-327-2462) 

co 
("') 

>
-3055 !Uth An~nuc N.L Bellevue. WA 98004 (Z06}828-4636 CD 

Telex: 650301823 MCI UW !'AX: f206)1l2fl-3 l:l I 

http:11'>)".ll


Attention all FX80, FXIOO, JX, RX, &MX owners: LETTERS 

You already O\Vll halfof 
---~a great printer • 

... 

Now for S79.95 you can own upgrade kit will make your printer 
the rest. You see, today's new dot work like the new models in min 
matrix printers offer a lot more. utes- at. a fraction 0f their cost. 

Like an NLQ mode that makes And FX, JX and MX models will 
their letters print almost as sharp as print the IBM character set, too. 
a daisy wheel . And mode switch So, call now and use your Visa, 
ing at the touch of a button in over MasterCard, or AmerEx. Don't 
160 styles. But now, a Dots-Perfect replace your printer, upgrade it! 

1-800-368-7737 

(Anywhere in the United States or Canada) 

(Dots-Perfect) 
!714)945-5600 

,,,,_..__...._• ......w..,c_,, 

.D r e s s e I h • u s 
8560 Vineyard Ave..• Ste. 405, Ranc:ho Cucamonga, CA 91730 

......_ , ,, ,, ... , _...,.. .,1.,... ~nu IMAn upgrade kit for EPSON FX. JX, AX, & MX printers ._ .. ....................."... l_ ,._j .. 


Now there's a smart way to 
comiect more thanone prmter 

Forget those dumb AIB boxes and your output to the correct printer. 

those expensive switching devices. You just add a simple code to 


Now you can connect up to six your program 0r printer setup string. 
parallel printers to your computer Or. select a printer from a pop-up 
and let your programs do the switch window utility that's included. 
ing intelligently for only $11 g., SmartPorts recognizes the code 

SmarlPor1s automatkally sends and makes the ~witch. 
So. call now and use your Visa, 

MasterCard or AmerEx. 
• • It's smart! 4 .. . . 

~ ·: ; . 
1 .M:: &~.• ;. "" ·'y :... 0• 

~ • ff j if ~11!1 !i!f ~~p i~J:f ' ft t :u 1H 11 ~ H 
u u 0 - '. ~ :: 1 ;: 

..... 0 0 ~ 

1-800-368-7737 

(Anywhere in the United States or Canada) 

~Smart1'111~ 

a r e s s e I h a u J 856(J Vrnev<:1rd Pi\'l?nue. Sl!!le. 405, Rancho Cuc.among<l, CA g 1730 

A software-controlled printer switch tor IBM PCs and compatibles 
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from the poim of l'ie\\' ofusers who mighr 
be trying to learn the program on their 
own.-Nicholas M. Baran 


Sign Language ~·s . Finger Talk 

Ohio State University' s program. 

SpeechS ign (M icrobytes . December 

1987, page. 14). does nm .. help 1each sign 

language.·· It teaches 1hc manual alpha

bet , commonly known as "finger talk." 


Finger talk is excruciatingly slow. Sign 
language positions the whole bo<ly, in the 
context of the su rrounding environment. 
in symbols rhat transmit infonnation. 

Fluent signers routinely transmit infor
mation at 100 times aural speed. 

There are three widely used sign lan
guages. The oldest is American Indii.m 
Sign (AIS), used by the Boy Scouts. Next 
came American Sign Language (ASL), 
used by the hearing-i mpaired and for 
cro s-cultural communications . Last 
came Gorilla Sign Language (GSL), ASL 
restructured tor the Great Apes. 

True sign language uses syntax and 
grammar radically different from aural 
language. NATO and lhe UN unofficiall y 
recognize ASL as a universal language. 
The Boy Scouts use AIS to conduct busi
ness and personal conversations during 
International Jamborees . GSL is the only 
language routinely used for two-way 
transmission of sophisticated abstract 
concepts between animals and humans . 

one of this is possible with language
hound finger talk . To reach the Dick-and 
Janc kindergarten level of sign. the hard
ware would have to have at leas1 500 
megabytes of RAM , with a clock speed of 
at le.ast 50 megacycles and a graphics 
·crecn the size of a barn door. Then 
comes lhe program. which will. while 
under development. spin off sign lan
guage translators centuries beyond what 
we have 1oday. 

Eugene Austin 
Tilden. NB 

"Information," Please 

I congratulate BYTE for printing "'Infor

mation Theory" by Ramachandran Bhar

ath (December 1987). An open discus

sion in the computer field about defining 

the term "infonnation" is long overdue, 

and maybe this article will lead the way . 

For too long, the term has been picked up 

and used without regard to its precise 

meaning. 


Mr. Bharnth provided us with a com
prehensive introduction to information 
theory , and he made the technicaJ nature 
of the theory crystal clear. Thii reader 
could easily see that the theory is based 
on mathematical proofs and. as such, 
could not be used to deal with lhe issues 
relating to 1he value oft.he contents of the 

continued 
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messages being measured. Perhaps Mr. 
Bharath ·~ warning and cl ari fic:a1 ion of 
this fact at the end of the article was not 
strong enough. I would like to re.inforce 
the warning. 

Information can be explained simply 
a~ data that is prcparecl into a form that 
makes it easier for someone else to use. 
lnforma1ion theory provide..s us with 
mathematit:al roots tO evaluate the reli
ability of information , not with a method
ology to evaluate its relative value. 

We tend to be too Jechn ical in our col
lective quest for sys tems solutions. We 
would be belier off clarifying what infor
mation is and how it is proce. sed. in the 
broadest ·ense of the word , ~o that we can 
provide more reliable , more effective. 
more acceptable sys1ems so Jut i nn~. 

Information is a dynamic and pe.rson;~l. 
yet powerful. thing . It changes every
thing with which it comes into contact. 
Tha.t is part of the nature of information . 
Information scientists and librarians have. 
obviously given attention to !hi s topic. as 
have economists. political scientists, und 
behavioral scientists. Now ls a great time 
to learn from these discussions. We need 
more dialogue to discover just what infor
mation i ~. 

Kevin Stumpf 
The lnfotorium 

Kitchener, Ontario. Canada 

Karmarkar Kudos 
Ever . ince I saw " Krmnarkar' s Algo· 
rithm" by Andrew M. Rockcu and John 
C. Stevenson (September 1987). I have 
found mon:: and more reasons to thank 
you for including material at thi s level of 
mathematics. 

Thi;; article i ~ proving to be a most use.· 
ful adjunct to lecture material in a course 
on linear programming that I am taking 
even the errors in the BA.SIC listing made 
me think things through . 

Since I have found the spreadsheet a 
good sel f-i ns-tructional tool, I have con
~ l ructed a Lolu ,~ 1-2-3 work ·heel that 
steps through the iterations of the ex.am
ple gi ven. Thb worksheet prov ide s a use 
ful look at what is actually happening at 
euch stuge. 

I would be glud to provide BYTE read
ers with a IL ting of the. fornrulas and a de 
scription. If rciders would send along a 
disk, I would copy the worksheet onto it 
and mail it hack to them. 

H.J. Hunter 
P. 0. Box 13398 

Kanaw, Ontario, Canadn. K2K IX5 

Semantic Accuracy 
In "Modeling the Brain" (December 
l987), Matt.he.w Zeid~nberg assem that 
the system makes "accurate role assign
ments" in such sentences as "The man 

hit the boy with the mallet.·· It' s best not 
to say "iu:cur.llc" in ~cuing a default se
mantic value for an ambiguous sentence 
without context validation. The article 
deals with semantics al sentence level 
only, so matters ofcontext are not consid 
cn~d . Given that approach, ambiguou s 
sentences are best le.fl with semantics not 
fully resolved. The pleasure many people 
derive out of ambiguou, senrence-~. simi
lar to that of enjoying optical illusions. 
argues tha! an isolated sentence doc s have 
a flip-flop semantic vu.Iuc . 

For a system to analyze syntactic ambi 
guity, other input should be considered 
before making a semantic decision. Each 
rc.levant piece of data add s weight to an 
interpretation. and . ome particular (even 
e;r;tcrna!ly sci) wdght of certainty secs the 
meaning. at leust until contradictory in
fonuation is received. Since ambiguity 
can be resolved before or after its occur
rence , the .system needs to look back a~ 
well as forward . Con Ider "The 4-vcar 
old was showing hi ~ buddies his new"ma1 · 
let when a car vcere.<l around the corner . 
They ran for satety. but the ma o hit the 
hoy with the mallet. " Or "The man hit 
the boy with the mallet. then the red
headed kid . but missed the baby. before 
he regained conrrol of his car and rounded 
the corner ." Not to mention 'The man 
hit the boy with the mallet with his car." 

The fact that people do not stop at the 
end of each ·cntcncc for an interm inabl e 
period of interpretation makes clear that 
once we think we know whu! we 're talk 
ing about , we suspend analysis tright or 
wrong) . A computational modd shr>ultl 
likewise go to the height. and depths . at 
need only . 

Cathy Miller 
Sa/1 !Ake City, UT 

A Vote for T"·eaki~ 

With regard w Fred Langa 's December 

1987 ed.ilorial on benchmarks. it was a 

.shame thut benchmark l1ptimization {re

ferred to as " tweaking" Jcame off so bad

ly. On the c.ontrary. I assert that unless 

each benchmark is optimized , the re.~ ults 


will have little mi:aning in the IBM PC 

marketplace. 


When compilers are benchmarked 
without '' tweaking," we arc verifying 
their ability to handle a particular source 
code. Source code compatibility is essen 
tial in an environment that requires the 
continued use of many differen1 machines 
and compilers . In the big-busines man
agemenc information- systems environ 
ment. programs can be distributed as 
source code , or perhaps a publisher will 
produce different versions of a program 
for the various iarget machines. In any 
case, source code compatibility is an a.b

wmim1ed 
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solute requirement in a big-computer 
environment. 

The basis for the IBM PC software 
markets is not source code but compati
bility at the machine level. PC programs 
are distributed as object ecxle, and only 
object code compatibility is required. 
Users do not care whether 1he program 
source c.ode is "compatible'' with some 
standard, but they do care whether the 
object ccxle program is compatible with 
their hardware and how fast it runs. If 
.. incompatible .. source code features 
would improve performance (and pro

duce the ame results). this is a topic of 
re11I interest to programmers serving the 
PC marketplace. Perfomtance optimiza
tions for particular languages and com
piler arc useful new . 

The thine that is constant about a PC 
marketplace. is a "standard interface" be
tween hardware and software; that inter
face is where applications object ccxle 
meets the operating system , BIOS, or 
other hardware interface ccxle. When. rat
ing new hardware or softwdre, the only 
thing that matters is performance while 
using the standard in1erface. Applkations 

Ifyouthink Y.OU canbuya 
better Ccompiler, don't. 
We'll buy it for you. 

Buy Let's C"' with csd.. 

for just $75. Ifyou're 

not satisfied, get 

Turbo Cor QuickC. Free.* 


Why an.- we malting this Incredible: offer? I.k•1:ausc we·n: absolu1dy rcr
1.aln Lets C and C".<;<J C Source [>c.'bugger an· lht• best C programming tool1:1 
vou can own. 
· Hcs t ass ured that.. like Its com1x·UU011. Lets c fea tures Incredibly 1: st 
in-memory complla1 Ion and prnduce.., t"cXlrcmdy t tgh1. high quality code. 
The d lffcrcnces lie in how mllt' h faster you f',ao perform ofher pmgramm Ing 
dtorc·s. 

Our dt"buggcr. for cxa mph;. can cul development. Ume In half. 1:3ul that s 
not all: 

"csd ls close write ideal cle/J11gr1111y e1wiro11ment ... a drjlnUe aid to 
leamtng C cuul cm lr1dL'>fJ<: nY1/JIC 11"'><>1.Ji-,r PmfJl'CWl deDelopmenr. .. 

- William C. Wong. BYTE 
And comparatively s pea king : "No dehu!J(Jcrts tnclu.ded tn the rltroo C 

package .. . a .serious sl iuncom I rzq... 
· -M!chad AbrnJ>h. Pro~ramml·r's Juumal 

Uni I kt· our t·om~t l ! inn. Let's C I riclucks its own fuU·fcatured assembler. 
fl·at un.·s donunen tat ion with t·omplete examples and Ledmical support with 
complete ans111ers-the)lrsl time you call. 

LET'S C ANDcMJ FEATURES 
LH'S t : ad: 
• K corr. 1 "' ~ l~ i.u:t • h ill UNI.I. i: cwtl3<lllfl'i ly JM i:.i::.rn~C'I(' • {Jill!~ fl , ~IJl'~t COIM, '10!! )S.tt1T\[)lo!!f 
4 lft '.t.1'fr..lte11 tl \1 il)Jff(~Cl!Yt.-k- l"l.li tul 1!.Jr.tr ('S • illt.i"' - l!i~fJ~" $[11..itce, C-,ti 'UJ, 6,ifi 


1 11 1 ~ P.*61'9' pn.""'frl [Jl (d f lt; , ll"Cr. foJU ITIJ~~ Jl' CJOt ..1:111 J il\J 1~~1u.r~ -.r.1 Wws 
~ 1nX;· ~u!1:~i1~;~~ ;~~; rr l!!mnrv Jj ;r.Jr.b'l1u l) rOWt!I ~ J.b ly !tl ~~ '• lollC po1r11J <91\d u101"1ilor 
.-«o;l • ""- ooC Mli CS h.ilt-:.i:t~ t.d lo.."t' .-. Ir- .IJl\l t~ 

• 11 1~.....1 .. tr\l .i1~tl11;" 1 1l ori..ufr 1+.11 .. ' ~ "'.: ~ tll!.IU\ltJ • C,,,i n 1n!i:·q(l 1wcli' e- .) 1!J~~ ~ "° CCJ CW'e1.~ion 
4 ·lw l! 11'1tr f ller !11.. V:t.'lll I~ [J~' J iJ ~ 1'u 1l l}lt. 11~ • n"C ·IL Jl't; Ct ... icwn l(l ~rpr~r:aj'n 

• ft()f!l 01»n(J 1.1d :-.i.mµl.l' I brJ< • l JXI!' tuitii : i..ud Qll 

S o ifyou "re think In_g abr-,11 r buyu ·~any Qt lwr C compil("r. think aga i 11. Flu1 
you only have until Feb. 29 to orcler and take <1dvm1tagc oftll!s ~pccia.1 nffrr. 
So l.h 1nk fas t. Ami call I ·HOO·MWC·I 700 ""°' l. 11.:~ 12-.J 72·6659 in 111 lnols. J 
·out"r.•L •~t.~hl 1:; 11u 11·lq>t1 u rif 011J1_·1b-1.111h~ 1Jorn Fct1. I _ l ~l.j 111 Fd; 2t1. l \:J.t4b Jl 1 t'~ t· t1.1_ngr· l..r t· .. c- ;_u nlf'"il.l lor 
II 1rl),:1 1_..)f Q 111 t kt t P . lH' ll t i" i.!,1--"'ll rc1r1uu 1fd u·~rtiu1 I ~ d.1y ... u! P''r• •h .;). "(J~ i! i~ lf" , nril •1y 1\t11r~ W1lh.m1."' t'_j irn1l..irn; 
l h ; •I ) OU .1r-r rt"!,1nrn1,>.:. 1tr1M.hu•t-. .11HI rr~ 1·1vc .1 r1·l1J1"11 .u1Ch1~1-U.: •l lrn1 cmruhr1- l 'n1lhu I,!.. mn..... 1 t.K" 1t:"l 1u rn"\l 
"1clrn1 ;~J d .•,., rn:m ..b ippl11c t.L!h' 

Mark 
Will iams flJ Company 

1430 West Wrlgh lwood. Chlcago, Illinois 606 t4. 312-472-6659 
1988 M.ark WUila.ms Compa11;• 
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can be rated directly. Compilers can he 
rntcd as applications that produce appli
cations, and by the performance of the re
sulting a_pplications . Hardware can be 
rated by t.he pc rforrnance of known appl i
cations that u"c the standard interface. 

Of course, " performance,. is always 
relative to something; it is useful to inves
tigate . oft ware performance on some 
"stanJard hardware." Perhaps the stan
dard hardware in the 8086 environment 
would be both a classical IBM PC and a 
PC AT: in this way , programs that take 
advan1age of the 286 could be identified. 
Difterent but similar hardware standards 
would apply to the various 68CXXJ envi
ronments. To investigate hardware im
provements, 1hcrc would be a suite. l)f 

"stanuard software," a.nd the compara
tive perfomiance (between the "standard 
hardv.iare" and the ·'improved" version) 
would indicat.e 1he effectiveness of !he 
new hardware. 

ln summary. the failure to "tweak'' a 
benchmark for a particular compiler em
phasizes source code compatibility over 
object code performance, an emphasis 
that is misplaced in the PC marketplace . 
Optimizing each benchmark for each 
compiler (to produce the fa stest and tight
est ccxle to perform the desired function) 
should be a normal course of busincss 
unless, of course, you're addressing a 
big-computer environment . 

Terry Ritter 
Austin. TX 

Fantastic 

I have one basic comment regarding the 

planned revision of your benchmark pro· 

gn1ms (December 1987 e<litorial) : Fan

tastic! There is a definite need for the re

vision , as Lhe erratit: results obtained by 

the current benchmarks demonstrate . 


I have a few thoughts regarding the 
revisions: 
• Retain the Sieve. Sort. Savage, Whet
stone. and Dhrystone tests for historical 
reasons , if no other: they're not a.II bad. 
The Floal test shnuld be dis1:ardcd. since 
it doe.sn ' t represent any real-world pro
t:essing and is susceptible to being re
duced to the trivial by better compilers. 
The Fibonacci test should be di scarde I 
for lack of interest: the algorithm u, ed in 
the current form is terrible. and the Sieve 
and Sort tew; J o a better job of testing in 
teger operation ·. 
• Provide for both highe.r-level and as
sembly language forms of the test.. In the 
higher-level language form, the programs 
test how well compilers make use of pro
cessors' features, and they can serve 10 

compare a compiler· s qualiry for a partic 
u I ar processor. In the assembly language. 
form, a better compari~on of processors· 

nmtin,.ed 

http:nmtin,.ed
http:WUila.ms
http:1!.Jr.tr


We call it Modular Systems Architecture™: a 
building block approach that protects your PC 
investment against obsolescence. It makes up
grading Wyse PCs a snap- literally. Because 
we've put all computing functions, even the CPU 
and its microprocessor, on plug-in boards. So as 
your needs grow, you can easily upgrade our 8 
MHz AT compatible to a 12.5 MHz high perform

ance 286, or even a 16 
MHz 386. When more 
powe1ful microprocessors 
are available, you'll even 
be able to upgrade our 

top-of-the-line 16MHz 
WYSEpc386. 

The WYSEpr..'386: 
ex1:eptio11al memory 
speed f!/11:; pmces..~i11g 
speed nwke i i one of tlU' 
=-- m()S/ powerful 

PCs made-

Introducing System Wyse~" Wyse PCs are 
themselves building blocks in a comprehensive 

system for creating solu
tions. They link effortlessly 
with our terminals, moni
tors, and expansion boards 
in integrated solutions of 
exceptional quality and 
value, using industry 

It 's th is easy to 11p_g-rode /he standard software. And 
CPU 0 11d boost the /JOWi!r of SystemWyse is backed by 
a System ~e PC. the company that sells 
more terminals than anyone but IBM. 

The big idea, above all, is to adapt more 
readily to change than any other PC system. 
Because survival belongs not merely to the 
fittest, but to those who remain fittest, longest. 
Call for more 1800 GE'f'tl7USEinformation. - • - VY .1 · 

WYSE 

W \'SE• is n "'l(i st~red lr.ulem:uk of I~ Ttchn<~<'l!l'· S)'lt~m \>,}-..:. WY5Epc 386. and 
MwJular Svst~m:!=. I\ r('hi1i..,;lun~ <H~ tr..cit"m3rks o! Yf:"Sc Technnli~y. ll:li ~ is :r1 tlddtma r\.i. nf 
hitl'rnation~,1 Business MachiTie~ . Scn~t: 1 1 : H1-.eing Crnpb. We make it better, or we just don't make it. 
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---------------------------------. there shouJd be more than 65K bytes or 

effects on performance l'an be made. 
since the varia1ion introduced by com
pilers is eliminated. thus allowing more 
me.aningful comparisons across proces
sor families. 
• Verify that lhe benchmark.~' algorithms 
have been correct.I v transformed . The 
Savage program is relati vely easy to ver
ify. since the result should be very close 
to !he number of times !he loop is eJ\c
cuted. The number of primes found is a 
reasonable verification of che Sieve pro
gram. A visual Inspection of the Sorr pro
gram's results could suffice. but I would 

R 
FULL 

THEVIEW? 

Let C PT give you the total view - today. 
Upgrade your PC, XT. or AT-compal'ible 

computer with CPT's full-pzit,'t" displays, at a rrice 
far lower than you might expect. For more 
informat ion on how CPT can expand your 

display·horizons, call 1-800-447-4700. 

~=== 

~-- ... 

More Than Office Automation ... Office Productivity 
I"\ 'T ..11nJ :\r ~rr ]r~l~t 1...+ tflol°l""rn..iir ..... n...111 Rm1llM\ '\t..., h,. n..-1 r,..,_ 111-0001-A 

prefer something more automated, per
haps sorting randomly rearranged 
successive integers and then testing for 
successive integers. The Whetstone pro
gram produces some intcm1edia1e nu
merical results that can be verified. 
• Extend the Sieve and Sort tests such 
that 32-hil arithmetic and more than 65K
byte data referencing are required . ln the 
case of !he Son lest. make the record size 
greater than 64 bytes so as to make the 
test more realistic. and rernove opportu
nities for playing silly games with the 
68000 family of processors. 

• Devise one or more benchmark pro 
grams to test character string manipula
tions. A large percentage of most com
puters· time is spent processing textual 
information. yet there is no well-known 
benchmark for this type of processing. 
Devising such a test will be difficult due 
to such things as character string repre
sentation and limit~ . providing standard 
text 10 process. higher-level languages· 
treatment of (or lack ot) character string 
data types. and so on. Possibly. the char
acter an be-combined with some sort of 
fik-uc1..-essing benchmark. In any event, 

character. to process. 
• When publishing. the benchmark re
suiL~ , the length of time to generate the 
program. the amount of code generated 
(both with and without run-time library 
code). and the size of th.e translators 
(compiler , assembler, and linker) are 
useful data . This data. of course , applies 
only to the tools ndeded to produce the 
executable benchmark programs, but !he 
numbers arc of some value in their own 
right and are sometimes helpful in inter
preting the benchmark results. 

Everett M. Greene 
Ridgecrest, CA 

FIXES 


Photo Swap 
Snow Software informed us of a photo 
error in the What '. New section of the 
January issue. Tbe photo th<1t appears on 
page 94 is the Snow Report Writer 
Screen, rather th.o.n Silverado. as it is 
labeled. The Silvcr.ido ~creen appears on 
page 96 . 

Copy Protection and Drawbase 
1n the What' s N~w sec! ion of the January 
issue , on page 78, some new programs 
from Skok Systems Inc. are described as 
not copy-protected. 

Drawbase HLR is nor copy-protected . 
However. Drawbase 2000. Drawbase 
3000, and Drawbase 4000 ure copy
protected. 

Data-Acquisition System Not Micro 
Channel-Compatible 
In the What' New section of the January 
issue , on page 86, we incorrectly stated 
that The :~utomat ion Group 's MDL-16 
data-acquisition system is a Micro Chan
nel-compatible produc.1. It is not. The 
MDL-16 is a stand-alone RS-232C and 
RS-244 data-acquisition board. It oper 
ates as an independent . erial peripheral 
and does not require any slot space in 
your c.ompmer _• 
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MADE 1:0R 

THE 80.186. 


Rl lNS DOS 

PROGRAMS. 


Cin:l1124S 011 1&/Jlhr S11,...lt:11 Oud (DEALERS: 246) 
TRAL>nl~RR ACfu'iOWLEDGEMf;NTS: MulrfLlnk"is a rfgll:1ored rr.>dtmlrll of U.. Solt,..,.., Link. f'C-MOS/386~ Multilink"M,..nrnl, •nd l.AN!~nk- am 1r.d<Jn•rb ofTt.c Sotrw>re Link 
I#U• 1·2'3, Won!Slx dRASE I ( l. & Wor<lPcrl«i •"' midmi;ub ol Loluo ~ ear.,_ MlcruP!u. ~tm'TBll<, & Wonl~ Corp.. rftllfC!n..ly. rm. .\!Id leehni<:il specifK'>llr>n• •-..bi<a "' d!;uogt:. 



·cations. 


Take a look at the specs on VISTA™, a good look. 
Notice the processing, programming, and video 

capabilities? Now think real hard about what you could 
do with the power of VISTA and a microcomputer. Incor

porate it with your system to create a digital pre-press 
proofing station for publishing. Design a graphics work
station which outputs both colorful hi-resolution slides 
and broadcast-quality animated images. Construct a 

CAD system which merges computer generated images 
with real-life backdrops for architecture, packaging or 
other industries. And, after you've bra·instormed your 

way to new horizons of videographics possibilities, get 
your own VISTA and start working. 



Introducing TRuEV1sr~N Videographics. 

Let's Get Specific. 
We knew you couldn't resist seeing the 
facts , and frankly, our engineers 
wouldn't have it any other way. Here is 
an overview of VISTA'S key features. 

FEATURES: 
• 4 Mbytes of Video RAM on-board 
·Texas lnstruments' TMS 34010 GSP 
•Flexible, programmable resolutions 
• NTSC and PAL compatible 
• Four 8-bit channels for real-time 

capture 
• Fully integrated genlock 
• Processor memory expandable in 

2Mbyte increments to 12Mbytes 
• Four 2K x8-bit CMOS static RAM 

LUTs 
• Display can be color-mapped, RGB, 

or a versati le combination of both 
• Interlaced and non-interlaced display 
• Binary and fractional programmable 

zoom capability, creates horizontal 
and vert ical magnify or minify 

• Smooth horizontal and vertical pro
grammable panning, includes wrap
around and split screen 

• Suggested Retail Price: $5995. 

ADDRESSABLE RESOLUTIONS: 
32 bitstpixel 16 bits/pixel e bits/pixel 
1024x1024 
512x2048 
256x4096 

2048x1024 
1024x2048 
512x4096 

4096x1024 
2048x2048 
1024x4096 

CAPTURE RESOLUTIONS: ' 
NTSC PAL 

(RS-170A) 
756x486 
604x486 
504x486 
432x486 

(CCIR·624 ) 
738x576 
590x576 
492x576 
422x576 

"Resolutions are programmable: rhese are nominal one! 
!or Interlaced NtSC anr;J PAL comp attble. 

DISPLAY RESOLUTIONS:· 

NTSC 
(flS ·170A) 
1512x406 
1008x486 
756x486 
604x406 
504x486 

PAL 
(CCIA·624 ) 
1476x576 
904x576 
738x576 
590x576 
492x576 

lnlerlaced 

1024x768 
(60Hz) 

768x768 
(80Hz) 

Non
Interlaced 

768x576 
(50Hz) 

758x486 
(60Hz) 

•Resolutions 1He programmable: theso aro nom naJ ones . 

COMPUTER REQUIREMENTS: 

Host "fype: 

Data Bus: 
Bus Clock : 
Power 
Consumption: 

IBM PC AT and 100% Compali· 
bles. Compi;iq 386, 
Apollo ON 3000-single·s!ot board 
16·bi t or 8·blt (sell·conllgur lng) 
6MH2 10 12MH:Z 

15Wat!s 

Announcing 
NuVISTA:" 

for the Macintosh·~ 11 
ICs available soon, 

so call tor rpore information, 

It's So Flexible, 
We'Ye Added Support. 
With its Texas Instruments TMS 34010 
graphics processor, large quantity of 
video memory, and proprietary video 
cross-point, VISTA can be programmed 
for an array of powerful market-specific 
videographic applications. To help you 
maximize VISTA's potential , Truevision 
offers a range of C-language program
ming tools for developers. And when 
your system is market-ready, we'll sup
port your marketing efforts with our 
TRUEV/S/ON SOFTWARE CATALOG, 
TRUEVISION NEWS, and THE PULSE. 

We're For Higher 
Resolution .. . Power . .. Flexibility ... 
Quality: Join the many key manufac· 
turers and developers already working 
with the state of the videographics art, 
VISTA. Gall us at 800/858-TRUE for 
more information on the VISTA 
Developer's Program. We're ready to 
take your application today. 

TRUEVISION INC. 
7351 Shadeland Station, Suite 100 
lmlianapolis, IN 46256 
800/858-TRUE 

Ci~le .'l68 on Rtader Se"'ice Card 
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Create Powerful 

Programs with 

Blaise TOOLS 


--------· - ------
Whe.ther you're ;in e;'l pi!r! or a m;wice, you l·;m 
bendi1 fmm using S['l<)Cial l1)()is m .:nhancc your 
pr !!rams. make lh<·m rdiablc, anti !!i"c them a 
professional kx >k. Wich window~ . menu.~. pop·up 
mem• !)' n.'Sidcni programs. and co mnmnic:uions 
suppo rt. Blaise C(>mptll ing offers you a wide 
range of programming t t><.> I~ to let you lake full 
;jdv~nWg<· of the Micm~vfl and B"rland pro· 
gramming environmen ls. All langirnJ!<: suppm l 
paL·kages induck fully commcnt<:d sourc.: n~k. 
c:ompkll' cumpn:hcnsiv.: manuals and sample 
pr grnm . 

001..S PLUS/ 5.0 $/29.00 
Full speclrnm of geneml se rvic.: utllily fum.:1 iun8 
including: 1.1•imlows: mcnus: llll'mory r.:sidcn1 
applic;11ion~: interrupt scn•icc rou1incs: imerwn· 
tiv n COOi.': ;iml din:ct vitli:-o an·e,;,~ for fas1 s1.:rc<·11 
hamlling. Specifically designed for Mkrnsof1 C 
5.0 ;ind QukkC. 

Turbo C TOOLS $129.00 
Windnws and nwnus; lSRs: intervention crnk: 
scrL·cn handling ind uding E(iA 4.1-linc Wlit lll<JC.lc 
support; direct ,;crccn accc,,;: and 111cmnry n:si·· 
dent <1pphq 11 io11s. Carefully craf!<.'d 'P<:t:ificall y 
to complement Turbo C. 

Turbo POWER CRl:::E 

COM ING SOO ! General screen managemenl: 

paint screens; block mode <.Iara entry <Jr field·tiy· 

field control with instant screen access. Fl.lr 

Turbo P.i~:al. 


urho POWER TOOLS PLUS $129.00 
EW VERSIO ! ow suppt>rts Turbo P tL>e.:<11 ·l.O. 

Screen . wimlnw. ant.I mcnu managcmcnt includ· 
ing EG A support: nos lllClll<JT }' contr I; JSRs: 
scheduled interventi n L'OO<.: : and mu<.'h mo re . 

Turbo ASYNC H PL S $129.00 
EW V E RSIO ! ow ~uppor1s T11rho l';L~cal 4.0 . 

Interrupt drivL'n support for thc COM rx>rts. l/ 0 
huffcrs up wMK : XON / XOFF: up10 1 >l~~lhaud : 
mwem and XMODEM co ntrn l. 

ASYNCll MANAGER $175.fHi 
Full fcnturcd interrupt driven support fo ~ thL· 
COM pons. 1/ 0 buffors up 10 MK : XON IXC >FF: 
up 10 '!6(X} haud: muJcm c< 111rol and XMODEt-•I. 
Fo r Micn.>i;...1ft C, furlKJ C 'I' MS Pasc.'11. 

KevPla,·er $49.95 
.. uper·biitch"' program. Create hatch fll i:."> wh1ch 
ean in\'oli.c programs and provide inpul to them: 
run any program unm1cndcu: c·rc;uc dcmonstrn· 
tion prog r:.11ns ; analyze \.. C)'bo:i rd u. 1ge. 

PAS AL TOOLSffOOLS 2 $175.lHJ 
Ex p ~111ded st r ing :md sn ecn hand ling: graphics 
routines: memo ry managc•mt•nl: gcm:ral pn)gram 
er•mrol; DOS fik s upport and more._ Fo r MS· 
Pascal. 

EXEC $95.00 
N W VER'ilON! Prcigram d1;iinin~ cxcrnti\•t". 
Chain one program from a1mthcr in diffcrcnl 
languages: specify C(>mmnn dal<l <1rc<L': le~s 1hrm 
:!K , f ovcrhcnd. 

R Off $49.95 
Tc.•!. fnmrnne r for all programmers. Wrill<'n in 
liirbo Pi1scal: fle.•ihlc printer contml : uscr.Jdincd 
\•ariahlcs: index gcncrn!i•>ll: and ;1 general rnan o 
facilit . 

TO ORDER CALL TOLL FR ·E 
800-333-8087! 

--~-
BLAISE COMPUTING INC. 
~ 'inlb lr<Xt . Sui10 316 Bctkcky. CA 94710 (41 51 ~5441 
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Jerry Pou me/le answers questions about his column 
and related computer topics. 

More on SpeedStor 
Dear forrv. 

I'm totally baffled as to why anyone 
would use SpccdS1or to ·plit a 42-mcga
byte hard disk into two 21 -megabyte par· 
titions. making the big disk look like two 
small. di k Jf you· re going to do thal. 
why not just have two 21-megabyte hard 
disks to start with? Storage Dimensions· 
advenising would seem to imply 1ha1 the 
raison d'etre ofSpeedStor is to bypass 1he 
asinine 32-megabyte disk volume limiia
tion of MS-DOS. When I finally get 
around to buying a 130-megabyte drive. 
I'll want to have it set up as one 130
megabyte volume, not four 32-megabyte 
partitions that look to MS-DOS like four 
separate phys ical drives . 

SpeedStor gives you a choice of three 
kind · of partitions: bootable. DOS-com· 
patible, and DOS-extended . The first two 
are bound by the 32-megabyte limitalion: 
the. third i. not. That means if you set up 
the em ire drive as an extended DOS par
tition , you have to boo1 off another drive, 
probably a floppy disk drive. There is, 
however. a better way . P.-Jrtition the disk 
into a I ·megabyte bootable. partition (C:) 
and the remainder as a DOS-extended 
partition with I K·byte sectors and 2K· 
byte dusters (D:) . Put your hoot-up files 
in the firs! partition , and make the last 
line of the AUTOEXEC.BAT read D:. The 
system should boot up exactly as before. 
except !hat you'll wint.l up with a D:> 
prompt instead of C:>. and the volume 
ize (if the drive is like mine) will be 

around 41 .5 megabytes. 
When you choose the sector and clu 

ter size. SpeeJStor will warn you that 
CHKDSK. CO ·I will not operate . That' s 
lrue. bur when you got Golden Bow·s 
Vopt , you also got CHKDSK .EXE (on the 
distribution disk) , which works just fine 
on the bigger volume and nonstandard 
cluster. as does Vopt irself. 

Incidentally , what do y(}u think of the 
new enhanced keyboard'! I love ii-with 
one exception. Having tw'O Comrol and 
Ah keys is great-if only IBM (and , of 
course. everyone else) hadn't put the 
Control keys directly helow 1he Shift 
keys. Because of that. rm continually 
pressing the wrong one while typing. The 
solution would be ·implc; Reduce the 
keys to standard size and put them along· 
side each other neJ1:t to the space bar , get
ting them out from under Shift. Do you 

agree? If so. you probably have !he doul 
to suggest that to someone (say. Key 
Tronic) with some chance of getting ii 
implemented. 

Ron J. Goodman 
Wurre11sville, OH 

Htell. I could say I like hall11g 1\\'o logi
cal disk drives . but i11 facr I was just roo 
lai.y to figure out the proper installmion 
the first time, and after that it was a bit 
late with stuffstored on bath disks. I e.~ 

P('Ct I'd have done it differenrly a1101her 

time. 
DarnDesk kt•vboards come with a 

switch cmd repltlCement key caps: you 
can put the Comm/ key ro the left ofthe A 
kt•y , where it belongs , and relegate the 
CapsLock down to he/ow the Shift . /low: 
DmaDesk keyboards. I'm typing 1his mz 
one. -Jerry 

Mouseless Microsoft Word 
Dea.r Jerry , 

Regarding 1he Delete 'Jord command 
in Microsoft Word (Computing at Chaos 
Manor. October 1987): You can create a 
macro to delete a single word In Word. 
using SupcrKey . Try 1his; 

<LFT><FB><Del> 

(using SuperKcy terminology) . The left 
arrow command is to account for the case 
when the cursor is on the las1 charucter of 
a word that is followed by a punctuation 
mark, when pressing F8 would send the 
cur~or to the punctuation mark. 

I wonder if PC-Write would get rave. 
reviews if users had to pay tht! same for it 
as they pay for the "big" program ($4 50 
li_ t, $229 meet price). I' ve tried PC. 
Write. and I find its interminable- dot 
commands and myriad special keystrokes 
for every liHlt: function illogical and con· 
fu sing. Give me Micro oft Word' s pop
up mnemonic menus {aummated by a few 
SuperKey macros) any time . 

Robert Hawkins 
Greenvi//(.', MS 

,·u111i11ued 

Jerry Poumelle hold5 u doctorate in psy
chology and is a scimce jic1io11 \\'titer 
who also nimx a comfortable living writ
ing ab1mr computers pre.ve111 and fulllrl!. 
He can be reached d o BITE. One Phoe
nix Mill Lane. Pere.rborough , NH 03458. 

http:lll<JC.lc


Thanks10 TheT3200,

The Desktop PC Can Nowlake 


Its Place In History. 


by the \Vay, are optional on your 

lntroc.lucing a lut.1l1e ne·wToshibaT3200. old desktop. 

In asleek 18.71b. package, the T3200 


a lot to unseat it. 

All of which means you should 
acts like nu other portable, or overweight call 1-800-457-7777 for your nearest 
desktop PC AT,® for that matter. l()Shiba computer and p1interdealer. 

With its mo internal expansion slots, J\nd ask to see the first pmtable 
you can connect to a LAN, a mainframe, PC powerful enough to push the 
or add peripherals. desktop right into the history books. 

It also has a 12 MHz 80286 micro Th<: l.l<!IX I 1~h;"·kc..t b' t lw E."<~'<'pl i• ..,.,1C~r~ p~ -1:r.un 
:-loo"! mro 1\111....,1 ''"'luir..d. s..,. 1""' dt•alt·r ~ >rdda1I ... 
J'C AT is a ~·st~n:d 1ra&·mark of h u~mrn i• •MIl\11 <me.:.s

processor. a 40MB hare\ disk, and a 
720K B 31//' diskette cl riv . l\fach inrsC< •rp< '"' 1io~. 

In Touch with Tomorrow 

TOSHIBA 


When the eagerly awaited PC first hit the desks of 
d1e public, everyone figured it was there tu stay. It 
was. after all, powerfi.t! and functional. And consider
ing it weighed about 40 lbs., it would take 

And when it comes to memory, theT3200 rivals 
your clunky desktop. With its lM B RAM that ex
pands to 4MB. We even gave it a built-in, gas plasma 

EGA display and monitor port. Which. 



CHAOS MANOR MAIL 

Yeah. l know vou can do almost a11v
tlli11g with macro~ in Microsoji Word 4. 0. 
WordStar 4. 0 is pretty good, 100. I under
stand thev 're adding macros 10 Word Per
fecr as well. Every time one ufthe editi1115 
programs improves. tlw others do..ll;fakes 
j(Jr an emharra.umem of riches , but I'd 
mther haw.~ that problem rlwn 1101 1mough 
choices. -Jerry 

Floalable Computer? 
Dear Jerry. 

I have a problem. I am lu sting for a 
~-omputcr. and I Ji v on a boat. Living on 
a boa! means thal I have only 12-vo!t elec 
1ridty, very little space, no proper lighl
ing. and so on. 

I would like to get an MS-DOS com
pu1er. It mus1 run on 12 V DC. be very 
sturdy. and nm drain l<JO much electric
ity. and I mus1 be able to buy (rather than 
transfor) software for it. 

You have written several times about 
the Zenith Z- t81 , but the problems you 
mention with regard to null modem 
cables and so forth seem mo great for me . 
I have the boat in the Caribbean now, and 
I have enough problems geuing things 
like lightbulbs. 

Cou!J y()u please comment on lhe To
hiba Tl 100 Plus and the NEC Muhi-

Speed in relation to the 2.enith Z-181? 
Can you lhink of any other portables that 
might be in this class? 

Bren Jacobson 
Nort/n.·ille, 1\'Y 

I may hal'e made the difficullies of 
/r(imferri11g .wiftware ro the Z-181 sound 
gremer rhan rhev were: anyway, given 
Tml'ding Softwure 's womlerjiil Laplink 
(which cumt'.\ with cables) , 1h111 's all 
historv. 

I a~n told that Zenith makes a I2-V 
power adapter. I find my Z-183 (whid1 
Jws a hard disk drive) nt.>urly perfect t·.t 
cept for its weigl11. Whe1her it will s1a111f 
up w a corrosive salr water wnwsphere is 
rm mher .worv. 

The Toshiba and NEC porwbfrs are 
also very nice. I prefer the Ze11ith. largdy 
mz the basis of rlze keybolird um/ backlit 
,rcret'll. Again. I'd be awfully concerned 
a/JoW corrosion. 

I used to haw the smallest le.gal midget 
ocean rucer fo 20-foor Weber-desig1wd 
.\·loop) 1111 the Pacific coasz. Tlzm wm lu!
fort' computers. I miss ht•r. - Jerry 

In Defense of DP Departments 
Dear Jerry. 

You ' ve come down rather critically re

gan.Jing data processing department~ h;iv
ing much control over the purchase / 
' et up/use of personal computer" . My ex
perience in relatively small corporatfon 
hav ing from 1010 30 or so PCs a1 any one 
time lead me to 1he following con
clusions: 

Early in 1988 there are still many. 
many more totally new and completely 
naive PC users than !here are even ver. 
moderately experienced users. Of every 
10 users I've deah with, onlv 2 had 
learned after 6 monlh how to use a utility 
program like PC Tools other than by Me 
whik referring to written notes. For 
them, if it isn '1 on a menu, it isn't possi 
ble to do without help. Only l in 10 had 
moved on their own to a level of compe 
tence. more than minimally acceptable 
\ ithin the one or two appl.it:ation~ !word 
processing or Lotus 1-2·3) necessary to 
do their jobs_ Fully 8 of every 10, if asked 
to do something that required learning a 
significanl new area of an application that 
they had worked wit.h tor some time. de
manded !raining and hand-holding before 
they would even begin to approach 1he 
problem . 

For the large majority of user ·, there is 
no willingnes~ to take a manual home or 

mminued on pa;:e 2o9 

Introducing the OpenEnder"1ntelligent 

Multi-Channel Communications Board for PS/2. 


r1 
r--~------------------~-----J I 

I 	
I 

And your choice of 1/0Mates.·l
I 

-- -----------------------,
I 

I
I 

I I 
I I 
I I 
._, I 
L-- --, IJ 

u 

Now. 111ith DigiHoani Opt'nEndt'f." lnlt>lli 't'llt fur the expensive intelligent parl um.:t•. Hrcans" yr1ur I, 0 
{'0111munil'.alio11s B11<1rds. ~NI c;111 r h, niwl thl' powt'r of IBM functions are handlrd bvalfordable J. 0 Mate'" modules 
l't!r>on;il S~. tf'm n to up Ill :_l2 users. ·!!IO", foster th<111 th1• that simply plug in. · 
hoards l'OU°n' probably ltsing now. So, f11r the first time in thl' hist1m: of 

l311t whilt rc·allv sf'ts DigiBoard DigiI : : t j.;1(•·l in tellii;:ent communications bmirds. your I 0 
( lpt>nEnder~ ,1parl h.tlrnl \'oti on]\1h.1\·i· to p;l! P...o~ <ir .. "" "'""' options art· widr open. And the;, alwa)~ will be. 

C.1!1 l-800-:l44-42B. In Minnl'sot<1. (6\2) 922·805S. 
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dBASE Users! 

Independent Reviewers Sav: 


Nobod 
...Nabodv 

eat 
~ti.. FoxBASE+/386 
....~ 

,...,,<::/) 

..,.'6> 

$' 
'\>~~ 

~\, 
~4>~ 

'\~ 
ti.· So 

"""' 

Quicksilver 

Clipper 

dBASE Ill PLUS 

Data Based Advisor 

FoxBASE+ Fastest Bv Far 
mTE .. benchmarks show that 
FoxBi\SE+ takes onlv 14 minutes to 
<lo what dl3ASE III PL S nee<ls an 
hour to do. The others are even 
slower. lipper neech; <in hour and 17 
minutes. Quicksilver needs an hour 
and 40 minutes. 

iobody beat FoxBASE+ in t'\··en one 
of the 'Zi BYTE benchmarks. 
FoxBA 'E+ zipped through the 
exhaustive Data I3ased Advisor•~ 
benchmarks in just 15.5 minutes. New 
FoxB1\SE+ /386 ran them in onlv 7 
minutes! By contrast llipper toi>k 53 

FoxBASE+ 

Quicksilver 

Clipper 

dBASE III PLUS 

BYTE Magazine 


minutes, Quicksilver took 59 minutes, 
and dBASE III PLUS took an hour and 
18 minutes. 

Whv Waste Your Time? 
BYTE's data shows FoxBASE+ is up 
lo 7 times faster. DBi\\; benchmarks 
show Fox BASE+ is over 5 times faster. 
\bu ·;1 n run with Fox .•. or you can 
c.:nnd with them. 

FoxBASE+ Delivers Now . .. The 
Others Onlv Promise 
We· re totally committed to insuring 
that FoxI3ASE + will a/wavs be fastest 
•.. now and in th ~ future.- fou can't buy 
a faster product. 

l3ut that·s not al! ... 
Fox HASE+ offers other grear features 
like: trne compatibili ty ... familiar 
inter.ictive commands like BROWSE 
and EDIT .. . · dot-prompt" program
ming ... major language extensions .. . 
ideal development environment . .. and 
a money-back guamnlee. 
So call us for the details. After all ... 

Fox BASE. FoxRASE T. and l"oxBASE + 1386 are trademarks nf Fox Software. 

<JBA.. E Ill PL S is a trademark of Ashton-Tate. Clipper is a tr,idcmark of Nm1tu ·ke t. 

Qt1Kki;ilver i. a tr:idemark of Word'Jhh Srstems. 

"lis inJ.: the hc,,chnwrk timinJ.:~ published in BYTE. SL•ptcmhcr 198i. 

- "l mg th e uite of benl'hmarks published m Data lb ~ •·d Acl"isor, ~Lm:h 19S7. 


Cin:le 98 on Reader Service Card 

Fox Soft11-dre 
lIB \\'. South Bou ndm-y. Pt: rrys bun.:. Ohiu 4'.l 551 
m!:IJ 1m-u162 Ti:!L·x: 65030408:!i FOX 
FAX: m9J !fi'4 - 86i~ 
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ASK BYTE 

Steve Ciarcia answers your questions 011 microcomputing. 

rlBASE Deletions 
Dear Steve , 

At the office . I work on an IBM PC 
usi ng various suflw;uc packages . incluu
ing dBASE II Plus. I discovereu that, 
while using one database and executing 
11 n AP E ' t from another dam base. all the 
charucle rs like the Hebrew leuer .. Mem " 
(o n a l-lebrew keyboard) are totally 
Jdeied. This ruins the whole display of 
the data that I" ve just added to the data
base with APPE1 D. (Every occurrence of 
the loner Mcm is deleted. and the rest of 
the lcue rs are <:arried h<i.:k one space for 
each deletion,) 

The IBM guide (IBM Personal Com
purer-Nati.mwl S11pplemenr-lsrael ) re
gards the Mem character as decimal 13 
(hcxauecimal OD). SideK ick regards the 
~· haracter as decimal 14 l (hexadecimal 
80). 

I am not a professional programmer: 
I'm working as a secretary while study
ing tor my ~econd degree in education. 
and most of my knowledge is self
learned . Therefore . rdon't have the tools 
to solve this problem on my own . What 
wukl be the reason for the malfunction 1) f 
dBAS E that I dc~cr ibcd above. <ind what 
.:an I do to correct it and avoid the prob
lem in the ruwre '? 

Dalia Hasson 
HC1iff.I, Israel 

Inn er ci:au to he ama~ed ar the awful 
consequences of e~·en .l' impfr ciumges w 
pmgrams. fn your cast'. dBASE is earing 
tht• dis aprraring M"i?m in the mis/liken 
helief thar ir 's a carriage rewm instead of 
a pri111ab/e character. 

In rhe ASCII character set, a carriagr 
r<.'llim is n·presemt'd by a decimal 13 
rhcx..idecimal OD ) , and thm 's what most 
programs expect IO Jet'. Some programs 
ignore the hixh-order bit when fookinx 
fo r comrol codes. so borh ht!xadecimal 
OD and SD a re often treawd as carriage 
rewms because rhey differ only in that 
bit posit ion. 

fou can write a small dBASE program 
to see what .'!SCI/ cade dBASE uses for 
Mcm: 

C:.EAF. 
SET TALK OFF 
STORE 0 TO keyval 
DO \./HILE keyval = 0 

@5, 5 SAY "Press a key to display 

JR B Y T E • MARCH 1988 

the ASCII value" 
keyval =InKey( ) 

ENDDO 
? 
? "The ASCII va::.ue is'' 
? keyva.l 

lfMem tu m s uut to be OD. then there 's 
110 simple fix . What you'// need to do is 
write program.1· 1ha1 ('(m ve r1 Mem info 

som1' vther (unused) chamcter be/on' 
storing it in the database . then cm11'ert it 
b(lck before displaying it . This is barely 
acceptable if ou 're 11si11,i: programs to 
control all the dawbas£' upaation~· . bur 
it's unwo rkable if you 're doi11~ it by 
hand. 

Perhaps cl variam ofthat idea might bt• 
useful. Yciu could write a progmm tn scan 
a database file mui r1~plat'£' all uccur
re11 c1~.1· of Mem with cmmher cl111racter. 
You could \\'rill' another program 10 con
verr them back after you 've done the 
APPEND. This might work . bw the scan · 
11i11g that the program will have to do 
might fail if dBASE jifwrs 0111 rh l! hexa
decimal OD anti 8D dwmcters . Y<lu 'II 
have to try it ro see. 

l 'd also expect that you 'd have prob
lems with Hebrew characters rhat map to 
other ASCII c:omrol codes, .1w.:h as ht•.m
decimal OA (!i111jeed). OC (formfeed!. 
and 07 (be/I) . I wish I had a clean solu
rion for you , hut I suspect that there just 
irn 't one, /t 's 11 shame 1har dBASE isn't 
more imemmiuna/. but it 's also a shame 
1ha1 th ere i.rn '1 a solid .1·umdard that 
would af/uw programmers u1 handle 
11111/tiple character sets. -Steve 

A 360K-byte Apple Drive 
Dear Steve , 

l have an Apple 11 Plus, and I was won 
dering why I couldn ' t rewire the disk 
dri ve card so that it could control a 360K · 
byte floppy disk drive (say, a Remex 
480-cost around $35). If I could patch 
the card to do thi s, I could write oftware 
10 control the drive appropriately. I know 
the Apple Jisk drive was done this way 
when Apple .:onverted from DOS 3.2 to 
DOS 3.3 . 

Leo Kratz 
Fair1ero1·e, Ml 

With the current awri/abi/ity of indus
1ry-stiw du rd disk dril'es at bargain 
prices. many Apple computer ow11er.1· 

H'Ou/d like w make a swi1ch. Acrnallr 
doing so, however, is u major problt'm. 
When Apple i111rod11,wl ii 10 years ago . 
the Ar1ple disk drive was w1 elega111/y e11
8i11eered solution to the 1wed for a mini-
11111111-.Jwrdware disk sysll'm fur Apph· '.I 
emry inro 1he rapidly growing penmwl 
computer market. 

The Apple disk system uses t1 group 
cotlirig (GCRJ darafomzat that uses .wf1
w11rt' to perf(lrm tasks rhar are «ommonly 
dn11e i11 hardware with i11dustrr-.m:mdard 
systems. Thl' Apple disk dri velcomrol/er 
hardware remained essentially un 
changed i11 the mmsition from DOS 3. 2 
w 3. 3; a coding dwnge in the PROMs en· 
ahled 1/ze .\)'Stem /0 discriminate two con
secutive ero bits 111he11 reading rhe disk. 
This permiued an increase from 13 to 16 
data sec/Ors per track because ofgreater 
data density permiued by the lurgn num
ber ofusable t'ode groups, DOS 3, 3 thus 
uses 11 singlt'-sided, 35-rrack. 16-sector 
GCR f ormm. The only change required 
for the I ra11xit ion from ] . 2 lo 3. 3 was u 
new disk controller PROM and the new 
muster disk .wfnvure: the drive itself was 
unchanged. 

When IBM establisht•d the de fa cro in· 
d11.1·tn· stmuiard as a double-sided . dou
l>fr-densit y 40-rra ck J60K-l>yre disk 
dri ve, modified fn:411e11cy motlulation 
(MFM! ericoding. usi11g an NEC 1~PD765 
series controller chip. App/I!\ degum 
snl111io11 hecame something of a mi/l
sto11<' . Becat1S1' of comrol signal and 
mlzer differences. the Apple drives m11

rn111im1td 

IN .~SK BYTE. Sten: Ciorr io . 11 r111111u11rr n m
szj/wm mod <'iearomt:s t'ng i11n'f . <Jiii wen qm'.J
1ions on any area of microcompmirtg. The 
mm/ repre. e11ta1ive questio11s will be· an
.ruwed wrd published. Semi your i114uir~' m 

Ask BYTE 
do Ste vi' Cian·ia 
P.O. Box 582 
G/uswnbur '. CT060JJ 

Due ro tire lriglr volw11e of i11qu!ries. we 
rnnnot grwrnnlee u pusonul up/_\'. All /el/a.I' 
(md phowxraph.1 bee"'"'' 1he pruper11· oj 
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Tom Call/rel/. Bill Curlew. Ke11 Dm·iJJ01J. 
J..u1111e11e Doja11. 1011 Elson. Fm11k Kued1· 
11w1111. Tim McDonough. Fdwurd Nish'_\'. 
Dick Sa"' )'<'r, RC1ber1 Sick, a11d Mark 
ViJ<>rhas , 



WE\1E JUST MADE mE EST EVEN 

Peachtree fmnplete U: 1he Busin~Acrounting System 

The success srorv 
of Peal·htrt.-e Complete 

(now with over 200,000 
users) continues with the 

ncwt:st member of the 
Peacbtcce f.1Jll.ily, Pc.achlrCC 

Complete II. Much more tha.n ju~t 
an upd:ue, Complete II builds upon 

tbc compre.hensive fe-.thm.-s that have 
m.'lde Pe:ichtree the lt-adcr in small busi

nl-ss accounting sofiw:uc for ne-Jrly ten 
·c-m. We've added many exciting new ft.-a· 

rurt'S and designed state-of-the-an method~ 
fur using IJ1e packages. The result-all eight 
modul~ are <""en rnon: powerful and e;isy 
10 use, )' t't still priced at just Sl99-a 96% 
priC't: reduction from the original 5 ,800. 

Windo w s and Pop· p tcnuN. 
Complete 11 is dcsignci:! for user convc..., 
nicncc. Lise lhc cursor tb.rouRtiout the S)'Stcm 
co m:ikc c:.i.sy '" poim-and-shoot" setcctlons. 
If you can"1 re.member a customer or 
accoum numher while using a program, 
simpl)• open a window and .<;('.roll through 
)'Our cust0mer list or chan of account~. 
Select the lnfomu.tlon you" re looking for 
directly from the table! 
Cil' hon· ut. Ker.>. We spt.-ed you fro m 
onc (unction to another without the time
con.~uming task of rruinua_Lly p;isslog 1hrough 
muhiplc m<:nus. 
rn" n i.'l.l'"t Hfil.P. If you get stuck, the same 
function key will always bring HELP to your 
rt"SL"llC wilh pop-up windows of lnfomi:ition 
thal rcl:llc 10 your individual trouble spot a r 
hutJ1 progr-m1 and field level~ . 
Cil"'Qu lck-and.· Eab]' F..rror H~mdllng . 
Complete U tr~ps clTOns and gives a pl:.iin
English description of che problem along 
with suggestccl solutlons. 

Rangt~ 1.>rl111 .ng. Print :ill infonnation 
on :1 report or S(.'lecr a specific range of 
information for print o ut. A gn.-at fC'ature 
for resraning long rcpons or panial printing 
of ccnain sections. 

Gl" Easlest Iru.Wbtion Ever. Enter your 
company's infonnation once :md it is 
rdk'l:tC'l.I throughout the system. Complete 
II includ<.-s a separ.ue ln:mlllluion Gull.le, 
basic Accounting Primer, eight-volume 
Reference Library and extensive Tutorials on 
<."ach package - all al oo cxua charger 
rn" ldeal for Secvl ce Bu lnesses. Enter 
lnform:uion free fom1 on service invoices or 
11.m: prc-defim..'Cl p:i.r,;igraphs of up to 16o 

char-Jctcrs . Enjoy full editing C3pabilitlcs at 
time of invoice cm!"}'. 

Eight Integrated Software Modulca 
• General ~ • lnvcmory 
• Accounu Rc:cdvablc • Pixed AMCt! 
• Invoicing • Job Cost 
• Accounts Pay:ablc • PayroU 

Comple.tt: II includes eight software mod
ules 1ha1 may Ix Integrated or irucallcd 
individu:iUy and may be distributed among 
separate computers. Install the most critic;il 
modules lnitL'llly; add others l:.itcr. 

COMPARE FEATIJJUI FOR FEATURE 

s,..~....ww.ra-
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• 	 Ptt~V('t:~')H•
NEW .._, Cal<tmo l'lan 

• 1 1~~.u~••h~~ 

NfiW =~:::::~,.-rd
WIOlllMlall! 

Call Now to Ot'der 

or for :i. Dealer Near You ;;r. 


1-800-247·3224 ' 
In Georgia. call 1-404-564-5800 

Circle 196 on Reader Service Card 

LMoney-Back Guarantee 

\\'hen you purchll.5C Pc:ichUtt Complete II 
directly from Pe-.1chtree Softw.uc:, you're: 
protcctc:d with a 30-Day Money Back 
Glllll'3nrec. If you're nor s:.itisficd, simply 
rerurn 1he product in sale:tblc condition 
within 30 days and your purch2SC pdcc: will 
be promptly refunded. (A S20 reslocking fee 
"''ill be chargccl lf disk bag is opened.) 

And, of course, Complete II Is backed by 

Peachtree Software's famous rcchnJci.I sup

pon, labeled by lnfoWorld :a..~ " lbe flnesr In 

the industry" , Technic:tl assistance is aV:lll· 

able for SI per minute with a 20-mlnule 

minimum via a wU-frcc telephone numbct. 

You only pay for wh:.11 you need, wlthou1 

unnecess.'I!)' suppon comracts. 


Hu l'oN th 1J lfi,c1 fr om P d 11r 
Enjoy the convenience and economy of 
bu)•ing your fomu; din:ctly from Peachtree 
Software with guaranteed compadhlUry. Call 
1-800-553-6485 to order forms. ln Ohio, 

call 1-513-973-0110. 


Announcing PDQ II 

Tr~nsfcr your valuable P~chtrce accoum

in8 information to Lotus 1-2·3"'. dBASET.. 

:and other progr.tm$ for further :m:dysis. 

plus cre21e c ustom report~. invoices ;ind 

statements with Pc:ichrree D:a12 Query II. 

Upd21cd to 1:1kc full adv;ulla!!C of the in

creased c,.p:abilirics of Peachtree:: Complete 

II , PDQ II Is priced at just Si99 . Ca ll 1oday 

10 order! 


!Uni-...,, Spectncauono 
R~utre:J PCIMS-DOS vrr:slon 2 .0 01 hlghtt '\\1lh \s..liK of 
Las.fl;blr Ok"l'UOf'}' w lh ::11 n'ln.lmum 10 MB ~.rd dis.k fur ~ 
with ch< IBM• l'C. PC XT, l'C AT. Pcnooal Sy5<cmf2 Tio! 
>o<l ffim!"'llhlc<. 3Yi " 01rdl• opllooolly •\02.Jbblc. IBM l.s • 
~lr'Tt"d lr.tdcm;uk ;md Pn30m.I Systcm/2 b a tndcm:uk 
of Jntl'm2ili0tl:.ll Bw.lnd.S .1r1:achinct. Noc ~Ofl)' proi«totd. 

To Of"der by Mall, Send '199 

Plus U2.~0 Shlpplng and H.andllfla: '°' 


(lo GCQ']!lo . •dd •ppUe-Ablc ~lo i:u .) 


Peacl1tree Software 
.. .u.,n,_ of <M l"tllltgrrll sys1rnu Family 
·1355 Sluekkford Road, [)qJL BYT, 

Norcro5•. GA '0093 

http:Jntl'm2ili0tl:.ll
http:progr.tm
http:Softw.uc
http:purchll.5C
http:Comple.tt
http:separ.ue


ASK BYTE 


ALL PRODUCTS, LOWEST PRICES, 

EXPERT ADVICE 

INTROO UCTORY OffER 

Hl13cn l COR-15035 CO-ROM dme S/195 
and your choice 
- Grntie! F t ec:!ron~c Fncvi:lup"dtJ t "'"s.eo c1!1~f liBal c,r 
-Mocro>oll Boo"ll•lf w111l MS-DOS f •l.nSiM 01

,
• 
~· -"1cGr,.,,-Hdl Sc1•nce and Technical Reler!nco Se1 or 

-PC SIG817 PC SolTware Proo"m' 

•H1tacniCDR-150JS CD-ROM DRIVE S729 
wnh Digilal Audio lnput/Ou1put S929 

Full n~on1 - 11a11rlaloM - lron1 JUlo IOJO - Hi-fr co lUOIO C3PJ· 
blhlles(~1111 CD-PLAY d~crlhlffi be nw1 ~•i;y cM1n cJ pafijl 
tliEl-li :or 18M PC.1.-.:Tli\T :rnd IUll COnllJ'dHblitS 

lh1tach1 CDR-3500 CD-ROM DRIVE $829 
with Digi1 al hid io Input/Outp u I S!m 

Hal r llflgn 1 • rr1mn 11 moun1 • >ime l.aiure > •> H11~cll1 
WR-15035 

1woRM DRIVES-400 MB S2799 
- BOO MB 53799 

Fuu "80111 .siarm~ - 10< l!JM f'!:l)(TIAT •nll IUI/ co !>'llll'es 

•c.n lor poong on aII H•la~. Pnll~Os. Der\ 5-0ny an.l 
Panascnrc d"""s 

SOFTWARE FOR HITACHI AND COMPATl8lE 

CD·ROM DRIVES" 


ICD·PLAY $95 
Per cn1IS u>.<!r lu ~LP! CD •ud10 d•l.'S MM 
re11oen1 "Pop-up·· dCCe>1ory · curnoal 
iti le w11 h ;:i!I m~l(IJ .:;naw:ue • r~r.e>~nt."t!; 

Q and dl~pr:iys IrJCi 1l1 1e 1nlo rmarton 
OUIPIJ!S 10 lleadphcne> or mrto ;m. 

•co-PLAY + SAMPLER S195 
Sdn\e ledlures a' CO PLAY prus CO s.im 
piing fuOCT1ons 101 e1ec11on1c mus1ciins 

$195 
Ttsls :u:cur1cy o1 dat• •tor•Q• on CO 1ud 10 dis"" · lur 

ProlesS<on1•s (aor•1lible soon1 

leD·UTILITIES $195 

~ 

pr1t11rr 

audooplules CO -

Ou1ck &soc 1outtnts!>'•mt .lllllwar'j! ~aper.; 10 .iect~CD 
ROM/Audio dnVO! capAhi ives 

I cop !A' ll ~ ' 'I :;otr~are inclrJ<MO 1n; 1n1 ~rMrl•)n; DG11on~r; 
ul "'"'''" "' ;11d610IOO)' Med L•lle L1br.i1y HMCl<llC&SJnd ~ 
lnL1r..x~s Encyclnpedtn of Ch11n11ciH lr.:i:tioolQ.Qi' Co1Qilra!e ~ 
Oataboscs 

1c,u "' P11ce~•ca1,J00Jw> Special ~r ices lo• 11151 nn1e 
cus1orne• s. ~omoul~ • de.li er~ . toroo•• leiO O.O•nm en1 ~ r. 
Ct''Hlr'll llbr3f1 eclu<;;'HJ(ln3l 1n!'.:l1tut lC1M ln.1ern.11,.JOt1J I :sti•p 
·11~111 a sD~c1;inv 

ro ORDER CALL 800-MEGABYTe \634-2298) 

INQUIRES CAll 212-996-6999 


f1 L~ Hcy .S h1ptJo1ng iJfld h;irit;tlmg o.1r~ P~1snn,il .inL.5 nm1p.t11'p' 


cha r~...~ IE'IJU lr r 3W\)8\.s1o clear N:ir r.1sre1 L.tcl1,.'e1y LISt' V(I Ut 


, rl!1>1'•nJ!od<l 3'lll 111• MC 1wl Vi>a.O!l!l 5% Ill• AMtx)ur '".i 

ic 1111:"1 sct1ec m t•J11k111ontl"p' urdit1 NewYorkie&:l'.Je n1 s~t'(l 


l3 2~..1 ~lt-S ld" Al t pi 1G~S ~!r, US A pr1~es aM 318 SL1hleC.i 

0 

io ch,ln-01· .atN1 ~nUM"IS a1e sut11E:t.1 to ai..'3ElJ ti.i ~ ly L't:1ei:::h-P. so11 g 
.._.Mf' Wiii be 'CPl.lcM W•lh 1hf S.Jmt 11ern 1.mr~ t-IJ.rUll'iaH;! .....11 l: 
ut rc-DIJ.r;cd cir rcip.a1r~c.l .,..,1ti1 1tr1e. k 1111S 4•,Q 1~m11 s or H1~ 
1UJl\11t,1~twt•r "!, w,1nJn:v Wr; CGlnr\rtl gu(i/dl"Tt.lf' ca.mp·1t1tJj •1 '1 ~ 
.\II S<l t\S a< lin.'1 ; on reiurn>!<l <hlom•.111< ar e uo1w 10 a i 
res• oc<1 ng lfte 

.... , CDP
• Compact Disc Products, Inc. 

217 East 851ti Strnel (Su11e 216! 
New York NV 10028 

~~o...., " ... .,,, ~11'"1 ni-1!1.,. "' -fl> f\o • ~ 
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1101 be rised with other conrrn/lers, and 
11011-Apple-rype driv.:s cumwt be usui 
with m1 Apple comroller. 

Tilt' Apple drive hardware and .\'Of/
ware is discussed in considerable detail 
in the fbllowing books: Understanding 
the Apple II by James Sather. Under
standing the Apple IIE by if1111e.1· Suther. 
Beneath Apple DOS b_v Do11 Worrlz and 
Peter lee/mer. and Beneath Apple Prn
DOS by Don Worrh and Pm·r Lechna. 
All four books are avai/a/1/c /mm Quality 
Software, Compu tl'r Book Di vi.fio11, 
21601 Marilla Sr., Charsworth. CA 
9131 J. 

At one time, there wen• sn·era/ sources 
j(Jr kitl' 10 convert indusrry-s1c111d(1rd 
drives made by Shugart and MP/ ro work 
11 ith the Apple controller. You miglu be 
(lbf1t to use one of them lo adapt drives 
such as the Remo; 480 vou mentioned. I 
know of only one source now: W. M. En
luprises. 2(>6 Hillsmt'rt:' Dr.. Amwpulis. 
MD 21403. -Steve 

An Apple Coxswain 
Dear Steve, 

I have a rowing e)(crc1se machine 
hooked up to my Apple II using the game 
1/0 connector SW2. fl keeps track of the 
number of ·trokes I do. and. using the. \1,0 

s1::1:ond interrupt nn my mouse card. I can 
display the time. strokes per minute. re
quired strokes per minute. and other cal
culations that I want. 

I would also like to monitor nw heart
be:-1t and increase or Je,crea ·e ·my re
quired strokes per minute based on my 
pulse rate . I' ve seen several units that 
monitor your pulse u ·ing infrared sensors 
on either the finger (not good for rowing) 
or t.hc earlobe . 

I picked up an infrared phototran · istor 
(TIL4 I 4) fmm Radio Shae k and hooked 
it up to one of the paddle connectors. It 
works with a light source, giving differ 
ent values as the dista nce from the light 
varies. but it isn ·1 going to work on the 
earlobe or the finger the wa. it ii.. Can 
you give me "Ome help with this'! 

Dave Partyka 
Lorain, OH 

Yo11 °\'e alremly got a bow halfof whaJ 
mu need 10 moni1or your pu/St'. Tht' 
other hulf cr111.1·i.1·t.; of w1 infrared LED. 
which you can obwi11 from Radio Siwek. 
Yi-m should connect the LED bt•/weeri +5 
\'oft.~ and ground using a series re.1·is1or 
with a wzlue ill 1he JOO- In 500-ohm 
range. 

if _1•011 place rhe LED mi one ~fr/,• of 
your earlobe and the pho1orra11.l'iHor on 
the other, yv11 should he (Ible lo mo11i111r 
pu!sefreq11e11cy. You mc1v 11t'l'd to experi
ment wirh variou.1 serit:'.1 resis1w1ce 
wi/rieJ (1•arvin~ LED brighmess) ro oh-

rain the bes! results. F{lstening the rig to 
your ear may be the bigges1 hea,Jache. 
Perhaps 'Oii could 11se a post-type ear
ring. 11'i1lz the LED and pho101rans1sror 
epo.~ieil in position. 

A more svphisricated method might use 
,, plwtodiode buffen·d with m1 op-amp in
Sl<'ad of the phototransistor. This would 
gi1-·e you a Jaster response, but you mav 
not need it for your applkatirm. -Steve 

Lcwe Me, Lm•e My Image"'riter 

Dear Steve. 


I urrendcr1 After a number of years as 
an Apple user. I have concluded tha1 I 
must swilch lo an MS-DOS m<Jchine. 
However. I have developed a fondncs tor 
my 15-inch-carriagc lmagewritcr. and 
therein lies my question . Will my lmagc
writer work using the stamlard serial p<>rt 
on [BM clones? Will I have problems 
using my lmagewritcr with produr.:ts such 
as Lotus 1-2-3. dBASE. and Micros1.1ft 
Word? I live in Heidelberg. WeSt 
Germany. and technical assistance (in 
English) is hard to come by. I hope you 
can help. 

Alan P. Alborn 
APO.NY 

Your dt'sire lo keep yo111" lllwgewrirer is 
wulnstmulable-it 's cm e.rcellenl printer 
that s worth holding on to, Yciu can use ii 
IVith a11 IBM-type compwer with mini11wl 
ejfon. Tht•re is one pote111ial pmhlem 
that w)u ma\' encowiter. howt·ver. ll'hich 
/i'ad.5 11.1· to ilw RS-232Cfollies. As nuw\' 
P<'<>plt' have discovered. "RS-232C sum
da rd" i.1' cm oxymoron, like ·"harmonimH 
di cord . .. 

The lmagewrirer is configured for 
DTE oper1.Jtion. If the serial port on your 
IBM PC i.1· 11/so i:onfigun-d j(1r DTE. the 
result will be a conflict between the two 
devices. The simplest solwion is to con
figurt:' your serial port for DCE opemtimz 
(ifpuxsible) . Smne 111icmcomp111ers come 
with t11 ti si:riul ports- a prilltt'r pan 
wired for DTE a11ci a modi:-111 porl wired 
for DCE. Usually. you cm1 a/ta co11fi
'1uui011s with shortinR hlocks or nl"itdr 

se11i11gs. Consult the documenrarion of 
whatever PC yo11 obtlli11 to Jetermine 1he 
procedure jiir making the chcm~w- If yo11 

camwt configun' tht' port s11iwblv. you 
could use 1111111/ modem cable or adapter. 

As with RS-232C. lherr i.1- 1w ,\"//ch 
thing as a swndard null modem cahh·. To 
simplify the cm1f11sio11. !er '.1· assume 
vm< ·,.e usim~ o cohle with a DB-25 can
~rt~ctor at e~ch elllf_ In all common 1>aria
1in11.\', pin 2 or each mu/ is tied to pin 3 at 
the orlzer. and pin 7 connects srrai,ght 
through. Thi' rt'SI of the com1l·c1io11s 1•11ry 

<·onsidaah/v. Some of thl' possibilities 
are as follows: 

http:gu(i/dl"Tt.lf
http:lr.:i:tioolQ.Qi


mainframe. And communicate hetween 
off ices or businesses. 

Best of al l. the cost of sending a message 
is comparable to a postage stamp. And 
unlike telephone. the distance makes no 
difference. 

Western Union-a leader 
In electronic communication 

With EasyLink. we're bringing proven 
reliabili ty 10 today's technology'. And you'll 
get added value \vith EasyLink services 
like I n foMaster~ the largest electronic 
library with more than 800 databases. 

Let EasyLink take your PCs from creation 
10 communication. To learn how )01.1r 

business can benefit. return the coupon . 
Or call : 
1-800-247-1373, ext. 7181 

l rES, tell me m;;;; - - - - -I 
I Show me how Ea~)'Lmk can turn my company'> I 
I 

PCs 1mo ,m effic1cnl. .xonomical nPw 'VilY to 
commu111c31e. 

[ 

I Na"""
I TI!le (plW<prln!I 

I
I 

I ~me~ I 
J Bus. Addreo.s 

I 
Ci1y1Sta1e1Zip 

Bus Phone ( 

1• 

1 

I 
I 

Mall lo: 

I 
Westllm Union EuyUnlr 
PO. Box 374i2 
Qm, ha, Neb raska 68137 

II 
I 

Orea/I: r-800-247· 1373. ext. nBIL __________ _J 

i,,!if...IAd Easglink 


You've created a file or <1ocument on your 
PC. Now what? 

Because most business information needs 
to be communicated. most people print the 
computer file and send the papers by mail. 
courier or fa.'<. Or maybe send a floppy disk. 

If the recipient needs to manipulate or 
revise the data. it must be rekeyed. 

That's the time-honored-and the time
consuming-way of doing business. 

What's a faster. cheaper. better way? 
Western Union EasyLink~ service. 

Western Union EasyUnk lets you send 
and receive data and documents between 
cornµuters. Without a detour onto paper or 
the inconvl:'nience of a courier. And you 
can be sure what you send is exactly 
what 's received. 

You can us@ Eii!iyLink to move the infor· 
mation that moves your business in set
onds. You can move orders and text files. 
Receive reports and graphics. Even send 
product specs and spreadsheets. 

Fast rev/slons-wtthout rekeylng 

Ea 1l.ink connects the computers you use. 
rega rdless of type or location. Files on one 
computer can be sent to other computers. 
eliminating the need to rekey data. 

More than just computer 
communications 

EasyLink even lets you send messages to 
fa.x machines. Reach your company's 

IFYOUCREATE /TONAPC 
SEND/TONAPC 
WITH EASYLINK 

Circle 282 on Rtoder Senice Card 



ClARCIA FEEDBACK 

LABELING 
SOflWARE 

For DOTMATRIX and 
Laser Printers 

(F.p.o11/IBM/Olddata!Laer.Jet) 
• Labels for shelves. bins. inventory 
•Text readable up to 50 ft. 

•Bar Codes: I 2 of 5, UPC/ EAN 
MIL-STD. AIAG. Code 39 

•Any size label •Flexible format 
• Color options • Reversals• Fast 
•File input• Menu driven• S279 
•Other bar code progn1ms from $49. 

•Not Copy Protected 1 

30 Dag Money &cit Guorantee! 

Bar Code Readers 
for PC, XT, AT, PS/2 

• Reads 2 of 5. UPC/EAN. Code 39 

•Attaches as 2nd Keyboard 
• No software changes to add bar 

codes to any program 
• Rugged stainless steel wand 

• Optional Magnetic Stripe Reader 
only $100 additional 

• External a11ach to all PS/2 models 

•External OR Internal to PC. XT. AT 
•Upgrade from PC to PS/2-only $30 

PC, xt >J model ..•..•..........•. $3M 
PS/2 model ....................... $399 
OllO 11$-232 model ..... . .......... $399 

30 Dag Mon~g &ck Gu11rantttl 

WORTIDNGTON 
DATA SOLUTIONS 

417-A lngall1 Street, 
Sant.a Cruz, Calllomla 95060 

408/458-9938 
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• Tie pins 5, 6, and 8 wgether ar euch 
end, then connect them as a group 10 pin 
20 ar the other end. 
• Tie pins 4 and 5 together at each end; 
tie pins 6 and 8 together al each end, the11 
connect to pin 20 at the orher end. 
• Tie pin 4 ar each end to pin 5 a/ rhe 
other; tie pin 20 at each end to pin 6 at the 
other. 

You can ignore pins that I ha ve11 '1 men
rirmed above. You may need a breakout 
box, and you 'If certainly need u /or ofpa
tience to get things workit1g. You can .Yim
plif',• the situation somewhat by using <1 

strlJ.ight-tlzrough connecting cable to
gether with a prewired null modem 
adapter (both available from wurces 
such as JDR Microdevices and Jumeco 
Electronics-see the back of BYTE for 
their ads). /1 is usually easier tu c1/ter the 
connections inside an adapter than 10 re
wire the cable it.l'elf. -Steve 

Parts Is Parts 
Dear Steve, 

I enjoy building interface cards for my 
Apple ll (I purchase bare boards for th.is) . 
Usually , l have no problems locating the 
parts I need. However. l have now run 
into a brick wall . I a.m looking for a Gen
eral Electric DS3D PC-mount nickel
cadmium battery and a TTLDM-100 
time-delay IC, If you know where I can 
locate these component: . please let me 
know. 

Joseph E. Pratt 
St. Ann. MO 

Ir's alwa)s encuuroging /0 hear from 
fellow ''roll your own" 1ypcs. 111 a field 
increasingly dominated by appliance 
users, pulling together your own hard
ware can get prerry lonely . While I can 
make a number of suggestions regarding 
your quest for parts, it would be easier to 
be specific if you had provided more in
formation (such as the number of pins, 
the width of the sought-after IC, and rhe 
voltage/amperage ofthe needed battery) . 

Your best bet for obtaining the 11icke/
cadmium battery (GE DS3D) you require 
is probably an industrial supplier in a 
major nearby cily, such as St. Louis or 
Kamas City. You C<m probably obtain the 
bauery (or its equivolenl) through 
sources you shm1ld be uble to locme in 
the phone book. Digi-Key Corp. (P. 0. 
Box 677, ThiefRiver Falls, MN 56701 ), a 
freq11em advertiser in BYTE and other 
publications, carries a line ofnickel-cad
'"ium batteries in various sizes. although 
most are designed to be used in holders 
rather than soldered directl.v into a 
primed circuit board. You might be able 
to use one of these baueries with minor 
board modific(l(ions w accvmmodaie rhe 

battery holder. Ir 's importam to match 
rhe bat1ery ·s \'olrage. amperage. and 
chargeldisclwrge rate ifyou make a sub
.riimtio11. Yo" may also hal'I: ro make 
slight circuit modifications to permit .wb
stirurion of fl 11011rechargeable rype {such 
us a lithium cell). The major comp<111e11t 
in such (I circuit clumge is the {l(/dition of 
a diode such as a JN914. to pre11em 
charging (you may also 11el'd a resisror). 

The IC designation ·ou 've given
TTLDM-100-doesn 't match anything 
I've been able ro }Ind in my refen•11ce5. 
Perhaps it is a mm1ufac1ure1"s ill-house 
number. -Steve 

CIRCUIT CELLAR FEEDBACK 


Remember lht! S-100? 
Dear Steve. 

Several of my friends and proje.cts rire 
on hold for lack of information. For the 
most part. I've exhausced local source.s. 
so my roommate. Alex Pournelle. sug
gested I write and ask you. 

At the moment. mv main home com
puter is a CP/ M Jade -"Big Z" CPU c.:anl 
with a ZBO and one serial port. a Jade 
"Double D" 8-inch floppy disk control
ler and four 8-inch drives. a 64K-byte 
CMOS memory board (with the address 
range FOOO-FFFF hexadeci mal locked 
out for the monitor/boot ROM and disk 
window), and a CCS 2830 six-port RS
232C card. All these boards are suppos
edly IEEE-696 compacible. and I have 
mang_led the BIOS to support them. Thi s 
system runs in an old 12-sloi Problem 
Solver Sv tems cabinc1 with cwo internal 
8-inch drives . 

Over the years , I have reconfigured th.: 
system many limes, but I alwllys run into 
either power supply or sloe-count limiL . I 
have a number of S-100 peripheral boards 
on the shelf. and I have recently been 
given another complete CP/ M system 
consisting of an !COM dual floppy disk 
drive system. a Soroc tem1inal , and an 
IMSAI 8080 S-100 frame holdfog even 
more S-100 boards . I'd like to convert !he 
IMSA1 itself to IEEE-696. so that I can 
move my ex isting sys1em into 1he IMSAI 
frame (which has a much larger power 
supply and 22 slots). My problem is !hat I 
have noc been able 10 locate any informa
l ion about updating old S - 100 bus 
equipment. 

J'm sure there are thousands of Altairs. 
IMSA!s. Vectors. and North Stars out 
!here gathering dust. They only need up
dating to the IEEE-696 standard and add
ing some modern Godbout. Teletek, Lo
mas, or Advanced Digital S-100 boards 

nmlim«'J 

Circle 2.74 on Reud~r Sen·ic:e C..,rtl 



WINDOWS FOR DATA® 


IT f you program in C, take a few 
moments to learn how Windows for 
Data can help you build a state-of-the
art user interface. 

!B' Create and manage menus, data-entry forms, conte.xt
sensitive help, and text displays - all within windows. 

Ii'!' Develop window-based OS/2 programs right now, 
without the headaches of learning OS/2 screen manage
rnent. Run the same source code in PCDOS and OS/2 
protected mode. 

[jf Build a better front end for any DBMS that has a C
language interface (most papular ones do). 

FROM END TO BEGINNING 
Windows for Data begins 

where other screen packages end, 
with special features like nested 
pap-up fonns and menus, field en 
try from lists of choices, scrollable 
regions for the entry of variable 
numbers of line items, and an ex· 
elusive built-in debugging system. 

YOU ARE ALWAYS IN CHARGE 
Control functions that you write and attach to fields 

and/or keys can read, compare, validate, and change the 
data values in all fields of the fonn. Upon entry or exit 
from any field, control functions can call up subsidiary 
forms and menus, change the active field, exit or abort 
the form, perform almost any task you can imagine. 

OUR WINDOWS 
WILL OPEN DOORS 

Our windows will open doors to 
nev.r markets for your software. 
High-performance, source-code 
compatible versions of Windows 
for Data are now available for 
PCDOS, OS/2, XENIX, 
UNIX, and VMS. PCDOS 

versions are fully compatible with Microsoft Windows. 
No royalties. 

MONEY BACK GUARANTEE 
You owe it to yourself and your programs to try 

Windows for Data. If not satisfied, yoo can re.tum it for 
a full refund. 

Prices: PCDOS $295, Source $295. 0$/2 $495. 
XENIX $795. UNIX, VMS, please call. 

NO WALLS Call: (802) 848-7731 ext. 51If you've been frustrated by the limitations of other 
Telex: 510-6014160 VCSOFT FAX 802-848-3502screen utilities, don't be discouraged. You won't run into 


walls with Windows for Data. Our customers repeated

ly tell us how they've used our system in ways we never Verniont 21 Elm Ave. 

imagined - but which v.ie anticipated by designing Win
 Creative Richford,dows for Data for unprecedented adapatability. You will 
be amazed at what you can do with Windows for Data. • Software vr 05476 

http:conte.xt
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NEW 

VERSION 4.0 

I

For IBM~c·s , XT's, ATs and other DOS machines. 

This 1s the one you·ve heard so much about - with fast 

compile times. small object code modules, no royal· 

ties. and clear error messages. Versmn <1.0 1s based 

upon ANSI ·74 standards witll new features including · 


•Multi-key Indexed files with up 10 24 l<ceys . This advanced leature requirfJs the soltware 
package Btrieve illwhich Is optionally available , 

•Windowing, pop-up's. color and overlays. This advanced feature requires the software 
package Saywhat?l r" which 1s optionally available. 

•ACCEPT numerics with decimal point alignment. numeric checking. AUTO-SKIP, SECU
RITY.LENGTH-CHECK. EMPTY-CHECK, 

•Fast memory mapped OlSPLAY's (1. 5) ERASE. BEEP, ATTRIBUTE. 
•Level 88's - READ INTO - WRITE1REWRITE FROM - and DELETE 
•An easy to use, COBOL source code EDITOR with auto line numbering, A·margm. B· 

margin tabbing with full screen cursor control 
Current customers can receive the new version by sending m their original diskette and 

$30.00. This otter e~pires Dec 31. 1987 
Also available: Utah FORTRAN. Utah BASIC. Utah PASCAL. Utah PILOT. Btrieve and 

Saywhat?1. Used by 50.000 professionals. students and teachers 1n 40 counlnes 

SINCE 19'7 

ELLIS COMPUTINGW 
5655 Riggins Court. Suite 1OTo order cal l: 

Reno, Nevada 89502 (702) 827-3030 
~BM l~ a '99•SUi-red tr3dam ID. of 1nternation al Bus.mess Macn mes. Inc_Btnave •Si a reg1sletllo)(l !taoomarK oi Sollua11, inc -
$AYWHAP• 1s a tr3<1omarl\ o1 Tne Research G•OOJP IJ1ah COBOL'" a 1rademarl< 01 Ello; Compulmg, Ir<: 1ga7 Ellis 
Compul1ng Inc 

CIARCIA FEEDBACK 

to turn those computer~ back into con
tributing members of a computing soci
ety. Upgrading old S- l00 equipment to 
IEEE-696 might make a good topic tor an 
article. 

l wi,ll probably huy an SB 180 (Septem
ber !985 Circuit Cellar) if! can modi fy it 
two way : adding 5 l2K bytes for an ex
panded RAM disk, and in1crfacing an 
ST-506 drive to it (sacrificing the SCSI 
port if need be). My application i a pro
cess l'Ontro! system tha.1 must he able 10 
survive a very dusty environment , will be 
30 miles from the nearest road (i.e., in
frequent service calls). and will be able to 
receive remote uploads via modem. 

I plan 10 buy your Home Run Control 
System (April 1985 Circuit Cellar) or 
build my own . However. I'd like to add to 
it a receiver tor X-10 codes s1 I can con
tinue using my telephone responder and 
ultrasonic console (on different house 
codes w avoid undesired interaction) . 
Have you considered this option? 

My house was built in the late 1930s. 
and it 's extremely difficult 10 run any 
kind of wiring i.nside the walls or the 
o.ttic. (The current Heathkit catalog has 
an X-10 module designed to connect to 
dry contacts on a hou ·ehold ahmn . stem 
to output an "all lamps on" com1mmd or 
.. all lamps on" plus "one appliance 
module on" command. This transmitter. 
modified for only the "appliance mo<lule 
on·· code. would be ideal. if! could set up 
the Home Run Contrnl Sys tem so i t 
would receive the ignal and then respond 
accordingly .) 

This is an idea for a future Circuit Cel
lar project: Many people (including my 
self) are still using daisy-wheel printers 
on printer buffers. Often , when I' m 
printing a large piece of corresponJence. 
r use several difforcnt print wheels. de
pending on what symbol I want . I might 
use one wheeI for text, another for italics. 
and another for mathematical svmbol s. I 
have no1 yet seen a printer buffer on the 
market that accept> a "pause c<>de" (i.e .. 
a series of bytes that I could send 10 the 
buffer. commanuing it to pause ~o I ._:an 
change print wheels. then push a Con
tinue b·utton on the box so that priming 
resumes). 

Also. only one manufacrurer that r 
have !ieen offer~ a buffor Lhat allow. you 
to select serial or parallel in and serial or 
paro:11lel out. ~o that you can sirn use the 
buffer box even if you change your 
pri ntcr, your computer. or both. 

Mike Morri · 
.4rcatlia. C4 

lei me gel 1his straig/11; Alex Pour
nelle 's roommare is asking me for i11for
111ario11? This smmds like Dear Abby get

co1111nw:d 
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The best decision for 
millions of businesses, 
educators and home users. 

Quality. 
Reli3ble performance is our design objccnve. 
Our <!ngineering t~;un takes pride in the cx
ct·prional qua! iry they c,m pruducc utilizing 
11ur proprietary test c4uiprncnt. The resuh: a 
B ,000-hlmr me·an time bet ween failure. 

Compatibility. 
Our MS-DOS'!.1 ha:;ed wmputers are the bcsr~ 
sdling PC c 1rnpatibles in Anwrica. Tandy 
286- anJ 380-hasl..'d husi ncs~ systems art' 
Microsnfr!! <. S/2 ready a~ w ll. 

Why Tandy Computers? 

,Because there is no better value': 


Technology. 
lnmiwtivl· Jc~ign, ct1'\tom circuit!)" ;;ind dis
ti ngu 1sh ing fl'" tun:-; make uu r cum pu tl'T~ 
murc than ju~r cit !!11:!~. Plus, 1.·vt•ry TrnJy 
dc~kt1ir wmrutcr i~ 1.ksigm.•J :1nJ huilt in 
, nir own USA m:mufacc uring 11lanr~. 

Connectivity. 
Tmdy re cumratiblc~ c;m bt· linked intn a 
wurkgruur f1 ir ct•mmunic.1ti\1ns with ntlwr 
PCs :md m:iinframe c, impurer~ ,1! ike. 

Longevity. 
Techn0k1gy has hct·n our husi1Kss fur sixty· 
six ~'c<Hs. In l 977, W<' hl'came rhe firsr C•llll
pa n v t1' ~uc<.: cssfu lly ma nufac tu re anJ market 
<I peTS!Jnnl CLlTilputcr-nohmly's heen in the 
husi 1wss !. inger. 

High pt•rforrna net', great pri c l'S and tht• hcst 
~crvicl' and .\t1pporr in rhc inJusrry. 

Tandy Computers: 

Because there is no better value. 


llad1e lhaek 
COMPUTER CENTERS 

A DIVISION OF TANDY CORPORATION 
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CIARCIA FEEDBACK 

ting another leuer from 1ht' lads at Yalt'-' 
/ 've got /0 admit 1ho1 all mv s.I00 and 

CPIM knowledge is rather dated by 
11ow-mul not having done anything with 
it for a while, the grisly derails are fading 
fast. Th e ciirre11t repo~·itory of such 
kn<Jwledge may be the 5-100 Journal, 
which y()u rn11 reach al P.O. Box 1914, 
Orem . UT 84057. It 's $/4 for ci year's 
worrh of quarrerly i.1·sue.1·. $2 7 fi1r 2 
years. A lt'ller ro th1' editor ofS-100 Jour
nal might well //Im up .wmeone who 
k11mys the a11.1was to your IEEE-696 
ques1iom. 

Fnr Ifie original SBJ 80 design, 256K 
bytes is tlw upper limit 011 1he RAM. The 
boot £ PROM shows up in the lower 256K 
bytes of rile tl)tal 5 l 2K byte.1· of address 
space a11d is notfu/ly decoded. You could 
hack the board to "shadow" rhe !:.PROM 
and add more RAM 0 11 rhe expansion 
port. but ir mig/11 he " lirrle me:.~1·ier than 
you 'd like, because we did11 'r really in· 
tend to expand the SBJBO"s RA.M. The 
m:wer SB/ 80FX. which uses the same 
HD64/80 as the SB/80, allows up to .J 
megabyte.1· ofRAM. 

As far as hitchi11g a11 ST-506 luml disk 
dri ve direcrly 10 the SB/80 goes. I think 
you 're wasting yow time. l~dmittedly, the 
dri ve is chMp. blll if you 'n• figuring in 
u11y nom:.ero value for your time. the row! 
cost is going to be a lot higher, particu
larly because this sounds like a one-time 
prnjec1. 

If you 're lvoking for reliabilit.\. you 
want a stock snfutio11 without /iule yellmv 

PowerSmtionT.11 
wires hanging ojj'the boards. It's alwaysA Complete VT220 I VT241 Work Station 
fem to mess around with (read "im
pmve ") someone else '.r circuilry, but is 
that really what yoelf client wants? Re
member, he's poving for resulrs. not 

"Now true 800 

Upgrade for the IBM PC/XT/AT and PS/2 

"'cle1•er " design . 
pixel wide VT241 Bul'k to the SBJBOFX. It has a SCSI 
display and port on-board, so it's ec1sy to add an ex
VT220!VT241 ternal hard disk dri ve with un owboard 
support tor SCSI controller. such as the XEBEC 
VMS Services 1410A. (}'(m can usually find som1•m1e 
for MS-DOS... advertising 1he XEBEC com roller in the 

back of BITE. This de vice allows a SCSI 
Pu.rS\111on~ Z40 !.435 EGAmill•·· SJ9 port w control an ST-506 Izard disk 
VT2.l!J >i\1e ~"'/l>OJid ln<l ZS1EM VT?~O f.Nl(J :.in SQl1w:l• e OaU<Jhlc<Dol!d oo Ofl tu< !J2 columns a-n<I 800 pl>el dri ve.)0p:.,.1a1 WPS W>r led Ae'r,i iGOLO KEY MOOfli add $)(] RfGI~ Uj\ <1JMard Hilt >d.lp1t~< 


ZSTEM pc - VT240 Emul>1or f mu11111m :;i,, nv.~r~ Qrlly ~ PSZlOr'2 $19 
 Concerning your remarks about llll X
\IT2.:llr241 Emulo'.oo ..,1t,,.1e 11..111 •~ Ille ~·Jlu1es ot ZSTEM \IT22Q piu> Keybo.!1cr adJO'.Qr e>ll!e 10• F'S200 on l'Sl2 "'''"" I0 receil'er. stay 1U11ed for a few upcom
ZSTEM 4014 ~'el ""' f\JGIS oraflh,c.s ZSTEMpc'"·4014 Emu~t "9'l 
PuMrSl>llon -no $299 Us. wim 2S1£M \ITIOO, •/Tno. or >f•m alone ing Circuit Cellar pow£•r-line p1vjects. 
\l'T:rnl srr1< ~llOil!d ""' !STEM \'1?20 ~111ularoo Sotr.\Jte lntemct1"" rnom •nd °"' 5'1V./ 1'ca I unag<>S lrom These projects should prm•ide you with
Oplion.il WPS l.lOOJIJO i«llll IGOlll l\EY MO'JELl add S:JO ~Sl< Keyp.:id, mou;-,. , d>Q•I~~' pi1n " · plQ" r, ;iM 
ZSTEMpc'"-VT2211 Emulalor f fnulaJion SQfr""'" 1,.,1y $1511 llff >HPPort 4100 rnlo< ard ~ne style co!91 m]PD""l the X-10 comrol you appear IO be longing 
All ""' ll:il•Wes 01 ZSlfM VT 100 i>IUS 8-D<l iYIOOo. ro..ri~al>~ '°"'ts_ 640 i JOO •Jta &10 ~ .lllO.., ;omi> ..i,101orl11W111ot; for. 
uso1 ~~final "-'YS tun <lllllQ!ll!Vmull1·na1100JJ 11wes E ·~1ona«1 rnJCrno- ZSTEMpc···VT100 Emul11or S9'l 
fw pl l>r.Qu>~ Tru! 13l t0!!,1ru» "" H.oJAJb_\'GA,, Super £GM. ar.i H>gh JJ<dormJnca COL0/1 \ITllll lruo Oll\Jl>~ Another upcoming projen is the Cir
stMwi.1ra EGlls u>J<lQ lllC EGAm re OPl•i)(I 125 rofljrnns "" C(;ll:; .a;i m, lllq!V~<Je >1TlOOlh ~"Q ISO •na atUtblJ!• cuit Cellar SmartSpooler, which f1111r:
S<JpjJOlt 00 EliM rnha11ce.J l<lyl)Oarcl >UPpo!l Urigtrno:11m s . .. N•UOne m•Jll)e(i cnl<lr >(MOOO,I >M KERMll, '"11'-"1/MAC
'lld VMS s.""' 1or MS.DOS ""l•DO<l ROS. 00S ;ict<>S. 1io11s as a rather bright prim spooler with 

all combi11mio11.1· ofparallel and serial inKEA Systems Ltd. 
puts and outputs. I'm setting it up to4M12 . 2150 West Broadway, VanCOUllBI, B.C. Canada VGK 4L9 

Suppol1 (604) 732-7411 TEl.EX 04-3521146 VCR FAX (604) 732--0715 allow downloading cw;tom software
Order Desk (800) 66H702 Toll Free 

.lO ~ mcM'1C!)I Ne*" ..,.rtl'llN MfEX/1.JCMSJI through the standard primer port. so you 
can tinker ll'ith this pn~iect w add a 
"pause" code. -Steve • 
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... ABOUT ANALVZINGuouR o~"'T'A You might be spreading your
11 'ft.I , • spreadsheet a little too thin. Or 

maybe you're starting from scratch. But if you're serious 
about data analysis, you're ready for SPSS/Pc+- - a full 
software tamily that brings you eight high-powered ways 
to complete any data analysis task. 

Enter it. SPSS Data Entry W is a fully integrated data 
entry, cleaning and editing tool. 

Analyze it. The SPSS/PC+ base package provides a 
po.vertul array of statistical and reporting procedures. 

Picture it. SPSS/PC+ Graph-in-the-Box~ featuring Ne.v 
England Software's Graph-in-the-Box~ otters full color 
"snapshot" graphics. 

Examine it. SPSS/PC+ Advanced Statistics·· 1ets you 
get more serious with your data. 

Predict it. SPSS/PC+ Trends-- our latest option- is the 
complete time series analysi&'forecasting tool. 

Table it SPSS/PC+ Tables~ produces presentalion
ready tables instantly. 

Chart it. SPSS/PC+ Graphics- featuring Microsoft* 
Chart creates shON-stopping graphs and charts. 

Map it. SPSS/PC+ Mapping- featuring MAP-MASTER 
creates maps where vast amounts of data can be sum
marized and presented in one, simple picture, 

SPSSIPC+ products are being put to productive use 
by serious fact finders in business. gCNernment and edu
cation. For countless purposes such as market research. 
Wage and salary studies. Survey analysis. And quallty 
control. Plus each product is superbly documented and 
supported by SPSS Inc., a leader in statistical software 
for nearly 20 years. V\lhile specially tailored customer 
support is available through the VALUE Plus- plan. And 
SPSS now offers a SPSS/PC+ version for NCNell LANs. 

So if you're serious about data analysis, step up to 
SPSS/PC+. For details, contact our Marketing 

Depar!rnent. CALL 1/312/329-3315 
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Introducing the two 
on earth 

---=---==--~ 

The new COMPAQ DESKPRO 386/20' ~, 


The world now has two new 
benchmarks from the leader 
in high-performance personal 
computing. The new 20-MHz 
COMPAQ DESKPRO 386/20 and 
the 20-lb. , 20-MHz COMPAQ 
PORTABLE 386 deliver system 
performance that can rival 
minicomputers'. Plus they intro
duce advanced capabilities 
without sacrificing compatibil
ity with the software and hard
ware you already own. 

Both employ an industry
standard Intel' 80386 micropro
cessor and sophisticated 32-bit 
architecture. Our newest porta
ble is up to 25% faster and our 
desktop is actually up to 50% 
faster than 16-MHz 386 PC's. 
But we did much more than 
simply increase the clock speed. 

For instance, the COMPAQ 
DESKPRO 386/20 uses a cache 
memory controller. It comple
ments the speed of the micropro

cessor, providing an increase in 
system performance up to 25% 
over other 20-MHz 386 PC's. It's 
also the first PC to offer an op
tional Wei tek Coprocessor Board, 
which can give it the performance 
of a dedicated engineering work
station at a fraction of the cost. 

They both provide the most 
storage and memory within their 
classes. Up to 300 MB of storage 
in our latest desktop and up to 
100 MB in our new portable. 

It simply works better. 



most powerful PC's 
and off. 

and the new 20-MHz COMPAQ PORTABLE 386TM 


Both use disk caching to inject 
more speed into disk-intensive 
applications and both will run 
MS OS/2. 

As for memory, get up to 16 MB 
of high-speed 32-bit RAM with 
the COMPAQ DESKPRO 386/20 
and up to 10 MB with the COMPAQ 
PORTABLE 386. Both computers 
feature the COMPAQ' Expanded 
Memory Manager, which supports 
the Lotus·/lnteJ•/Microsoft' Ex
panded Memory Specification 

to break the 640-Kbyte barrier 
imposed by DOS. 

With these new computers 
plus the original COMPAQ 
DESKPRO 386"'1 we now offer 
the broadest line of high 
performance 386 solutions. 
They all let you run software 
being written to take advantage 
of 386 technology, including 
Microsoft Windows/386 Presen
tation Manager. It provides 
multitasking capabilities with 

today's DOS applications to 
make you considerably more 
productive. But that's just the 
beginning. For more informa· 
tion, call 1-800-231-0900, 
Operator 43. In Canada, call 
416·733-7876, Operator 43. 

Intel. Lotus, Microsoft , and Weitek arc 
trademarks of their respective companies. 
© 1987 Compaq Computer Corporation 
All rights reserved. 

romPAa~ 
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You Nev~r Regret A WYSE Decision 

I I I I 


Phon.ix RiDH • 1.2 Meg Ploppv 
102·Kev Enhanced PC· Style Keyboard

102 • K~·>· Enlwncud PC • Slylt> Key Board I Meg of 0 wait tale static ram
I Meg of Pttrit. Checked RAM ClockJCalender with Hattt>ry ReckupClock Calend r with Bat~ry Backup WYSEwiodow sy11tem talus dii,,plny

\\'YSF.window :iy. tem tatus display l Serial and I PurnJlel Port
190 W Powt>r Supply • GW-BosiC' 3.21 GW • Basic 3.21 • 220 W Power Supply

I Serin i and I Parallel Port MS-DOS 3.::! I • I 

~-
- - ... - - - r.-. 

Intel 80286 Running AT 8 and I 
Pbooni Bio • 1.2 Meg Floppy Ori 

Intel 80386 Runnin1AT8 and 1 

!\IS-DOS 3.21 ond Users Guid 41 Meg 28ms Hard Disk Drh'e20 Melo? (i5mi; Hard Disk Drive 

HERCULES ·COMPATIBLE MONO SYSTEM $1,795 With WY-530 14.inch Hi Res Amber Monitor, $3,750 
EGA COLOR SYSTEM $2,295 With WY-640 Hi Res EGA MONITOR $4,250 

• 2nd Floppy Urive 5 111" 360K S99 • 1' • JI! (' !I \ ' ' I "''l.t 
• ~nd Floppy Drive 3 11:.f' nuK $155 • 71 Meg 28 ms Hard Disk Drivt! S450 
• ·11 Meg 28m · Hard Disk Drive S210 • !\lo.th Co- Processor 
• 1200 Aaucl lntl•rnal Modem w/Sof!ware S99 • Extended Service Contract Available 
• 2-100 Baud I nlemal M<:Klem w /Sortware $1!)!1 • Olhtir Oplions Available 
• L2.5 i\l I lz Speed Oplion S450 

THIRTY-DA Y MONEY BACK GUARANTEE 
You .in r.:•iutn an_i. B ~ \\' S'\''~TE'MS. I~c· 1 Qmputt·r ...yM1·m wllh1n 
th1rt )1 duy fJt l h1~ dl'I !.." 11f ~lupnu:11t H •turn t hl it~m ... hkti new with 
<"nmpt,•til' dooeunwnL11l1nn, warrnnl.)' (L.lrd~ :.lnd p;u-kini_; nHllt•tinl 
HctUt-o prnduc! currl:-t nod p.lwkrnt~ llHtlt"riul Ht'! urn prudui:-1 lTH1'il ht• 
h1h1,:k•d \o\iLh .1 rtt•lum \\..rchandi•.t• Allthor1..alinn !H,,1 1\) r1umh1•r nnd 
...htp1-wd pri'·piu<I und in~urNI 

ONE YEAR LIMITED WARRANTY 
\\t· '-'-UrranL~· 11ur prudm!L":i to lu: fn_.,. .. of ch.·ft."Cts tn nmtPnal nnd 
workmil11:i.1h1p fnr n pt1ru.xi of orw y"ur from tlw 1lu1l' of ~tup11u•nl. The 
\\'3 r~ml.\ en' 1.•r"" lh • CO'"l •Jt ol l mat ' rwl · ond lul>or 

- WORLDWIDE SERVICE AND SUPPORT 
- QUANTITY DISCOUNTS AVAILABLE 

- No Extra Charge for Visa or l\fo.5tercard 

TO ORDER TOLL FREE 

1-800-638-9628 
For Information Call - (301) 963-5800 

Visa • Master Cord 

B 6t W 7877 Cessna Ave 
SYSTE~ INC. • Gaithersburg, MD 

20879 

B & W SYSTI-:~IS. l'l/C' 

Trademarks: WYSE - tr11demnrk of WYSE Tc<:hnuloy • MS·DO, & OS12 - trademark of Microsoft C•)rporntion • Hercule - trodl'mark uf 
lfprrules <:omput.,r Tt•1:hnology • NEC - trademark of NEC: Corpnrulinn • PC'·'IOSl3R6 - trn1tc murk nf Soft wart! Link . Sp ·dfict1t inn~. rnn• 
figurations. and pri«es s uhject ln ch11ng" wilhouL notice. Copyright 191:17 B .- W SYSTEMS. INC. 
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BOOK REVIEWS 


THE MS-DOS 
ENCYCLOPEDIA 
Ray Duncan. editor 

IBM PERSONAL 
SYSTEM/2 AND 
PERSONAL COMPUTER 
BIOS INTERFACE 
TECHNICAL 
REFERENCE 

MEMORY RESIDENT 
PROGRAMMfNG 
ON THE IBM PC 
Thomas Wadlow 

THEM&-DOS 
ENCYCLOPEDIA 
Reviewed by Bill Bourn 

Microsoft Press, Redmond, 
WA : 1988, ISBN l-55615
049-0, 1570 pagn. $134. 95 

W, hat do you caJI a single 
volume containing over 

1500 pages , 15 appendixes , 
and 5 sections. one of which 
contain. 20 distinct articles? 
Suppose that material came 
from 14 contributors and 64 
technical advisers. Microsoft 
Press calls this massive col
lection The MS-DOS Encyclo
pedia . With its multitude of 
distinctively pre ·ented exam
ples. written in both assembly 

language and C code, the book is closer to being a handbook , 

although you'd need Schwarzenegger's wrists to manage it with 

only one hand. I guess "encyclopedia" has become an unwel 

come synonym for "con1prehensivc treatise" since Jiminy 

Cricket first defined the word. 


In addition to the 20 articles written by such MS-DOS experts 
as Ray Duncan , Charles Petzold. and Van Wolverton, the book 
contain 240 pages detailing individual descriptions of MS
DOS user commands, 200 pages of usage descriptions for pro
gramming utilities , and 250 pages devoted to the description of 
DOS system calls via the INT instruction. Much of that material 
is already llV'dilable in the respective user guides for the various 
software. Why repeat it all here? 

There is. I suppose, a good reason. depending on your need: 
The descriptions in the book span all the versions and OEM sup
pliers of MS-DOS-preny handy if, asa programmer. you don'! 
have all the versions of all the DOS manuals from Compaq to 
Zenith al your disposal. Even though this material has been 
covered elsewhere, including it all in one volume (along with 
the possible error messages that you might get when using any 

lllustranun hy Len Kulbcr<la 

command) turns that volume 
into the one to fetch for nearly 
all DOS-related questions. 

The Articles 
The most unique pan of The 
MS-DOS E11cyclopedia is the 
first section , whose 20 arti
cles delve into tho~e mysteries 
that have tantal izcd the intel
lectual DOS user. I was disap
pointed that the internal con
trol structures are so lightly 
covered in the article on the 
components of MS-DOS; it"s 
rather like describing a car as 
a chassis. engine , wheels, 
fenders , and passenger com
partment. I want to know 
about the pistons , crankshaft. 
and oil pump ins ide the MS
DOS engine. That level of de
tail is denied us here. 

Other articles deal with the 
structure of an application 
program; managing file s, 
records. directories, and vol
umes; memory management; 
and several other topic s 
merely scanning the table of 
contents gives evidence of the 
breadth of coverage in thi s 
section. Nothing I read here 
(or elsewhere in the book) 
struck any discord with what I 
already knew about MS-DOS. 
I depend on the high caliber of 
the contributors fur having 

checked the factual accuracy of the contents. 
A few articles deserve specific mention. In his article "Ter

minate-ru1d-Stay-Resident Utilities ," Richard Wilton does a 
creditable job of classifying the kinds of trouble you could have 
trying to write a TSR routine for MS-DOS . After the ··rules of 
the residency-road," he. presents 1wo TSR routines in complete 
form , with accompanying explanatory text. The first routine is a 
simple, passive TSR that merely says ' ' Hello." The second TSR 
is a more useful routine that attempts to cover all the conditions 
under which a TSR might be invoked . This sample TSR is in
voked from the keyboard, writes to disk, recognizes the status of 
pending hardware interrupts , and generally addresses all the 
other nitty-gritty details that appear to be required for a success
ful TSR. 

Microsoft has yet to publish an official method or set of 
guidelines for using this DOS function , which has been in place 
since release 2.0. A myriad of useful routines have been pub
lished in that vacuum: all take advantage of the TSR capability 
but have widely varying degrees of compatibility wi1h each 

conti1m~d. 
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BOOK REVIEWS 

Profuse examples and minute details 

make The MS-DOS Encyclopedia's 

coverage of debugging a must 

for any programmer who knows that 

even the purest of heart are visited 

by gremlins. 

olher. The MS-DOS E11cydopedia take~ a brave step into the 
resulting melee to give us these ex.ample of "decent .. TSR be· 
havior. However. the volume includes a di~claimcr : ··Microsoft 
cannot guarantee lhat the information 1n this article will be valid 
for future versions of MS-DOS." 

TSR programs come up again in an article on the Microsoft 
object linker program. as an example of using the linker !O orga
nize memory. Th.is a rticlc and the preceding one on the sLruc
rure of object files (also by Wilton) may well be unique among 
books on MS-DOS. and this is undoubtedlv due to the e:c;treme 
specialization of the topic. The articles go into great detail. 
wh.ic..'.h is wekome here, parlicululy if you need to know how to 
build some ·'food" for the Ii nker program as a pa rt of your largt' 
project. The feast includes an:ilysis of every bit of every byte in 
any object module. Wilton must have been working with Micro
soft's internal documentation to provide such a complete 
descri p1ion. 

Steve Bosrwick's article. " Debugging in the MS-DOS Envi 
ronmc,nt,,. vigorously attacks the prohlems facing a program
mer whose program doesn't work. Bostwick pre-!'cnts a variety 
of techniques, ranging from s:mple eyeball examinaiion to com
plex analysis using CodeVicw, which comes with Microsoft' s 
high-level language. compile.rs . Jn one example , he uses a TSR 
program to echo data from the serial port omn the screen. The 
article briefly discusses hardware debuggers, their capabiluie . 
and the circumstances for their use , bur it avoid · i.focussion nf 
specific non-Microsoft hardware product . Profuse example. 
and detaib down to the byte in error rmcke this coverage of de
bugging a must for any programmer who knows th;:ct e en the 
purest of heart are visited by gremlins. 

What Could Be Missing'? 
Amid the wealih of information included in The ,t/S-DOS £ncr
clopt'dia, it's hard to 1cll whai might have been left out. Aside 
from a more detailed di~cussion of DOS 's internal .,tructure. I 
missed comprehensive discussions of networking and file- har· 
ing. The first 11 rtide. which describes the haphazard infancy ot' 
MS-DOS, incluues a reproduction of a large scribbkd diagram 
showing the original network support logic for MS-DOS 3.0. 
hut the topic deserves an article of its own. (Thai first chapter. 
by the way, is of interest to all DOS users. not just program
mer~. and ir 's worlh borrm ing the book j ust to reud.J 

The book could stand to have a glossary and a bibliography. 
which are quite useful adjunct to serious study- whatever the 
subje<.:t. h does nave a two-part index that is unique; commands 
and system call are listed separately from the other subjects . 
Getting used to lhis arrangement might rake you a while , 

The complete set of the examples from the, book is ava.ilable. 
on two 5 'A-inch floppy di ks, or presumably one 31,.1· inch disk . 
for the exorl;ijtant foe of S 0. This seems to condone the use of 
1he examples, but Microsoft should make its intentions clearer 
about the use of sample code in a reader's cw,,in products. In 

i:ontinunl 
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BOOK REVIEWS 

these days nf copyrighl cupidity, I'd prefor to have a definite 
statement orte way or the olher. 

The code examples are set. off by both typeface and color to 
good effoct. As a rule , the typography i.s clean and undunere.U 
throughout the book. However, the tables are labeled inconsis
temly; many identicaJ typographic s1ruccures face each orher on 
opposite page . . one with a rable designation and the orher 
without. 

Similarly, che information about MS-DOS control slructure.s 
is diagramed in two apparently arbitrary formats. One structure 
might appear in a table that lists field length and usage, while 
another is consigned to a more visual series of stacked reclan· 
gles , with <lescriplions inside. 

The cmss-reforences to other articles are sornelimes awk
W'dr<l . Whereas references to an appendix title include the lener 
de.signation, references to articles don't carry the corresponding 
article number , so the page headings (which appear on odd 
pages and which carry both the number and title) are le . help
ful than they cou.ltl be. 

Do You Need It? 
Why publish so extensive a 'NOrk about MS-DOS now . on !he 
verge of OS/2 ascendancy? Perhaps Microsofl thought that MS 
DOS is now mature enough that The MS-DOS Encydopnlia 
won"l soon go out of da!C. The preface claim11 I 0 million copies 
of MS-DOS are working ncm. Does this book belong next to all 
of those systems'? Emphatically not! The book 's general editor , 
Ray Duncan, tag. the book's audience as "the communiry of 
working programmers " but I have to wonder how many pro
grammers are currently engaged in new MS-DOS application 
development with OS/2 just around the corner. 

Is tJiis book for you? Look at your shelf of software and man
uals. Do you have a version of an 8086 assembler there'? lf so, 
you may be able to u e this book. Doubly . o if that assembler is 
dusty . I bet the examples and lucid explanations here will cata
lyze you to use both the book and your assembler to overcome 
your previous frus trations with the quirks and mores of the 
world's most popular operating system. 

Bill Boum is moderator of the ms. dos conference 011 BIX and 
pre.side111 ofthe Ce111ml Cor111ec1icut PC User's Group. You ca11 
reach him at P. 0 . Box 964. Glastonburv. CT06033, or 011 BfX 
as "bill/)OW?I. .. . 

IBM PERSONAL SYSTEM/2 
AND PERSONAL COMPUTER BIOS INTERFACE 
TECHNICAL REFERENCE 
Reviewed by Ben Myers 

IBM Corp .. Racine , WI: 1987. Pub/iuuion 68X22(i(), Form 
S68X-2260, 214 pages. $75 

F or some lime now , when I've had to refer to some detail 
about an IBM PC BIOS, I've found myself looking. at sev· 

eral sources, none of them complete. Peter Norton's Program
mer 's Guide 10 the IBM PC has become omewhat dated by the 
author 's origina.l vision to produce a work that emphasized the 
rBM PC and PC XT. then predominant. Norton's book contains 
skelchy information about the EGA specification and few spc
ci lics about the AT BIOS. Until the PS/2 computers came 
along, Ray Duncan's A.dl'anced MS-DOS was a well-organized 
reference for some BIOS calls, but it curiously omjtted most of 
the in.formation about disk BIOS services, and it included noth· 
ing about the system services (interrupt !SH) on the AT , Fi
nally , descriptions of BIOS calling sequences are embedded 

continued 
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Keep your mainframe in touch: 

Send your re:mote PCs a card! 


If a telephone line goes to wherever your remote 
PCs are, Sync-Up'" from UDS can now link them 
directly to your mainframe! 

Sync-Up fits a complete synchronous modem 
and a protocol converter onto a single card; no 
other modules are required. A.dd appropriate UDS
supplied software, and you'll have a fast, reliable 
micro-to-mainframe link. If your system is already 
supporting 201C, 212A, 208A/B and/or 96008 
modems, no modifications are required at the 
mainframe end. 

Sync-Up boards may be specified with soft
ware to support 2780/3780 or 3270 BSC, and 3270, 
3770 or 5251 SNA or a variety of other protocols. 
For complete technical data and quantity prices, 
contact Universal Data Systems, 5000 Bradford Dr., 
Huntsville, AL 35805. Telephone 205/721-8000; 
Telex 752602 UDS HTV. 

[i] Universal Data Systems 
M MOTOROLA INC. 

hfcrmBtion Systern5 Grot.J) 

Crea1ed by Oayner/Hall. Inc .. Winier Perk. Florida Cirrle 27 I 011 R!.lader Sen•ice Card 
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20MB 

8MHz EGA System $1399 4.77/8MHz EGA System $1150 9yw1_:: $300 
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3401 W. Warren Ave.. Fremont, CA 94539 TechSuport 
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Quaid Analyzer 

the tool 


that crea·ted 

CopyWrite 


Now you can debug your own programs 
with a professional quality debugger 
the one that unraveled every form of 
copy-protection used on the PC. 

With the Quaid Analyzer. you can: 
D See occurrences of any interrupt. with its 


meaning shown on the screen. 

D View memory as text or instructions, 


scrolling as easily as you do with an editor. 

D Run until a memory location or 1/0 port is 


changed. 

D Protect your hard disk from accidental 


destruction . 

D 	 Analyze software without the source, even 


when it. uses countermeasures to thwart 

tracing , 


D 	See all stages of the boot load. 

We kept the Quaid Analyzer off the 

market to avoid helping publishers with 

copy-protection. Now that copy

protection Is gone, we can sell it to 

you. 

Tne Quaid Analyzer 1a a software tool occupying 1001< bytes. 11 
runs on arw IBM PC and mos1 MS- DOS systems without hard
ware mod!flcation 

Call (416) 961-8243 
Quaid Analyzer $99 U.S.• 

All orders sh• pped al or return coupon to 

our e~pense within a 45 Charles St. Easl 

day. All ma1or credit Third Floor. Dept. 605 

cards accepted Toronto. Ontario, M4 'I 152 


Payment method MC·Vlsa-Ame,..-Diners-Check 


Card No, 


Expiry Date --------------- 
Name 

Address ---------------- 
City/State 

Phone No. --------------- 
Signature--------------- 

rr=il Quaid Software Limrted 
~ 

A;:;k abou! Di sic Elcplorer Ihe program that takes over 
where Quaid Analyzer leaves off 
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BOOK REVIEWS 


within 1hc. assembly listings coniained in 1hc older PC and AT 
technical references published by IBM. All in all. this is a very 
hapha7.ard collection of reference materials. but it was the best 
available until recen1ly. 

The IBM Per.1Tmal System/2 rmri Personal Computa BIOS 
/111erf(ice Technical Rt'.ference gives the soft1.1;are developer a 
complete set of material that de ·crihe how the various versions 
of the IBM PC BIOS work. IBM has not published assembly 
li stings of the PS/2 BIOS: this reforcnce documents 1he exter-
nally vi. ible features of the BIOS as a programmer doing clean 
BIOS-level programm lng would sec and use them. 

The book covers the original IBM PC, PC XT, PC AT. PCjr. 
PC Convertihl.e, and ;ill announced model s in the PS/2 produ~·t 
line. At S75. t.he BIOS Interface Technical Reff.'m1ce seems 
pricey at fir.a, but no ocher single tlocume,nt muay can match it 
for completeness in treating i1s subjecc. It comes with a ha.rd 
three-ring slipcase binder. like most other IBM reference publi
cations. The typeface is a ·mall but very readable Hel vetica, so 
a lot of information is i:rarnmed into its 214 pages. There arc fow 
typographical errors . 

The meat of the book is the .o;cct.ion that has detailed descrip
tions of all cnlIs 10 BIOS services. If different models of the PC 
do not res pond ide.mit·ally, !he book lists exact differences by 
PC model and rclcva01 BIOS date . For example, the printer 
BIOS ( l 7H) section has six notes describing the action~ wken by 
various models of PC . The pages cove,ring video BIOS ( I OH ) 
describe the three VGA modes, as well as the other video 
modes . The system service. interrupt 15H receives l.lXlensivc 
ITeatmenL including the multitasking services that are used by 
other parts of BIOS on the PC AT. PC XT Model 286. and 
PS/2. If another interrupt uses sy tem services IO relinquish 
control while waiting for completion of an external event, this 
information is also noted . The BIOS ·ervice· are arranged in 
order by interrupt number. then by major function desigm11ion 
passed in the AH register value within inte.rrupt, so everything 
is quite easy to find . For the money, it would have been nice if 
IBM had thrown in half a dozen blank thumb-index t<.1b s, beyond 
the two labeled "BIOS" and ··supplement . " Then ! coultl have 
set up tabs to get quickly to the sections I use most often . 

Jn the ection on <lata areas and ROM tables. the Bros data 
area. exte·nded BIOS data area , and disk drive paramt.ter tables 
are laid out. byte by by11: and bi1 by bit. The last section of the 
book, entitled " Additional Jntormation." describes interrupt 
haring, adapte.r ROM. vide.o function wmpatibility. multitask

ing prov ision., sy tern identification, application guidelines. 
and scan code/character code combinations. I found the int() r
mation on video function compatibility particularly useful, be
cause ii told me. step by step. how 10 test which video functions 
are present. Using the prnce<lure described. 1 can determine 
which video adapter-VGA. EGA , MCGA , CGA, or MDA- is 
present. The text also de.scribes video mode-switching proce
dures. There i a vacant ·cction for future supplement lo be 
is. ued. The book has a standard glossary and inde.x at the en<l. 

If you are an experienced software developer design ing sofl
ware that must interface with any version of BIOS. the IBM PS/2 
and PC BIOS lnrerji1ct' Technical Rtfern1ce is one ofa kind and 
indispensable . It is nut for lhe novice PC programmer, however, 
because it 1s almost entirely bereft of examples. In the per onal 
computer i ndu ~try. where it is fashionable to cake potshots at 
18 M, the company i -often overlooked as a ·ou rec for conwlete. 
well-orga11ized materials de cribing iis product and. by logical 
extension , compatible products. 

Ben Myers has more than 25 years of mried experience in the 
computer industry. He can be reached lJ/ 73 Westcott Rd. , Har
~·arri, MA 01451. 
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Solve Thezr Complex
Numeric Problems with APL 
... Sh,ouldn't You? 


Ill businesses wh n 
co111.plex n111neric pro 
are a daily clull/enge, 
professionals fro1n all 
walks oflife rely on the 
APL* PLUS® Syste111. 

The A PL* PLUS 
System 

Thousands o f profossio nals in a 
wide range of ricld~- invest
ment researc h. insurance. cor· 
p0ratc finance. engin eering. 
and science - fin d the 
APL* PLUS Syste m the pe r· 
fee t sohware for comple x prob· 
lem solving. That 's because i1s 
natural mathe matical o rie nta· 
tion and conciseness of codt: 
provide the ideal environment 
fo r model building , a rray ha n
Jling. syste m pro to typing. and 
matrix manipulat ion. And for 
your connectivi ty needs, the 
APL* PLUS Syste m runs on a 

wide range o f mac hines and 
operaring environments. 

Why not give yourself Lhe 
ana.lytical edge . f< r only 
$695~ Call 800-592-0050 and 
we'll show you how to put 
the APL* PLUS Systt:m to 
work in your specific 

application. 

STSC 
ST SC , Inc. 
211 5 East Je ffe rso n Stri:et 
Roc kville. Ma ryla nd 20852 
800-592-0050 
Jll l·984 ·512J in Maryland or 
Canada 
Telex 898085 

A PLUS*WARE®PRODUO 


Thie APL • PL US Sy~•cm i5 a \•ai l:t h1c for ' he m <.1infrn me. I BM I'<" ~md t.:nn1p;-.rihh::~ . 
Maidn10.sh. :md maL"h inc.s r ur-.ili ll :M: UN I X .i:t Bi.J VA X,' VMS. Tht: ,\PL• l'"LUS S_\rslc m m1.1v 
he purchaii..ec..I 1h nH.1 ..:!h cknlcr!ii: 1rnd dl~t ri burors world"1N1de 

.\PL'l' f'LUS •nJ PLUS• WARE arc rc~i>tcr<<l l>'•<l~ mMl.> •>f STSC. Inc , t IN IX. 
Ma.:1ntosb. ~ nJ 1BM ;;1rc rcc tS l l:'f\:~ , t rodi:rn.1rh nf A'r & T Hell Ll~'h>r.w,, ·rlc.s. 1\p pk 
Comruncr. ~nd ln1c rmt1inf1;i l Uusinc~... M:aLhinc:'!i CorPl~r-Jlirm . 1':.ll:flCCli"'d~'-
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·I/>/ fr i11tli,fpe11 .H1hlt• in rfrn-/· 
upillK 111atht'111u1h·a/ 111111/elsjur 
pricin,: fi111111<"iul ~wc111·itic ,1· .mc/1 
a· oprio11.1, /111111"1'.'" 11111/ bo11ds. 
Comp It•x 111111h1't11"fil'11l ulg11· 
dthms m·e (I J'ogmmmed quickly 
and C1J1tcise~)'. A 1111. e111pfri('l1/ 
n·,q·urc-lt is facilitutnl by ti l'J;s 
1111111111<·/1('" cap11hilitit•s i11 
11111nip11/ati11g 1111d 11n11~r-i11g 
arrays u/Jura. 

Mark Schroder 
Option Rl'.~carch Spcciali~t 
Prudcncild Hacht 

Em:h 111111Nt'l' ll'1' c11nsolidutr 
1111d flll(J(l'~l' historictJ/ dafll, 

C//Yf(.'/lf t!at11, a111J /m't'OISf.f 

/mm fll ' l ' I' Sf/O i' 11titie.~ within 
GE rtml rltt•111111ickly ,·ompih- it 
i1110 a compl'<'ht>tnfre s,,,;,, ,. of 
l'<'Jmi·rs. WitIt ,.1/'L 11·1' gi•t it 
done in 11 third of the time it 
1rn11/1/ wke 11s 11 si11g o ther 
metlwds. 

Eric Haclcn 
Munui.:cr Business Syslcm~ 

Oevclo11111ent 
Gcncrul Elcdric Com pan.' ' 

A 
. 

ll'h en you ne('i/ 10 <'mHider 
1lircl! c/11.ue1· of n·1Tice, 1111111t .,.. 

011 .1 fare f_l'(ll'S, a11d multiple 
L'Ullll<'<'tion ·,fart• pridng 1111al
r.1·is 1ritlm111 Al'/. is a I lerc11leun 
·,u\/;, ,4 f'I.:~ ability w manip11
i<itl' whit's ufduw with 11 singh• 
L'011111wnd c1wblt'S 11~ to c·xplon· 
11 wi1/c·r rnngi· of ~n·1111rios u ,f 

{11.111u 1;·1· c1111 rhirrk of them. 

Mike Fisher 
Mnn11gcr. Sy~tcm~ 

Ocvclopmc111 
Pan American World Ai.r-,.,U)' ~ 
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Convert .DXF files-.ii:::mon:-...;=c__ 

to Gerber®with 
SoftWesfM GPI. 

l'lul a11 ythi no 
)'( l ll C c n "lr'1W 
wirh Snfr\XI st ,p], ..th DXF-r · Jerb r 

l' llll\ 'l'rs1on r rogrnm. 

It is bi· directional 

(ir alsu c 11\"e rts G erhi:r hack 

into :\uroCAQl!!l ), and supports all 

popubr G erber photopbm:r5, indudin 

chc new la~er plotters using G erber prl 

Price in U.S. A.: ~ 100.00 . 

Tht' G rear Sofr\\ e~ tern C ump;.i ny r..l 

i ~ ~nb1 rlw (fe:ltur 1.i t A utu-Boa rJ · 

Sy rcm'!l , St)ft\Vi:..; t™ 0 20, :.lnd · 

Soft WL·~t'" PPL . 

i-soo-231-6880 s~ftir~~fe3in 
INFORMATION & ORDERS Company Inc ® 
1-817-383-4434 . . 
TECHNICAL ASSISTANCE The Orlgtnal 

This internal 720K 3.5" disk drive Is a "drop-in" replacement 
for 5.25" drives! n·s the ideal solut ion for exchanging data 
between your PC/XT/AT and the new generation of laptops. 
Disk format is compat ible with IBM. i:oshiba and Zenith 
portables. The Model 853W drive ki1 contains everything you 
need, Including interlace adapters, premium SONY drive. and 
complele documentation. Uses your existing disk controller 
(no additional slots required). Requires DOS 3.2 for maximum 
performance. Ask abou t ou r Model 873W (L44MB). 

S$ SAVE SS $159.95 
SONY DISKS +FRT. & TAX 

400 Daily Lane 
P.O. Box 5210 v1541• 1Grants Pass, OR 97527 

'IJ~~~\\ IMMEDIATE DELIVERY! 
tJIO Call 503-474-6700 or 503-474-6701 

BOOK REVIEWS 

MEMORY RESIDENT PROGRAMMING 
ON THE IBM PC 
Reviewed by Ben Myers 

Addison-Wesfey, Reading. MA.: 1987. ISBN 0-201-18595-2. 
413 pages, $24.95 

T he sub1,itle of Mem?ry R~.sidem Progro.m1.11ing on rhe 18"'! 
PC 1 "The Essential Guide to Developing Memory Re~1-

dent Programs , ' ' The introductory chapters of the. book cover 
programming in general, assembly language progrnmming for 
the Intel 808818086 family . and writing an 8086 assembler pro· 
gram 10 display the interrupt vectors. Author Thomas Wadlow 
then defines a bask TSR program skeleton and provides everal 
sample TSRs by way of explain.ing TSR writing. These include a 
keystroke expander, a clock, an instruction pointer (CS:IP) 
display, and TSR programs that display communications port 
value ·, set communications port parameters, li st a directory. 
and browse through a file. The last four programs serve only as 
examples ofTSR writing . Normal DOS programs would accom
pli sh the same results with Jes effort. 

Interrupts and Omissions 
Unfortunately . Wadlow 's hook omits information thal is neces
sary to write many important kinds of TSR programs. For ex 
ample , if you have to re.ad or write tiles while other programs 
are running, you need to know what to do to the current active 
PSP (program segment prefix) via DOS function~ 50h am.I 51 h. 
The Interrupt multiplexer vector, interrupt 28h, is used to syn 
chronize DOS upcnllion~ among TSRs and other progntm . In
terrupt 22b (program tem1ination) . interrupt 23h (Control-Cl 
Control-Break handler), and interrup1 24h (c ritk aJ error han
dler) are essential to any well-written application. and doubly so 
for a TSR program . DOS 1reats functions Olh through OCh 
differently from the other tunc1 ion calls. None of these arc ex
plained in the book . 

Similarly . if you write a TSR program that pops up on the 
screen, you need to be able to save and restore the screen area in 
which the pop-up occur .. That information is missing. as is any 
explanation of how a TSR program de-installs itself. 

The conduding chapter , "The Roads Not Taken ,·· is an often 
misleading explanation of TSR design trade-offs . Fully one
third of the book contains appendixes intended as reference ma
terial. though these, too. have some omissions. The first appen 
dix. " IBM ROM BIOS Services ... explains the BIOS call for 
the rBM PC XT bu1 excludes the ones for the rBM AT. EGA. 
VGA, MCGA , and PS/2. (Granted. omission of the last three is 
understandable. since. they are fairly recent developments .) A 
" Hardware Interrupts " appendix covers only interrupl · through 
0 l Fh , and ic includes some interrupts that are not fo r hardware. 
like the di s.k parameter table and hig,h-order graphics table 
pointers. "IBM DOS Serv ices.. describes only the DOS func
tions for DOS 2.x , neglecting the OOS 3.x functions entirely. 
The final appendix. " Useful Books, .. gives a (very short) list of 
references u. ed by the author in writing the book, These appen 
dixc~ uJsQ have 4ui1e a few typos. 

Useful, But Not Essential 
The assembly language examples in Memory Resldenr Program
ming on the IBM PC are clear . and the accompanying explana 
tions of programs are lucid and well written , If you want to get 
your feet wet writing simple TSRs. thi s book is an introduction 
to the subject. but you can find mon: complete example of mbust 
TSR programs elsewhere. The book does not meet its stated objec
tive of heing essential. You can write the bulletproof TSR pro
grnms lhat today's IBM PC marketplace demand$ withoul it. • 
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Dot, Daisyand Laser. 


The new family of Olympia printers with 

a prestigious technological heritage. 


Olympia is first in making lasting 
impressions for a good reason . 
For over 80 years we 've been a 
leading innovator in typing tech
nology for the office. Now every
thing has changed . And nothing 
has changed. Our technology 
is as new as the dew. Our com· 
mitment to reliability, efficiency 

and service is as solid as ever. 
The Olympia dot matrix printers 

produce clean, crisp printing at 
speeds from 130 CPS lo 240 CPS 
for a wlde range of applications. 
And our daisy wheels are unsur
passed in printing quality. 

Our new Laserstar 6 is com· 
pact. versatile, compatible and 

OLYMPIA 


offers the latest in desktop print· 
ing technology. 

In shOrt, whatever you need 
we 've got. So don't go shopping 

, without the big new name in 
printers on your list . 

Olympia. We'll make a good 
impression on you . 

Then for you. 

The Competition 
Advanced Fng1neenng from Germany 
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\ 

~---- -- ---------- -- -- -- ------ ------------ \ 

Get acquaint1ed with our family. And a gift for you: \ 

The fabulous Fisher Space Pen! 
See 11111he Olympia morlels m our brochure "Printers 
That Make Quality Impressions." Along with our bro
chure we'll tell you how to get a Fisher Space Pen
freel The pen lhat wenl to lhe moon-from the finest 
Mr Mrs Ms (Please Pnnl) 

Neme Fi~t 

Company 

City 

p rim r ma.ke(s) used now 

printers on ear th. Call 1-600-999-6872 or send 
this coupon lo: (USA) Olympia, P.O. 80>122, Depl Adv,. 
Somerville. N.J. 08876 (or Canada) Olyrnpia, 58 Prince 
Andrew Place. Don Mills. Ontario, Canada M3C3A2 

Trtle Phone 

Addre56 

s1a1e Zip 

I plan to make a pnnier purchase 1n montnlyear 
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Reliability. The anributc lhat has made Silicon Valley Compu1er the 
world's leading manufacturer of ruggedized !BM'~ compatible equip· 
menL Reliabilily proven by the successful installation of thousands of 

disk and tape ~-ystems monthly. Superior engineering and meliculouscare in 
manufacturing and 1cs1ing have been 1he foundation of this reliability since 1982. 

We offer a full selection of ruggedized 11ard·disk cards a11d high·quality 
commercial .grade disk-drive kits ranging in capacity from 21 to 512 mega· 
bytes. Also available are tape subsystems. 8· and 16-bit SCSJ/ ESDl/MFM/RLL 
disk controllers. Token Ring Ethernet controllers ( Novell compatible . 3.5· 
i11d1 floppies. 360 KB. 720 KB. 1200 KB. and \440 KB fl<>ppies. 

Tens of thousands of units are currently being used by the .S. Navy. 
ASA, Pentagon R&D. major banking institutions. and numerous small busi· 

11e sse.~. All prorlucls meet 1)1 ex e1etl sl ringe11t performance cri1eria. SVC 
established these standards to satisfy the needs of our growing list of sophis
licated customers. 

Cumpatibili ty. 
Silicon Vall y Computer drives have been interfaced with mos1 IBM PC, XT. 
XT286, ATs an<l rn1npatihles. Over 50 clones have been teSIL'<j as 100';1', 
compatible with our drives using IBM PC-DOS 3.1 / 3.2 / 3.3. 

We are also lhe lirsl company in the industry to supply hard disk add
on units lor the new IRM f\?rsonal Svstem 2 Model 30, Morlel 60. and Model 
80 machine . 

Service. 
Quality customer service is a.i; lmpor!anl tu us as the quality ol our µrodu<:L 
Ninety percent of all orders are shipped within 24 hours of rcccipL Each order 
is ac ·ornpa11ied by com pl ·tedoc11me11tation. soflware. cables and mounting 
hardware. All products are available with our industry-leading two-year swap· 
oul warranty. When you wanl the best product. service and reliabili1y, at very 
·ompetitive prices. call Silicon Valley Computer. 

SILICON VALLEY 
COMPUTER 

l~ll Archer Street. S;_in Jose. California 95112 • 408 288-883i 
TEL.EX 821299 SILICON VLY • FAX 40S.94i•1353 
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The Gold Card (hard-disk-card) · 
:-i1liru11 \ , 1 l lc~ Cnmpnl<·r has tlw1rnhl sl'i t'< 11011 a1·,ulahh· 

RUGG£DIZ£D 
21R MB 80G shock • 65 ms w/ auto head lifters • 30.000 hr MTBF (MFM ) 
32R 80G shock • 65 ms w/ auto head lifters • 30.000 hr /.ITBF RU.) 
40R lOOGshock • ~J ms ""'/ auto head lifters • :10.000 hr MTBF (SC.'11 ) 
40AT !OOG shock • ~W ms/ hd lilters • 100, AT compatible • .'l0.000 hr l.ITBF 

SIL£Nr RUNNI 'G 
21L MB 65 m • Oxide media • 5,000.000 BPS • 10 W, 30,000 hr TBF ( FM) 
21F 65 ms• Pl led media • 30 dB• 5,000.000 BPS • 25,000 hr MTBF (MF J 
32F 65 ms • Plated media • 30 dB• 7,500,000 BPS • 25.000 hr MTBF (RLL) 
SOF 62 ms• Plated media• 30 dB• i .500.000 BPS • 25.000 hr MTBF (RLL) 

Hard-Disk PC Kits (half hei ht) 
21LMB 65 ms • Oxide 111 ed i ~ • 5.000.000 RPS • 10 W • ?.Rflflll hr MTRF (MFM ) 
32F 55 m • 30 dB • Plal d media • 7,500.000 BPS • 20.000 hr MTBF (RLL) 
40R 29 ms • Plated media • 8.000.000 BPS • 10 W • 30.000 hr ffBF ( CSI) 
40 26 m • World' laslest 40 MB drive • 30,000 hr MTBF ( ~FM ) 
SOF 62 ms • 30 dB • Plated media • 7,500,000 BPS • 20,000 hr MTBF (RLLJ 

Hard-Disk PC Kits (full hei ht . 
30MB 40 m • 30.000 hr MTBF • 5.000,000 BP {MFM) 
72 26 ms • 30.000 hr MTBF • 5,000,000 BP (MF ~ ) 
120 28 m. • 30.000 hr MTBF • 1ovell compatible ( ff ) 
150 2 ms • 30,000 hr MTBF • 10.000,000 BP (SCSl / ESDf J 
234 2 ms • 30.000 hr MTBF • 7,.100.000 BPS (SCSI ) 
317 28 m • 30.000 hr MTBF • 10.000,000 BPS (SC. l/ ESD! ) 
BOO 100 ms • Removable WORM • Optical / laser (SCSI) 

IBM Com atible Devices 
60MB Tape systems• lnrernal moun1ing, half-height DC 600 ACMlriLlgc 
60 MB Tape system~ • E.~te rnal mounting power cabinet included 
40 MB Tape systems • Floppy interface DC2000 cari ridge 

Token Ring compatible Ethernet hoards • 10 1BPS 
SCSI Hard-disk rape controller • / 16-bit switchable w/ nopp 
MFM Hard-diskcontroller • I l6·bi1 • 2 W • 2K bu Ifer 
RLL Hartl-di ·k controller • 8/ 16-bil • 2 W • 2K buffer 
ESDI Hard-disk/ Ooppy/ ~FM rontrol!er • 8/ 16-llil • lO MBPS 

IBM is a ~i.llNfd tr><l~IT\.llk of Int~moi1tm•l llllsmess Mach 1""'5 Corp 

PRICES TOO LOW TO ADVERTISE! 
( Volume us rs/ resellers, call 408 288-8838.) 
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IT'S TIME TO DO SOME 

SERIOUS 386 BUGBUSTING! 


PROBE's menu----~ 
lxlr and puli
dnwn men11s set a 
new standard for 
debugger 
interfaces. 

PROBE luJs -~,;...--1: 
source·f~el 
debugging lo lt t 
you ''C" your 
program. 

Tbis is Ii.II 
out-of:.range 
memory-overwrite 
hug. Since ii is 
interrupt related, 
it only appun in 
real time. 

W
elcome ti) your nightmare. Your company has bet 
the farm on your product. Your demonstration 
wowed the ol')erating committee, and beta ship

menis were.ou1 on time. lben wham! 
All your beta c.us1omers seemed to call on the same day. 

··Your softwMe is doing some really bizanc things:' 1hey say. 
Your credibility is at stake. Your profils arc at slake. Your 
sanity is at ·take. 

THIS BUG'S FOR YOU 
You rack your brain. irying to figure something oat. Is it a 

random memory overwrite? Or worse, an overwrite to a stack
b'ascd local variable ~? Is it sequence dependen1? Or worse., 
rnndl')mly caused by interrupts? Overwritten c.ode'! Undocu
mcn1ed ' 'features" in the software you're linkjng to? And to 
top it off, your program is roo big. The software debugger, 
your program and it's symbol !able can't fit inlo memory at 
lhc sam~ time. Opening a bicycle shop suddenly isa't such a 
bad idea. 

THIS DEBUGGER'S FOR YOU 
Announc.ing 1he·386 PROBE'" Bugbusler, *from Atron. Nine 
of Lhe Lop-ten sof1ware develo.pers sleep better at night 
because ofAlron hardware-assisted debuggers. Because they 
can se1 real-time breakpoints which instantly detect memory 
reads and writes. 

Now, with the 386 PROBE. you have the capability to set a 
qualijied breakpoint. so the breakpoint !riggers only if the 
events are coming from the wrong proi;edures, So you don't 
have to be hal1.ed by breakpoinls from legitimate areas. You 
can ewen detecl obscure, sequence-dependent problems by 
smpping·a breakpoint only after a pecific chain of events has 
occurred jn a ·peci.fic order. 

Then, so you can look at the cause of the problem. the 386 
PROBE automatically stores the last 2K cycles of program 
execution. Although other debuggers may try 10 do the same 
thing, Atron is the only c9mpany in the worldto dequeue the 
pipelined trace data so you can easily understand ir. 

Finally, 386 PROBE's megaby1eofhidden, write-protected 
memocy·stores your symbol table and debugger. So-your bug 
can't roach the debugger. And so you have room enough to 
debug a 

COULD AGOOD lllGHT'S SLEEP 

reaJly bjg program. 

PUT YOU Ill THE TOP TEii? 
Look, at it Ibis way. Nine of the top-ten software producrs in 

any given cate'gory were created l>y Atron customers. Maybe 
their edge is - a good night's sleep. 

Call and get your free, 56-page bugbusting bible loday. 

And if you're in 'the middle of anightmare right nO\\I, 


give us a purchase order 

number. We'll FEDEX 


you a sweeL dream. 


alli•:M 
... ,, BU&BUSTERS 

A division of Northwest lnstrument Systems lnc . 
Sara1oga Office Center • 12950 Sara1oga Avenue 
Saratoga. CA 95070 • Call 408/253-5933 today. 



WHAT'S NEW 


SYSTEMS 

A Loaded 
68020 System 

D esigned and built in En
gland, the Omega is a 

full-featured 68020-based 
workstation lhat includes a 
68881 math coprocessor and 
I megabyte of zero-wait-s1a1e 
nonvolatile static RAM. Also 
included is the OS9/68K real· 
time , multitask.ing operatfog 
system from Microware Sys
tems . 

With a processor running 
at 12 .5 MHz. other standard 
features of the Omega include 
a fully buffered 16-bit data bus 
with 24 address lines, a 25 .5
megabyte hard disk drive, a 
1.2-megabyte floppy disk 
drive, four RS-232C serial 
poris, a parallel printer pori , 
a bidireclionaJ high-spee<I 16
bit parallel interface, and an 
RS-485 network node. 

Hardware options for the 
Omega include nigher clock 
speeds of 16.67. 20, or 25 
MHz. There's also a 640- by 
480-pixel by 16-color display 
controller, a I- or 4-megabyte 
memory-expansion board, an 
intelligent network node con
troller, a prototyping board, 
an EPROM programmer, a 
100-megabytc hard disk 
drive, and a tape backup unit. 
On the software side, there's 
a variety of language com
pilers. an applications ge.ner
ator, a cross assembler and de
buggers, and several business 
applications . 
Ptice: 12.5-MHz version, 
$4750; 16.67-MHz version, 
$4950; 20-MHz version , 
$5495; 25-MH-z version , 
$6895. 
Contact: Lloyd 1/0 Inc ., 
Omega Sales Dept ., 19535 
Northeast Glisan St. , P.O. 
Bolt 30945, Portland, OR 
97230, (800) 227-3719. 
Inquiry 754. 

The Omega is afeaJure-packed zysJemfrom Englmul. 

NEC's Oesktop
Publlshlng System 

I f you have an urge to get 
into desktop publishing but 

feel constrained by your cur
rent display and controUer, you 
can add NEC's MonoGraph 
System 10 your IBM PC or 
compatible and be ready to 
roll . A complete full-page 
display system, the Mono
graph System has a square
screcn monitor; a controller 
board for the mo.nitor 's 1024
by 1024-pixel maximum res
olution; a cable to connect lhe 
two; and driver, font, and 
diagnostic software. 

The system's square· 
screen analog monitor has a 

16-ineh CRT with 100-<iot· 
per-inch dot density an aspect 
r.itio of I to I , and a flicker
free display . The monitor mea· 
sures 14 by 14 by 17 inches 
and includes a tilt-and-swivel 
base . 

The video-controller boa.rd 
requires a full-length 8-bit slot 
and features an Intel 82786 
graphics processor running at 
10 MHz. It has a CGA emu· 
lator that displays CGA-com· 
patible software in double
scan mode, w.ith twice the 
standard resolution and dou 
ble the pixels per dot. 

On the software side, the 
MonoGraph System comes 
with 15 fonts for both Aldus 
PageMaker and Ventura Pub-

SEND US YOUR NEW PRODUCT RELEASE 
We 'd like to consider your product for publicario11. Send 11s full in· 
formalion, including irs price , ship date. and an address and rele· 
phone number where readers ctm get further i11/on11atio11. Send to 
New Products &liror, BYTE. One Phoenix Mill lone, Peter· 
borough, NH 03458. b1fannation contained ir1 these items is based 
on manu/ac1urers ' written statements and/or telephone interviews 
wirh BYTE reporters. BYTE has not formally reviewed each prod
uct melltioned. 

I ishcr. Software drivers for 

Microsoft Windows and Ven

tura Publisher are al.so in· 

duded, as is a full set of 

diagnostics. 

Price: S1999. 

Contact: NEC Home Elec

cronics (U .S.A.) Inc .. 1255 

Michael Dr ., Wood Dale, IL 

60191, (312) 860-9500. 

Inquiry 755. 


Upgrade Your Zenith 

Anew upgrade kit from 
Zenith Dara Systems 

(ZDS) lets you upgrade any 
Zenith Z-248 PC· or AT·com
palible system to a 16-M:Hz , 
zero-wait-state, 80386-based 
computer with a 32-bit bus. 

The ZDS SuperSet up· 
grade kit contains three 32-bii 
sys tem boards (110. I mega
byte of RAM, and the 80386 
CPU board) . ZDS claims it 
takes less than 30 minute to 
install and that it works with 
any Z-248 system, including 
those supplied to the U.S. 
Department of Defense . 

After you install the Super· 
Set upgrade, your system will 
hecome a Z-386 with five 
open bus slots, I megabyte of 
RAM (expandable to 16 
megabytes), serial and parallel 
ports. and sockets for both 
80287 and 80387 c-0proces
sors. The Z-386 will suppon 
dual hard disk drives , dual 
floppy disk drives , and a tape 
backup unit . 
Price: $2699. 
Contact: Zenith Data Sys
tems, JO<XI Milwau.kee Ave. . 
Glenview. IL 60025, (800) 
842-9000, exi. I. 
Inquiry 756. 

cominu<'d 
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WHAT'S NEW 

PERIPHERALS 

Laser-Quality Printing 
for Under $1000 

U sing drop-on-demand 
themial ink-jec printing 

technology, Hewle.u-Packard 
claims iis new HP DeskJec 
printer gives laser-print.er
qualiry ourput at a significamJy 
lower price. The De ·kJet 
prin ts high-resolution rext in 
multiple fonts and full -page 
graphics ' au at 300 by 300 dots 
per inch. There 's also a draft 
mode that prints at a resolmion 
of 300 by 150 dpi . It prints 
standard letter-quality texl at 
120 characters per second. 
and draft quality at 240 cps. 

The DeskJet has ao auto
matic cut-sheet feeder that 
holds up to 100 sheers and 
has Courier, Courier Bold , and 
Courier Compressed fonts 
built in. There are two acces
sory-cartridge ports that let 
you add additional font~, ex
pand lhe memory (up to 256K 
bytes) , and pwide Epson FX
80 primer emulation. 

Because the DeskJet uses 
HP's O"Nn PCL printer lan
guage, it 's compatible with 
most software packages that 
support the HP LaserJet 
printer. The unit comes with 
both parallel ports and a I6K
byte printer huJfer, h measures 
17 .3 by 8 by 14 .8 inches and 
weighs 14.3 pounds. 
Price: $995 . 
Conta.d: Inquiries Manager. 
Hewlett-Packard, 1820 Embar
cadero Rd .• Palo Alto, CA 
94303 , or call the Hewlett 
Packard Company sales of
fice listed in your 1elephone 
directory's white pages. 
Inquiry 757. 

POSTSCRIPT ·COMPATIBLE LAS'ER PRINTER 


According 10 QMS. it~ 
QMS-PS 810 laser 

printer is the Orsi Canon 
SX-engi nc:-based laser 
printer that supports Ado
be' i; Po!itScript page-de
scription lnnguage. 

The printer's built-in con
troller includes 2 megabyte~ 
of RAM (expandable to 3 
megabytes) and l megubyt£ 
or ROM, and is built around 

An Ocular Mouse for 
the New Macs 

I f your new Mac 's standard 
mechanical mouse is wear

ing out or weari.ng you out, 
MSC Technologies (fonnerly 
Mouse Sysrems) is offering 
an alternative. The A+ Mouse 
ADB optical mouse is fully 
compatible with the Macintosh 
II and Macintosh SE, as welJ 
as the Apple llOS. 

The mouse 's LED reflects 
off a special grid pad and is 
reatl by an optical sensor. It 
then converts !he grid-line 
count to movemenr on your 
screen . 

According to 1he company. 
an optical mouse avoids the. 
problems of slippage , wear, 
and dirt lhar can eventually 
cause problems with mechan
ical mice. At rhe same rime it 
iotroduced the new mouse, 
MSC also dropped rhe price of 
its npticaJ mouse for other 
models of the Apple from $119 
to $99. All models come with 
a Ii fe1ime.W'llrranty . 
Price: $129_ 
Contact: MSC Technologies 

a 68000 processor running 
at 16 MHz. The controller 
!>upporl!o the 35 standard 
Adobe: PoscScript rypefaces 
and aJso emulates the HP 
LaserJet Plus. HP 7475A 
plotter. and the Diablo 630. 

The QMS-PS 810 outputs 
final copy al 8 pages per 
minute with 300- by 300-dpi 
resolution. 11 has a duty 
cycle of 5000 copies per 

lnc. , 2600 San Tomas Express

way , Santa Clar.i, CA 95051 , 

(4-08) 988-0211. 

Inquiry 802. 


A Duo of Drives 
for the PS/2 

T he comparatively high 
price and lack of availabil 

ity of 5 'A-inch drives fo r the 
IBM PS/2 has encouraged 
manufacturers other than Big 
Blue to enter lhe fray . Here o.re 
!WO. 

The PRS-2 from Pacific 
Rim Systems is a 5 'A-inch 
floppy disk drive that at
uiches directly to the drive B 
connector on the IBM PS/2 
Models 30, 50. 60 , and 80. It 
weighs a mere 3 'h pounds 
and consumes just 4 watts of 
pov.·er without having to use 
any external AC connection . 
The company claims you can 
install the PRS-2 in about 5 
minules, and says the unit's 
rnted 1ime before failure is 
11,000 bours. 

Price: $300. 

Contact: Pacific Rim Sys

lems Inc., 2570 Barrington 

Court, Hayward, CA 94545, 

(415) 782-1013. 
Inquiry 759. 

Meanwhile, the XD-360 
is SMT's version of the 

5 'A-inch external drive for 
the entire IBM PS/2 family. 
The company says the unit's 
footprint is half the size of the 

monrh and a toner canridge 
life of 4000 copie~. There 
are two output trays: one for 
face-up copies; one for face
down. RS-232C. RS-422/ 
AppleTalk, and parallel in· 
terfaces arc standard. 
Price: $5495. 
Contact: QMS Inc .. One 
Magnum Pa11s, Mobile. AL 
36618. (205)633-4300. 
Inquiry 762. 

IBM drive. To install the XD
360, you insert the unit's cable 

into your PS/2's drive B con

nector. You then route the 

cable intero.aUy to the rear 

panel and insert it into an ava.il

able slor. 

Price: $325 . 

Contact: Systems Manufac

turing Technology Inc .. 1145 

Linda Vista Dr., San Marcos, 

CA 92069, (619) 744-3590. 

Inquiry 760. 


Micro Channel Modem 

I f you own an IBM PS/2 
Model 50, 60, or 80, you 

can oow teleconununicate a1. 
2400 bps with an intern.al 
modem for the Micro Chan 
nel bus. The Ven-Tel 2412 in
ternal modem comes with a 
configuration file that automat
ically sets it up fur PS/2 oper
at ion . You don ·1 need to set any 
option ~'witche. , and it sup 
ports communication port 
through 8. 

Ven-Tel says the 2412 is 
fully compalible with the AT 
command set and includes 
automatic fallback to 1200 or 
300 bps. as well as extensive 
self- test capabilities. It has a 
jack for an external tele· 
phone , is cove.re<l by a 5-year 
warranty, and is available 
with Crosstalk XVI software. 
Price: $549. 
Contact: Ven-Tel .Inc .. 2 121 
Zunker Rd., San Jose, CA 
95131-2177. (800) 538-5121 ; 
in CaJifomia. (4-08) 436-7400. 
Inquiry 761. 

cominued 

The Hewlett-Packard DeskJet prints laser qualiry for less. 
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For problems involving engineering calculations or scientific analysis, 

the answer is MathCAD. 0 

Transporting an iceberg to Southern 
California is a formidable task. Calculat
ing the 11ariables is just as demanding. 
How many tugboats would be needed 
to tow the ice mass? At what cost? How 
much fresh water would be lost? 

Innovative solutions require extra
ordinary tools. For problems involving 
calculations or what-if analysis. the 
answer is MathCAD. 

MathCAD is the only PC-based soft
ware package specifically designed to 
give technical professionals the freedom 
to follow their own scientific intuition. 

You decide how to solve the problem -
MathCAD does the '·grunt 'NOrk. '' 
o Ends programming and debugging. 
o Recalculates as variables change. 
o Generates quick plots. 

Easy to learn and use. MathCAD 
operates interactively in standard math 
notation. And its built-in functions pro
vide all the power you need to solve 
real-world problems. MathCAD handles 
matrix operations, solves simultaneous 
equations. works with real and complex 
numbers, does automatic unit conver· 
sion, displays Greek characters and 

HOW 


other math symbols. per1orms FFTs 
and much more. 

There's never been a better way to 
get fast. accurate solutions to analytical 
problems. That's why 20,000 engineers 
and researchers are using MathCAD 
daily in applications as diverse as fluid 
mechanics, signal processing and 
molecular modeling. 

To find out what MathCAO can do for 
you, call us today for a free demo disk: 
1-800-MathCAD (in MA. 617-577-1017). 
Or wrtte to MathSoft, Inc., One Kendall 
Square, Cambridge, MA 02139. 

Math Soft 
l+\/ - -x J -o- 8 
Sohware Tools lor Calcula1ing Minds 

MANYGLASSES 

OF WATER 


CAN THIS 

ICEBERG SUPPLY 


TOL.A.? 

MARCH 1988 •BYTE 69Cirde 153 on hader Senice Card 



WHAT'S NEW 

Numerikeys gives your portable computer a numeric keypad. 

Numbers 
for Your Portable 

ortable or desktop com
puters without dedicated 

numeric keypads can be a 
real pain if you need to enter 
large amounts of numeric 
data into your programs. Nu
.merikeys. an auxiliary nu
meric keypad from Genest 
Technologies. solves the 
problem by connecting be· 
1ween your computer 's parn1· 
le1 printer port and printer 
cable. 

Numerikeys has all the 
keys you need for most spread
sheet applications, including 
separate numeric , cursor-con· 
trol, symbol , and function 
keys. The unit doesn't interfere 
with your parallel port , and it 
works full-time. even while 
your computer is printing . 
Price: $129. 
Cont.act: Genest Technol· 
ogies Inc., 1331 East Edinger 
Ave., Santa Ana, CA 92705, 
(800) 826-9641 ; in California, 
(714) 547-0880. 
Inquiry 763. 

Touch Your Keyboard 

Honeywell's new TCE434 
Series Touch P.anel Key 

board is a flat-panel unit 
that's sealed so it's completely 
protected in environments 

PERIPHERALS 

where dust, grime, moisture, 
or liquid spills could create 
problems. 

The 84-key keyboard uses 
membrane switches with metal 
snap disks and an embossed 
touch surface for tactile feed · 
back. Ir's compatible with the 
IBM PC , AT, and compatibles, 
and automatically selects the 
correct iotertace . 

The TCE434 includes its 
owo dedicated 8-hit processor. 
ROM , RAM , UO lines, 
timer/event counter. and elec· 
tronic shift. To keep the 
throughput moving, the elec
tronics include a 16-character 
FIFO buffer . 
Price: $275. 
Contact: Honeywell Inc. , 
Keyboard Division. 4171 
North Mesa St. , Building D. 
El Paso , TX 79902. (915) 
543-5503. 
luquir)' 764. 

Run PC Bus Card with 
the Micro Channel 

Aproduct called 1he 
. TransFonner 2 is a con· 

verter board that lets you con
nect PC bus add-in cards into 
TBM's Micro Channel bus in 
PS/2 Models 50. 60, and 80. 
The board plugs into your 
PS/2, and you connect it via 
cable to your PC expansion 
bus. 

The TransFonner 2 pack
age includes the Transformer 
board , a cable, and the ADC 
XI Card, a PC expansion inter· 
face board . You can also use 
the unit with Advanced Digital 
Communication's current bus 
expansion box. The company 
says you can also use it wi1h 
all ADC Personal Network 
software, including Novell 
NetWare, and that it will be 
compatible with OS/2. 
Price: $695. 
Contact: Advanced Digital 
Corp., 5432 Production Dr., 
Huntington Beach, CA 
92649, (7 14) 891-4004. 
lnquiry 765. 

Shades of Gray 
For Your Mac II 

I fyou'rc using your Macin· 
tosh n for desi..,op publish· 

ing or other applications that 
require photo-realistic black
and-white images. the Viking 
Analog grdy·scale mono
chrome monjtor from Mooi· 
term may be your ticket. 

The 19-inch monitor uses 
square pixels that let it pre· 
cisely match screen and laser
printed output at a screen reso· 

ECONOMICAL PORTABLE MODEM 

T 1ny transportable 
modems have recenliy 

become popular, bu1 with an 
often considerable price dif· 
ference over conventional 
modems. Now Delta Gold 
Computer Corp. has, at this 
wri1ing. the lowes1-cos1 full · 
featured portable modem. 

The DM-1200 is a 300-/ 
1200-bps Hayes-compalible 

modem that measures 2'18 

by I by 3 1/ 3 inches-about 
the size of a pack of ciga 
rettes-and weighs juSI eight 
ounces. The modem has 28 
characters of nonvolatile 
configurable: memory, re· 
mo1c ring. ione sensing. 
busy- and dial-tone monitor
ing, and a low-battery lighl. 
You can power the DM 

lution of 72 dpi. It comes 

with a controller that plugs into 

the Mac U's NuBus slot. A 

PC-compatible controller is 

also available. 

Price: .$2695 . 

Contact: Monitcnn Corp . . 

5740 Green Circle Dr., 

Minnetonka, MN 55343, 

(612) 935-4151. 
Inquiry 766. 

A Hard Drive 
for the Amiga 500 

upra Corp . . which has 
been making hard disk 

systems for Amjgas si nce 
their introduction , now has a 
version of its SupraDrive 
hard disk system for the newe-s! 
Amiga-the 500 . 

The SupraDrives are avail· 
able in capacities of 20. 30, 60, 
and 250 megabytes , and are 
ready to be plugged in and used 
immediately. The drives plug 
into 1he Amiga 500 's expansion 
connector and use Supra 's 
own proprietary interface for 
high-speed d.ata iransfer . The 
data channel is capable of burst 
data transfers of over 2SOK 
bytes per second. 

Each SupraDrive has an 
SCSI expansion port , and you 
can add plug-in RAM mod· 
ules with either I- or 2-mega
bytc capacities. Both the hard 
disk drives and any expansion 
RAM are powered by Supra· 
Drive.'s internal power supply. 
Price: $995 to $3995 . 
Contact: Supra Corp .. 1133 
Commercial Way. Albany. OR 
97321. (503) 967-9075. 
Inquiry 767. 

continued 

1200 off a 9-volt battery. an 

automobile lighter adapter. 

or standard AC power. 

Price: 599. 

Contact: Delta Gold Com· 

puter Corp . 260 Forbes 

Blvd .• P.O . Sm. SQQ , Mans· 

field. MA 02048. (800) 

255-3358 : in Massachu· 

sens, {617) 339-5575. 

Inquiry 768. 
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tte"'' Introducing Turbo C1.5
the best optimizing compiler 

gets even better! 
The professional 

optimizing compiler 

for less than $100 

Turbo C• is a techni

cally superior produc

tion-quality compiler. 

(Borland's equation sol

ver, Eureka'". is written in 

Turbo C.) And our Turbo 

C 1.5 offers a new library 

of the highest presenta

tion-quality graphics in 

the industry-the kind 

you'll see in Quattro: 

our new professional 

spreadsheet. 


• Text/video functions. • Sample graphicsAnd spectacular graph
including windows applicationsics are just part or the 

• 43- and 50-line mode • More than 100 new brand-new features. 
support 	 functionsTurbo C 1.5 enhance

• VGA. CGA. E:GA, Hercules. For professional-qua! ity Cments also include: 
ancl IBM 8514 support at an affordable price. no one 

• A professional-quality • File search utility (GREP) else comes close to Turbo C. 
graphics library or over Because no one can deliver 
70 functions technical superiority like 

• A Ii brarian that allows you Borland. 

to build your own object 
 60-Day Money-back Guarantee .. 
module libraries 


For the dealer nearest
• 	Context-sensitive help for 

you or LO order. call
the language and the 

library routines Circle 41 o" Reader Sen-ice Card (800) 543-7543 
(DEALERS: 43) 
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It's e,asy to upgrade to Turbo C 1.5! 
JI.ISi comolele !his coupon ind mail ~ wilh paymenl bel01e June 30, 1988. Or, call u~ a! (800) 543-7543 ;ind b~ read'f 10 gwe Olli ope1a1ors yoo- name. 
credit card rlJ!l'Oef. and Ille serial rllllliler oo YtU T!Joo Cmasler d15';. 
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WHAT'S NEW 

ADD 

Capture color for real-time proussing wi1h the DI2871. 

Process Color Images 
In Real Time 

T he DT287 l from Data 
Translation is a PC AT 

compatible plug-in board lhat 
captures color images from 
standard video sources for 
image processing . In addition 
to handling real-time color 
capture and display. the 
DT287 l pertonns real-time 
conversions between ROB and 
hue-saturation-intensity (HSI) 
images. According to the com 
pany, HSI representations <ire 
preferable to RGB because they 
allow high-speed image pro
cessing of color images. 

colors . You can connect it <.li 
rectly 10 other Data Translation 
boards, such as the DT2858 
Auxiliary Frame Processor or 
IJI7020 Floating Poim Array 
Processor, to speed up compu
tation-intensive operations . 

The DT287 l has I mega 
byte of frame store memory 
enough to store a single color 
image in three 256K-byte 
buffers ; the fourth 256K-byte 
buffer supports overlaying of 
text and graphics on color 
images. 

Data Translation also pro
vides a softw-.u-e library pack
age called Aurora for control-

INS 

ling the DT287 I . The library is 

callable from Microsoft Pas

cal, C, and FORTRAN. 

Price: $2995; Aurora soft

ware, $995 . 

Conte.ct: Data Translation 

l.nc., 100 Locke Dr. , Marlbor

ough, MA01752. (617) 481 · 

3700. 

Inquiry 769. 


Supercharge 
Your Printers 

T he Printer Perfonnance 
Card is an intelligent 

printer interface that fits into 
any IBM PC or compatible and 
lets up to three computers 
share up to seven printers. The 
card also has its own 256K 
byte internal buffer (expand
able to 5 I 2K bytes) that can 
store and foed documents to 
printers while freeing up the 
computers. 

Equipped with its own ded
icated microprocessor, lhe 
Printer Pcrfonnancc Card hns 
six standard parallel and two 
RS-232C serial ports. 

You can use the card in a 
network server , and it' s 
shipped with memory-resi
dent software that lets you pick 
the printer you want to use 
from a pop-up menu. 
Price: $399. 
Contact: Dresselhaus Com
puier Products. 8560 Vineyard 
Ave., Suite 405 , Rancho 
Cucamonga. CA 91730, (800) 
368-7737. 
Inquiry 770. 

Tape Interface 
for the AT 

You can use indu stry
s1andard 9-track computer 

tape drives with your IBM 
PC, AT. or compatible with 
Catamount 's interface cards. 
The cards arc available in two 
different models: one for the 
IBM PC or compatible. the 
other for the IBM AT or 
compatible . 

for the PC , The ATC-8 is 
an 8-bit FIFO interface on a 
half-slot card . For the AT. 
the ATC-16 is a fu.11-lengt.h 
card with 16-bit lfO and 
I28K-byte buffering. 
Price: ATC-8. $1095; ATC 
16. $ 1295 . 
Contact: Catamount Corp., 
2243 Agate Court, Simi Val 
ley , CA 93065-1898. (805) 
584-2233. 
Inquiry 771. 

Digital Sound 
From Your PC 

Usi ng the VP620E add-in 
board in your IBM PC or 

compatible, you can convert 
any audio signal in the 20-Hz 
to 7-kHz range into a digital 
signal for real-time recording 
and playback using your com
puter's disk . The ~4 -length 
board uses ADPCM (Adap
tive Differential Pulse Code 
Modulation} and takes its in
put via an RCA jack . 

Using software, you can 
select a sampling rate of either 
8 or 16 kHz. You can then 

Examples of hue-sluuration manipulate or randomly access 
processing made possible by LOW·COST HI-RES the digitized audio. Since the 
the DT287 I are color identi  boartl operates in the back 
fication. edge enhancement, C ADcontrollc:r is a new 1024- by 768-pi"el inti:r ground, il works at a maxi
desaruratiun/saruration, col multifunction graphics lacec.I or 800· by 600-pixel mum overhead rate of Jes than 
orimetric analysis , automatic card fmm GTCO !hat's de non interlaced resolutions . 20 percent. Since it has 
coloring of monochrome signed especially for CAD CADcontrollcr has astan selectable interrupL~, you can 
images , object definition. tint· applications on the IBM AT dard RS-232C serial port. A use multiple boards for appli 
ing, retouch, and other pe and companllles , It displ~ I-megabyte RAM e"pansion cations such as stereo or simul
cial effects. Intensity-process color graphic~ in resolutiol\li board is also available. taneous record/ playback. 
ing capabilities include noise of up to 1624 by 768 pb1eli;. Price: $177; RAM cxpan- Price: $395. 
reduction. arithmetic and logic Although it's at iti. best ion, S495. Contact: Antex Electronics 
operations, fre~uency- when used with w de-band  Contact: GTCO Corp.• Corp., 16100 South Figuen1a 
domain analysis, and com width high-resolution moni  71Z5 Riverwood Dr., Co St.. Gardena, CA 90248. 
pression/ decompression . tn rs, you can configure lumbia, MD 21046. t301) (800) 621-0849 . ext. 350; in 

The ITT287 l handles 30 CADcontroller 10 work wil'.h 381-6688. California, (213) 532-3092. 
frdll1es per second at S 12- by lower-cost (lower-bond Inquiry 773. Inquiry 772. 
512-pixel resolutfon with width) monitors at either co"rinueil 
over l 6 mill ion displayable 
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The LOCffECH HiREZ Mouse
the only mouse expressly desigr1ed fr>r 
high-resolution screens. 

With a resolution of320 dols-per
inch (as compared wiLh 200 dpi or less for 
ordinary mice), it covers 1he same area 
on your high-res screen, but net"ds Jess of 
your desk lo do it More than 50% less. 
Saving you valuable desk space, and 
effort: mouse maneuvers that used to 
require a sweep of the hand are now 
reduced to a llick of the wrist 

liil/F.Z mm& nm l.1 

50% lt-.u <IL1A 'f"I£' 
t.o cmJn lh' mm.
nmnr.ml ~ifJflt,.11 

Grtll 111 a 2()() d/JI 

Which makes this new mouse a 
hand's best friend. And a more reliable , 
long-las1ingcompanion-fully compatible 
with all popular software, and equipped 
with a Lifetime Guarantee . 

F.quipped, too, with other advantages 
exclusive to all Logitech mice: A unique 
lightweight ergonomic design. Low
angled bullCms for maximum comfort 
and minimum farigue. An exclusive tech
nology that guaranrees a much greater life 
span . An xce ptionally smooth-moving. 
dirt-r sist.a nl roll r haH. And natural 
compatihiliry with all PCs, look-a - likes, 
and virtually any software. 

So if you've got your eyes on a 
high-res screen, get your hands on 1he 
one mous<: 1hat's agile enough to keep 
up wirh it. 

The LOGITECH HiREZ Mouse. 
For tJ1e dealer nearest you, call 800

231-7717 (800-552-8885 in California), 
or "'rite Logitech , Inc., 6505 Kaiser Drive, 
Fremom, CA 94555. ln Europe, ca11 or 
write: Logi1e ·h SwiLZerland, European 
Headquarters, CH-ll 11 Romanel/ Morges, 
Switzerland (++41-2 1-869-9656). 

~LOGITECH 

Cirrle 147 on Reader Se nice Card (DEALERS: 148) 

http:Jflt,.11
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Though most mice out there look pretty 
much alike, they're not all equal in performance. 
It pays to be just a little choosy to make sure you 
end up with the right mouse for your needs. 

Starling with software. Ifyou want full com
patibilicy with all of your software, all you have to 
do is look for a mouse with the Logitech name. 
There are four in all, each one designed for dif
ferent hardware needs. 

THE HiREZ MOUSE 
Ifyou've got your eyes on a high-resolution 

screen, the mouse to get your hand on is the new 
LOGITECH HiREZ 
Mouse. 

With a resolution of 
320 dots-per-inch (as 
compared with 200 dpi 
or less for ordinary mice), 
it covers the same area TM LOG/TECH 
on your high-res screen HiREZ Muw. rzud! 

5()% /4I ooJr l f-Cbut needs less ofyour UJ cU!Jn' llir. sam11 
amuunl ofJcremdesk to do it More than 
area llJ 11 200 dpi

50% less. Saving you mutue. 

valuable desk space, and 
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C1H1i/ i11.urnrL1 nw "'t!m/mnif.1' //rjl lfl ngilll: th~ 111w l .OC/'/"1-.'C/~ lli/IEZ 
MmLli' ($179). '"'' m•(v mortv dr. l/.'"ltfll ~n·n..1{1'f11r ltig/Ho srumr: thr ux;rrf."CI I 
.<;rri;'$ 2 Mmt<J•/or /hr lllM l'.~12($1J9. plrl.!,'l rig/it mtu mnlLk' /JUrl}; mu/ IJ1r 
ux;rrn:fl \fotL\t' for stm11/rml .1rmw ($/ I'!. ;,, b11.1 mil/ M'1lill 1wnim1.1). 

ill/ r r1111r wilh I .flJ..'lli'rh \ "''"' /'ltL{ Sofh1111rr. whirlt fL\111rr.. riLV t!J uu· with 
uirttwll,~ rwy .m/f'llktrf, m11tJ.1J' l1tL11•t/ or rwt. 

effort mouse maneuvers Lhat used lo require 
sweeps of the hand are now reduced to a nick of 
the wrist. 

Which makes this new mouse a hand's best 
friend. And a more reliable, long-lasting com
panion. And, like all Logitecb mice, it's fully 
compatible with all popular sofrware, and 
equipped with al ifetime Guararlle . 

THE SERIES 2 
MOUSE 

for those who've chosen 
che Per onal System/2,"' the 
most logical choice is the 
LOGITECH Seri s 2 
Mouse. It's 100% compati
ble with PS/2, and plugs 
right into t.he mouse pon, 
leaving the serial port free 
to accommodate othe1· 
pc riphe rals. 

http:m11tJ.1J
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T.HE ALL-PURPOSE MOUSE: 
SERIAL OR BUS 

Most people find our standard mouse is still 
the bes t choice for their systems. It's available in 
both bus and serial versions, one ofwhich is sure 
to fit perfectJy with your hardware. And wit11 all 
your favorite software-whether mouse-based 
ornoL 

It's hardly an accident that only Logitecb 
offers you such a complete selection-we're the 
only mouse company to oesign and manufacuire 
our own products. We make more mice, in fact, 
than anyone else. Including custom-designed 
models for OEMs like AT&T, DEC, and 
Hewle tt-P.ackard. 

The three mice pictured to the left come with all 
thi expertise built right in. Which explains 

And in comfort With a unique lightweight 
ergonomic design. Low-angle<l huttons Ior maxi
mum comfort and minimum fatigue. An exclusive 
Lechnology 1.hat guarantees a much greater life 
span. An exceptionally smooth-moving, dirt
resistant roller ball. And natural compatibility with 
all PCs, look-a-likes, and virtually any software. 

All of which leads to an inescapable conclu
sion: if you want 1.0 end up with the right mouse, 
start with the right mouse company. 

Logitech. We've got a mouse for whatever t11e 
task at hand. 

For the dealer nearest you, call 800-231-77l7 

Circlt 149 on Rtadtr Stnict CJJrd (DEALERS: 150} 

tmouse. 

an interesting paradox: while 
you may pay less for a 
Logitech mouse, you'll 
sure! get more in 
performance. 

1\ l.ngilJ'.Clt mo1L•e plu1· l.t11,.j1£r/1 "/>plicatim1 .wjlumrr tq110ls a w mpit:I£ mfotin11 (all 
prices i11chuk mouse. Pills Sv/tw11re. mui "pplim1i011): 

LOGIC.ADD... $189. PUBU HER PACKAGE LOGl/~4/NTSET. .. 

'Tlmis )'t111r PC iii IQ ••. S/79. />l Bl/SHER Sf.19. J::lnwr1 tyf>•' 

11 /ulljea/Ured C1\DD so/twau leLf begim1t:TI mu/ fimb mul a 16·mlor 

11HJ1·ks1a1im1. t:vrry- o;pn-ts alikr prvduct· pro- pule/le. Crro/o fii.d tlzaJ 

tlimg /JIJ ru:ed /m fa1imu1/, hig/1-impncl mllVt" etLn1y into both 

dim,,,isio11R<I /;,., dacummu. fksig11 /l:mpwl'-s LOGlCADD wid 

tlrtruring tmd C:ADD. rnt1iu. fH'!Je laymo ~111)'. P RUSHER docwnimLr, 


(800-552-8885 in California). Or fill out and mail 
the coupon below to : Logitech, Inc., 6505 Kaiser 
Drive, Frernonl, CA 94555. Jn Europe, call or write: 
Logitech Switzerland, European HeadquarLers, 
CH-11J1 Romanel/Morges, Switzerland · 

(++41-21-869-9656). - 

1.----------------,

LoR!tech, ~n~.. fi505 Ka~ser Drive, Fremont, CA \1-1555. j

I Logitech Sw11zerland, European Headquarters, 
I CH-1111 Rom;mel /Morges, Swiu.erland. 

I Yes! Please send me the name t >f the nearest L( >Hi tech dealer. 

I Name 

I Cmnpmiy!Tilir 

I Addrf;U 

I J>Junv I 

:~ LOGITECH: 

L----------------~ll'enonal St"S"a.!mr l is a tnuJcm;i rk ufl ntcrn. tion.•11 Hu!!ih1es.s Mach ines. or-pontion. 
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WHATS NEW 

HARDWARE • OTHER 

Analyze Those 
Waveforms 

T he MacSpeech Lab II is 
a complete system for 

speech, music, and waveform 
analysis using Apple's Macin 
tosh II. According to GW In
struments. typical applications 
for t.he lab include the devel
opment and testing of audio 
equipment, voice and sound 
ana.lysis by crime laboratories , 
speech disorder analysis, 
speech therapy, speech-recog
njtion and speech-synthesis 
technology development, audi
ological testing and studies. 
and other assorted acoustic 
scudies. 

The heart of MacSpeech 
Lab Tl is the MacADIOS data 
acquisition board, along with 
the MacADIOS TJ antialiasing 
filter daughcerboard. Also in 
cluded are a microphone. 
speaker, recortl and play am
plifiers , and MacSpeech Lab II 
software. 

The syst.em can digitize 
complex waveforms up to 4 Yi 
minutes long at sample rates 
of from 5 to 80 kHz . You can 
then view , play, analyze, 
edit, or print them. MacSpeech 
Lab n is available either solo 
or complete with a Macintosh 
U and Apple LascrWriter 
Plus.or with the Macintosh II 
without the printer . 
Price: $6999; with Mac (J 

and printer, $16,350. 
Contact: GW Instruments 
Inc . • P.0, Box 2 145, Cam
bridge, MA 02141 , (617) 
625-4096 . 
Inquiry 774. 

MacSpeech Lab II brings wavefomi analysis to rhe Mac II. 

Companionship 
for Your Computer 

C ybex Corp. stresses 1hat 
it's not a netv.'Ork or 

multitasking device. but whm 
its product-named Compan
ion-can do is add an extra 
keyboanl and monitor to your 
system up to 250 feel away 
from your system unil. 

Companion uses a connec
tor box and special circuitry to 
use a single %-inch cable for 
both keyboard and monitor. It 
can be switched from 
"shared," whjch allows both 
local and remote keyboards 
and screens to be active, to 
"private, '' for when you 
don't want the remote screen 
visible . 

According to it maker, 
Companion works with all 
IBM PCs and compatibles. If 
you're using monochrome or 
color monitors. you can get 

FRIENDUER THAN THE AVERAGE MOUSE 

MouSC·Truk looks like a 
trackball. aml it is. 

'But it's compatible with a 
mouse. According to ltac 
Systems, Mnu e-TTak is 
more accurate and requires 
lc:5~ effort to use than your 
garden-wnety mouse. 

The essence of M.ousc
Trak ls a 2-inch polished 
phenolic ball. Using a DIP 
switch. ¥OU can set the on
board buuon5 for either mo

mentary contact or toggle 
on/off. Thc:·re 's also a speccl
control button that gives you 
a 4-to- I change In cursor 
velocity . 

Five versions of Mouse
Trak are available. The two 
standard R8-232C versions 
{t'NO or thn:e buttons) cmu
1ate both the Microsort 
Mouse and the Mouse Sy~
tems PC Mouse. respective
1y. The three quadrature 

Companion in cable length~ of 

25, 50, 100, and 150 feet. 

Price: $199 and up. 

Contact: Cybex Corp .. 

1860-B Sparkman Dr., Hunts

ville, AL 35816, (205) 

830-1100. 

Inquiry 775. 


Serious Joy(stick) 

T he "ultimate conuol for 
flight-simulation soft

ware" is what CH Products 
calls it~ FlightSlick joystick for 
the Apple Uand IBM PC and 
compatible families. The 
FlightStick has a contour pis
tol grip, with both trigger and 
fire buttons. The IBM ver
sion also bas a thumbwheel 
control for throttle control on 
both Microsoft's Flight Simu
lator and Electronic Art' s 
Advanced Flight Trainer. 

The FlightStick also has 

versions are replacements 
lor mice !hat operate with 
y terns ranging from Atari 

to Apple, to more powe1fol 
ysrems such as Sun, Apol

lo. VAX, and Tektronics. 
Price: SI 19 to $179. 
Contact: Jtac Systems Inc., 
1303 Columbia, Suite 217. 
Richardson. TX 75081. 
(800) 533-4822; in Texas, 
<214) 234-5366. 
Inquiry 778. 

dual-axis trim controls, and a 
5-foo! cable with thumb
screws. CH Products !><lys the 
internal potentiometers arc 
rate,d at 4 million life cycles. 
and that its return-to-center 
llCCUT"<ICY is ±.5 pc~ccnt. 

The Apple model of the 
FlightStick vrorks with the Ile. 
lie , and IIGS. The IBM 
model b compatible with the 
PC. XT. AT. and compa1 
ioles, as well as the PS/2 
series. On che IBM, you'll 
need a game port, and CH 
Products just happens to have 
it.s new Gamecard JU Plu1! 
available . The board has a 
three-position switch that ad
justs the gameport interface 
to three different values. · 

The company cla.ims che 
board also lets you use joy 
sticks and computer games 
wich AT compatibles at up 10 

16MHz. 
Price: Apple version. 
$74.95; IBM version, $79.95 ; 
Gamecard Ill Plus, $59.95. 
Contact: CH Products. 1225 
Stone Dr., San Murcos. CA 
92069, (619) 744-8546. 
Inquiry 776. 

Coprocessor 
Speedup 

D uc 10 the variation in 
speed rating of 80287 

arithmetic coproce.ssor chips. 
most computer systems run 
these chips at oaly 66 pen:ent 
of the speed of the 80286 pro
cessor. But a company cal.led 
Semiconductor Physics has a 
solution. Iis Co-Clock is an 
80287 speedup board that's sold 
without the coprocessor chip. 

Available in rated frequen
cies of IOand 12 MHz, thcCo
Clock operates at the precise 
rated frequency of the 80287. 
Installation is a simple matter 
of inserting the 80287 into the 
Co-Clock, and inserting the 
Co-Clock into your system' s 
80287 socket . 
Price: $60. 
Contact: Semiconductor 
Physics Inc .. 639 Meadow 
Grove Place, Escondido, CA 
92027. (619) 741 -3360 . 
Inquiry 777. 

wminued 
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ANNOUNCING ORACLE 

FO 1-2-3. JUST IN 
TIME-$1 

Spreadsheet growing too big and complex? 
You need a database. No time to learn 
a database? You need the ORACLE 
database add-in for Lotus 1-2-3. 

If you have Lotus 1·2·3 and $199, you 
can now solve the six biggest 
spreadsheet 1>roblems: 

I 
Has your •prt,adshet'I ~row11 "" 

~·omplex you l'<111'1 keep 1rat·k of 

the formulas any more? 

2Have you had to bn•ak dowu }'<fur 
larg~ ~preadshet~I 111 10 111o111y 

~mailer ones? 

3	Do you haw 10 manually ,....,,nler 
data that's duplicalt·d In sewral 

sprt'11tbhet·ts~ 

4	Do you have !o manuall 111ar1ipu
la1e rows i1110 mcanin!jful Mroup,,; 

5ls recalculat ion lime lor st>ldnm· 
used reference variables ea1111~ 

~ou alive? 

6Do Oll wish you rnul cl si 111ul

lfHleously share spreadsheet 


d"t;1 >v il li other I' ' s. as well a with 

111 ir11 s and mainlr:u11P!(1 


Now. ORACtE for l-2-:l iurns yuur 
sprc1<d.d1.,et inrn lh\! world- );1ss 
da1ah.1sc you alre.1dy k rn1w how le1 
us" ;\nd without 1.-a.rning 11 new 
d.11.ibasc language. you rnn use !he 
verv samt! ORACLE I hat 's the most 
rc11~e.<htd ! >BMS by mi11inm1puter 111111 
111<11ntram<: users. All for only ~ 199. 

ORACLE for 1-2-3 lt'l s data rda
11011ships rer1fa(e •ver more tompl ·~ 
spre.nlshccl formulas. Nn morr lim ' 
is wasled recalculatlnf'l seldnm-os .. d 
rdcrcnce ~dis In short. OHACLE 
puts <Ja1a back where ii bel<>nRS In 
u databast'. 

With simple cxh:n~k111s tu uistins 
1..utus menus. ORACLE lc>r 1·2-:l l el~ 
you t rea!e new dalaba.ic !able. rlghl 
lro m rows and columns in your 
sp rc.1dsht!et. Whc11 you qu

0

cr~· lhe 
dalaba~e from a cell. yvu i1nmcdia1ely 
sec curren t database inlormation. 

pdMe ,, spreadsheet cel l. and Ille 

d;:i!abase Is slmullnneuusly updaled. 
A rnngc of cell. In ynur 1-2-:3 spread· 
sh el could really be a window lnio 
an online nucro, min i or mainframe 
database anywhere In th e world. h's 
network ready. from LA · 10 WA 
All as easy as .. . 1 -2-~ . 

ORACLE FOR 1·2·3: 
THE NEW STANDARD 

ORACLE L• lhe numher rm· dilla
base for malntrarne..,. roinicnr¥1put •r,• 
and workst,1t ions. Sofl ware Digt'sl 
r<•c ntly tal1•d ORACLE the most 
pow<:rlnl and vcr.~iltlle relationn l 
DBMS lor the l'C. And ORACLE i; 
based on SQL. 111<· r.J111.i rnana!ltmienl 
standard endorsed bv IBM. A, SI. 
ISO and the lcdernl Rrwcrnment · w. 
there Is a new standard' ORACLE 
for 1·2- • II has I he si mplidt y vou'vp 
always had. wilh th e power yuu\<c 
always wanted. 

THE ADVANTAGES OF 
DATABASETECHNOLOGY 

If your da!a b; l n .. daldbdse' yner 
spreadsheet only has lo deal with 
1he data you· re i nterestc.d in . Which 
means i;prcn<lshecl pcrformant'<· ts 

CAll t-800-0RACLllORACLE. 
COMPATl81UTY ·PORTABILITY· COHNECTA81UlY EXT. 149 TODAY. 

drnmalically improved. Dul lhis 1s 

jusl the begiMinii . 

Multiple uscfli cnn share the sa me 
data Di fforenl users ·n11 have dilfer
ent levels of ~ccurit y Mamtrnmc-class 
dat~ in legrity nnd Nrnr recovery 
mean never having lo say "Ouups!'' 

• CREATE YOUR DATABASE FROM 
SPREADSHE~71· COLUMNS AND ROWS. 
Familiar menus ml(J e<.H 11ex1-sen.~i!ive 

help guide you 1ltrou11h the process. 

• QUERY YOUR DATABASE AS 
EASY AS 1·:!·.l. Have the• query built 
fur you. or wri le SQL <1ucries your
.< ell. Learn why SQt i• 11 11• indust ry 

d.1ta marrnscment standard 

• Ul'DATE YOUR r>ATAl:lASE A~ 
Y< JU Ul' DATI:: Sl'READSllEET 
CELLS. In update mode. clrnng<l-' m 
yoor spr •adshet't bcc<lm(• ,·hMtgcs 
in your dr1ti1basc. Aud i f yno make a 
m1st,1ke. y()u can _ 

• OMMIT UR U DO CH.-\1 GES. 
l'inall1•. 1111 "UNDO" com 111a11d for 
1-2-3 ' ·when yo ur dalabasc din tiRCS 

.1rc complete. ou can COMMIT 
th<·rn . ur ROI.I.BACK yuur da1abasc 
ut1d yuur .<~ rcad.. heel . 

• AROUND YO R OFFICE OR 
AROUND THE WORLD. ORACLE 
lor 1.2.:~ i-' nelwork ready lor d;1tn 
cli•l rib11tin11 on LANs and WA 1 • Sn 
d:11a 011 I' ·s. workstations. minis 
and cv\,n un rnni11frames apru,ars <i• 
if 11 ·~ on your local hard d1 ~k . 

HEARD ENOUGH? 
\ EU. PAY SAl£'i TA X .·\NO 
SHll'l'ING IF YOU FILI. 0 r AND 
MAIL THE ATIJ\CHED COUPON, 
OR CALL TODAY. YOU CAi 1\l.SO 
SEE A DE 10N5 fRATIO t AT YO I/ 
FAV<lll lTE COMPUTER STORE. 

r----------,·Dea· Q·ra·cl o .iu.cu. 10.1-i-l ·u•ocl• u~pnr•hon

I ' - I 1U n_.,, ,, [)r,,r . 8'-.!munl . u.. 4't001 I 
'1'1:t...J l'\.."J\.~ .u1 ~l::.!HG t8tr'.1.H('~~1.1nrun~ iYi'.H l~ ;\ U' .11ntJ ~o1u5 trl"",... 2 01 _I •li.o ,,..,,,. 

~r;.urKA ol k..\_~ , 111t.11 t:"tlht"t l.~I \IR 11f nl,,.tM~t1 ITM'm11ry m I n ~.u-..1gn IMS ul n1y n1M1..tHJt:iJ I 
(.,~\.'f"--br\.Ud) memQt )' Ii'- C'Jt:lo:'n.dcd nk'mory. Pk4."JI!'" "J~ild Ill<: lhll': Jia14blltc." I .1.l1 c.11d ko.._,.,... llu~ 
W,.tJ'!I~ T 4UtA{Lf na1.1h,u.. ~\i.ld· ln t11t LOIUJ l·?·l Euf l-OM:tl I t rn~· 0 ('ht:;Ck . {I, L \ l\A/ 
LJ MC 'J .\n1 t::11. Nt'dl1 r.u11 _,_1thorl.tollt~o1' IN S.l'JIJ th~rry. 

l'l•" 

li11f! Zip 

,,,,..... 
CrrdJI tJld i'.: c..m JHlilllHn I JiJf" 
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WHAT'S NEW 

HP 's NewWave inregrates data from multiple applications. 

Windows Management 
Under QuickBASIC 

Q uickWindows is a win
dow-managemenl library 

for Microsoft 's QuickBASIC . 
You can create windows, 
pop-up and pull-down menus , 
help windows. and data-entry 
screens, and you can access 
over 60 functions through 
BASIC with the CALL 
statement . 

When you open a window, 
the program automatically 
saves the screen contents 
below. When you close the 

window. it restores the 
screen. You have control over 
the style, size, and attributes 
of each window . Each window 
also has its own cursor, so 
you can write text to a window , 
and the window scrolls when 
it becomes full . 

QuickWindows is written 
in assembly language .. It runs 
on the IBM PC , XT, AT, or 
compatible with a bard disk 
drive or two floppy disk 
drives and MS-DOS or PC
DOS 2.0 or higher. You need 
at least 320K bytes of avaiJable 
memory , and 512K bytes is 

PROG R AMMING 

reconullended. You also need 

Microsoft's QuickBASIC and 

an EGA or CGA video board . 

The prognun also supports 

the Microsoft Mouse. 

Price: $79; $99 with source 

code. 

Contact: Sofrware lnterphase 

Inc., 5 BradJey St., Suite 10. 

Providence. RJ 02908-2304 , 

(401) 274-5465. 
Inquiry 779. 

HP's Icon-Based 
Application 
Environment 

T he NcwWave environ
menl combines object 

management technology, ar
tificial intelligence, and a 
graphical user interface. It 
lets you integrat.e data from 
multiple applications includ
ing text, graphics, voice, and 
scanned images . Hewlen
Packard reports that the data is 
linked seamlessly. "Hot con 
nects" between applications 
make sure that when you 
modify one object, all others 
are updated as needed. 

NewWave can run any MS
DOS application, but you need 
to write code to make it ap
pear as a seamless object in the 
NewWave environment. You 

TURBO PASCAL 4.0 LIBRARY AND COMMUNICATIONS UTILITY 

P ower Tools Plus 4.0 is a 
I ibrary of over 140 

functions that enhanc~ the 
Turbo .PascaJ 4.0 program
ming environment. You can 
install a Turbo Pascal proce
dure as an interrupt-service 
routine or an intervention 
code that can be automati
cally triggered at certain 
times of the day or when you 
press hot keys. 

The u1ilities provide C:lll" · 

sor control, sci:cen attribute 
senings, multiple-display 
page support. scrolling, 
screen input and output, and 
IBst video access. EGA and 
VGA arc supported in text 
mode. including 43- and 50
linc modes. 

With Power Tools Plus, 

you can construct multiple 
windows with borders, attri
butes, and cursor control. 
You can also stack and re
move them, or display them 
tiled or overlapped. You can 
also execute DOS com 
mands from withfo your 
Turbo Pascal program. 

Asynch Plus is another 
Turbo PascaJ 4.0 utility. It 
lel5 you add asynchronous 
communication capabilities 
to your Pascal applications 
programs. Asynd1 offers si
muhaneous buffered input 
and output to both commu
nications porL~ at up to 9600 
bps, according to Blaise. It 
s11pports the XON/ XOFP 
protocol and XMODEM file 
transfers. The routiJJC{> drive 

most asynchronous devices 
via RS-232C ports . The util
ity includes low-level con
trol and queue-maintenance 
functions written in assem
bly language, and high-level 
routines wriuen in Turbo 
Pascal . 

Both Power Tools Plus 
and Asynch require Turbo 
PascaJ 4.0 and MS-DOS 2.0 
or higher, running on !he 
IB:td PC, XT. AT. or com
patibles, or the PS/2 . The 
soun:c code is aJso included 
with both products. 
Price: $129eacb. 
Contact: Blaise Computing 
Inc. , 2560 Ninth St., Suite 
316 Berkeley, CA 94710. 
(415) 540-5441. 
Inquiry 781. 

can run the MS-DOS applica
!lon from within NewWave, 
represent Lhe data from the ap
plication as an icon , or ful ly 
integrate the applica1ion into 
NewWave by hot connects. 

A task manager (the 
Agent) is like a macro proces
sor but can record comments 
applying to different MS-DOS 
applications. The Agent uses 
scripts written in the NewWave 
Task Language, and you can 
use it to automatically execute 
repetitive tasks at a particular 
date and time. 

NewWave runs on the IBM 
PC, XT , AT , and compatibles 
with Microsoft Windows 2 .0. 
Price: S895 . 
Contact: Hewlett-Packard. 
P.O. Box 10301 , Palo Alto, 

CA 94303-0890, (800) 367
4772; in California , (415) 

857-1501. 

inquiry 780. 


Application Modeling 

Model-S lets you develop 
a working model of pro

cess-related appl.ications . To 
create a model, you break the 
application into frames, such 
as menus data-entry panels , 
and reports, which may in
clude both text and data. You 
then link the frames into a 
working model , ies1 it during 
development , and display the 
flow diagram ; then you can ex 
port it to a database. 

You can develop models 
with up to 200 frames, and for 
longer models you connect 
them to fonn super-models. 
Frame size is 60 rows by 160 
columns, and you can have up 
to 200 titles and data fields . 
You can ljnk it to as many as 60 
other frames. 

The program runs on the 
IBM PC and compatibles with 
a hard disk drive, one or 
more floppy disk drives, 
PC-DOS or MS-DOS 2.0 or 
higher, and at least 256K bytes 
of RAM . Color is supported. 
Price: $149. 
Contact: PC-Systems, 307 
Barwynne Lane, Wynnewood , 
PA 19151, (2 15) 649-8981. 
Inquiry 781. 

cominued 
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Perfect matches to DEC user needs. Hip. Hip. And Hooray. 

One-size-fits-al\ is an attribute best reserved tor inexpensive socks. In the 
realm of PC-based emulation and communications software for DEC mainframe 
users. it's important to match specific user needs with specific product attributes. 
We have. 

Smafferm® 240 features exact four-color emulation of a DECql) VT241 terminal. 
Along with delivering full-screen ReGJS<! and Tektronix® 4010/4014 graphics. 
Smatrerm 240 offers precise VT220.VT102 . VflOO. and VT52 text emulation. 

For non-graphics applications. Smafferm® 220 duplicates virtual ly every 
SmarTerm 240 text communication . and ease-of-use feature. Three error-free file 
transfer protocols, including Kermit and Xmodem. are provided. Downloading 
minimizes on-l ine time requirements to boost overall system efficiency. And an 
optional network package allows direct LAN access to shared modems. printers. 
as well as host mainframes. 

As Smatrerm 240and 220 focus on graphics and text new SmartMOVE®makes 
PC-to-the-rest-ofAhe-World communications sharper than ever. Speed connect 
auto redial. and backgrou11d file transfer features make this VTIOO emulator a loud 
and clear choice for advanced communications requirements. 

Graphics, text. and communications. If you're looking for a perfect fit. seek the 
software sized and priced to match your needs. Persoft has it. Period. 

See us at DEX PO West Booth !024. visit your dealer phone us at 
608-273-6000. or use inquiry code 50. persn;r· 



WHAT'S NEW 

SOFTWARE • SCIENTIFIC AND ENGINEERING 

Ansys-PC for the Mac 

S WBnson Analysis has 
ported Ansys-PC/Linear 

4.3 to the Macintosh II. PC/ 
Linear is a finite-element anal
ysis (FEA) program for stat
ic. modal, and dynamic re
sponse, and random vibration 
in one, tw(>, and three 
dimensions. The analyses are 
pertonned on models built with 
a library that contains shell , 
solid, beam. pipe , gap, and 
other elements. 

Other Ansys programs to 
be ported to the Mac include 
Ansys-PC/Thennal 4.3, a 
stand-alone program for 
steady-state and transient 
thennal analyses; Ansys
PC/Solid 4.3, an intemctive 
preprocessor for building solid 
FEA models: and Ansys
PC/Opt 4 . J , for design 
optimization. 

Ansys prognuns require 
2 me.gabytcs of RAM , a 4-0 
megabyte hard disk drive , 
and a 640- by 480-pixel 256· 
color monitor. 
Price: $6400: $300 per 
month to rent. 
Contact: Swa.nson Analysis 
Systems l.nc .• Johnson Rd .• 
P.O. Box 65 , Houston , PA 
15342-0065 , (412) 746-3304. 
Inquiry 783. 

Viewing Computer
Aided Waveforms 

CompView lets you view 
computer-aided wave

fonns using fast-Fourier
transform-based digital-signal 
analysis . The program is 
menu-driven and has built-in 
functions of sine, pulse, tri
angular, and modulated wave
fonns for plouing grnphics in 
Lime and frequency domains. 

Comp View also has several 
ideal first- and second·order 
filters for plotting impulse 
and amplitude responses . You 
can edit data in ASCU fonnat 
and save it to a disk. 

CompView is nm copy 
protccted . II runs on the rBM 
PC, XT, AT , and compat
ibles with PC-DOS or MS· 
DOS 2.0 or higher with 256K 
bytc-s of RAM and a CGA. 

A s1a1ic analysis performed with Ansys-PC/Li11ear. 

Price: $49 . 

Contact: Bsoft Software, 444 

Colton Rd., Columbus, OH 

43207 . (614) 491-0832 . 

Inquiry 784. 


Scientific Data 
Processing 

S pectra Cale , a program 
for processing scientific 

data. displays up to 20 data 
files simultaneously and lets 
you expand data in real time 
with full axis labeling, accord
ing to Galactic Industries . A 
WYSIWYG mode lets you pro· 
duce pre.senllltion-quality 
plots , the company repons, 
The plots can contain numer
ous font types. culors, axis 
labels. and other annotation 
tools. 

The program has an op
tional arithmetic module that 
provides preprogrammed ap
plications including smoothing, 
curve fitt ing, and Fourier do
main filtering. 

The program also includes 
an application language , which 
is designed to process array 
and i.s optimized for the 80x87 
coprocessor. Wit.h expanded 
memory, !he program can han
dle arrays as large as 2.4 
megabytes. 

A communicat.ions pro
gram within Spectra Cale lets 
you transfer data between it 
and any remote computer or in

trument that supports a 
serial port. It supports standard 
ASCII file transfers, as well 
as Kemiit and XMODEM 
protocols. 

Spectra Cale runs on the 
IBM PC, XT, AT, and compat 
ibl.es with at least 512 K bytes 
of RAM . It also runs on the 
IBM PS/2s . The arithmetic 
module requires an 8087 or 
80287 coprocessor . You also 
need an IBM CGA, Hercules 
monochrome , EGA, or IBM 
VGA adapter . 
Price: $695; arithmetic mod
ule . $395 . 
Contact: Galactic Industries 
Corp . , 417 Amhcr.;t St., 
Nashua, NH 03063. (800) 
862-6004; in New Hampshire. 
(603) 881-7877. 
Inquiry 785. 

Ray Tracing 

T
 racer PC offers you ray

tracing capabilities with 

modeling and rendering fea
tures . Imagery includes reflec
tions, refractions, spectral ab
sorption , an unlimited number 
of multiple colored light 
sources, shadows , and variable 
levels of amialiasing. You can 
have the folfowing features 
UV'dilable: arbitrary viewer lo
cation, arbitrary center of 
view, variable Jen length , 
and variable output· resolutions; 
you can also simulate water 
equations. 

The program"s modeling 
capability lets you do surfaces 
of revolution. extrusion, and 
curved surfaces for comple.~ 
parts. as well as quick primi 
tives such as cones, spheres , 
cubes. cylinders . and arrows . 
You can also generate quick 
multiple views with hidden
line rcmDVlll. 

To run Tra~r PC , }'QU 

need e.n IBM PC with at least 
640K bytes of RAM. a math 
coprocessor, a 40-megabyte 
hard disk drive, a mouse or 
digitizing tablet. and a Targa 
24- or 32-bit graphics card or 
a Number Nine Revolution 
32-bit grapl1ic board . 
Price: $3000. 
Contact: Ray Tracing Corp .. 
2516 Via Tejon , Suite J 16, 
Palos Verdes Estates , CA 
90274, (213) 373-0520 . 
Inquiry 786. 

Linear Design Tool 

Unlike Spice-based lin
ear-circuit-analysis pro

grams, LCAS uses a single 
program with analysis. graph
ing , printing. file -manage
ment functions, and an inte 
grated circuit e-ditor . LCAS is 
command-driven from a 
spreadsheet-like menu , and 
the circuit editor is cell-based. 

Basic circuit cornponems 
include delay lines. transmi 
s.ion lines, microstrip. and 
phase-locked loop compo
nents .. Gr.iphics functions let 
you plot, overlay , add, and 
subtract the magnitude , 
phase, and group delay re
sponses of circuits. You can 
output graphs to disk files or 10 

Epson or IBM graphics-com
patible dot-matrix printers . 

LCAS runs on the IBM 
PC, XT, AT, and compatibles 
with at least 640K bytes of 
RAM aml a CGA or EGA 
video adapter. It will also use 
an 8087 ur 80287, if available. 
Price; $149.95 . 
Contact: Datum Systems, 
P.O. Box 4720. Santa Clam. 

CA 95054-0720, (408) 

988-0858. 

Inquiry 787. 
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SOME PEOPLE ASK UFE & DEATH 
QUESTIONSWITH OUR MICROPROCESSOR 
DEVELOPMENT TOQl.S. Mulrip~· your producti\ril)' 

What you see alxJ\'t isn't the \ate-night vision of 
an o....e~rk£d design engineer. 

Rather, n's blood-ready to be computer assayrd 
at the touch of a bu non in a hospital o~rating room
on a new blood gas an~lyzcr that works twice as fa.~t as 
c1 r before. 1110 sal'C time. money. error - and lives. 

Th is breakthrough for ancsthcsiologim was 
created ">' NOVA Biomedical. And made possible by 
AVOC ET. acclaim cd as the bes1 !>Q111cc for professional· 
quality ammbltn. simulator/ dtbuggcrs und cross· 
compiler! for microprocessor and microcomroller 
software de~lopmcnt. 

let 1uc ·1 tum •our P or \\\.'{ into J 

fast, powerful , in trgr.ncd dcwlupmcnt s 'Stem 
in 48 hours.even O\'cmigltt. 

Avow can hdp you tum more good ideas inr.o 
more real prod um in less tirne. 

jus1 call us now and we'll get you up and running 
with what EON calls "the most fiex ibk, easy-to-use, 
high-speed dr--e lopmem tools" -ewrything you need 
10 rum your computer into a sophistic;md pe~nal 
de1"tlopmcm S)"Stcm. 

All at a modest price. From a single source. 
B;icked by the n:assurance of a 1echnkal hodine. So 
lric.ndly, knowkdgeable, immediaie-mponse supporl 
i5 alWll)'S as close as )'OU r pho11e. 

Start widt the indUSlr)' sliUld:ml: 
Amee! AVMJL" Assemblers. 

The lates1 AVMAC \\:rslon 2.0offers )'OU lighming
fas1assembly. Plll!i, enhanced compatibility with lmel. 
Hiiachi, Mowrula & other chipmakcrS. F..ach AVMAC 
package come~ complete with our AVLINK~ Jin ker. 
AVUB~ librarian. AVREF" cross-reference generaior 
and 200+ pg. sds Guide-all the tools you'll w:mt 

and need. 

with NEW A\u1:et C 
Introducing t\l'Ol'ct C- professJOnal-quality opti

mizing cross compilers for 1he Z80. 6-1180. 8096. 8051 
and mon:. 

Avocet Cgives }'OU quick compilation and com
pact. fast-ntnning object code.And ~s. ii supporis the 
full Clanguage. including manyANSI extensions. 

Of course. Avocet C is also compatible with our 
AVMAC assemble~ So )'OU can drop imo assembly 
language when )'OU need 10 vmrk magic at !ht bits-and
bym l~1

Test wich che oot: 
AVSIM. Simu~oor/Debuggtrs. 

NOVA· Biomedical design engineers r.uc AVSIM 
"N umber One" for checking prograrns-quicld)' 
and reliably 

.A.VSI Mtest target 11PI11C code right on )'Our PC, 
with no sptcial han:l""3re. It can't Ix en.shed by pro
gram bugs. And che full -screen display giv~s you 
instant visual access to 1he en1 \ri: CPU: Rags. registers, 
memory. l/O por!S :ind on-chip peripherals. High!)•· 
rated by ED 1, "onlyAVSIM is sophisticated enough to 
let }'OU set unliniirrd breakpoints and traps:• 

AVtJCET 


Targtt Microprocessor 
familits Suppomd 

lllW lllO) 68000/6llOIO (.OP.00 
6~l/6'C02 660211 HD6tl~ 

~/6]()) IJ)W8CH) NK7500 
blkH 3Qj[ /80Sl TM'i-llJllil 
6llOS/6J0' !QI, fM>llJllD 
6839 80\16 ZB 
6811C 11 f8/ )870 lllJ 

H<><r ()poloung S,.,..,,.. 

CP!M DOS !'C~niJ VMl nl!C 

AVMAL ~i:..·ro A•stmhm from ~3fll 
~SIM SomullloY/Dl!lalQIUS fmmSli9 

ull now about new 

A\«et C Cross Compilers from S895 


C.AU 10ll-FREE 
800-448-8500• 

IO ordn.111qiurubo111111hcr ~N '°"""' '''"'" 
Qlll \alr:SI aurtopmet.M« dl:ftlopmau IDOi ucalog 

Try ~fort you buy 
Order your AVMAC assembler and AVSIM 

simulator/debugger today and 11.t'll include a s ~cial 
demo kit fo rboth. Try 1he demo for JO days. If )\JUTc not 
satisfied for anyreason, return um1pcncd products for 
a full refund, lc.ss the $35 demo/ d0cumeniat itm kit 
which is yours to keep. 

Avocct S) rems. With our development tools. the 
diagnosis for your project is a mooth fin 15h-on time 
and on budgcL 

Avocc1 Systems, Inc., 1.0 Union St~t 
P.O. Box 4~AO, Rockport, Maine 04856 

•Outside U.S. and in ME, coll tlOi) 236-91)5; 
nx, mi 10 AVCX::ET Cl FAX: (207) 236-671 l 

A\'occl c.lcll""rs ~ II rh o 100\s )"U n~ed in 48 hours or bs 
Ask ;,bout (lur NEW !\lS<-Cnmpil<rs. our AVPRO~r ond 
AVl'hl • p!\Jg"'mmer~. our 8051 rn ·ci rcu u emulator. dcwl
opmcm bo•rds. 1hc AVP,..S 51 • ros;. ompikr-and 
,w Kl r. • 1hc total lJm x 100\box ror DOS, rncl udlng 1hc 
In<•1rnJ>"nb ~ \II cd nor. 

0 1987 l.o.. l't S'f'loltHI\. ha A.11 11&bt1 Pnrf'W"d \.~ t:t. .. H~dmwlu~ IA:(.. 

l'm• ~ • •t..,...tK Oii Ar6i:'T ~n1 "' .J.mdm:uirk >:ii liiluo1111'1 

CP/M h.11 1.-.irl'l\..ld1. ~ [).s1uJ 'Aru-.m: h 


Circle 30011 ~olltrStrviu Ctud 

SYSTEMS. INC.• 

THE SOURCE FOR QUALITY PERSONAL µP DEVELOPMENT TOOLS. 



NBl. Inc , Modd !108 	 QMS-Ps• 8C{I Unmy/ie Campan)' Linommic'" /(,,'('!
QMs.rs· sco+ Linut~/I!! Com/)(lny Utwtrrm/(:'" 3L'\.) 
QMS-Ps~ 8(X1 II 

AST Turbo L:u~'/l'S 

T~mi lmm.c111<'ll1' t>mrnhi='" 2 /08 Vanryp.-r Vf.6C(J \t'ani: LCSJ5'" 

The Laser Crmn~cli1111 PS Jdl'S Je1+~ NEC lnfmmalir>n Sy< rem< L..lMS-l'S"' 24()J !\fl<~i, Cum/J111<.'T Inc 
SiknrWrir....-'" LC-890 Dcmu1rn/J......,.,,- 16'" 



Ju1npwd1m.1 C'"fJ· LZR'" 16ti5 

Apple C nmp1d<'r lru: . Ln<;Wri!1."T~ 

• 

Pa:.-rSCRJPl'-~ from Adobe Systems started a rcvolutiun in husines.-; 
communications. That's why you'll find PosrScRJPT in virtua lly every 
!Xlrular laser printer sold ttxlay. 

Po~IScRJF'T, the page description language. is tht~ unanimous choice 
for me very good reasons. Po~..1ScRJPT gives you the option of printing 
fro m an IBM~ PC, Macintosh'~ or mini/mainframe. 

With so m<my print rs to choos fro m, you won1r be tied m a single 
vendor. AnJ that give you the flexibility to buy what' he t fo r your 

company's needs. Since POSTSc:RlPT is device inJepenJent, you can Jesign 
a document, then professionally print it later at a higher resolut\on. 

You can also choose from hundreds of software programs suppl)rting 
PosrScRlPT. And Po::.TSCRII'T lets you combine text, line art, and .even 
digitized phntoJ.,'T"aphs on the same page. 

Pet-iiScRIPT from Adobe Systems. The only two names you need tl1 

know to join the communication revolution. 
Ask for a demonstration on the P RJPT printer of your choice. 

With.so ~any _ro choose ~om, th~ hardest decision y u A~\)~ 
may tace 1s which Po:,TSc.Rll"T printer to huy. .£..~Ms 1 rnNro": 

POSTSCRIPT from Adobe. 
The Magic Behind Desktop Publishing. 

App~ Comp11UT Inc. Lu1.TW1111."T" Pli" Al l~.,. rBIQ'!il*'l"llla 1.Jild!ifna~ and 1~...U af ~r ~oolllciur-. 

Circle 4 on ReaderSen•ice Card 



WHAT'S NEW 

SOFTWARE • SCIENTIFIC AND ENGINEERING 

Modeling, Animating 
on the Amiga 

S culpt 3-D is a solids
modeling and ray-tracing 

program. Animate 3-D is an 
arrimatioo program. You cao 
link the two together to pro
duce animated designs and 
produ ctions. 

Sculpt 3-D is a stand-alone 
prog-ram that can use all 4096 
color.; of the Arrriga palette. It 
offers mouse control, pull
down menus, and keyboard 
macros. Three windows show 
you standard architectural 
views of a three-dimensional 
space. A library of shapes in
cludes spheres, cubes, and 
prisms. Tools such as spin , 
magnet, and extrude enable 
you lO modify the object' s 
shape. 

You can change your point 
of observatfon. and , just as if 
you were using a 35mm cam
era . you can choose the lens 
view from wide angle to tele
photo . You can also change the 
placement of light sources . 

In quick check mode , 
which lasts for less than I sec
ond , you can create a wire.
frame model image . Painting 
mode is for generating a solid 
mo<lel image quickly. 

Snapshot mode renders a 
fast ray-traced image without 
the shaclows , and photo mode 
give you a detailed 4096-color 
r.iy-traced image with 
·hadows . 

Sculpt 3-D supports over
·can and all the Amiga graph
ics modes, as well as NTSC 
and PAL video displays. Out
put i.. in the form of standard 
!FF fiJes. 

Animate 3-D requires 
Sculpt 3-D as its object editor. 
It lets you manipulate and 
control the motion of the ob
je.cts you create with Sculpt 
3-D. You can use segmented 
and cubic spline paths for oh
ject , observer. and light 
sources. Animate also lets you 
preview character animation 
in real time. 

You can also compress and 
expand images in real tiaie. 

A three-dimensional mode.I created with Sculpt 3-D. 

Animacc lets you interface 
with single-frame controllers 
and film recorders. 
Price: Sculpt 3-D, $99 .95: 
Animate 3-D, $149.95 . 
Contact: Byte by Byte Corp .. 
Arboretum Plaza £1, 9442 Cap
ital of TeMs Highway N. 
Suite 150, Austin, TX 78759. 
(512) 343-4357. 
Inquiry 788. 

Modeling with 
OataCAD 

DC Modeler works with 
DataCAD 3.5, adding 

three-dimensional design, 
editing , and modeling capabili· 
ties to the CAD program. The 
modeler includes an edit menu , 
which lets you edit drawings 
from any perspective. An enti
ties menu gives you a variety 
of three-dimensional shapes 
such as cones, domes , cylin
ders, and slabs. 

You can access DC Model
er from within the DataCAD 
menu. All changes you make 
are automatically made to the 
dr.iwing file. 

To run DC Modeler you 
need an IBM PC or compatible 
with 640K bytes of RAM . 
MS-DOS or PC-DOS 3.0 or 
h.igher, and DataCAD 3.5 . 
Price: $495 . 
Contact: Microtecture 
Corp .• 617 West Main St.. 
Charlonesville, VA 22903, 
(804) 295-2600. 
Inquiry 789. 

Numerical Analysis, 
Signal Processing, and 
Graphics 

3 86-MATLAB (matrix 
laboratory) and 386/Wei

tek-MATLAB run in pro
tected mode on 386 svstems, 
breaking the 640K-bYte mem
ory barrier . The programs. 
which integrate numerical 
analysis , matrix computat ion , 
signal processing , and graph
ics, don't require dimension
ing. A matrix interpreter ac
cept~ commands in standard 
mathematical notat ion . 

The Wei1.ek version of 
MATLAB offen; floating-point 
support using the Weitek 
1167 on the Compaq Deskpro 
386/20. 

386-MATLAB runs on 
386-base<l per.;onal computers 
with an 80287 or 80387 math 
coprocessor and MS-DOS or 
PC-DOS 3.1 or higher; I 
megabyte of RAM ; and an 
EGA , CGA, or Hercules 
Monochrome card . The Weitek 
version re.quires the Weitek 
1167 coprocessor option . 
Price: 386-MATLAB. 
$1495; Weitek ve rs ion , $1995 . 
Contact: Math Works Inc. , 
20 North Main St ., Sui le 250. 
Sherborn, MA Cl770, (617) 
653-1415. 
Inquiry 790. 

Mechanical Drafting 
with AutoCAD 

Encodraft/Mechan.ical 
works with AutoCAD to 

automate a variety of me
chanical drafting tasks . Enco
draft/ Mechanical has a setup 
feature that helps you create 
layers, establish standard 
drawing sizes, and select layer 
names and colors . The pro
gram can shift the drawing 
origin to any location 
automaticaUy. 

According to Encode, 
rules-based construction tech
niques facilitate geometric 
construction and ensure thal 
the drawings will meet CAD 
industry standards. Encode re
ports that tangencies and 
other intersections are accurate 
10 16 significant digits . 

A bill of materials extrac
tion routine e-xtracts data cap
tured , and the information is 
exported to external databa~es . 

The program runs on the 
CBM AT or PS/2s with Auto
CAD 2.5 or higher. 
Price: $500 . 
Contact: Encode Inc., 12 
Cotton Rd. , Nashua, NH 
03063 , (603) 882-4666. 
Inquiry 791. 

HyperCard Statistical 
Calculator

' c LR StatCalc simulates a 
· stat istical calculator with 

a display , 7 standard func 
tions, 12 statistical functions, 
and 3 memories. Functions 
provided include mean, stan
dard deviation, standard error 
of the mean. correlation, re
gression , and probabilities. 
You can enter data in scrollable 
text fields, or you can read it 
in from text file.s. 

The program runs on the 
Macintosh Plus and requires 
HyperCard. 
Price: $22 . 50; I -year site 
Iicenscs for schools , $125. 
Contact: Clear Lake Re
search, 5615 Morningside, 
Suite 127 , Houston, TX 
770IJ5 , (713)523-7842, 
Inquiry 792. 

continued 
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Will The 

VGA 
Please 
Stand Up 

It's easy to identi fy the leader in VGA resolution-just look 

to the company that brought you the first 800 x 600 EGA card. 


800 x 600 VGA \V:ilh 256 Colors 
1024 x 768, too. Either way, Genoa's SuperVG A HiRes ' .. is 

the best way to see VGA . And your spreadsheets will look great, 
with 132 columns and 60 rows for your viewing pleasure. 

Crash-free Windo\,\ s 
Yes, we do Windows- no problem. And SuperVGA HiRes 

is compatible with both the VGA PS/2 mo11itors and the 
EGA Multi sync monitors, in VGA and EGA modes. 

So don't settle for inadequate imitations. Ge t the highest 
VGA performance at the best price , in true Genoa tradition. 

For the dealer nearest you, contact: Genoa Systems 
Corporation, 73 E. Trimble Road, San Jose, CA 95131 
FAX: 408-434-0997 Telex: 172319 
Telephone: 408-432-9090 

Genoa 

SYSTEMS CORPORATION 

Genoa Systems Limited (U.K.) Tel: 01-720-5064 
q l9S7 Gll!nnil .S~Sh:msCorpor".•l!ion. su..,...rVGA HiR\.· ~ is.a rr-....dii.·m~rk ufG....·luM s,' :!ol!.'lll~ Cvrp11r.:itio1L. 
w; nduws is a ir.ldcmark ol MkruSor1. luc . .\1ull i ~Vl1-C i11. a Iroi!dL·m:i.rk (,)I NE:C I Ionic E!('Ctron1 .;,, 
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WHAT'S NEW 

Memory-Resident 
Spreadsheet 

D atax call QuickPlan the 
only memory-resident 

spreadsheet program for MS
DOS computers. The spread 
sheet features a SideKick-like 
pop-up menu , l 7 movable win
dqws, cul-and-paste capabil
ity. and malb functions. 

With the cut-and-paste fe.a
ture, you can export an area of 
the spreadsheet 10 other pro
grams. The 28 built-in math 
functions and operaiors let 
you build work.sheets. Quick 
Plan works with cell ranges, 
letting you construct formulas 
containing absolute. relative. 
or mi.xed-cell references. You 
can customize the fnnnal of 
any cell in the spreadsheet, and 
also change the number of 
decimals and cell width. 
QuickPlan's worksheet con 
tains 588 cells in 14 columns 
by 42 rows . 

QuickPlan is not copy-pro· 
tec1ed and runs on the LBM PC 
with at least I 50K bytes of 
available RAM . It comes with 
TurboCalc. a 24-funciion cal 
culator, and FileMaster, a DOS 
hell and macro processor . 

Price: S79. 
Contact: Daiax , 470 12th 
Ave . N. St. Petersburg, FL 
33701, (813) 894-7472. 
Inquiry 793. 

Two on Taxes 

C hipSuft's !u~boTax and 
1. K. Lasser s Your ln

..:ome Tax both take the 1986 
tax reform act into account. 
They feature on-screen calcu· 
lators and pin-feed 1040 fonns 
(and don·t require preprinted 
1040s) . 

Turbo Tax offers pop-up in
structfons from the IRS book
lets . A fo.rms finder helps you 
locate lhe form you need by 
subject. Turbo Tax's data ex
aminer checks over your return 
when you're done to see if 
you've missed anything. 

Also included with lurho-

SOFTWARE • BUSINESS 

Quick.Plan, the memor y-re~'idenr .1preadslree1. 

Tax is Price Waterhouse' s 
guide to 1987 and 1988 taxes. 
More than 35 schedules and 
worksheets are provided with 
the program. One last unique 
feature ofTurboTax is it.s tax 
window. which lets you check 
your tax status at any point 
while filling out the forms. A 
version of Turbo Tax is avail
able for professional tax 
preparen;. 

Turbo Tax runs on the fBM 
PC and compa1ibles with at 
least 256K bytes of RAM . 
Price: TurboTax, $75 ; Pro
Seriesl 1040 $295 . 
Contact: ChipSoft Inc ., 5045 
Shoreham Pl ace, Suite 100, 
San Diego, CA 92122, (619) 
453-8722 . 
Inquiry 794. 

Y our Income Tax from 
J . K . Lasser has an inter

view system feature like the 
program Ask Dan about Taxes. 
It asks you questions and sug
ge~as the correct fonns to use, 
based on your an~wers. The 
program can also compare your 
tax liability under various 
scenarios . And, like Turbo 
Tax, Your Income Tax has 
features for the professional tax 
preparer so you can work on 
forn1s for more than one client. 

Your Income Tax also runs 
on the IBM PC and compai
ibles with at least 256K bytes 
of RAM . 
Pric.e: $69.95. 
Contact: MicroServices, 
200 Old Tappan Rd .. Old 

Tappan , NJ 07675, (800) 624
0023; in New Jersey, (800) 

624-0024 . 

Inquiry 795. 


Tracking Sales 
Accounts 

Maximizer is a general 
purpose progr.1m for 

salespeople. It lets you keep 
!rack of information on your 
c.lients, write letters. track 
your own records, schedule ap 
pointments, and more . 

Maximizer imposes no 
limit on the number of clients 
and no system limit on the 
number of contacts within a 
company. 

You can define the number 
of attributes associated with 
each client, and the terms you 
use to describe the attributes 
are up to you. You can write 
notes and letters with the pro
gram's built-in editor . 

A day-at-a-glance facility 
lets you record appoiounents 
and other scheduled activi
tjes. A telephone directory is 
created automatically from 
your records. 

To run Maximizer you 
need an IBM PC with at least 
5 i 2K bytes of RAM and MS
DOS or PC-DOS 3 .0 or high
er. It also runs on PS/2s . 
Price: $495. 
Contact: Pinetree Software 

Inc., 8100 Granville Ave., 9th 
Floor, Richmond. BC V6Y 
l P3 , Canada, (604) 270-331 L 
Inquiry 796. 

Al and Hypertext 
Application 

S tock Expert is Knowl 
edge Garden's first appli

cation !hat combines hyper
text with an expert system. 
Based on guidelines set by the 
National Association of Invest
ment Clubs, the program of
fers assistance in investment 
decision-makfog. 

Hypertext explains indus· 
try jargon, and artificial intelli
gence is used in the expert 
sy tern that makes investmenl 
recommendaLions. You can 
instruct the expert system to 
t.hink in various ranges so you 
can adjust its recommendations 
to reflect your own ex
perience, e;o;pertise. and 
preferences. 

The system includes a 
stock checkli t. selection 
guide, comparison guide, and 
company database . The check.
list helps you analyze past 
stock growt.h . The selection 
guide includes information 
from Standard and Poor's or 
Value Line 10 help you predict 
stock price fluctuations over 
the next five years. The com
parison guide compares and 
analyzes the performance of 
companies and makes predic
t)Qns on gains. And. finally, 
the database lets you store his
1orical infom1ation on compa 
nies. The database lets yQu 
search for sales growth , rela
tive value, earnings-per-share 
growth. retained earnings. 
and payout. 

Stock Expert is written in 
the KnowledgePro knowledge
processing environment. It 
runs on the IBM PC. XT, AT 
and compatibles with 512K 
bytes of RAM . It also runs on 
PS/2s. 
Price: $249. 
Contact: Knowledge Gartlen 
Inc., 473A Malden Bridge Rd .. 
Nassau, NY 12123. (5 18) 
766-3<XXl. 
Inquiry 797. 

cominu<'d 
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AGEM of a Deal 

Free Software from Genoa! For a limited time 
only, every SuperEGA Hi Res+l" card comes with 
a FREE copy of GEM Graph"' - the popular 
business graphics package that normally retails 
for $249! 

What a combination-a quick, easy way to 
tum your spreadsheets and database files into 
stunning graphs, and SuperEGA HiRes-f; the 
only Multisync-compatible 16-color EGA card 
with 800 x 600 resolution! 

What can you do with the graphics card 
that brings you a full -page, readable display for 
Desk-top Publishing? Run your spreadsheets in 
132 x 60 columns. RW1 most VGA applications. 
Rlll1 Ventura:" Pagemaker,'y AutoCAD,"' Windows;w 
and more- all in dazzling 800 x 600 resolution! 

Get in on Genoa's GEM of a deal! For the dealer 
nearest you, contact: Genoa Systems Corpora
tion, 73 E. Trimble Road, San Jose , CA 95131 
FAX: 408-434-0997 Telex: 172319 
Telephone: 408-432-9090 

LATEST EXPORTS 
H./\R l·NP l·l(;IJl{FS 

• llIA IOCI 

!l 
n 
i 
l 
s 

Cnm 

( 'onum H.ltl 

Free GEM Graph Softw are w ith every 
purchase ofa Super EGA Hi Res+ card 
from Genoa! But h.uny -of{er expires 
March 31st! 

Genoa 



WHAT'S NEW 

SOFTWARE • OTHER 

Resident Er:perr offers infonnarion on a variety of 
programming languages. 

Programmer's 
Reference Guides 

Resident Expert contains 
a memory- resident shell 

and reference modules that 
you can pop up" as windows to 
get more information on com 
mands, a summary ufsyntax, 
exa mples. or a cross-indexed 
Ii t of related topics. 

For example , if you forget 
the synta,, for a conunand such 
as BACKUP, you activate. the 
shell and press F for Resident 
Expert· s FIND commanti to 
pull up a window showing a 
sy nopsis and overview. 
There' s also a Relate.ct Topic 
feature anti a Snapshot capa· 
bility. which lets you freeze a 
window of information and 
continue typing. 

Reference guides are avail
able for Borland's Turbo C 
1.0, Turbo Pascal 3.0. and 
Turbo Prolog I. I; the Lattice C 
Compiler .1.2 ; Logitech's 
Modula-2 version 3.0. Mark 
Williams' Let's C 4.0. and 
Microsoft C. A PC Program
mer 's Guide is also available . 

The program is a termi
nate-and-stay-resident utility 
that runs on the IBM PC , 
XT. AT. and compat·iblcs. It 
uses 49K bytes of RAM and 
is compatible with other TSRs, 
according to Santa Rita. Each 
reference database uses 110 to 
SOOK bytes of RAM. 
Price: S19 for the she.II, 
which includes MS·DOS and 

PC-DOS guides ; prices of 

other guides rnnge from $ 19. 95 

to $39.95. 

Contact: Sant<1 Rita Soft

ware, 1000 East 14th St.. Suite 

365, Plano. TX 75074, (214) 

727-9217. 

Inquiry 798. 


Freehand Drawing 
on the Mac 

Aldus Corp. acquired the 
rights to FreeHand from 

Altsys Corp. in August 1987 
and plans to release the product 
early this year. 

FreeHand is a drawing pro· 
gram that lets you create or 
trace gn1phics with basic 
drawing tools or advanced line
and Bezier-curve. tools. You 
can manipulate objects and text 
using special-effects features 
such as graduated fills of tex t 
and objects; the ability to 
scale, rotate, reflect, and skew 
objects and text; and the 
ability to define beginning and 
ending colors for graduated 
fill s. Drawing tools include 
lines, rectangles , rounued 
rectangles, and ellipses. Post· 
Script line and curve tools are 
also included . 

Text-handling capabi lit ies 
include the ability to bend or 
shape a line of text along a 
baseline that you define . Auto
matic or manual kerning is 

available, as well as variable 
letter and word spacing anu 
variable li.ne spacing. 

When you're in preview 
mode. FreeHand Jets you edit. 
You have nine levels of mag
n.ification fo r viewing work on 
the screen . There are undo 
and redo options for lhe last 
eigh1actions you've per· 
formed. Other editing feat ures 
include group/ungroup and 
lock/unlock cOJtunands, auto
matic alignment of objects 
and text , snap-to grids. rulers 
with measurements in incrc· 
rnents you define. an on-screen 
inth rmation bar that shows 
you changes in mathematical 
increments, aml the ability to 

break up rectangles and ellip
ses into separate paths. 

FreeHand al.lows you to 
display up to 256 colors on 
your Mac II color monitor. 
The program also has a color
separatioa capability for che 
four process colon;, spot color 
separations, or a combination 
of the two. You can also spec 
ify color screen percentages 
for printing color 1ims, 

FreeHand can import and 
export files saved in Encap u
lated PostScript , and you can 
also open and edit graphics 
files created in Adobe Illus
trator. The program also sup
ix>rts Clipboard images. which 
you can hring in as traceable 
background elements. 

FreeHand runs on the Mac 
Plus. SE, or JI wit h two 800K
byte floppy disk drives or a 
hartl disk drive , and any Post 
Script-compacible oucpm 
device. 
Price: $495 . 
Contact: Aldu Corp .• 41 l 
First Ave . S, Suite 200. 
Seattle. WA 98104 , (206) 
628-2375. 
Inquiry 799. 

Quips and Quotes 

S al inon 's quipster. calle.d 
Off-The-Wall , generates 

one-liners from a library of 
over 70 patterns and a dictio
nary . You can add your own 
phrase.s to the library anti con 
trol the placement of nouns . 
adjectives, adverbs, and verbs. 

Off-The·Wall runs on the 
rBM f>C amJ compatibles w ith 


at least 256K bytes of RAM 

amJ MS-DOS or PC-DOS 2.0 

or higher. 

Price: $29. 

Contac.t : Salinon Corp.. 

7430 Greenville Ave., Dallas. 

TX 75231. (2 14) 692-9091. 
Inquiry 800. 

.A Print Spooler with 
Sideways Capabilities 

D uet i a memorv·resi
dent print spooler rhm 

pe rforms standard functions 
such as queuing aml back
ground printing of jobs. 11 
a.lso prints sideways and can 
print 1-2-3 or Symphony 
spreadsheec files. 

Duet can inter ept all out
put sent to the printer by other 
programs and put it on its 
print queue. You can reorder. 
delete. and schedule print 
jobs for a certain time of tlay . 
or put them on indefinite 
hold . Duet can automatically 
write the prim queue and the 
spooled files out to cl isk. so if 
the power goes down. you 
won't lose your print jobs. 

With sideways printing you 
have the choice of l2 pre
defined font sizes, ranging 
from 19 by lO pixels to 9 by 6 
pixels. A font generator is in
cluded that lets you customize 
the sitleprint fonts or build 
your own fo nts. Due.t comes in 
four configurat ions: The larg
est version has both side.ways 
printing and spreadsheet de· 
coding: another version has 
sideprinting only ; a third ver
sion has spreadsheet decoding 
only; and the last version is 
without sideprinting or prcad
sbeet decoding . All four have 
nomial spooling operations. 

Duet runs on the IBM PC , 
XT. AT, and compatibl e.~ wich 
at least 256K bytes of RAM. 
Price: $89.95. 
Contact; Consumers Soft
ware lnc .. 736 Chestnut SL. 
Santa Cruz, CA 95060, (408) 
426-7311. 
Inquiry 801. 
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Basic System Features: 
80286 18 bit CPU, ~1ZK RAM exp•ndMbl• to 
IMS, clocklc•londar with ballery backup, 196 
wall power auppty, Me1•aw1tch ke)lbolfd (101 
key opUonll), 1.2MB floppy drive. floppy/hard 
disk controller. 80287 socket, 8 expansion 
slots, AMI BIOS. lull manual , 48 '1i>ur burn-in 
testing and a one vear limited warranty 

Complete System Packages 
luper EGA 

SF·281 -~System Syltem 

8 MHz S995 $1499 
10 MHz 11199 $1648 
I 0 MHz (Q wsl $1348 $1799 
12 MHz CO ws> $1499 $1950 
16 MHz 1803861 $1950 $2450 

Monographlc System: 
Buie s-p18m lellturas plus monographlcs card 
with pnn111< pon and 12" amber monochrome 
monitor with IUU8Wiv91 bale. 

Super EGA System: 
Buie System featurn plus EGA deluxe 
graphlca card 1640 • ASO aod 752 • 4, 01 i'lllCI 
Mltaublenl Oiamonel Scan Multlsync monitor with 
t.iitlsw!vel baae. 
·~..,......,, ~ .,. -~. c.i kJt l)r"JC'e 

SF-286·8 MHz 
Super VGA Special $1649 
Ba51c System features plus: Everex EVGA 
graphics llOard (640 x 460, op to 256 colors) 
and Mllsublsh D amond Scan multlsync 
mon tor w!!h Hll/ swtvel. 

SFM: 1168 

SUper EGA Bundle $599 
E..,.,llll EGA Dlllullll 1utollwltch gniphlca board. 
640 ~ 480 and 752 x 410, 132 cotumne PlUS 
Mlleublelll Ol8lnonO Seen ~ trlt/SWIVlll, 

Super VGA Bundle $749 
E..,.,.x VGA Graphlca balrd, 840 x480 and 800 ~ 
800. 132 columna PLUS Mitaubl11l11 OilllTlOf1d scan 
wllh 1111/swlvel 

Monogr1phlc1 Bundle S139 
MDnOQraphics boen:t wtth pronle< por1 PLUS 
Semaung amber monochrome monitor wtth 
111t1awlvlll . 

Hard Diak Drives 
SMgate ST225 20MB 
+ Controller $275 
Seagate ST238 30MB 
+ Controller $309 
"41nlscnbe 3650 40MB 
+ Controller $399 
Sea(jate ST25 1 40MB 
+ Controller $499 
Seagate A038 30MB 139 msl $499 
Miniscribe 3650 40MB (61 msl $359 
Seagate ST2!>1 40MB 140 msl $449 
Micropol s 1335 71 MB128 msl $865 
Seaga1e 4096 SOMB t28 mei $899 

Everex Modems 
Everex Everoom t)all card fTIOdem, 300/1200 baud, 
fully Hayes compatible and B•lcom soOware. 

El<!ernaJ Poc~e1 Modem $139 
Everex Evereom 
2400 baud modems 
Internal $179 Exte'<na1 $199 

Cirdt' 481 on Rt'ader St'rvl'ce Card 

Speclal 
Mlnl llO '65 
SerwJ Mou• from $85 
150 Wiii Poww" Supply $55 
Monographica bmr<I $79 
2MB EM.S l:qr'd W/OK $80 
3.5' ' 720K ftoppy/1 4M8 floppy $119 /$159 
EGA Deluxe Grephlcl bollrCI $139 
Evercom 2400 lnl. modem lor PSl2 $199 
Memory boMI lar PSl2 $289 

$299 



WHAT'S NEW 


REGIONAL SECTION 


M
erge- System A com

bines a Hayes-compat

ible modem with a telephone 
and includes up to 264K bytes 
of RAM. It allows you to 
communicate by both voice and 
data over the same line, send 
data unattended, and upload 
and download information 
without being connected to a 
microcomputer. 

When hooked up to an 
IBM PC or compatible, 
Merge.---System A supports 
commuuicatfon at 300 or 1200 
bps. You can store informa
tion from your c-0mputer in the 
modem 's memory , and trans
fer data from the modem's 
memory to your computer. A 
two-line 80-character LCD 
screen is provided. 

Merge-System A feature s 
a programmable alphanumeric 

The inler{na! board mn/as all 

J<t.itltley modules compatible with 


PC or PS/2. 


Alm"'/ 30 dilfemu mt>du/rs 
fit a11y data aqu isitio" "~· 

Contact: New Generation 

Technology , 16742 Goth:ird 

St., Suite 217, Huntington 

Beach, CA 92647 . (714) 

848-0871. 

lnqui.ry 823. 


Norton's OS/2 
Reference Guides 

The Norton On-Line Pru 
grammer" s Guides to 

OS/2 Kernel API include 
about 800K bytes of infom1a
tion about DOSx (system and 
file functions), KBD;w; (key
board functions) . MOU;w; 
(mouse functions) and VlD;w; 

Merge- System A can upload and download unartended. (video screen funct ions). 
The memory-resident pro

gram provides both short and 
keyboard with macros, a tion is aJso provided . long entries, including calling 
phone directory that can store Price: With 40K bytes of sequences and programming 
200 numbers, and auto-dial RAM, $399; with 264K bytes examples. A reference sec.tion 
capabilities . Terminal emula- of RAM , $499. continued 

PS/2 Compatible Data Acquisition: 

Planned Non-Obsolescence 

D esign a custom new data acquisition system or upgrade your e:<lsting 
one-the Keithley Series 500 is the one system that is never out of date. 

All Keithley data acquisition and control modules are fully compatible with the 
powerful new IBM PS/2 computers. 

Because Keithley offers the widest selection of modules, you can configure 
the exact setup your application requires. And when your requirements change, 

don't redesign your entire system-upgrade it with new modules from a selection 
of almost 30, including: 

• 	12- AND 14-BIT AJD CONVERTI:RS • DIGITAL INPlJT AND • ISO LATED ANALOG 
OUTPlJT INPUTS• STRAIN GAGE WITH 

BRIDGE COMPLETION 	 • THERMOCOUPLE WITH • FREQUENCY AND 
ISOTHERMAL BLOCK EVENT COUNTING • l VDTIRVDT CARRIER 

AMPLIAER 	 • 12- AND 16-BIT DIA • GPIB CONTROL 
CONVERTERS 

Find out more about the Series 500, or discuss your particular 
application with one of our engineers. Just call our Product 
Information Group today at 

1-800-552-1115 KEITHLEY 
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TCS 8000 

5 MHZ. 0 WAIT - STATE 


2 BIT. EXPANDABLE 16MB ~=' ··==~=;;;.., 


6, 8, 10, 12MHZ 

'coLOR MONITOR MONO MONITOR TERMINAL 

MODEL RES. MODEL RES. ET - 10 SERIES 

• CM 1322N 640 x 200 MM 1222 800 x350 


• CM 1370A 720 x400 MM 1422 800 x 350 

• CM 1380F 640 x 350 MM 1295 800 x 560 


• CM 1495 800 x 560 


Cirr:le 485 on Reader Service Card 

.~~· -,,-;c;: . - ,•n-~ ;---; ~ ·· ~TATUNG 408-435-0140 
,·\ '.~-···::; E~~i.-RE-.'.~cC~: ::E ~ S 11-\ I 780 CH AR COT AVE SAN JOSE CA. 9513 

TATUNG SCIENCE & TE CHNOLOGY INC . 



understand 
dat.i 

WHAT'S NEW 

PACIFIC COAST 

a 
square 
peg 
does 
fit a 
roundhole 
Converts Incompatible 
formats To Standard IBM·PC 
And PS/ 2 Compatibility 

Now anyone c;in move important.~ala and cosily ~oftware 
frorn 5'/• JBM-PC form.It tu 3 1/• PS/ 2 format without any 

hardware connections. 

You don ' t l1ave to wire anything. prugr<1m ,mythiTlg or 
anything atJuut either type of computer . .Just Install your 5 1/o " 
diskette and a blank 3'h" diskette in the Copi •Riter ;imJ press two 
but to11s. It's that easy I 

The Copi •Riter can also collect dat<i from non-IBM systems wlll1 KS-232C 
or Par<illel interlaces and save It In IBM compatible format. Write ur phone 
M ECA today for :opecifications on the Cnpl •Riter and our other versatile 
storage devlc;es. 

56677 Sunset Ave., NBU 8419 
Yucca Valley, CA 92284 

(619) 365-7686 

includes an introduction to 
OS/2 and examples of pro
gramming techniques like pipe 
creation and using protected 
mode for running multiple 
processes. It also provides 
infonuation on OS/2 darn 
mucrures, ANSI escape c
quences. and UO comrol 
functions. 

You invoke the program by 
pressing a hot key . It t.hen pre
>ents you with a menu that 
provides e-xpand and search 
functions; and kernel. tables, 
and reference areas. Each cate
gory includes a list of short 
entry descriptions. Once you 
find the appropriate short en 
try, you can open it.s corre
sponding long entry . 

With the options menu, 
you can set screewcolors, 
change the hot key, de-install 
the instant-access pnJgram 
from memory. a.nd invok.e the 
auto-lookup function . which 
enables you to automatically 
search for what your cun;or is 

on when you invoke the 
progmm. 

The Norion On-Line Pro
grammer's Guides to OS/2 
Kernel AP! enable you to 
create your own cross-refer
.:ncoo databases with menus 
and expandable entries. 

The program runs on the 
IBM PC and compatibles with 
MS-DOS or PC-DOS 2.0 or 
higher or OS/2 (in the DOS 
compatjbility box) . A version 
I.hat runs in OS/2 native mode 
is also available. The.pro
grnrn takes up 72K bytes of 
RAM. It comes on both 3 Vi 
aad 5 \4 -inch floppy disks. You 
can purchase ii witb or 
without the Norloa Guides 
Engine instaat-access 
progrnm. 
Price: $100 without Norto n 
Guides Engine; $150 with 
Engine. 
Contact: Peter Norton Com
puting, 2210 Wilshire Blvd., 
Suite 186, Sa.ota Monie.a, CA 
90403-5784. (800) 451-0303. 

ext. 40; in California, (213) 

453-2361. 

Inquiry 824. 


Stackware Provides 
Videodisk Links 

Tbe Voyager Company' s 
Laserstacks arc among the 

first to take advamage of 
HyperCard's capabilities as a 
front end to large databases. 
A Laserstack turns the still 
photographs and motion pie· 
tures on existing videodisks 
into visual databases. 

The hub of the series is 
VideoStack, which enable~ you 
to develop interactive video
d.lsk applicatjons wilh Hyper 
Card. It provides more than 
35 buttons controlling different 
functions. It allows you lo 
automatically insta.11 video 
d.rivers into any HyperCard 
stack, define video events, and 
aut.omatically acti\•ate the 
events . 

The National Gallery of 
Art Lascrguidc is designed to 
work with The Voyager Com
pany's National Ga.IJery of Art 
disk that contains still photo
graphs of the permanent collec
tion on display al the National 
Gallery of An in Washington, 
DC. You can organize works 
of art and present them accord
ing 10 artist. nationality . 
chool, and other categories. 

Laserg·uides a1e al so avail
able for Voyager's Vincent Van 
Gogh and Bio-Sc.i disks . 

The Laserstacks series 
runs on the Macintosh Plus. 
SE, and II with HyperCard 
and a videodisk player. 
Price: VideoStack , $49.95; 
National Galle[y of Art Laser
guide, $49.95; Vincent Yan 
Gogh Laserguide , $39.95; Bio
Sci Lasergu ide, $99.95. 
Contact: The Vo)'llger Com
pany. 2 139 Manning Ave .. Los 
Angeles . CA 90025 , (213,l 
475-3524 . 
Inquiry 825 . 
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MICROMINT'S Gold Standard in Single Board 

Computers & Controllers 
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f.uropean Distributor: 
J.B. DesiQns 
Cirencester. Glos, England 
Tel: 0285·58 122 

Manufacturer Representatiw:s: 
Access lechnolcqy 
Placemla. CA 92670 
Tel (7 14) 996-39 t 7 

Microiuture 
Fremont CA 94538 
Tel: (415) 657.,J'l64 

To order call 

l ·800-635-3355 
for technical lnformat!on l-1203~71-6110 

Tt:Lf.X.: 643331 FAX (203) 672-2204 

Mlcromlnt, Inc~~ ~~ 
4 Park Street ~~ 
Vernon, CT 06066 ~· 
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$1995 
(List s2s29) 

lTI BEATS TOP ATs Ill PERFORMAllCE TEST! 

''The LTI is ideal for running large spreadsheets and maintaining large databases. 

The LTI is also well suited for running computer-aided design (CAD) programs. 
Not only is it one of the fastest ATs we've reviewed, rr IS ALSO ONE OF THE 
MOST AFFORDABLE.'' - PC RESOURCE Nov. 1987 AT Comparison Tests 

Upgrade your present PC, XT or ATwith our 
0-wait·state 7.2, 8, 10 or 12112 MHz motherboards 
GAIN 820% TO 1530% SPEED INCREASE. 
Prices start as low as $259! 

I Call for your nearest dealer 

Clrcfl·#8 on baduSavic~Cwd 

• 30 Day Money-Back • 1 Year Warranty on Systems 
Guarantee §g!f6teln!!ii, Inc. •2 Years on Motherboards 

9205 Alabama Avenue· Chatsworth, CA 91311•(818)341~4227 •ORDERS ONLY, call 1·800-S72~2898, In California 1·800-438·2898 
PC. XT, AT••• ,.,,, • .,..<1<.. °'"" ..,-~ '-'11<lwne.• C..... 

,



With MapO!li!iJ~~ ' All These Ways To Map Your Data ... For $750* 


Database. For any point, call to the 
screen all the data behind the point. 
You specify the fields. Or use 
dBASE Ill files. 

Label Poims. Pick any field in your 
database to label points. 

Pin Map. Maplnto can find Boundaries. Town, county, zip 
addresses and plot your entire available. Or draw your own - e.g., 
database on maps with detailed sales territories - and display the 
street inlormatlon. data within the lxlundaries. 

Magnify. As close as 52 ft. across 
the screen. For dense databases 
or to see details. 

Thematic. Shade boundaries - Ultra Dense. For multiple occur Zoom Out. As far as 5,000 miles! 

ours or yours - based on lieIds you rences at a single point, display a See your data across your city or 

select from your database. or the count of all the records behind the the entire us_ 

number of points found Inside the point. 

boundaries. 


The U.S. Assign data to state 
boundaries. States may be auto· 
matlcally shaded based on data 
within. 

No matter what your 
application. if you need to 
display information on a 
map. Maplnfo can do it. In 
more ways than you've 
imagined possible 
on a PC. 

Runs on IBM PC or 100% 
compatibles. with 6-+0K memory. 
a hard disk, and gr:1µhics cap;1bility. 

•Mapln!o costs S750 !or the sol1ware 
system. Maps for hundre!ls 01 metr0110litan 
areas across tile U.S .. comclete with street 
names ana aaoresses are also avallallle 
startino !rom S250. Maps or iMMaual staies 
with counl'j lines. hlgtrways. or every town 
also avaJlao1e. startlno tram S95. 

•Ht.I Is• 11-• ol lnll!mailon.ll llu$11<M Ma:llineo 
(h~ tl&lSE 111 I• i U;iol'l!l"" ol ASIUon-llle. 

Cirrle 471 on Reader Service Carri 

Counties By State. The boundaries 
are al1eady available. Simply load 
your existing data. 

Highways. overlay on local. state. 
or national maps all state. national 
or interstate highways. 

By Town. Display your data l7t' town 
or boundary. Ideal for charting 
territories and analyzing sales data. 

Highlighted Streets. Gives anice. 
clean appearance to your maps for 
formal display. 

Customized Graphics. Add your own Draw Your Own. From lloor plans 
lilles. legends. and text to organizatioo charts. use Maplnfo 

for visual database applications. 

Map0Lrul1@ Corp. 
200 Broadway, Troy, NY 12180 

To or-der, rnll l-800-FASTMAP. (that's J -800-327-8627) 
ln New York State, call l-518-274-8673 (Telex 371-5584) 
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Those fantastic 6yte covers-and boy, 
do they look great on this stylish, ;.:. sleeve 
T-shirt from Robert Tinney Graphics! 

The colored sleeves and neckline vividly 
complement the full-color design. 

And don't mistake this for a rubbery 
patch that cracks and peels off after 
a few wa.shings. This is true four 
color process : the permanent Inks 
are silk-screened into the fabric, 
resulting in a beautiful, full-color 
image that lasts! 

You'll also appreciate the shirt itself: 
a heavyweight cotton/polyester blend 

which combines tough washability wilh 
the cool , soft comfort of cotton. Each H11man o· . 

rmenslons Byte T-shirt is priced at only $12.50 
#Tl ($11 .50 each for 3 or more) . Be sure to 

include shirt size : C- (child 10-12), S
lWONEW (34-36) . M-(38-40), L-(42-44). and 

DESIGNS I XL- (46·48) . Most orders shipped 
within a week . 

.fT2- Sortware Piracy fl'T4- Future Pasr 

.fT3-lnside IBMfl'T1 -Compuler Engin9tlring fl'T5- Breaklhrough 

rs:: ~o:;:i~-shirts{;:-$;-50-:;c;::: =.-so-:c-;;:r;:-0 - - - - - - - - - - - - ~ - - ~ I more. I have inc luded $2 lor shipping & handling ($5 overseas) , 1have enclosed U.S. chedt or money order mall this coupon to . I
O C.O.D, (via UPS-s1atwlde ordere only) Robert Tinney I

I n VISA 0 M119le/Card 0 American Express Graphics
I Card": 1864NorthPamola0r, I 

Baton Rouge. Louisiana II Expires· ___Signature: 70815 I 
Ship my •hlrt(e) to: For VISA, Ma511!1Card or II American Express orders. I IName: or for more Information 

I (BtJsiness) ; Call 1-504-2n·72fi6 I 

: :.-· ~, -@-i 

L--~-------------------------~~ 
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One Picture Is Worth A Thousand Words! 

Step up to state-of-the-art in EGA graphics generation technology. Our 2005 version is notjust 
another paint program or another version of the, " same old thing~ ' EGA PAINT 2005 is a 
complete restructuring of our 2001 program (itself the recipient of the PC TECH JOURNAL · 
award for excellence in program design). We believe the end-user comes first and instead of 
merely patching on more features (as all the others do) we went to a whole new (much easier and 
faster) way to create truly startling business presentations & EGA color illustrations. Take 
another look at some of our features (some of which are available only on programs costing 
hundreds more) and decide for yourself. 

All this and more for just: 

Also ava ilab le from RIX : $99.00 
ORDER NOW!EGA SCREEN ENHANCER 

in CA • (800) 233-5983 out CA (800) 345·9059This easy to install dev ice enables older EGA cards to utilize 

EGA PAfNT 2005 in 640x480 & 752x410 resolution modes. =-= = '-="' 
~-Our ESE comes complete with a special test pattern diskette ='======= 

for only $49.95 (+ $5.00 for shipping and handling). RIX SoftWorks, Inc. 
18552 MacArthur Bl. Suite 375. Irvine . CA 9271 5 
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cc1comp lo.tJ GT Ptonor 
/DI, !IMO GI. • 
NumoOJQ 6ra60 

COMPUTERS 
;JM.20/60MJI 
~20/IJOMI 
lM-20/JOOMI 
Porlabl• 366...0 
POMabl• ).k... 100 

==..::. =
~~iii 

....,, 
1127tJ 
'IHO 
'121 

'U25 
.,195 
')1911

iu 100 

PS'2 Model JO l - JI\" rno moui '""" 
PS!'l Modtl JO. :lVMI 6. I Fl1D '1009 
PSl2 Modol 50 !lOMJI • I roo (I •MB) '2019 
PSl2 MO<l•l IO 40Mll a 1mo "U"'1 
Marnx;tucme llPlay MOO •17& 
Color 2/Play 1.:1 12 ,.,6 
Color.'VGA l/P'lay ~lJ '490 
Coloz/VGA l/Play e.14 '1099 
2 Mll C>:pand<KI M•morr AdaplOI '909 
5V. • btamal Drt•• wlAdal>t•t 1J J'O 

QUALITY MICRO DISTRIBUTORS 
Wes! Coasl Office 11551 W. Pica BMl . Los Angeles, CA 900&4 

386'SYSTEM 

386Tower 

:$p.eic101 I l.n•el SIC-JSO AT 
mottt•rbQQ'Td deOOop co..tan e1 
Uoppy drw.... IUt'(OOc'ld Wfoo.,S.lflolfi 
Dlqlla.I duoI c:onlr(lller 12 l!I ~ 
:SPKM:ll l RJ1wan ]80 
m(ftheith'>o•-=' u.Lm"ar to lnlfll 
::iK l&o>.n d..U1c p ca.b•oeof 
lloppy GIW41t $1:4VbO<'lt d WoeS1•rn 
0\Q'llO I duCJ] conlrolltu 1:1 ..M 
5pec1al l n::t1 'Pf'O:n m o l he1bom d: 
pac ll:CJQ'• nroui::u lO Sr.+:~al J 
w.aC•f.11 to'tl'e1 cabm•, 'll!I~ 

.$pfclaJ. 4 Ta 1-....r.ln 2-~ MH.i eDJU 
Towrll!lr Caran111t lm: LuOiu 2 Mlloy'I• 
Onl:>oaJd RAM o-a·pa_ndable lo S 
MBv'l(t 131~ 
Aa.au1onal Acc•~nu~ 
ff\!•l l 'MBY1.1t J.~ · bfl .ll.A.M Dool<l '74'~ 
ln!el 9 M9yte 3' b1i .R:AM board ')16Q 
ltnwon 2 May1e ll·bU litAM boa• d 1 ~U 
Ta-wrm GMl!yi.. )l·bU PAM bOCIJ(I "l450 
ln••I AOJ.e 7 I m.crtl"I cos:iroct~or .,~ 
tnl•I ~ l&aAT has 90 r1oys lat: wum:m1y 
fQ1'W'Oh J 56 l\l.ll I y.a~ lac .,ano:r1ty 

:z: (213) 474·3764 • 
800-553-3339 in CA order.; only 

1-800-MICRO 86 (642-7686) in U.S. 

- . 

~--~ 

ALTEC ZIP-386 

; 

$2,265 
• lnt61 ao38 6 rrncroprocesSOo 
' 0.1 lllQI• Sl)eCll mtmOty ln5t~l lod 
· UPJr.dBDle to I 0 l.!0 
· P"""Q'• 385 BIOS or ~w;i'd 386 BIOS 
· ·1 ~"'1 (4 , 77/618/ 16 MH :) 
· 200W l)<Wo el supp/y 
· C•so w1in ,.. sci 0011 on 
· EM•ru:e<i •e•11lo~r~ 
• H' 11 r'1 dtS kJ lkl Pl)Y (1i'!j,k coolrotlm c11!1l 
· I 21.! llo(JP;' di sk drlv~ 
• Maoo<fvome/ Gr•tlll~ 

C:Ud Wllh pr lnlt:r patl 
• Hl· AE S Morw:ichromo l.!onl r0< 
• User's 1nal'l.lrU 
' I yrn W311J~l1 

AlTEC-286 Enhanced System 

1liii1111n111111111 m11111111 r. -,; 

$1,135 
• 101'180286·I0 rril<r0p<oc es5'll 
·IM RAM 
· Ou~t ! pi!«l 6110 Mtl1 
• 200W powor SUIJOly 
' AT '1 Vl t!: t".is-t 

• l:nha.n<<d • •vllo.ird 
• ~··~ otsKlllOppv a,.- <MllOl l., c•rd 
• I 1,. lloppy 015, d<IYt 

• j,ionc.cniom oiG""1' s 
0 W11h {lf1 l'U(l't P')fl 

• tfl· R[ S ~ uooclm11pe Morl1tor 
·User' s mi:ln.ual 
• 1 year warrJ nly 

ALTEC-XT Turbo System A1TEC286Jr System 

$ 575 $1,095 
• 8088·1 n:ocropoussor ' ln[tl 0028 6- 10 mlCfQi><OCt"50I 
' 4.17/10 !! Hz 
•MOK RA-.i 

' I I.! RAM 
· 2001'1 Pll"W supp!y 

• 1so w-·· •<J!lllly
• AT s1vte ~ eyooard 

·AT)ror;leuse 
• A1 •IYI• keyDooro 

• Mulll VO tard 
· J60K lloppy dM d<""' 

• ~ard disl\fl!oppy drs~ COl'Ua!J~ 
c;u d 

· MoooctuomeJ Gt ..lrii ll(.S. . I 21.! r~v d'SM <l<rvt 
card Wolb pr ln101 IJOll 

• HhRE. !'i Moooctitnm a ~ 0011or 
' MO<IQCIUOfl\d Gro phlt$ 

OOJ U Wilh p<inlei porl 
. uws '""''"" 4 1 yt.iU wanan\1 

· Hl·R£5 Momch,.1mo Mnmlor 
~ User's roo1'1lJol 

,... _ -- - ·-·- c-- A ALTEC Technology Corporation .. -~ ,,_,__,_.. .,.. ... _ 5751 Rieken~., ROlld, LOI Anoetee. CA 90040 --- --·---&- ·-·-
-ODolMIMlt -•1111-•1111..-....... Tet 1·213-886-iH>O,.,,. ·-·- . ·----·... ..._._. 
> --- -1•11• Order Deak: 1·800·255-9871 -~-tWY1 ......... 


88PC-IO BYTE • MARCH 1988 Cirdl' 4fJ.I an RtaD.tr St'n•iu Cord 



LaserJet font Nirvana 

Or your $99.95 back. 


Witness a Laser Jet miracle. 
Glyphix generates a dazzling variety of 

downloadable fonts from a set of four flexible 
typeface outlines. 

Working with your PC. Glyphix makes 
creating a font as simple as picking an effect 
from a menu. Select sizes from 6 to 60 point. 
Choose from 14 different weights. Portrait or 
landscape. Condensed. Expanded. Slanted. 
Patterned. Shaded. The possibilities? Mil· 
lions of them. 

Microsoft Word , WordPerfect . 
Glyphix and our font managers: 
a match made in heaven . 

Let our font managers free you from the 
Purgatory of using fonts with Microsoft 
Word and WordPerfect®. Sorting through 
PAD files and printer drivers is a thing of 
the past. 

Our managers build fonts right into Word 
and WordPerfect , giYing you the freedom to 
change font as often as you like. Best of all. 
the font managers use Glyphix to create and 
download your fonts automatically, liberating 
megabytes of disk space from fonl storage. 
With a Glyphix font set and a font manager, 
you have an army of fonts at your fingertips . 

If you're using Aldus Pagemaker or Ven· 
tura Publisher®. you 're ready to use Glyphix. 
(Any package that can read HP soft fonts 
can manage Glyphix fonts.) 

GLYPIIlX 
HP 
Bitstream 

FONTS TO 60 POINT 

FONT SCALING YES NO 

DEGREES OF BOLD 2 2 

PATTERNED FONTS NO NO 

300 x 300 DOT QUALITY YES 

TIME TO CREATE 30 POINT FONT 1 :34 

PRICE 

Let the G lyphix Basics lead you through the pearly gates. 
The Basics is a collection of four Chancelor is a decorative face 

typeface outlines. each representing that reflects a cursive handwritten 
one of the major lettering styles . look. And rounding out the family 
Roman, our version of Times is Rockland , a versatile square serif 
Roman . Is a classical serif face that font that commands attention in 
has become a standard for body headline and body copy. 
copy. Helvette, our version of The Glyphix Basics. The Glyphlx 
Helvetica • is a modern sans serif Font Managers. Products that give 
face designed for presentations and your documents a look of celestial 
headlines. beauty. Order yours today_ ., 
~----------------------- ITuke me to Heaven! I 

D Send me the Glyphix IGlyphix Basics: 

D 
Basics for $99.95. 

Send me your MS Word 
 Roman I
Font Manager for $79.95. IHelvetteD Send me your WordPerfect 
Manager for $79.95. Chancefor

D Send me a catalog of all I 
the Glyphix type Rockland 
collections. 

I 
Name ________ Telephone -------  I 
Addres• ------------------~ 
City ___________ State Zip ___ 

ORDER TOLL FREE: I 
I(800) 237-9383 I 

IN DELAWARE CALL (302) 73J.0956 
Include $5.00 shipping and handling tor one Item. $2 .5~ each additional 
item. Mail orders to SWFTE International , Box 5773, W1lmlngton, DE 19808. 
Money back guarantee is extended for 30 days from the date of sale. I 

Software with capability. And credibility. 

Cirde 484 on Reader Ser1'ice Card MARCH 1988 • BYTE 88PC·ll 

'°3SU?fte I 
I 

L-----------------------





\bu \NOl\1 find software that's easier to use: 
Requires no accounting knowledge 

.--------------------,
I J$iiij 

• Completetv menu-driven with on-line help 
• 93·poge fully Indexed tutorial manual (on disk) 

A Proven Track Record, Hard to believe the S16 price? Don't 
worry. MoneyCounts hos been marketed for three years and 
is continually receiving rove reviews. There's no catch. This is a 
fully functional system fhot compares with products sellinQ for 
$99 and more. 
Same-Day Shipping. Order today ond own MoneyCounts for 
only $16! Add $3 shipping and handling (outside North America 
add S7). IOW<j resJdents please Ddd 4% soles tax. Send check 
or money order payable to Fbrsons Technology. VlSA and 
MasterCard orders welcome. 

1~ 
1--= A"'-;;"~ 
Ia.pi, B 

313 ColliM RoM NE S16 + S3 Shipping
IC«JI/ fllf/'!dS. IA 52402 

IMor\0\ICounts- rooufres IBM or compoh 1e·co1 puier 

I w1lh 1wo dlsll. drrves fOt a P\ard Oisk or,ve). 192~ or mo1e 
memorv. DOS 2 0 or IPter and printer

I
I Name: ____________ 

IAddress - - - - -------

1Clry/SlaTe(Llp : ---------

1Phone,-----------
1Check _ Moriey Order _VIS<\ _ MasterCo d _ 
ICord ~ Exp Date __

L--------------:....J 
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SUR AH a computer company .. .Where Quality Counts . .. SUR A H 

WHOLESALE outlet dlfect from factory LOCATED 111 the S11tcon Valley SERVES thousands of Sat1sf1ed Cutomers 

286AT 
lllM Iii T Compaflble 

8110 MHz - 16 Bits - 80288CPU 
S12K RAM on 11124K Mother Board 
1.2Mb Floppy On"" w•ln Controller 

TuRBO A RESET Push 811Uon1 
Cl.ICK AT Slyle Kl!yOOatd 

s942 
6/8/10/12 MHz 

svs TEMS also AVAILABLE 

6/12Mlb:Ar~n~o!f>llO MlU s 25 
&/S/1Q/1a1Hll4Si-f)A'I _-.0 1/ Sl\l lOMHt • $SS 

lDMblliroC.IY!l (6l"2!i) ~>.1fiflll l2lE 
mLlbHlfll fr.!! (Sins) 'l'rn&D'n AT tffll> ml 

CIMb*tlCN! iST c. 1)n;r.)l.'DlnAT40T!I "~ 
:BU!:IW!! l,W".O:._, &G< MM ,~ S 81 
51?1illAM~ ll 1QZ4l(RAM l 2!>'ls S e6 
12Mb~.1Arlppr!h.o- -- $ ~ 

~"-"'["~ ti!) 

101Kt,t Al ~teEnm~..,'OOll'1l S 2!1 
lllCMN!CrdM' "OmfC,CC,SP. PP,G" S ~ 
~cm+ 11- T?.-~1mri111CN11JR.;w<;,q tl:m 
~c.-a .. 14·· i:ioe llOITOll :1:1!11 
l'llHTBI \OX Ctoa! b l.l1N Wiii Prt::C!. c.w. 

Var lovs St~le Case.s Available 
Fron! Pa1iel! Ma y OH1c1 1n Some Cues 

A FULL 
9 WARRANTY 


Olher f Jmous Brond 
PRINTERS. MONITORS. PERIPHERALS 

ADO·ON·CARDS 3nd SOFTWARE 
also available . 

SPECIAL EGA 

Upgrade 


MONITOI~ +EGA Card 


$500 

F//~ HEWLETT 
ai!~ PACKARD 
HP Lase rjet 
Printer Series 11 $1679 
HP Sr.an1~t OP>k lop Sc;,n11er S1152 
HP Graph,c. Ph1ttm 7475A S1 516 

Call 10 1 o l he1 MODELSiupg r ad~ options 

DEALERS-OE M-GOVEAN MENT 
SCHOOLS - UNIVERSITIES & 

EXPORT 
INQUIRIES WELCOME 

' ' ' ' • • - V ! ... ,. . . ·. .. . . ' 
' ' I ' ,,

' I. '. • ' ',. '• 

' ' I' I 

SURAH 786 
18M JCT Compa111>1a 

41.77110 MHz - 8 Bits - 8088CPU 
2~K fl.A,. on !MOK M o1 he< Board 

One 7:1(1,,; Floppy D "ve w iih Conlnlller 
B•by AT C4se w1tn Lock & LEDi 

Standard 84 Keys AT S ty•e Kay boa<d 

s390 

the 386 orignale ' 
18 MHz - 32 Bits - 80386CPU 

!Mb RAM 011 2Mb boar<!. expandable uo 10 18Mb 
1.2MI) Fl<')OM wit~ Floppy/Haro OiSk Con1rn11., 

2 Se<lal & 2 Parallel PMS olt Molner Board 
EGA d<:laolet b<Jll1·ln on Syslem Board , 

Suppons VGA640'<400Grap~ICS, 
CGA. MDA &He1culc5 omulal tun 

Slanoard 8o4 Keyl AT Slyle K:eybodrd 

see OTHER 0 PT10 NS I or Upg1 ade~ 

Full Suftwure CompatibilifJ ' 
11UN J''Y 011h~Ba·.e CAO Ai r11un t1nCJ On•,~11r. 
P1Jf11~sr.1nl) Wora P' ur.e!is1nq Spreai:l She tlf N11 ! 
\~./'J' "' "'J «r•1I 1;rluJr Sin dar p,, 1gftlFTHT11·~ 
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EXCLUSIVE COMPUTERS HEADQUARTERS 


TEK COMPUTER 

THE VALUE lf.ADER IN COMPUTERS 
SELECTION: 

VOLUME: 

EXPERTISE: 

ATTENTION: 

We stock and sell products made by the world's 
largest and most trusted names in Computers. 
Printers and Software Manufacturers. 

Since we have multiple locations and our overhead 
is low, we buy and sell an incredible volume. 

Since we deal exclusively with EPSON, TOSHIBA, 
COMPAQ, IBM, we get special factory training 
giving us the know how nobody else has .. 

Our job is not finished unless you are satisifed . You 
must be happy. 

• Free Radio Watch $19.95 Value • 

§'PREMIUM/286 
• 80286 Processor 
• 1.2 MB Disk Drive 
• 40 MB HD 
• Enhanced Keyboald 
• Mor«hrome System 

12249 


Buy 2 boxes of Janus diskettes at $14.95 
and get a digital watch and radio tree 

• MACINTOSH TM 

•MAC SE 
2 Drives . . .... .'2149 

•MAC SE 

1 Floppy 20 MB .2799 


• MAC PLUS .... . 1549 

• Apple Laser Writer ..In 

Stock 

NOW HERE-IN 

STOCK 


l'DmPAQ3as 
20 MHz SYSTEM 
Lmt. Quanties Available 

MONTHLY LAPTOP SPECIALS 
NEC Mullispeed EL/20 MB ... , ........ .... . , . . 11599/2450 

Toshiba 1000/120013120 w/2 MB HD .. , .... '875/245013199 


MONTHLY PRINTER SPECIALS 
IBM PROPRINTERS TOSHIBA 
X24/XL24 . . . . .. .. . '599/840 321 /.341 SL . . . ... .. '4991785 

Boards 

IBM Mono Adapter . . . .. .. ... . ....'99 

AST Six Pack 64K +Sidekick ... _..149 

AST Advantage Expansion Board for AT 

w/128K ............ - . .••. ..349 

Vega Board by Video 7 Deluxe ..•. ..275 

Hercules Graphics Plus ...•. .. • ...190 

Hayes 1200/24008 w/SW . . . . .3491399 

NEC EGA . . . •.•. , • •.•••••• , . .••430 

Migent Pocket Modem . . . . . , . .. .•159 

Evarex Evercom 112 card 12008 ... . . 90 

Everex Evercom Ill 2400B .. . . . ....200 


Hard Cards 

Plus Development Card 20/40 .. 1599.4199 
Iomega Bernoulli Box IMS Disk Av.ll1ble 

Hard Disks 

20MB/30MB/40MB , ...... 1259.13691599 

40/SOMB Hard Disk for AT . .. . 699/1099 

20MB/60M8 Tape Back-Up . - ...5991799 

120MB Hard Disk ........ ..... .. . 2600 


Z740 U Camino Real 

SAnCA O ar a , CA 9 50S I 


( 
(408) 296-0455 


Computers 

IBM AT 339K ........ .... ... , ... '33119 

IBM Sys 2 Model 25 . . . •. ..... 94511190 

IBM Sys 2 Model 30 . . . . ... 1275/CALL 

IBM Sys 2 Model 50 10 MHz, 20 MB 2624 

IBM Sys 2 Model 60 10 MHz. 44 MB 3499 

IBM Sys 2 Model BO 40/70 ... . . ..CALL 

COMPAQ Port 2 Dr •... . ..... . . . . 1545 

COMPAQ Port 111 Dr/20 MB .... .. 2899 

COMPAQ Port 11140/20 . ....... . . CALL 

COMPAQ 286 Desk Pro 12 MHz .. . 1949 

COMPAQ 386 Mod 40!70 .. .. 449915499 

AST Premium 

All Models Available ..•••••• Beet Price 


Software 

Lotus 1-2-3/Hal/Metro .•• . '3091120/85 

Symphony , ..•.•• .....••.•. ... 410 

Framework 2 . , •.•••.• , . . • .. 365 

D Base Ill+ ... . ••...••. _... _395 

WordPerfect 4.2 •••• . ••••. ..... 219 

Microsoft Windows . ...•.•.... ... 69 

Microso~ Excel . . . . • • • • • . , CALL 

Xerox Ventura Publ ishe . 4 


FAX 
(408) 296·7499 

J .. - ·Au Good Wnlle 0Yi.Jrilill<!S U$'1 • l'rt~~s Subl'Jt:! Tl) Che11g .. . C..oh P1i~ 

Aldus Pagemaker .. . , .•.....•.. . 485 

Multlmate Advantage II . . ........ . 440 

Ability/Enrich by Mlgent ......•...LOW 


Printers 

Okidata 2921293 ....... ... . .. '425~99 

Epson 850/1050 . . ..... , . . . 5451745 

Epson LOS00/1000 ...........4891849 

Epson LX86/FX85 ... . .... . . .. 1991349 

Epson EXS00/1000 ..... . . _... 498iM9 

Epson LQ2500 ... . . .... , .. _. . . . 1099 

Epson FX86EJFX286E . . . . . . .359,.75 

IBM Proprinter II .... . .. . ........ . . 399 

IBM Quietwriter Ill .. ... ...• . . ..•. 1299 

NEC Laser Printer .............. . 3895 

HP Laser Jet II .. ... .. • .......... 1899 


on tors 

IBM ColOr Monitor 8513 PS/2 .. .. . . '512 

IBM Mono Monitor 8503 PS/2 ..• . .. 200 

IBM Color Monitor 8512/8519 .. 485f1196 

Princeton SA12P .. .. . .. ...• . .. .CALL 

NEC Mul!Jsync II .......... . . . .... . 575 

Sony Multiscan . .......... . .... . .. 829 

Amdek 410A/422 ..•..•...... 159/489 

Samsung AGB/EGA .....•.. . . ,299/369 


119 Kearney (and Marker) 

5.;in fr.inclsco , CA 94108 


(415) 362-6870 

(;(Jm~u~ 11 • tlJJl•ll'lfd lraioamar• al Compi.q
t11M ~ ..-. tf!QIJ\!Dtd ll&\t!tt1~i1tilh '" lt1!1Ht11!1.0JMt S.i..u110EIU fJ6'filnta 
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on these new computer books and software from McGraw-Hill 
CALL TOLL-FREE 1 ·800·2· MCGRAW 


INTRODUCING PC-DOS AND MS-DOS 
By T Sheldon 374 pp.. illus-. sofrbolind Find out about 
the free advanced capabilities of DOS and how to use 
them ' 'Wonderfully enlightening ... well-written ... my pick 
for technical book of the year "-Online Review 056559-7. 
Regular Price : $18.95. Your Price: S16.10. 

INTRODUCING UNIX '" SYSTEM V 
By A. Morgan & H. McGilton. 480 pp.. illus.. softbound 
Guides you step by step through the facilities , commands. 
utilities. and applications of System V. AT&T's new version 
of the UNIX opera11119 system. 043152-3. Regular Price : 
$ 19 95 . Your Price: $16.95. 

UNIX IM UTILITIES: 

A Programmer's Guide 

By A S. Tare. 640 pp., 11/us. , softbound Save time and 
effort with popular UNIX utilities! Helps you write. efficient, 
bug-free programs and significantly reduce turnaround 
time. 062884-X. Regular Price: $24 .95. Your Price: $21.20. 

HOW TO BE A SUCCESSFUL 
COMPUTER CONSULTANT 
By A. A. Simon. 256 pp., illus., softbound Everything you 
have to know to set up and run your own computer consul· 
tant (or software development) business, full- or part-time. 
No business experience required' 057296-8 . Regular Price: 
$18.50. Your Price: $15.70. 

dBASE DEMYSTIFl'ED: dBase 11/111/111 
Plus r.. Applications and Solutions to Real 
Problems 
By L. Barnes. 288 pp.. 120 illus.. softbound Covers the 
tult range of dBase features and shows how to apply the 
various releases of dBase to real-world problems. 
003844-9. Regular Price: $19.95. Your Price: $16.95. 

BUILDING YOUR FIRST EXPERT 
SYSTEM 
By T. Nagy. D. Gault. & M. Nagy. 293 pp.. boo/<tdisk (IBM 
PC and compatiblesj How to easily create your own 
working expert system. A book/disk combination \deal for 
beginning programmers. 912673-1. Regular Price: $19.95. 
Your Price: $16.95. 

GETTING THE MOST OUT OF YOUR 
EPSON PRINTER 
By D. A. Kater & R. L. Kater. 224 pp.. 170 illus., 
softbound The A t.o Z of the popular Epson printer and 
how to make maximum use of 11. Covers the full line. 
033385-8. Regular Price: $19.95. Your Price: $16.95. 
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dBASE Ill PLUS '" TRAIL GUIDE 
By H. Dickier. 350 pp., book/disk (IBM PC and compau
bles) Follow this step-by-step trail and learn dBase Ill 
Plus in one week! With valuable programs you can modify 
and use over and over again. 912709-6. Regular Price: 
$29.95. Your Price: $25.45. 

A COMPREHENSIVE GUIDE TO Al AND 
EXPERT SYSTEMS 
By R. I. Levine. 0. E. Orang, & B. Edelson. 256 pp.. 99 
illus., softbound All about artificial intelligence and how to 
utilize 1t on your personal computer. Gives you everything 
from basic concepts to sophisticated programming tech · 
niques. 037470·8. Regular Price : $19 .95. Your Price: 
$16.95. 

MICRO-EXPER'T 
By B. Thompson & W. Thompson. 74 pp., book/disk 
Become an instant expert with the world's mos\ widely 
used expert system shell. Includes its own source code so 
you can tailor it to meet your needs . ''Highly recom
mended."-On/ine Today IBM PC {and compatibles) : 
852109·2. Apple II (all models) : 852110·6 Apple Macintosh: 
852138-6 . Regular Price (all versions) : $49.95. 

Your Price: $42.45. 


For fast service call TOLL-FREE 
1-800-2-MCGRAW or use coupon below. 15-day 
examination period. 

,---------------------, 

.,~~~ • '-' McGraw-Hill Book Company• • n • P.O. Box 400. Hightstown. NJ 08520 

Please send me-at 15% off the regular price-the prod· 
uc!s whose code numbers (the number belore the regular 
price in above blurb) I have checked below. I understand I 
have 15 days for free e~amination before I send payment for 
those products I want to keep (plus postage. handling. and 
local tax) and return any unwanted products postpaid 

11 056559-7 $16.10 I 1 003844-9 $16.95 I I 037470-8$16 95 
I I 043152-3 $16.95 I l-912673-1 $16.95 l 1852109-2 $42 45 
n 062884-X $21.20 I 033385-8 $16.95 I I 852110-6 $42 45 
l J 05 7296-8 $15-70 I I 912 709-6 $25 .4 5 I I 852138·6 $42 45 

Name 
Address _______________ 

City------- State ___ Zip -- 

L---------------------~ 
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EQUITY I+ 
• 360K Floppy 
• 20 Meg Hara Disk 
• 640K Ram 
• Serial/ParaJlel Pon 
• Monochrome Calll 

ALL Configurations In Stock! 
NEW IMS Bernoulli OuaJ Sptfd 

= - -- romPAa LAP-IDP 11--- ·
Desk Pro 20 meg. .. 1495 PS/2 model 30/20 meg . . . . . . . . .1695 
286 30 meg . PS/2 model 50/20 meg • . • ••• . .. 2695 Toshiba 3100-20 .. ......Call' 21175 
386 40 meg ..... .. ... 4335 PS/2 model 60140 meg . . . .. 3595 Toshiba 1000 .. ''' .. . ......Call 
386 60 meg/20 MHz 5650 PS/2 model 60f71 meg . . • .•. . ... 4595 NEC Multispeed . .. '' . ' ' . . . ''''' ' 1395-·-·· 
Portable Ill 40 meg/20 MHz ... 5450 PS/2 model 80140 meg . . .5100 NEC Multlspeed EL .. . . ..•.. . . .. ... 1695 

MONliOR EXTRACARD & MONITOR EXTRA 

CITIZEN TOSHIBA PRINCETON GRAPHICS AMOEK PC MOUSE IR'NIN & ARCHIVEWE STOCK 
OKI DATA NEC SONY HAYES MICROSOFT MICE TAPE BACK 

HARD DISK ~ EPSON 
Seagate 20 meg •. . .....•• . . ... ... 305 
Seagate 30 meg ......... . ..... ... 365 NOVELL PRINTERS 
Seagate 4038 .. ......... .. ......495 

Seagate 251 . . ................ .465 
 Authorized Dealer 

Epson FX86E .......... .......315
Netware Epson 286E .. , .. . . . .. . .. .. 448 
Epson EXBOO . ............... .425 
Epson EX1000 • • . . . • . • . . . . . . .499SOFTWARE Epson LX800 , . .. .... .. ..... .. 210 

Microsoft Word . . . . . .••... . ..•.. . .215 AST 
 Epson LOBOO ,, .. ... .. ....... .405 
Word Perteet 4.2 .••.••. , ••.•••. ... 215 Epson LQ1000 . . . .. • .. .. • .. .. 549 
Loius 1-2-3. . . . ..• •. . . •. .. ... •. . .325 G03500 .... .....•.... . ... .1295


AST 286 model 80 . .. . ..... .1495dBase Ill+ . . . • •• •• •• • .•• • ...•. 385 Epson L0850 .............. . .550

AST 286 model 120 .... ..... 2350Microsoft Works . . .. .. . .135 Epson LQ1050 . .. . •..•. . .. . . . .725

AST 286 model 140 . ... . . . .2650
AND MANY, MANY MOREi HP LASER II •...•.••••••••. .1750CARO & MONITOR EXTRA 

WE ACCEPT LC, CASHIER CHECKS, MONEY ORDERS, VISA, MC, AmEx 
3% charge on VISA. MC & American Express 

COMPUTER LANE 

22107 ROSCOE BLVD.HOURS: 

CANOGA PARKM-S 10-6 (81 8) 884-8644 
 'h BLOCK W. OF TOPANGA 

EQUITY II PLUS 
• 1-2 Meg Floppy 
• 40 Meg Hanf Disk 
• 640K Ram 
• Serlal/Parallel/GIC 
• 80286 CPU 
• Monochrome Monilor 
• Graphic Card 
• MS DOS 
• r;w Basic 

In ard11 m pnmd1 !bt 11111 lel'llce. 
EPSOll EQUITY Is 
ucttl$l¥1ly wld on locr!lon. 

• Monachrorre Moni tor 
•MS DOS 
• fNJ Basic 

S1295 

EQUITY Ill+ 
• 60266 CPU 6-6 10 MHz 
• 1.2 MEG Floppy 
• 30 MEG Hard Otslc 
• DOS 3.2 Mono Monitor 

& Graphic Can! 

s25g5 

LEADING EDGE.A 


MODEL " D'' IS A AEGISTfAEO TRADEMARK 

OF LEADING EDGE PRODUCTS. INC 


Aul horrll!d Dealer Se r-11ca Center 

CA 91304 
CORPORATE ACCOUNTS WELCOME Compaq Is a Registered Trademark of Compaq 
C'ALL FOR VOLUME DISCOUNTS Pnces suhiee1 10 change wilhou1 notice !BM is a Registered Trademark of ln!emational Business Machines 
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FAST Af. low as 28ms. avei-age aCCE'S"; t lrne.;. 

Big UD to 49 megaovtes fcnnatted storage. 

LOW POWER Just 10 wat ts total power 
consumption. This means lower operation 
temperatures and longer compooent life 

QUALITY Leprecaros feature controllers & 
drives made t:Jy the t:Jlggest names In the M· 
n~ - Western Dlg1ra1, seagate & MiniSCTlbe. 1 
year wa rranty & 30 day money back guarantee 
assure your satisfaction. 

FREE SOFTWARE lndud1ng TakeTWO. the 
t:Jackup ut ility named PC MAGAZINE Editor's 
ChOlce two years In a row! 

CET IT FAST - FEDERAL EXPl<ESS standard 
add $10. 

MINISCRIBE SEACATE 

llllflllj/ ...... JONB/UIM, :zllltB/ 581M. ,_/2S"nS. 
15!9 U•9 Ue9 SS79 

Tandy 1000 LeprKardl add $20 

PC/XT lt•rd disks 
• Drive &controller orete;tea & formattea 
• Genuine western 01g1ra1 snort sror 

controirer
• w page lnstalla t10r1 guide & reference 

manual 
• Cable'l, mounting screws, full &half·helght 

oenzets 
• TakeTwo Backu p Sofrware, PC MAGA· 

Zllf: Editors O'cice 
• 1 year PolrtS ar.<l latx:f" warrantv 
• 30Day MOneV BaO: 5at!Sfactl0/1 Mrantee 
• Optlonar, 150 watt, UL/FCC approvoo 

DOWer supply S69 

Tandy 10::0 kits add S20 

20MS kits 

/200 ilt~( 
fttOdutt 

• '!tlo<t Slot size 
• IDO or iioo Op<; speoo 
• HJ'ii!S .sm.irtcom ~ com pauo1e 
• Une.IJusy cletect aM auro redial 
• MIQROR II software; 3 569 v.iiue1 

• Made In USA tl'/ Fran~lln Telecom 
• '1 ·year warra ntv 
1200 Enemal with 11111rrw 11 $99 

768K "1i"i ettts 

• 1~6~ of 120nS ~AM 
• wcus-~reN.tercr...oft comoa:cioie 
• C<in o•cif111 to ~401<. rema1noer as 

EMS 
· ~t s>:lt l"i!Hl 
• 1 ~B pl1111vbad< board oP!t<ln S16D 
• P!:o-up w.ndow pr Im "lOOler. onO 
RA~ arsJ< softwore 

Circlt 482 on /llaJu Su viu Card 

I 

25248 Townsgate Rd., Dept B 
West lake VIiiage, CA 91361 

TOLL FREE 800·722·Af.XT 
callfomla 805·373·7847 

No extra for Visa/Mastercard 
Prices Incl ude UPS Shipping & Insurance 

30-Day Monev·Bad< Guarantee 
corporate & lnsrlrional P.O's accepted 

2'KX) MNP 
ftfOdettts 

• Haves Comoatrt>le 
' 300i1200T2ll00 St>ffci• 
• ~NP level ~ error correction 

30Mekit'S 

• Seagate ST251- 42.8 MS/HaJf·HelQht/11 Watts 
• Pre-formauea into a oalr of 21MB oart1t10h'i. 28ms. 

• Mlnl!CrlDe 3650--42.2r.1>1H;lf+ieoQ11t /18 wac 
• Pre-farmaned 1t1to apar Of 21MB oomuons. 42n!S. 

65Mskits 
• 5eagate ST2 77R- 6S.S MB/fialf·Hellll1tf1 '1 a 
• PTe-fQrmatted lntu a oalr of 32MB oartltJOns. 2Bms. 

tr1<:.reases tnrou~nout up ro ;>O'IO 
• Auromatic Adaptive EQual1Zimon 
• -..vo1at1le memo<v retains 
conf19uration 

• MIRROR nScftwaru a 559 wlue 
• Internal fits. 1n Short ~ot 
• PCJ)(T/AT/PS2 ~Odem caore s 15 

1spec1ry model! 

• 9600 PP< Operation
•ccrn croup ~ compar101e 
• seocs ASCII °' word p.rnc~s ng f1 les 
• Baci.CJ round receiving 
.. Uni!Uendcd sending & "CCC'\vmg 
• Prlnti on EIJSO.n or LaserJet com· 

oat 1tlle orlnte" 
• lM as 9600 CPS <vncnronou< 

modem with other FAXf96 rnOderns 
• RCQUlfe> 512)(. Hard DiSI(. DOS h. 

8. 11en:ull'S mono 0< cOlOr qraph1e> 
adaoier 

.3~" flopp1.1 kit 

Taki ' 
\' 

Instant Laptop & PS/2 cornpat1blhty. All kits 
include bracket to mount m 5 y, • drive bay. 
black & grey face plates and mounting rails 
144M8 XT kits include replacement floppy 
controller that doubles tne data tran<;fer rate_ 

Ncm included· TakeTWo. the t:Jackup utility PC 
MAGAZINE named as their Edlto(s Choice 
Now you have a fast. affordable backup solu· 
tion that brings you media compatibility with 
me latest IBM PS/2 svsterns, 
7201C Internal for PC/XTIAT, s11g 
• Requ1r~ DOS 3 2 or optional S15 dnver 

software 

1.44MB 1ncerna1 fOr AT only, $149 
• Includes driver software 

1.44MB 1ntemal for PC/XT. $249 
• Floppy Controller I!. cables with 500.000 

bit per second data transfer rare. 
Supports two drive5 

External case. tor XT kits add S99 

• Snort Om, 5.25" long 
• 2-)oear vlilrranrv 
• 640i<~BO resolutJon 
• 132-tatumn LDtus 1-2·!. 

J~~~~:!~ svmDll0'1V. etc

'
• Ec.\480 ' NEC llllultlSync II 

$768 

WESTERN DIG/TAJ. 

.~· MeQa 
tl'\'t'eS. 62 

msec kces1 
• W.0-' l)QIWt 

ton:~umct1on. 
11 Watr; 

• I l(l h S~<l WO RL~ 
Cootrn11er 

• XTREt , .!. >pee<lRea<l Drn 
Cache ;ofrwaf-' 

• 12eQU If'~ 1'.,'J '5J0(5 
• TaN9TWO oaoo.."O IOftwa<e 

MlnlSt rlbe scrroe<:ard 32 for r.indy 1000 $419 

AT 

liRrd disk dr'ives 


• Includes AT mounting rads. & data cable 
• SpeedStor or OnTrack large drive 

software 
• Formatted, Partitioned, & Tested 

Size Model Speed Capacity Price 
HH Seagate ST251 40ms 42.SMB $439 
FH SWgate ST4053 28m5 44. 5M8 S599 
FH Seagate ST4096 2Bms 80-2MB $888 
FH Micropolis 1335 28rns 71 MB $849 
FH Maxtor 1140 2.7rns 117MB 51849 
FH Maxtor 2190 30ms 150MB 52099 



Now You Have A Friend 

In The Computer Business 


Authorized Autocad and Novell Dealer 
6 Good Reasons To Buy 

AST PREMlUM 286 


COMPAQ 286-12 
 WYSE 286 System
SllK JlAM, .l.l n"P!'l'· 
qo MB F:i>t HD.640K, 1.2 floppy. 512.K RAM, 1.2 floppy, 40MB HD hi-res rTKlllO card , 

40 MB HD monochrome system fu ll moncx:h rome systemmono rnooicor, DOS 
J. 2, GW Basic 

$2195 
lN ~JOCK !IN SlDCK Call Im all 

WYSE 386/ WYSE Terminals386/ 20 mh:t r produc~~ · 

LEADING EDGE COMPUTERS ACER 710/ 910 SYSTEMSLAPTOP SPECIALS 
(formerly Mul1 hcchJNEW 
512K memory, W MB 

TOSHIBA HIJ, r,; 10 U wall stale 
lo II m•lnu sy-.iemT-1000 

$849 
IN ITOCK!Model D Fu tl Mono Sysr.rm C:ill lur B<s1 Price

NEC Mult ispecJ EL $1695 $1295 
NEW! ZENITH 181/ 183-20 

Acer 386 m;.Kh in~ $1649 / 2490 Authod7Cd 1£ltding Edgi.- Dealer 

We carry a full line of HP, IBM, Intel, Diconix products at best prices in town. 

SOFTWARE SPECIAL AUTIIORIZED DEALER FOR l'om(Hlhm 11 -.\lo11nl;ii11 \ il'\\ 
'Mird Pnfoc1 1 19-1 ,. ,, Oklda1 2455 /.I Old M1ddlcfield Way 
M1 ro:;olt Word ••.. 20'l Epsoil Co111pulcr.; & Primer. EC Mou ntam View. CA 94043 
WlU • ' . ' J05 • 1 C~no ri 

.1 11 fi JJ ,Hl\ 'f.111!\'lo'oU I J U l h -""ms11ng u~ 1v rM I Do ld Sy<lems (415) 962·TOWN ~" , ii., ~11 .. 
7£111 111 I • 11 PRJNI'ER SPECIAL (4 15) 962-8696Tosll11Ja A.shlun Thi• 

EP>On LX~OO '' . .. . ... ..... • ... . . . . • .. . •nw 
 'Nof"' Compule" Par3dox !Am•• ."'111w~re )
Ef"On EX800/ !0IJU ... , . . • . . , ... . lll91-l!!'i' AT&T \1 ·1 
Epwn LQ800i H)(J(l ..... , . . .• ..... .... . 4f9f '69 
 Aulocud "'.:nlura 
~-rs<•n l.QlSOO • • ....• , .••. , •. · . • . . . · · • · · 899 

lo'" .. 1 I~ ""'' I~· Aldus IP·'~M~kerJ ( ·ompu Iown- ">an FrandsenEl"''" l.QAAJI HJ.SO . • .. • . . . . , •. , , . , , . IN HOCK 
N EC 1'1i /f'712200 .•... . •..•.. , .. , . 414/ 615H l5 L<!adini:- Edi.:" 'i60 Mukel S!r..,I , Sui I<' 2 !9 

1<-"hil» l' l!JS! fl '351~l . . . . . . . . . . . . .. IN S"!UCK Cmnpulm~ n Plc,1•,inl I lill (PhclJn Bu11<fingl 
HI''-»<• J« 'w.-r.-.. l . . . . . . , .. , , .CA LL 1527 Conn~ Cr""1 1:11.J. 5.ln Ftanci><.'tl , CA 9'1102 

~m Hill . CA 94'2.l
.fmllliA'~ ~ ....i :i.u, ..... t.- t. ~-un'~ .....,.cmo, ,.11 •.it,,• (4 JS) 956-IDWNl~qa.lnr)rn.,,..f...,,.in11:~""1h........, 

(415) 634IDWN (415) 956-8696 
We Sell, Deliver, (415) 634-8696 . FAX (415) 989-TOWN 

NEW LOCATION~Install, & Repair 
.........-~~~·.-ql'N' "riu.t.... (.I\ 


~ .. •~~~ .r11.,_....,,....._.......'"""........_ ,.. 

'¥.-...."' .,........ 41111 ~
---.i:nl..- ~ s-...- 
~~ l'l 4 Cl~d~ 

lr-•• .. ~1r..l-.c..."'-dl ...... 'il!Eh....ol1.. 
 c PUTOWN 
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That's because 27 million American adults 
can't read a child's bedtime story, can't read a 
street sign, can't read .. . period. 

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

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

You can change that by joining the fight 
against illiteracy yourself. It takes no special 

n!'I 0 
tb~c~ C~alition for Literacy 

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

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

VolunteerAgainst Illiteracy.

The only degree you need 


is a degree of caring. 
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SHORT TAKES 


BYTE editors offer hands-on views ofnew products. 

A New SideKick 

- ,~ 

E xperienced SideKick users will feel like kids in a candy 
store when they begin using SideKick Plus. The program 

is so packed with features that Borland 's biggest problem 
may well be convincing current SideKick customers that the 
program is in fuct a completely new program , not simply an 
upgrade o f an existing product. Comparing the nea rly 400
page SideKick Plus manual needed to document the program 
with the origin.al 86-page SideKick manual underscores this. 

SideKick Plus (SK + ) has a memory-resident Notepad 
(text ed.itor) , a Calc ulator, and an ASCII table. AJthough 
greatly expanded in capabilities, these modules , and many 
other SK+ fea.tures, should be familiar to c urre.nt SideKick 
users . Howeve r. SK + al so includes a disk orga nizer (File 
Manager), an outline. processor (Outlook), a calendar (Time 
Planner), and a fulJ communications package (Phonebook). 
The program is modular in that you can customize SK+ . 

To save on memory and enhance performance. I set up my 
version to include onJy the applications I thought J'd use the The Facts: 
most- File Manager , Notepad, Phonebook, and Calculator . SideKick Plus 
Using a standard IBM PC with a Plus Hardcard 20, I focused $199 
on those features that I frequently use-the text editor and $69 .95 for upgrade 
communications module. 

There were two things that l particularly liked about the Borlaml lotemational 
SK+ Notepad : the ability to have up to nine windows open at a 4585 Scotts Valley Dr. 
time, and the s iz.e of the files that you can have in each Scotts Valley , CA 95066 
window (up to 54K bytes). I loaded nine chapters of a project (408) 438-8400 
I'm c.urrently working on (the largest chapter was 49K Inquiry 859. 
bytes). switched from one chapter to another (by pressing F6). 

cominu11d 

Requiremems: 
IBM PC , XT , AT, or 
compatibles, or IRM PS/2 ; 
DOS 2.0 or higher, 384K 
bytes of RAM, and a hard 
disk drive. 

Services 
Edit Clipboard (uses the 
Notepad' s commands), 
Window Control , Copy 
from , Paste from Clip
board, Quick Paste, Set
up, Memory Sil.es, Unload 
SideKick Plus 

Vogon Poetry 
Ajust-for-flln item . ln the 
beta vers ion we tested , this 
command (from lhe open
ing menu) called up a 
game-a clone of Space 
Invaders. 

SIDEKICK PLUS COMMAND SUMMARY -.... 

f!lle Manager 
Directory (for any disk or 
path . Search (for files or 
text str ings within files), 
Mark Entries (for further 
processing). Copy. De
lete. Move Rename. Print, 
change) Attributes, View 

(files) . Prepare (fomlat) 
Disk . Create 'Directory , 
Order (sort d in~c ries) 

Notepad 
File Refom1at, Search, 
Bl<X;k. Insert , Delete, Go 
to, Marker. Options In
se rt Mode. Auto Indent, 
Graphics, J1..ard Tabs. 
Margin Rclcai;e, Right Mar 
gin. FHe 

~-: 


Outlook (uutliner) 
Line Spacing, lndent 
Hidde n Text , Attached 
Notes , Structured Output; 
also , alJ the Notepad ·s 
commands 

I 

Phonebook 
Search (for entry), Attach 
Note, Edit Entry (uses the 
Notcpad 's commands), 
lnsen Entry Delete Entry. 
Communications (a full 
telecommunications mod
ule) , Glossary. Print, Op
tions , N'ew Phonebook 

....... 


'lime Planner 
New Book:, Search (for an 
enlry), Insert , Edit (uses 

- the Notepad's com
mands), Print , set) Alann, 
Resolution (set appoint
ment book's increments. in 
minutes) , Begin Day. End 
Day, Default Times, Go to 

Calcula.tor 

Edit Tape. Variables, 

Functions, Memory, Block, 

Options, Type (of calcula

tor : Scientific, 81:1siness, 

Programmer. Fomiu.la) 


' 
ASCH Table 
Control Charncters. Edit 
Paste Buffer, Paste Options . 
Goto 
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SHORT TAKES 

edited them, and copied and paste-el text without any problem. 
At the same time, I loaded the same 49K-byte file into 
WordStar 3.3, and I found that I could move around the file 
raster with Notepad than with WordStar. (Exccutiog a Control
Q-C to get from the top to Ute end of ihe file took SK + about 
2 seconds; with WordStar, it took about 9 seconds. ) 

The system Clipboard made it very easy 19 cut, copy, and 
paste inforn1ation between SK+ applications. A feature called 
Quick P.dste , which bypasses the Clipboard, let me paste text 
dfrectly to the current cursor position in the WordStar file. The 
Notepad also uses WordStar-like dot commands and Comrol
kt.-y sequences to support almost all standard word-processing 
features . 

The Phonebook is a powe.rful communications program 
that supports background communication, auto-log-on, 
scripts, and other advanced features. Its Learn feature was 
nice; I easily created a BIX log-on script by turning Learn on, 
goi·ng th.rough the standard dial-up and log-on sequence, and 
turning Learn off. I then edited the :>eript to delete everything 
but prompt and response statements before finally activating 
il. lt worked fine the first time .. To ll!St bac.lcground 
communication. I logged onto a remote bulletin board system 
and , using XMODEM CRC protocol, downloaded a 7K-byte 
file . During the download, 1switched back to DOS, loaded 

WordStar , created and edited a documem, then ~-witched back 
to my background downloading. It worked great, and the 
complete file was received with oo errors . Although back
ground communication capability uses about 20K extra bytes 
of RAM, I know I'll use it a lot. 

One SK + feature that users may find troublesome is that 
the program is complex and has a confusing array of features 
that you can reach from Control-key sequences, function 
keys, and menus. You '11 have to decide for yourself if the 
complexity of the program is worth the effort ; I think it is. 

Another feature I found bothersome was the length of time 
it rakes SK+ 10 appear on lhe screen-about 4 seconds to load 
and another 4 seconds to unload. The reason for the time 
delay is the method used to swap resident applications and data 
on and off the disk. There are ways to speed up the loading 
process , including an installation option that eliminates disk 
Swapping, the use of a RAM disk or an Above Board, or the 
creation of an abbreviated customized version of the, program 
(my optjon) . Borland also indicalt!d that speed optimization 
will continue. to be a prime objective. 

Overall, I think I' ll be one of many dedicated SideKick 
users who give up the simplicity of the original program for 
ihe power of SideKjck Plus. 

-JonaJ.han Erick.Jon 

Lotus's Outllner/Word Processor 

The Facts : 
Manuscript 2.0 
$495 
(Pre-2.0 copies purchased 
on or after December I, 1987 
can be upgraded to 2.0 
for free. Copies purchased 
before that date can be 
upgraded for $75.) 

Lotus Development Corp. 
55 Cambridge Parkway 
Cambridge, MA 02142 
(617) 577-8500 
Inquiry 854. 

Requirements: 
Runs on. MS-DOS computers 
(version 2.0 or higher) with 
a.t leasr .5 I 2K bytes of RAM , 
a hard disk drive, and a .5 1-'

inch or 3 112-inch (1.44
megabyte) floppy disk drive; 
works wilh CGA, EGA, 
VGA, Hercules Mono
chrome, InColor, Toshiba 
TI 100, and Compaq Portable 
mdisplays. loclude.s 
software drivers for most 
popular dot-matrix llJld laser 
printe.rs. 

Manuscript 2.0 is easier to use, more powerful . and 
faster than version 1.0 . 

Word-processing additions include macros; named text 
libraries for rapid insertion of boilerplate copy; multiline 
headers and footers ; inclusion of Microlytics' Word Finder 
thesaurus , with definitions as well as synonyms; a new 
spelling checker from SoftArt, and inregration of speU
checking with the e.ditor rather t_han as an external utility: the 
abiliry to see page breaks. whjJe in the editor; sorting of 
tables, using any column as the sort key; and automatic saving 
of an edit doc.ument at predefined time intervals. You can 
include Lotus 1-2-3 'M>rksheet.s in a document by file reference 
and update them by command (the latest number.. from a 
worksheet are read into the document). 

Formatting and printing the six-page sample document, 
which contained three graphs, two equations, and two tables, 
took 59 seconds with version 1.0 , while a prerelease version 
of 2. 0 took 47 seconds. The final version wilJ be still faster. 
according to Lotus. (Lotus reports it plans to sh.ip Manu
script 2.0 in the first quarter of this year.) 

Previewing is also faster in version 2,0 thanks to an 
intennediate storage format for graphics images and chariges in 
the product's overall memory management scheme. The edit 
document now remains in memory while the editor, print 
forma.tter, and previewer are swapped in and out. 

Manuscript 2.0 also includes some major enhancements 
and new features in the area of page layout and fonnat: 
winding columns of teict (one to nine columns); financial 
tabs, so numbers are properly aligned even when followed by 
symbols such as percent and minus signs; named blocks; full 
user control of parameters for hyphenation and microjustific-a
lion; and logic for page and column breaks. 

I Lhink Manuscript 2.0 should have broad appeal as a com
plete editing and la}Qut system fo.r large documents. It looks like 
a workable alternative to the traditionaJ approach of using 
typese.tting and layout services to ere.ate printable documents . 

-George A. Stewarl 
r:onrinued 
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Otir "SCANNINO CONNECTION ' 
system can be used to read 
your paper documents Into a PC. 
Pictures and graphs c:an be 
scanned and saved In various 
ftle formats for use by many
word processing and desktop 
publlshfng systems. Text Images 
can be converted to character 
text for use With most word 
processing and typesett1ng 
systems. Images can be sent 
over telephone tines to another 
PC or a facsimile machine. 

We have developed a spedaJ
controller card for high speed
compression of Images and for 
character recognition. Books. 
magazines, newsprint. reports 
and typed dOcumtAts can ba 
read by our OCR IOftWate. 1be 
sOf'tware can be trall'ijld to 
recognize almost.anytbntsQta. 
System pricaslm:IU.dlng ~ 

With our "TAPECONNECTION'" 
system you can read and write 
most 1/2" 9-Track magnetic 
tapes using your PC. Tapes can 
be 800, 1600. or 6250. Our flle 
transfer software can process 
ANSI labeled tapes from most 
computer systems Including 
DEC, HP. HONEVWE.U.. and IBM. 
Large files from mutttwlume 
tape reels can be transferred to 
a disk at rates up to 5 MB/min. 
Software Is provided to use the 
system for backup of the hard 
disk on your PC. 

With more than twenty years 
experience In working with 
tape drtve system2'. we can 
solve most PC tape conversion 
p,robl•ms. We can supply more 
t han tan different tape drive 
mOdals. Sysmm prices Including 
tape ~rtve. contl'!Dll card. and 
sottwere start at ft495. 

We specialize In conversion 
systems and can transport your 
documents or Images to almost 
any computer. word processing. 
or typesetting system. With 
our " DISKETTE CONNECTION'" 
system you can read and write 
most e··. sv.-·. or 3'k '" diskettes 
using your PC. We support 
systems from DEC. CPT. WANG, 
NBI. LANIER, HONEYWELL, and 
XEROX. We support most IBM 
systems including 3741. S/ 36, 
PC/36. 4300. and Dlsplaywrlter. 

Since 1981 we have developed 
hundreds of software programs 
and designed many specialized 
diSkette hardware products. 
With thousands of Installations 
worldwlCle, we are probably the 
world leader In manufacturing 
diskette conversion systems. 
System prices lndudlng diskette 
drive. controller caret and 

end sottware .start at $1795. 

"' 
°"*~ software start at S 1195. 
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A Linlc Gian! in Telecommunication~ 

Gfonous Union lnform~tlon Systems Inc. 
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T31~1. Taiw an. R.O .C. 

TEL: 2-7153356 2-71 b8035 
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TEL f3 I fl'l-41894 1 FM; f) I )79-4239 73 
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Search and Cut/Paste Facility 
for dBASE Flies 

The Facts: 
Friendly Fiuder Requiremem.~: 
$99 IBM PC, XT. AT, or 

compatibles with DOS 2.0 or 
Proximity Technology Inc. higher (DOS 3.0 required 
351 1 Northeast 22nd Ave. with the IBM PC AT); 75K 
Fort Lauderdale , FL 33308 bytes of free memory ; hard 
(305) 566-351 1 disk drive (recommended) . 
Inquiry 856. 

I f you · ve ever needed information from a database while 
working in another application, you know that exjting the 

application , opening the database, and then finding the 
record can be frustrating . 

Using the pa1emed search algorithm Proximity-Scan , 
Friendly Flnder leis you search and retrieve information from 
dBASE files while working in other applications. Friendly 
Finder also works with fixed-length ASCD files, but it 's 
primarjly for use with fil es in dBASE format (DBF) . You can 
use Friendly Finder with other database programs, such as 
Paradox or R:base , by first convertjng the data to DBF 
format, but then you have lo reconvert your data every time 
you update I.he database. 

You can run Friendly Finder from the DOS prompt, but 
you would probably want to operate it in memory-resident 
mode (it takes up 75K bytes); this is really more useful 
because you can then access databases from within other 
applications. 

To invoke Friendly Finder in memory-resident mode, you 
press the default key combination Control-Rig.ht-Shift, or any 
other combination that you speci fy. Friendly Finder appears 
in a small window at the top of your screen with a list of 
available databases. You select the database you wish to 
search and enter your query . Friendly Finder find all records 
that match the string in your query . Once you've found the 
record (or records) you're looking for , you can paste the data 
into your application, one field at a time. 

I tested Friendly Finder on an XT with an Orchid Turbo
EGA card and an Intel Above Board. With the Above Board, I 
was able to copy my database files to a RAM disk in 
expanded memory . While Friendly Flnder is pretty fast on a 
hard disk. its performance is virtually instantaneous on a 
RAM dJsk. A search for a unique record in a 1000-record 

conrinut!d 
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Circle 159 on &ader Sert1ice Carri 

COMPAQ 
386 
COMPATIBLE 
16 MHZ, "O'' WAIT 
2 MEG MEMORY 
1.2 MEG DISKETTE 
AT STYLE KEYBOARD 

ADD-ON OPTIONS 
MONITOR KIT HARD DISKS 

Monilor, Video Gard, 

Pamllel Pon 


Monochrome ...... S150.00 
RBG Color .... . _.. S3SS.OO 40 MEG . .... .. . ... $640.0D 

EGA/PGA Graphics .S70S.OO 70 MEG .... . ..... •$925.00 

(312) 450-6220 
Addltlonal Configurations Available 

BOX 1104lntramch, inc. WESTMONT. IL 60559 
TEJIMS: P111p Id, lllll'IO!$ AOGl<l\11'11$ Add 6 '11.-'141 $rues Tax. 

Freight UPS Ground Rate Collect. 

• Low Power - Less than 3 Watts 
• Optional on·board Video LCD Driver 
• Ideal for any PC compotlble OEM 

product which Is not a personal computer 
Includes: 1. Powenu1 V4Q<ll CPU (Foster than o PCJ 
2. Math Co-Processor Socket 3. 5 Voll Only Operation 
(3 watts) 4. Speaker Por1 S. Kevboord Por1 6. Parallel 
Printer Port 7. PC Bus 8. PC Compatible BIOS ROM 
9. 1 Serial Port 

On board Options Include: 1. 5 Mode Video 
Controller Option (Monochrome, Hercule Graphics, 
CGA. High Res CGA, LCD Driver) 2. Floppy Disk 
Controller (3.5•/5.25" . 360Kf720Kl1.2 MB) 3. SCSI Bus 
Interface (Hard Disk etc.) 4. Up to 768K RAM 5. Battery
Bocked·up Reol·Time-Clock 6. 2 Addltlonal RS232C 
Serial Pons 

To order or enquire call us today. 

Megatel Computer Corporation


(416)745-7214 FAX(416)745-8792 
174 Turbine Dri\/S, Weston,Ontario M9L 2S2 


US. Address: 1051 Clinton St., Buffalo, N.Y. 14206 

Distributors: 


Northern Europe: Mecom GMBH (Germany)(06071) 5495 

Southern Europe: NCS Electronics (Italy) (0331) 256-524 


UK.: Densltron (0959) 71011 or (0959) 71015 

Australia : Asp Microcomputers (02) 500-0628 


=:~~;;{~:~~~=~o~~~~~·m~mo~:f.,~~c!, ~~&,,P ~~PC 
II o U.1!1td 1roaomo t\dl8M Corpc:wo1lon 

....---megatel _____. 

SHORT TAKES 

da1abase look a tew seconds on lhe hard disk but completed 
almost instantly on the RAM disk. 

To customize Friendly Finder using its special cu tomiw
tion program, you a,dd ubmcnus that appear when you invoke 
Friendly Finder . The customization program also Jets you set 
up fixed-length ASCH files for u~e with Friendly Finder. You 
have to specify a field width imd field name for each field in 
the fixed · length record . The fixed -length file can then ht: 
queried just like a DBF file . 

Friendly Finder is an extremely useful utility for database 
u er . I hope that Proxjmity Technology will eventually make 
FriendJy Finder available for other database formats. 

-Niclt. Baron 

Recordkeeping Software Shows 
Potential of Macintosh HyperCard 

The Facts: 
Focal Point Requirements: 
$99.95 Macintosh Plus or equivalent , 

HyperCard 1.0.1 or higher . 
Activision Inc. and a second floppy disk 
P.O. Box 7286 drive or a hard disk drive . 
Mountain View, CA 94039 
(415) 960-0410 
lnqufry 857. 

0 ne oflhe most alluring promise · of Apple' s HyperCard 
is the possibility of quickly storing , retrieving , changing, 

and cross· rcfcrc,ncing "stacks··· of whatever information you 
use regularly. Focal Point is a collection of 18 interrelal.ed 
stacks that help you organize job-related phone. project, and 
billing data . 

The most valuable thing about focal Point is that 
information needed in multiple places shows up automatically 
after you have entered ii once . For example, when you dial a 
number from the Directory and Dialer stack, Focal Point 
creates a new record in the Outgoing Phone Log, filling in 
the fields for the date. lime. person called. and phone number. 

The scheduling stacks include the Appointment Book, To 
Do List, Monthly Calendar. and Deadlines . ln the To Do List. 
you can sort entries by priority; at the end of the day , 
pressing one hutton copies all pending items 10 lhe next day . 
The Deadl ines stack shows all the project-related deadlines 
you· ve set. sorted by date . 

There arc also projccl stacks that you can use to inlcrrclatc 
clients, vendors, and projects . The phone-support stacks 
include the Directory and Dialer stack, and the Incoming and 
Outgoing Phone Log stacks. For billing purposes, you can 
re<:ord ihe length of a call in both Phone Log stacks just by 
clicking on a call -fini shed button. And finally , there are 
expense accounting stacks . · 

Foe.al Point is an ex.eel.lent product , hut as stackv.me, 
which sits "on tap of' Hy.perCard rather than a directly 
executable file, it has advantages and di sadvantages. For 
example, if you doo't like the way it works, you can modify it 
(with some difficulty) by changing the underlying HyperTalk 
scripts. On the other hand, it execuces ome actions slowly and 
has odd conventions, like wanting you to hit Tab or Enter but 
not Return when you finish a dala icern (this is an idiosyncrasy 
of HyperCard). 

You really need a hard disk drive, Multi Finder , and at 
least 2 megabyte, of memory (Focal Point is most useful when 
it is already in memory and tan be called up in several 
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RAMBENDERS 
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KADA K's 
engineers bring 

years of practical real-time 
eJtperlence to this mature 

MULTl-TASKING SYSTEM 
(version 2.0) 

for the IBM PC, PC/XT and PC/AT 
• 	 No royalties 
• 	 IElM PC DOS - support 
• 	 C 1ang1)age supporl 
• 	 Preemptive scheduler 
• 	 Time slicing available 
• 	 Source code ot lhe 

C interface and device 
drivers 1s included 

• 	 Intertask message 
passmg 

• 	 Dynamic operations: 
- task create /delete 
- task priorities 
- memory allocation 

• 	 Event Manager 
• 	 Semaphore Manager 

AMX81l'- opera/Hon any 8086186, 80186188, 80286 1y1fem. 

Demo package S25 US 
Manual only $75 us 
AMX86 system $2195 us 

AJs o .av11rl~IJJ1J Jot Sl)Mi, Z 80, B8lJ(JlJ 

KADAK Products Ltd. 
206- 164 7 W. Broadway 
Vancouver. B,C , Canada 
V6J 1Y5 

~~IF Telephone: (604) 734-2796 
· • Telex: 04 -55670 
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seconds) . The. full sec of slacks takes up 1051 K bytes of disk 
storage, although you can make do with less . Although Focal 
Point's price is 100 high and it hils a few drawbacks, I think it's 
a worthwhile product. 

-Gregg Williams 

A Weather Station for Your PC 
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The Facts: 
PC WcatherPro 
$575 

Technology Marketing 
Group Ltd . 
4000 Kruse Way Place. 
Building 2 , Suite 120 
Lake Oswego, OR 97035 
(503) 635-3966 
Inquiry 855. 

Rt·qui rcmt!Tlts: 
IBM PC. XT. AT. or 
compatible: DOS 2.0 
or higher. 

Afull-fledged weather moniioring system. PC Wealher
Pro is based on a halt~ lcngt.h plug-in card with a piffy 

80-pin custom IC developed specifically to proct:ss weather 
data. Packed into the chip is an ND converter. a processor, 
memory, a real -time clock, a custom solid-state harnme1ric 
pressure l:rdnsduccr. and the microcod.c that ties ii all together . 
Since keeping the board powered up at all times is critical a 
separate plug-in power supply keeps PC WeatherPrn running 
even when your computer is powered down . 

But the board is only the beginning. It's what you hook up 
to it that count~. and that includes both internal and external 
temperature sensors. an electronic rain gauge, an anemom
eter, and a wind vane_ Obvious ly. installing and hooking up all 
this stuff requires a certain amount of ambition , lime, and 
sk.ill. You'll need to plan wire runs and crawl around on your 
roof to mounl the wind sensors and rain gauge. And you'll 
nee.cl both boiling and freezing water to calibrate the tempera
ture probes, as well as access to a<:cur.He barometric pressure 
to calibrate the on,board sensor . 

The software that ke.>ps PC WeatherPro happily keeping 
track of conditions runs in the background . as you'd expect. 
You can call up the master Weather Bulletio screen al any 
time by pressing a hot key. The real power in PC WeatherPro. 
however, is its abiljty to log and plot all that weather data . At 
regular intervals, all the weather parameters that t.he system 
measures are written to a disk file. You can call them up at 
any lime, and , with the press of a couple of keys, either display 

COlllillm:d 
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___.,.  GET SUPERSOFT's 

SERVICE DIAGNOSTICS 

All the software , alignment diskettes.. parallel/serial wrap-around 
plugs, ROM POSTs and extensive. professional documentation to 
provide the most comprehensive testing available for IBM PCs. 
XTs.ATs and all compatibles under DOS or Stand Alone. No other 
diagnostics offers such in-depth test ing on as many d fferent 1ypes ot 
equipment by Isolating problems to the board and chip level. 

NEW: SuperSoft's ROM POST performs the mostadvanced 
Power-on-Sell-Test available for system boards that are compat ible 
with the IBM ROM BIOS. ll works even n circumstances when the 
Service Diagnostics disketle cannot be loaded. 

NEW: 386 diagnostics for hybrids and PS/2s! 
For over nine years. major manufacturers have been relying on 
SuperSoft's diagnostics software to help them and their customers 
repair mcrocomputers. End users have been relying on SuperSoft's 
Diagnostics II for the most thorough hardware error isola1ion 
available. Now versions of Service Diagnostics are available to save 
everyone (including every serious repair technician) time, money. 
and headaches In fixing the1r computers , even non-IBM equipment. 

All CPUs & NumencCo-processors All Color Graphics & Monochrome 
System Expansion & Extended Memory Monitors 
Floppy,Fixed &Non-standard Disk Drives Parallel &Serial Ports 
Standard & Non-standard Printers Mono.CGA.Hercules & EGA 
System Board:OMA, Timers, ln1errup1, Adapters 

ReaHTrrie Clock & CMOS coniig. RAM All Keyboards & the 8042 Controller 

Join the raoks of XEROX, NCR. CDC, SONY. PRIME, ... who have 
bundled SuperSolt's diagnostics with their microcomputers at no risk 
because of our 30 day money back guarantee. 

S&NICe DI ag no&llc• IOI PC. PC.XT' and comp3Uble• only " .. .. .. " ..... "." ........... $ \69 

Alognmen1 Dl&ketle lor PC, PC;XT and comp<ll<bles (481pj drives) .... ........ ........ . $ 50 

Wrap ·aro<J nd Plug for PC. PCI XT and comp.>t<bles (parallel and serial] ............. $ JO 

Sa<Vrce D1agnr>Sl ics lar AT and comp.!llbl~s only ~ ...................... ............ . .... $169 


Al•gnment D.sketle lor AT and compal ibles (96 tpldnves) ... ... .... ... .... ..... .. ... ...... $ 50 

Wrap aiound Plug for AT (scllal) .... ............... ....... .. ..... ... .. ... .. ..... ..... .. .... ....... .... $ !6 

ROM POST for PC' PCIXT. an<I compahbles Mly -··" ....................................... S.245 


ROl.4 POST tor ATar.c!compatlblesonly .,, ................,........... .. .......... .. ..... ... .. ,.$.245 

S&Nle<> Dlagn01\lcs: The KIT (Includes all ol theabov-.ve '502) ......... M9!5 

S..1v.ce DiagnosliCS lorallolhar CPUs (386. V20, V30 ,Hams. etc.i ......_.~ ..- $195 

O•agnos\ics 11 1s \he solu1<on lo the $$1 "'oe p•oblem s ol uS<!rs ol al ICPIM -60. 


CPIM·86 and MS·DOS compu1ers ......... "' ... "'" ........ """"'"" .. ....... .... $125 

ROM POSTforP5'2arldcomp~t1blesonly ....................................... ..... $245 

AlignmQnt Q15ken0 lor PS.12 •ridcompal!blas (3 5 inch\ . .....,,.... .,... ,.... ..... S 50 


To order. call 800· 762-6629 (in Illinois 217 -359-2112), write to 
SuperSoft. or FAX 217-398-5923. 

sU 
~~~ 
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or print out graphs of the data. You can al so set alarms to go 
off when certain conditions that you've preset-such as low or 
high temperatures or wind occur. 

With its $.575 price tag, PC WeatherPro is for dedicated 
weather freaks or those with a real need to keep track of 
current and past weather information. It is kind of a p in to 
set up, but it's one of the few PC accessories that give you the 
guilty pleasure of having fun and doing something ostensibly 
useful at the same time. 

-Stan Miastkowski 

Technical Graphing for Lotus 1-2-3 
The Facts: 

Tech*Graph*Pad 2. I Requirements: 

$27!5 IBM PC, XT. or AT with 


440K bytes of f~ memory , 
Binary Engineering Inc. DOS 2.0 or higher , and 
100 Fifth Ave. CGAor EGA. 
Waltham, MA 02154 
(617) 890-1812 
Inquiry 858. 

ech*Graph*Pad is a stand-alone iechnical graphing 
program thitt can read directly from Lotus l-2-3 or WKS

format files . The version that I tested (2. I) had severaJ 
serious bugs and an extremely clumsy interface for such a.n 
expensive piece of software . The progn1m does. however, 
have many features that e.ngineers and scientists need in a 
graphing program. Il supports log-log and log-linear plot 
types, as well as polar coordinates. You can use up to eight 
data sets of !500 points each, which you can generate in 
ASCII format or WKS files . In addition, Tech*Grdph"'P.dd 
supports a se1 of curve-fitting algorithms. including poly 
nomial , power, spline, logarithmic , Bezier, and Savitsky
Golay . A host of other featu.res for scaling. labeling. aod 
customizing your graphs are also included. You can also 
convert data from Tech*Graph*Pad imo multjple or merged 
PIC files if you need 10 use the Lotus PrimGraph facility. 

In the bugs department, Tech*Graph*Pad printed lhe .r
axis coordinates incorrecdy when I changed to an integer 
format (it printed one coordinate twice and put a 1ninus sign 
in front of theO coordinate) . Also, the built-in line editor for 
editing data files did not work properly, introducing 
extraneous characters when I attempted to move the cur ·or or 
use the PageUp or P...igeDown keys. 

While bugs can be corrected, Tech*Graph*Pad suffers 
from more basic design problems in its user interface. 
Tech*Graph*Pad uses a series of pop-up menu , some of 
which have selections in columns. Unfortunately. you can' t 
move the cursor horizontally from one column to the next. 
You have to scroll vertically to the bottom of one column and 
then start at the top of the next, even if you only want to emer 
commands in a single row. ln addition to the menu problems, 
Tech*Gtaph*Pad does not support the Extended ASCil 
character set, so you can't label your plots with standard Greek 
mathematical symbols such as (J or l:. for example. 

Tech*Graph*Pad's most import"nt feature is its ability to 
read WKS files. However, yop can't view the data from the 
WKS file when you are prompted to enter cell range for 
each data set. This means that you have to write them down on 
paper while in Lotus 1-2-3 before you load Tech*Graph*Pad . 

There is a need for a program with Tecb*Grap.h*Pad 's fea
tures. HO\Yever, I think that the implemenlation of these fea 
tures in Tech*Graph*Pad version 2.1 is seriously flawed. • 

-Nick Bara11 

http:Tech*Grdph"'P.dd
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Now you can find a needle in the 

haystack in three seconds flat. 


With MemoryMate~ 


"tennis" entries. To narrow your search, you type "tennis 
and May and attorney''. Bingo! You've got his name and 
phone number. 

Circle 45 011 Relllhr Service Card 

I magine tossing all 
your notes and 

files into a huge desk 
drawer. Then magically 
discovering that every 
time you want some
thing, it's right there 
on top. 
~ call it MemoryMate. A 

new breed of data manager 
that reduces your paf>er Clutter 
and takes the mess off your 
desk. 

Unlike structured data bases, 
MemoryMate is free-form and 
works intuitively. Once you 
enter a record {up to 60 lines 
each) every single word,/hrase, and date is automatically in
dexed. And cross-indexe . 

Which means that MemoryMate can find that record later 
by using any word, date, or phrase in it. And MemoryMate 
cfoes it fast . You can search 180K on a PC XT in three 
seconds! 

And since MemoryMate is memory-resident, it's always 
there. You can access it while other programs are running. 
You can even cut !llld paste between MemoryMate and other 
programs. And vice versa. 

Just enter your memos, notes, tables - anything - using 
the built-in word processor. You can forget designating 
''keywords:• Just like you can forget where you stashed that 
important scrap of paper or yellow Post-it•. 

You can even forget all your to-do lists and deadlines. 
Because MemoryMate reminds you. lickler messages pop-up 
on screen automatically on the days you select. 

So how complex is all this to operate? MemoryMate has 
only 15 simple commands and they're always on screen. So 
you can access all that power easily - without having to 
remember a thing. 

Find what you need using a single word. 

Or a sentence. 


Let's say you want to call an attorney you met playing ten
nis last May. But you can't remernber his name. All you 
remember 1s that you put a note about him in MemoryMate. 
So you type in the word "tennis" and hit the search key. ln 
seconds, all records containing "tennis" begin to appear. Bu.t 
let's say you also manage a tennis league. 'You've got tons of 

Is a 
better memory worth 

$69.95? 
Much more, accordine to 

Michael ). Miller. lnfo!Abrld: 
"If !f!JU'Vt got lots of 11nstfllt· 
IUTfil irrfcmnation to keep 17uck 
ol Memory. M11tt is 11 wolldtT. •. 
Aisd 111 S69.95, iJ 's 11 b"'!aiii." 

PC Week agrees: "Dru:~ 
you'vt unl«ftd MmroryMote's 
powrr, you'll W<mdrr lrcn11 you 
tlKT got by without it.'' 

Syndicated oolumn~ Bob 
Schwabach is ecstatic: " I don't 
knqw quitt Jruw tlu:y did 
II ... bu/ this thing is lightnh1g 
Just." 
'--~~~~~~~-' 

With all this praise and all these incredible features, you'd 
expect MemoryMate to cost a lot more than $69.95. But it 
doesn't. 

And, right now you can get a demo disk for less than six 
bucks - which can be rebated when you buy MemoryMate. 
So fill in the coupon below and send it in . And be sure to 
do it now, before you forget . 

After all, you don't have MemoryMate to remind you. Yet. 

DYES Send 0¥! the MemoryMa!e demo disk fur ju.st ---------irduded. -, $5.9'5, lax and ~ 

DI'M SOLD.=~:;~'k~J;q. 
CA res. add 6% salEs tax. 

-

t I I I I I I I I I........ _ 

~ii. Slpwna 

Onfer 'Ib~&ee. 24 Houl'S. 

1-800-527-6263 



ABOVE BOARD 2LEAVES THE COi 


AboveA·Board 2 is the first memory bo:.ird 
fl H. the PS/r that com.es with the new expanded 
memory specificacion-Llt'vl 4.0. 

Because onlv Above Board 2 comes from 
lmel. The comp;ny that developed LIM 4.0. 

Sl) now vou r users can access more 
memory.A11d run the very latest DOS appli
cui< ms( >ftware well be)ond 640K. Which \viii 
give everyone powerfu I. ne'v capabilities they 
never thought possible. 

Above Board 2also promises 100% com
patibility 1,.v i1.h OS/2"' application sofuvare. 

1\Jong with guaranteeing compatibility 
with the PS/ 's microchannel teclmolo~. 

Add to that Inte l's cechnical suppnn. 
a\.vard-winning documentation and five-year 
warranty, and Above Uo~m.l !. is dearly y< lur 
<>nc and ( mh· cho ice. 

Of course vou could alw:.iys \Vait for the 
competition h_;catch up. But ·•ntel 
where w< rn Id that leave you? 
t fl n.: ~ 1 r• l!"fl Lll~ •ll .•~n 'U'J. i t.'i._ ~ 'f-3 T1 .ll..lt 1u ri...• IJl,j.l.r:r 1 
\I...,.,,: ltl h I lrnd 1.).-q-'"Jr'J•1• fl_. l...,,1] ( r-. l 1r~cm.r1 11"1 11 


l1J 1~ l r t '~ \11. 1111 t- 11qR 1l lU•NI 1% 1111d CJ l'ff" l~flL lil l 


Cin:lt 122 on Ruultr Strvict Card 

http:1r~cm.r1




PRODUCT FOCUS 


ics have become the standard 
for business applications, offer
ing 640- by 350-pil\el by 16
color resolution and text that is 
readable for extended period of 1ime. 
During the last year, companies pushed 
that standard higher by offering enhanced 
EGA boards with 640 by 480 or higher 
resolution . 

IBM h.as since given the world a new 
graphics standard, the VGA, and early in
dicatjoos are that ii is a good standard in· 
deed. People who make graphics boards 
recognize this, and so the rush is on to gel 
VGA-compatible graphics adaprers 10 
market . In this mad rush , unfortunately , 
the word "compatible" takes on several 
shades of meaning. I looked at 22 boards 
and found that, in many cases, compati
bility is in the eye ofthe marketing chief. 

In broad terms, the boards in this re
view fall into two categories: VGA-com
patible boards and enhanced EGA boards 
that happen to have modes that coincide 
with one or more of the new VGA modes. 
Table I lists characteristics for I.he 14 ea
hanced EGA b\)ards I looked at, and 
photo l shows a sampling of these 
boards. Table 2 lists the 8 VGA boards, 
and photos 2 and 3 show what these 
boards look like. ln both groups of 
boards, I found that performance and fe.a
tures varied widely from board to board . 

SQrting Out Staodatds 
The original EGA boards used a 16.257
MHz timing crystal to drive the display at 
the 640 by 350 resolution. This satisfied 
users until multiple-scan-rate monitors, 
like the NEC MultiSync. appeared . 
These monitors allow a much higher res 
olution, and people soon realized that 
simply adding a faster crystal would give 

Cunis Franklin Jr. is a rech11ical ediror 
for BITE. He can be comacred ar BYTE. 
One Phoenix Mill ume. Pererbomugh, 
NH034S8, orort BJXas "cu.rt!" 
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Curtis Franklin Jr. 

The joy of a good video stan- Jar mode or resolution. vouShould you buy a VGA or
dard is that you want to use the shoukl read the specificati'ons 
available graphics . EGA graph of the board and its attendantwill an enhanced EGA fill the same 

purpose for less money? 

1hcm an EGA display with 640 by 480 
resolution (now the standard for en
hanced EGAs). Some. manufacturers are 
going beyond the new tandard to 800 by 
560 and higher resolutjons. 

VGA arrived on the scene with the 
fBM PS/2 computers in April 1987. It 
brought five new BIOS display modes 
(two text and three graphics) and a new 
requirement for monitors . EGA (and ear
lier) graphics use TTL monitors for their 
display . The increased bandwidth of the 
VGA signals would require a TTL cable 
roughly the diameter of your thumb, so 
IBM engineers decided to switch to ana
log display technology. 

With an analog display , tewer wires 
are re.quired to carry rhe signaJ from !he 
display adapter to the monitor . Most mul
tiple-scan-rate monitors allow switching 
between analog and TTL input , so up
grading from EGA to VGA will not, for 
many users, require buying a new moni
tor, as did th.e switch from CGA to EGA. 

Most of the interest in VGA has cen
tered on the graphics modes. The three 
new ones are mode I I H, 640 by 480 by 2
color; mode 12H. 640 by 480 by 16
color; and mode i 3H. 320 by 200 by 256
color. Modes 12H and 13H <lisp.lay their 
colors from a paleuc of more than 
256,000 colors. 

You may have noticed lhat the resolu 
tion of modes 11 Hand 12H matches the 
re olution of many enhanced EGA 
boards. This docs not mean that all 
boards with 640 by 480 resolution are 
VGA-compatible. The BIOS entry loca 
tions are different for EGA and VGA., 
e.ven at the same resolulion. Some manu
facturers solve lbis problem by offering 
software that switches the board between 
EGA BIOS and VGA BIOS. 

Lf you have specific needs for a partku

software carefully . Photos 4 
and 5 show the difterenc.e be
tween EGA and VGA resolu
tion . (For a detailed discussion 

of the VGA standard, see .. PS/2 Video 
Programming" by Richard Wilton in 
BYTE.s Fall 1987 Inside the I BM PCs.) 

Wringing Them Out 
I used nine tests to check !he feature,~ and 
compare the perfom13nce of the boards. 
The machine I used Y.".lS an 8-MHz CBM 
PC AT with 2.5 megabytes of RAM , a 
40-megabyte ha.rd di sk drive , and an 
NEC MultiSync XL monitor. The tests I 
used were the following: 

l. TORUS .BAS: A QuickBASIC 4.0pro· 

gram that draws a torus (doughnut) on the 

sere.en at the highest available color/reso

lution, then cvcles the colors. 

2 and 3. Two'QuickBASIC programs that 

checked for support of VGA mode 13H. 

4. VGADiag: This progr.d.m comes with 

the Sigma VGA board and checks for sup

port of a.IJ EGA modes. enhanced EGA 

(640 by 480), and all VGA modes. 

S. Windows Draw: I measured the time to 

redraw the USA.Pfc file that was sup

plied with Microsoft Windows Draw. 

6. Windows Write: I measured the time 

needed to scroll from the lop to the bot

tom of a file that measured approximately 

40~ bytes. For both Windows tests. I 

used Microsoft Windows version 1.03 

(which was the latest version available at 

the time of this writing) and the Window. 

driver supplied with the individual board 

unless otherwise stated. 

7. DOS DIR: The time needed to display a 

53-e.ntry directory using the DIR com

mand of DOS 3.2. 

8. AutoCAD: I timed a regeneration tRE· 

GEN> of the STPAULS file supplied with 

AutoCAD version 2.52 with ADE 3 ex

tensions. I used che AutoCAD driver sup

plied with each board to perform thi test . 


coml"ul!d 



EGA 
Boca Research MultiEGA 


Genoa SuperEGA HiRes + 

IGC EGAcard 


Logitech EGA 


MitacSEGA 


NSI Smart EGA Plus 


Paradise Autoswitch EGA480 

Quadram Quad ProSync! 


SCOA Star PGA 


SMT Pro-EGA 


Tatung 900 OmniCard 


Tecmar EGA Master 800 


Thomson EGA Ultra Version 


Tseng EVA480 


VGA 
ATI VIP VGA 


Tatung Platinum Card 

Compaq VGC Board 


IBM PS/2 Display Adapter 


SigmaVGA 


STB VGA Extra 


Video Seven VEGA VGA 


Zenith Z449 


Photo 1: The NS/ Smart EGA Plus , 
Thomson Enhanced Graphics Adapter 
Ultra Version , Paradise Auroswitch 
£GA480, will Quadram Quad ProSync! 
are typical ofthe half-slot enhanced 
EGA boards. 

Photo 2: IBM 's Personal System/2 
Display Adapter, the standard by which 
m()St other VGA boards are judged. 

Photo 3: The first crop of VGA boards 
include the ATT VIP VGA . Compaq 
Video Graphics Controller Board, 
Sigma VGA , STB VGA futra, VEGA 
VGA, Tarung Platinum Card , and 
Zenith Z449. 

. . 
.. ' ..:i,. -

.. · . ·- : : ~ ..  '. .> -,. 
: mi .... " 
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EGA AND VGA BOARDS 

Table I: Enlum ·ed EGA boards. 

Product Boca Genoa IGC Logitech Mita.c NSI Logic Paradise 
Research SuperEGA EGAcard EGA SEGA Sman EGA Autoswltch 
MultiEGA HIRes + Plus EGA480 

Maximum 640 x 480 x 640 x 460 x 640 x 460 x 640 x 480 x 6'10 ;< 480 x 640 x 480 x 640, 480 x 
resolution 16 cotors 16 colors 18 colors 16 colors 16 colors 16 colors 16 colors 

VGA modes None Modes 0, 1, 2, None None None None None 
supported and3 

Drivers Windows Windows. AutoCAD Windows, Windows, Windows. W111dows. 
supplied AutoCAD AutoCAD. AutoCAO . AutoCAD. AutoCAD. AutoCAD. GEM 

GEM. Lotus GEM Lotus 1.2.3 GEM . Lotus Lotus 
1·2-3. 1-2-3, Ventura 1-2-3, Ventura 
Framework II Publisher. Publisher , 
Ventura Symphony, Symphony, 
Publisher . WordStar. WordStar 
Volkswmer3 Framework II Framework 11 

WordPerlect WordPer1ec1 

Size SY:! x 4" SV2 >< 4• 7 )( 4• 61/2 )( 4• SV2 x 4• 5V2 x 4" 5 112 )( 4" 

Special TIL and 9·p1n Comesw1t11 Compatible 
features analog output: lhree·button with drivers for 

cable mouse and OHier EGA 
mouse driver boards 
software 

Documentation 46·page 57-page 25·page 47-page 28-page Guide '.39·page 35·page manual 
Owner's User's Manual User's Manual lnstalla/lon to Operations User's GwdP. 31 ·page Software 
Manual Manual 4·page Manual 

addendum 

Price $299 $489 $450 $399 $199 $499 $349 

Inquiry 924. Inquiry 925. Inquiry 926. Inquiry 927. Inquiry 928. Inquiry 929. Inquiry 930. 

All driver supplied used the ADJ driver 
hook available in AutoCAD. 
9. Lotus 1-2-3: r timed the drawing of a 
graph within the spreadsheet. The graph 
was a slacked bar chart of 48 data points 
in l -2-3 version 2. I used the 1-2-3 graph
ics driver supplied with the board or the 
Lotus EGA driver if no graphics driver 
was supplied. 

The applications (Windows, AutoCAD , 
and Lotus 1-2-3) test the performance 
and foature s or a graphics board/driver 
combination. I used the highest-resolu
tion driver available in each case. The 
performance of the board with a lowcr
resolmion driver might be much dif
ferent. Figure I shows the benchmark re
. ults for the enhanced EGA bo::irds: 
figure 2, the results for the VGA boards. 

Boards Beyond EGA 
All boards in this category support at 
least 640 by 480 by 16-color graphics . 
driving them on a TTL monitor. Some of 
the boards provide BIOS hooks for VGA 
software in certain modes. but most sim
ply list themselves as enhanced EGA 
board.. In additi,:in to the drivers and 
software .listed with each product, the 

boards generally include soft ware 10 

display the version and date of the 
motherboard ROM, a program to change 
video mode~ in software, and a program 
to allow games that auto-boot to run. The 
boards are listed in alphabetical order. 

The Boca Research MulriEGA ($299) 
is a PC-bus half card. The MultiEGA 
uses the Chjps and Technologies EGA 
chip set and. the Boca Research BIOS. 
and it contains one switchblock and three 
jumpers for setting mode and monitor 
type. It includes drivers for AutoCAD 
and Window " and a screensaver. 

Its performam;e place.s the MultiEGA 
solidJy in the top tkr of the enhanced 
EGA boards, taking 22.77 seconds to re· 
generate t.hc STPAULS file in AutoCAD, 
the fifth fastest time. and 95.98 seconds 
to scn.111 through the Windows Write text 
file. the second faste..st time . Boca does 
not claim that the MultiEGA emulates 
any VGA video modes. 

The Genoo SuperEGA HiRe.1· + $489) 
is a half-length board that uses a Gi:.noa 
EGA chip set and EGA BIOS to provide 
enhanced EGA function and compatibil
ity with VGA text modes 0, l, 2, and 3 
through a ITL video port. The board 
provides VGA BIOS entry points, but the 

tests I ran showed that the VGA emul::ition 
i not perfect. For example. the TORUS 
program ga\'e an initial display of EGA
type col11rs. hut it would not cycle the 
colors. In addition, a large green band 
rnn down the right side of Lhe screen. 

Genoa include drivers for AutoCAD. 
GEM. Windows. Lotus 1-2-3. Frame
work fl, Ventura Puhlisher. and Volks
writer 3. With each h'!St program. the 
SupcrEGA HiRes + brought up the dis
play on the far left side of the screen and 
then shifted it to the center after about 1f.! 
econd. The jumping display was discon

certing but did nm seem 10 have any effect 
on the pe,rformance of the programs. This 
boarJ had the worst performance in Lo
tus 1-2·3 , taking more than twice the time 
of the next lowest board. In other pro
grams, it scoreJ in the middle. 

The lmelligem Graphi s Corp. EGA
card ($450). based on the Chips and 
Technologies chip set and Phoenix BIOS , 
h::i~ a number of fearures that make it 
stand out from the rest of the boards in 
this group. The EGAcard docs not in· 
dude VGA BIOS hooks or emulation. but 
ii docs have (9-pi.n) analog output in addi
tion to the standard EGA TIL. JGC even 
included a 9-pin to 9-pin cable with 1hc 

104 BYTE • MARCH 1988 



EGA AND VGA BOARDS 

auadram 
Quad 

SCOA 
Siar PGA 

SMT 
Pro-EGA 

Tatung 
900 

Teemer 
EGA Master 

Thomson 
EGA Ultra 

Tseng Labs 
EVA480 

ProSync l OrnnfCard 800 Version 

640 x 480 x 640 )( 480 )( 16 640 )( 480 x 16 800 )( 560 )( 16 640 )( 480 x 16 640 x 480 x 16 640 x 480 )( 16 
16 colors colors colors colors colors colors colors 

Modes 11 H and None None Modes 11 H and Modes 1t H and None None 
12H 12H 12H 

Windows. W111dows, Windows . Windows. Windows. AutoCAD Windows 
Au10CAO , GEM. AuloCAO , GEM , AutoCAD. GEM. AutoCAD. Lotus AutoCAD. GEM. AutoCAD 
WordStar, CADVance. Lotus CADVance, Lotu5 1-2-3. WordStar Latos 
WordPerfect 1-2-3. WordSlar 1-2-3, WordSlar. 1-2-3. Ventura 

Symphony, Symphony, Publisher 
Ventura Publ isher Ventura Publisher 

51/2 )( 4" 51/2 x 4" 51/2 )( 4• 51/2 x 4" sv. x 4" 5112 )( 4" 131/4X4" 

Driver upgrade M1crosoft lnPort 25-pin RS-232C 
for VGA · $10 connector and port, Hercules 

mouse driver emulation 

52·page BO ·page User's 60-page 45-page 70-page user 's 44-page User's 51 ·page Users 
Operations Manual lnsrruc11on Opera1rons guide; 38·page Gwde Guide , 35·page 
Manual: 30·page Manual Manual cover removal Dnver Notes 
driver appendixes guide 

$395 $399 $249 $399 $595 $395 $480 
Inquiry 931. Inquiry 975 . Inquiry 976. Inquiry 977. Inquiry 978. Inquiry 979. Inquiry 980 . 

board. While other boards in 1his review 
concentrated on the VGA standard, IGC 
designed this board to work "in series ' ' 
with its PGC (Professional Graphics 
Controller) compatible adapter. Accord
ing to the manual. connecting the two 
boards allows the EGAcard to provide 
PGC colors at EGA resolution. 

A driver for AutoCAD was included 

with the board but, unlike the drivers tor 
the other boards I looked at , this one 
didn't work. When I tried to install it, I 
got an Un.known Hardware t:rror. The 
AutoCAD timing test was run using the 
AutoCAD EGA driver. 

The Logi1ech EGA ($399) comes with 
a three-button Logitech mouse and a 
mouse port. The Logitech EGA is based 

on the Chips and Technologies chip set 
and Logitech BIOS, and it uses one 
switchblock and two j umpers to set video 
mode and monitor type. The. board 
comes with drivers for Windows, GEM. 
and AutoCAD and drives all three at 640 
by 480 resolution . I did not test the mou e 
or its drivers. The Logitech EGA board 

conti1111cd 

Photos 4 and 5: Microsoft's Windows J. 03 n11111i11g under EGA (left) and VGA (right) modes illustrates 1he increased resolution 
Thal VGA offers. 
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Table 2: VGA boards. 

Product ATI 
VIP VGA 

Tatung 
Platinum 
can:1 

Compaq 
Video 
Graphics 
Controller 

IBM 
Parsonal 
Syatemf2 
Adapter 

SigmaVGA STB 
VGA Extra 

Video 
Seven 
VEGA VGA 

lanlth 
Z449 

Maximum 640 )( 480 x 640 x 480 x 640 x 480 640 x 480 640 )( 480 x 640 )( 480 x 640 )( 480 640 )( 480 
reaolutton 16 colors 16 colors · x 16 colors x 16 colors 16 colors 16 colors x 16 colors x 16 colors 

VGAmodH All All All All All All All All except 
supported mode 13H 

Drlvar1 	 Windows, Windows. None None WindoW5, Windows, Windows. Windows. 
supplled 	 AutoCAD, AutoC.AD, AutoC.AD. AutoC.AD, AutoCAD. AutoCAO, 

GEM, Lotus GEM, Laius Lotus 1-2-3, Lotus 1-2·3. Lotus 1-2-3 GEM. 
1·2-3, 1·2-3. WordStar, Symphony Symphony. 
Ventura Ventura GEM Lotus 1·2-3 
Publisher Publisher 

Size 	 7'h )( 4• 7V2 x 4" 9 x 4• 13112 x 4• 13112 x 4• 10 x 4• Sl/2 x 4" 131/2 x 4• 

Special 	 Also loads video Also 
teaturH 	 supports ROM into supports 

EGA.CGA, RAM EGA. CGA. 
Hercules. Hercules, 
and MDA and MDA 

Documenmtion 49-page 49-page 29-page 21·page 63-page 57-page 52-page 24·page 
Operations Operarrons lnstallalion lnsrallatJon Installation user's User's· Installation 
Manual Manual and InsJructions: and Users manual Manual Guide; 20

Operarions 22-page Guide page Driver 
Guide addendum Installa/ion 

to DOS Guide 
Gwde 

Price 	 $449 $445 $599 $595 $499 $395 $499 $499 

Inquiry 981. Inquiry 982. Inquiry 983. Inquiry 984. Inquiry 985. Inquiry 986. Inquiry 987. Inquiry 988. 

worked flawlessly and turned in a better-
1han-average perfonnancc . 

The Mitac SEGA ($199) is built around 
the same Chips and Technologies chip set 
and Phoenix BIOS as many of th~ other 
boards, but it deserve special note as the 
least-expensive board I looked at . The 
SEGA perfonned as a standard enhanced 
EGA. with one except.ion: Jn the VGA
Diag test, where all other boards gave a 
full-size screen for both the 320 by 200 by 
16-color and 640 by 200 by 16-color 
tests, the SEGA gave split screens, with 
idenhcal half-size images appearing in 
the top aod bottom halves of the screen . 
Io all, the Mitac board looks like a good 
bet ifyour needs are confined to the capa
bi Iihes of an enhanced EGA. 

The NS/ La,gic Smart EGA Plus ($499) 
supports VGA modes 1lH and !2H 
through its TTL video port. The docu· 
meotation also lists other boards that lhis 
NSI chip-set- and .BIOS-based .board is 
compatible with. According to the docu
mentation. this board is compatible with, 
and can use the drivers from, the Paradise 
Autoswitch EGA480, Video Seven 
VEGA Deluxe. Quadram Quad Pro
Sync!, and PCG Photon Mega. In addi· 
tion to this bounty of drivers, the Smart 
EGA Plus come-s with drivers for Win
dows. 1-2-3. Symphony. and AutoCAD. 
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The major flaw of this hoard was the 
noticeable and very annoying flicker in 
the Windows and AutoCAD displays . 
The Smart EGA Plus was the only board 
to have a problem with severe flickering. 

The Pamdise Auroswitch EGA480 
($349) is a half-length c.ard that uses the 
Paradise single-chip EGA and Paradise 
BIOS to provide enhanced EGA capabil
ity. This board offers the same basic 
functfonality as the other boards in this 
group, and ii provide oftware drivers 
for Windows, GEM, AutoCAD , Ventura 
Publisher , 1-2-3 , Symphony, Frame
work ll, WordStar. and WordPerfect. 

The. most outstanding feature of the. 
Autoswitch EGA480 is it5 documenta
tion, which is well wrinen, professionally 
presented, and clearer than any other 
board's documentation on how the instal
lation procedure for each driver works , 
including the response shown on the 
screen at each step. The quality of the 
documentation make this board good for 
users who do not have a lot of cxpe.rience 
installing boards and drivers. 

The Quadram Quad ProSync! ($395) 
supports VGA modes l IH and 12H, as 
weU as enhanced EGA modes. When I 
te.sted the board , which uses a Chips and 
Technologies chip set and the Phoenix 
BIOS, I found lhat on TORUS I got VGA 

colors, but no color t.'}'cling, indicating 
l imits to the cornpletenes of the emula
tion , The Quad ProSync! comes with 
drivers for 1-2-3, Windows, Aut0CAD. 
GEM. WordPerfect, and WordStar. 

My only problem with the board came 
in using AutoCAD. When STPAULS first 
appeared , the colors were dramatically 
different than those of other boards, with 
red replacing blue, and green replacing 
white . When I regenerated, the colors 
corrected 1hemselves, but throughout the 
AutoCAD session, random characters 
would occ-asionally appear at the top of 
the menu section. · 

The SCOrl Siar PGA ($399) confused 
my poor litile brain. First, the box said 
"Intelligent EGA." Next, while I would 
assume lhat "PGA" related to the IBM 
PGC' board, this is simply another en
hanced EGA board that uses th.e Chjps 
and Technologies chip set and the Phoe 
nix BlOS. There was oothfog unusual in 
the oper<1tion of the board, but it was lhe 
only product I looked al that had no 
switches set at lhe factory. Most of the 
boards came set up for EGA graphics on a 
standard EGA monitor, but this board 
simply came with all switches on. 

The SMT Pro-EGA ($249) is a half
lcngth card that uses the Paradise chip set 

com nued 
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Figure 1: In !he tests for the enhanced EGA boords, B0t..'a &search "s Mul1iEGA and Tseng "s EVA480 were the top perfom1er.1. 

and BIOS. The Pro-EGA has one switch
block and three jumpers on the board •. 
and it comes with dr ivers for Windows, 
GEM, AutoCAD, CA DVance, Ventura 
Publ isher. Symphony, 1-2-3, and Word 
Star. This board is one of the few that 
warranted a word about color; the driver 
for AutoCAD produced a weak red, while 
the Windows driver gave one of the rich
est reds of any board In the review . 

The Tatung <)()() OnmiCa rd ($399) uses 
the Chips and Technologies chip set and a 
Tatung BIOS to prov ide both VGA BIOS 
entry points and enhanced EGA resolu
tion up to 800 by 560 by 16 colors. 
Tatung provides drivers for Windows, 
GEM , AutoCAD , J-2-3, and Symphony. 
I tested the board us ing the 800 by 560 
mode and found the display to be quite 
crisp and readable. Unfortunately, the 
screen in Windows and 1-2-3 was drawn 
too large (vertically) for the display . es
pecially annoying in Windows , when im 
portant infonnation (l ike the name of the 

working fi le) was drawn off the screen. 
The Tecmor EGA Master 800 ($595) is 

an enhanced EGA hal f-length card that 
has software for enabling BIOS hooks for 
VGA modes l IH and 12H. The Tecmar 
board has a Genoa chip set and Tecmar 
BIOS, and it comes with drivers fo r Win
dows 1.03, GEM, 1-2-3 , AutoCAD, and 
Ventura Publisher. I was surprised to find 
that, in addi tion to the 70-page manual 
for the board , Tecmar incl udes a 38-page 
G11ide to CO\•er Remo••al and Replace
ment, showing how to take the cover off 
scores of personal computers. 

The Th omson Enhanced Graphics 
Adapter Ultra Ve rsion ($395) is a hal f
length card that comes with a driver fo r 
AutoCAD and a mouse driver for the 
Microsoft lnPort Mouse adapter on the 
card . Because of the presence of the In
Port , the EGA Ultra Version has more 
switches than most of the boards. with 
three switchblocks and four jumpers. The 
board is built around the Renaissance 

BIOS and chip set . 
The Tseng Labs EVA480 ($480) has a 

number of unusual features that set it 
apar t from the other boards. Tseng ofte rs 
a pigg yback board to all ow co mpl ete 
Hercules emulat ion and includes a 25-pin 
serial port with the EVA480. This is a 
full -length board that uses a Tseng pro
prietary chip set and BIOS. 

There are drivers for 1-2-3 and All to
CA D with the board. and I found files 
that appear to be. Windows dri vers. There 
were, however, no instructions fo r in
stalling the Windows drivers, so I used 
the enhanced EGA driver supplied with 
Windows 1.03. The AutoC'.AD driver had 
the interesting feature of changing the 
menu characters to double size whenever 
they were accessed . The sudden leap in 
size was a bit jarring. 

And on to VGA 
The eight boards reviewed that fall into 
the true VGA category are the first ones 
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EGA AND VGA BOARDS 

nel form-factor with a PC-bus connector. 
Draw The board includes no drivers. Its docu

CD q 
co 	 Ii)- qv(\j 

(\! M"? 
'If (\j <"> 

N Ii)"': v 
Ii)'If C'iN 

(\j g 

available . I found that the levels of perfor 
mance and foatures among chis group var
ied far more than did the features and per
formance of the enhanced EGA boards. 
As before, the boards are (with one ex
ception) listed in alphabetical order . 

The AT! VIP VGA ($449) and Tmung 
Plmi11um Card ($445) are listed together 
because they are one board sold by two 
different companies. AT! manufactures 
the boards using a Chips and Technol
ogies chip set and AT! BIOS. Both supply 
drivers for GEM, Ventura Publisher 1.0, 
l-2-3, AutoCAD, and Windows. 

Boch boards support all VGA mode.s, 
and both had the same problems with 
drivers . In AutoCAD and Windows , the 
di splay was drawn much too large (verti
cally) for the monitor to display. In Auto
CAD, both the coordinates at the top of 
the screen and the current command at 
the bottom of the screen were invisible. 
Ln Windows. the blue bar with the work
ing filename at the top of the screen and 

D 	Write 

DOSD!R•D 	AutoCAD

• Lotus 1-2-3 
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the green icon bar al the bonom were 
both drawn out of the display area. 

The Compaq Video Graphics Control
ler Board ($599) emulates the IBM VGA 
to the extent of including precisely as 
many drivers as the IBM : none. Once r 
got past that , the Paradise chip-set-based 
board worked well, but with a lot of 
noise; not the video noise that causes 
"snow" on the screen. but real audio 
noise. over the computer speaker. There 
was a definite hum throughout the opera
tion of the board. The hum 's pitch would 
change as different items were drawn on 
the screen. It was kind of fun to close my 
eyes and guess what was happening on 
the screen bv the sound it made , but I 
think that the hum would get on my 
nerves in a big way over time. 

The IBM Personal System/2 Display 
Adaprer ($595) is. ofcourse, the standard 
against which all other VGA boards are 
judged. In most ways, it 's not a hard stan
dard to meet. It comes on a Micro Chan

mentation is complete. but not exhaus
tive . In order to get VGA graphics, I used 
the drivers from the SigmaVGA board, 
which worked with every package but 
AutoCAD. I ran the AutoCAD test using 
the EGA driver that was packaged with 
AutoCAD. 

The SigmaVGA from Sigma Designs 
($499) is a full-length board that packs a 
lot of graphics compatibility into a single 
slot. Not only does the SigmaVGA sup 
port all VGA modes. it emulates EGA. 
CGA. Monochrome Display Adapter 
(MDA), and Hercu.les as well. With one 
of these and a multiple-scan-rate moni· 
tor , graphics-incompatible software 
would be few and far between . Drivers 
for AutoCAD, 1-2-3, Windows , GEM , 
and WordStar are included with the 
board. I've tried to think of some criti
cism of the board , but frankly, I can't. 

The STB VGA farra ($395) is the least 
expcnsive VGA board, but it's also the 
board with the most problems. The full
length Chips and Technologies chjp-set 
based board includes drive~ tor l -2-3 , 
Symphony, Windows, and AutoCAD . It 
also has a 57-page photocopied user's 
manual. 

The problems arose in Windows and 
1-2-3 . The screen display in Windows 
was d.rawn 100 large for ihe monitor, with 
areas of the screen getting shoved off the 
top and bottom. In 1-2-3, the problem 
arose when I exited the package . After 
leaving 1-2-3, the screen stopped redraw
ing . In other words, a DOS CLS com
mand would take the cursor to the top left 
corner of the screen but would not blank 
1he old image. It took rebooting to get re 
drawing back. 

The VEGA VGA from Video Seven 
($499) came very close to getting a no
bu y recommendation. The first VEGA 
VGA board that I looked at had some se
rious problems . !n AutoCAD, large verti 
cal white lines would flash across the 
screen any time the mouse was in motion . 
No amount of regene.rating, redrawing. 
or rebooting solved this problem. 

Fonunately for Video Seven , I had re
ceived three of the boards , and I decided 
to look at another, to see if the problems 
were endemic to the VEGA VGA or par
ticular to one board. I'm glad I did, be
cause the problems seem to have been 
with one board , and the VEGA VGA does 
a couple of nice things . First , Video 
Seven has put VGA graphics into a half
length ciud format, which makes it the 
smallest board of the VGA group. Next, 
the company provides software that can 
automatically load the ROM code into 
faster RAM for better performance. 

comi11ued 

MARCH !988 • BYTE 109 



EGA AND VGA BOARDS 

Company Information 

American Mitac Corp. IBM 
4 JO East Plumeria Dr. 900KjngSt . 
San Jose, CA 95134 IAS15 Rye Brook, NY 10573 
(418) 432-1160 (914) 934-4793 

ATI Technologies Intelligent Graphics Corp. 

3761 Victoria Park Ave . 4800 Great America Pkwy . 

Scarborough, Ontario Suite200 

Canada MI W 3S2 Santa Clara, CA 95054 

(416) 756--0711 (408) 986-8373 

Boca Research Inc. Logitcch 
6401 Congress Ave. 6505 Kaiser Dr . 
Boca Raton, FL 22487 Fremont , CA 94555 
(305) 997-6227 (415) 795-8500 

Compaq Computer Corp. NSI Logic Inc. 
20555 FM149 Cedar Hill Business Park 
Houston, TX 77070 2578 Cedar Hill Rd. 
(713) 370-0670 Marlborough, MA 01752 

(617) 4(;()-0717 
Genoa Systems 
73 East Trimble Rd. Paradise Systems 
San Jose. CA 95131 99 South Hill Dr. 
(408) 432-9090 Brisbane, CA 94005 

(415) 468-7300 

Quadram 
One Quad Way 
Norcross, GA 30093 
(404) 923-6666 

SCOA Systems 
2100GolfRd., Suite 100 
Rolling Meadows, IL 60008 
(312) 64()--8782 

Sigma Designs 
46501 Landing Pkwy . 
Fremont, CA 94538 
(415) 770-0100 

SMT 
1145 Linda Vista Dr. 
San Marcos, CA 92069 
(619) 744-3590 

STB Systems Inc. 
1651 North Glanville 
Richardson, TX 75081 
(214) 234-8750 

Tatung Co. of America lnc. 
2850 El Presidio Dr. 
Long Beach, CA 90810 
(213)979-7055 

Tee.mar 
6225 Cochran Rd. 
Cleveland , OH 44139 
(216) 349-0600 

Thomson 
5731 West Slauson Ave. 
Swte 111 
Culver City , CA 90230 
(213) 568· I 002 

Tseng Laboratories 
lO Pheasant Run 
Newtown, PA 18940 
(215) 968-0502 

Video Seven 
46355 Landing Pkwy . 
Fremont , CA 94538 
(415) 656-7800 

Zenith Data Systems 
100 Milwaukee Ave . 
Glenview, IL 60025 
(312) 699-4839 

$1799 For 386 POWER!! 
ADVANCED LOGIC RESEARCH 

386/2 Model 10 

• 80386-16mhz (20mhz Options/). 
• 1MB of 32·blt RAM (80ns); 
• Expandable to 2MB on board. 
• 1 Serial/ 1 Parallel Ports. 
• Floppy Controller. 
• 1 1.2MB Floppy Drive. 
• 101 Professional Ksyboard. 
• Phoenix Blos. 
• 80387 and 80287 Socksts. 
• 8 Slots. 

386/2 Model 40 $2999 386/2 

386/2 Model R66 $2749 

Olher Modets Too!! 2Dlrl1z versions now available!!! 

COMNGSOON: "F7ex Cache" Models From ALR!! 

( ALA 'DARr 286s Avail....Mod 10 $1 199, Mod R66 

Incredible Software and Hardware Values: 

Xerox Ventura Publ. $4 5 9 Novell Arcnel Starter Kil $2299 

Aldus PageMaker $415 lotus 123 $299 

PARADISE VGA BOARD $Call HP LaserJet II w/Toner $1695 

ATI VGA BOARD $289 HP 7475A Plaiter $1299 

VIDEO & VGA BOARD $Call HP Scan.Jet w/PC lnlrfc. $1395 


'PriUs sM.,,. an for f1T'IH'!J""f"l. ~ ore suf1JICt to "'-6« ~& notia. 
.some ilons 1J1J ;,, sMrl. supp(g. ~en '£alM Sprilws, Of. ~ "'"P' ~I.SA Zif 
~tra; coo onlm Z'I cttnL 209t ~~~.... 1"""- 1"'(llltiu ~ 

W.P. Electronics, Inc. 

SQQ .. 962-6778 Order Line 

BAM • SPM Pacific Time 


555 S Palm Canyon Dr #A 110·342, Palm Springs, CA 92264 
619·320-6500 In CA. 

These are only some of our selectlonsJ! 

Ask and we'll send you aFREE CATALOG! 


Our Other Quality Brands: 
Aldus Dest Iomega Ok idata 
Amdek Oicooix Irwin Paradise 
AT &T Epson LolUs Plus Devlpml. 
Ansa Hayes Microsoft Ricoh 
Ashton-Tate Hercules NCR Seagate 
AST Hewlelt-Packard NEC Western Digital 
Compaq IBM Novell Zenith 

COMPAQ and ZENITH 
Deskpro 28&-1 S1799 Z·181 Laptop 
Deskpro 286-20 $2450 $1549 
Deskpro 286·40 S2999 Z·1B310MB HD 
Deskpro 386 Systems $Call $20 75 
Portable 111 -20 $3599 Z·183+ 20MB HD 
Portable 111-40 $4175 $2287 
Portable 386 Systems SCell 1200Bd Int.Modem 
Compaq RAM Upgrades SC all Sl 99 

Compaq Accessories SCall Carry Case $59 
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How to create monumental plots 

in a matter of minutes. 


Side Eltterlor 
40.962 m __ 
Surface \P=:~~~~~~~fl 
1,650 m2 

Side Exterior 
70,695 m 
Surface 
4,200 m2 

\_i==:;=--~~~~~~ 

Time is of the essence. The 
essence of the HP DraftMaster Plotter. 
The fastest A to E size drafting plotter 
made by Hewlett-Packard. A plotter 
so fast , any designer can create big 
ideas at blinding speeds. 

How did we do it? With unsur
passed acceleration. And features 
like a new pen-sorting algorithm. 
Bi-directional plotting. And a very fast 
resident micro-processor. We even 
offer a model with roll-feed for non
stop plotting. 

But the .HP DraftMaster doesn't 
sacrifice output quality for its blinding 
speed. Every plotter is thoroughly 
tested to enstue the highest reliability 
and precision. So you ge t smooth 
arcs, straight lines and perfectly
formed characters. time after time. 
Ftuthermore. it handles a variety of 

pens on drafting film, vellum or paper 
-all at optimal speeds. 

Naturally, it works with just about 
any computer. Like the HP Vectra PC 
and lBM PC's. As well as popular 
PC-CAD software like AutoCAD 
and Versa CAD. And the DraftMaster 
brings with it HP's worldwide reputa
tion for quality Prices start at just 
$9,900.* 

Why wait? For a brochure and a 
sample plot. call us at 1 800 367-4 772, 
Ext. 901A 

The drawing shown below was producod. on the 
HP Draf\.Mast.e1 with AutoCAD .softwaie 
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~~ PACKARD 
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Figure 2: Compaq 's YGC Board scored best on 1he benchmark Jests for VGA bourds, followed by Video Seven 's VEGA VGA. 

Video Seven includes drivers for Au.to
CA.D, Windows , and 1-2-3 wilh lhe board. 
The experience with the first board left 
me a bit leery of the VEGA VGA , but 
based on lhe performance and features of 
lhe second board, this product's a winner. 

The Zenith Z449 ($499) is a full-length 
VGA board that supports all but one of 
the VGA modes. Unfortunately. the 
mode left out (mode I3H) is the 256
wlor mode lhat helps make lhe VGA 
standard so nice. The Z449. based on the 
Chips and Technologies chip set, tries to 
make up for the missing mode by provid
ing lots of backward compatibility, offer
ing EGA, CGA, MDA, and Hercules 
support. It almost succeeds. In addition 
to the hardware fe.atures, Zenith shows 
nice attention 10 detail by being the only 
manufacturer to provide its drivers for 
AutoCAD, GEM, 1-2-3, Symphony , and 
Windows on both 5 \4 - and 3 \h - inch 
disks. If it weren ' t for the missing mode , 
this would be the top board of the group. 
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The Best of a Big Bunch 
If an enhanced EGA board with no pre
tensions to VGA is all you need , the Mitac 
SEGA board is lhe clear winner on the 
basis of price. If you feel that high-qual
ity, detailed documentation is important, 
by all means check out the Paradise 
board. Ocher than these two, the en
himced EGA boards offer a lot of similar
ities across a wide range of prices and 
secondary features. There were none that 
I would warn against. And given lhe cur
rent lack of soft ware that supports VGA. 
these boards may be more than adequate 
for most applications. 

On the VGA side of things. one fact be
came quite clear: If you need VGA, buy 
VGA, not an enhanced EGA board that 
happens to have a mode or two that coin
cides with VGA. For one thing, you 
really need an analog display to take ad 
vantage of VGA, and with the exc~ption 
of the Intelligent Graphic s EGAcard , 
none of the enhanced EGA boards offer 

ana.log . For another , the quality of the 
"VGA emulation" provided by the en
hanced EGA boards simply wasn 't up to 
the standards of the " real" VGA boards . 

Finally, most of lhe VGA boards re
viewed here claim BIOS-level versus reg
ister-level compatibility with VGA . Since 
I began this review, many companjes, in
cluding Paradise, Sigma, and others 
mentioned here , have announced boards 
that claim to be hardware-compatible 
with VGA and so able to more fully sup
port future VGA software and offer faster 
perfonnance. 

But if I were in the market today for a 
VGA board . the Sigma VGA would be my 
choice. It offers complete VGA imple
mentation and a nice variety of drivers in 
a well-documented package. The VEGA 
VGA from Video Seven is also a top
notch board, with good features and per
fom1ance . If you need VGA and have 
only a half-length slol open, the VEGA 
VGA is the way to go. • 



How to pull off a fantastic 

HP plot for only $4900. 


Ah, the big idea. Everyone 
has one. But not everyone can 
afford a plotter to plot one on. 
Which got us thinking. What if 
there was an HP quality plotter so 
reasonably priced you could afford 
to hook one up to every PC CAD 
workst.ation in the office? 

Presenting the HP DraftPro 
Plotter. For only $4900 any architect, 
engineer or designer can create 
perfect plots time after time. 
Consider what the DraftPro can do: 

It can draw straight lines, 
smooth arcs and perfectly-formed 
characters. All on C and D-size 
drafting film, paper or vellum. 
using eight different pen colors. 

Furthermore, it works with 

just about any PC, such as the 
HP 'kctra PC and IBM PCs. As 
well as popular PC CAD programs 
like 'krsaCAD and AutoCAD. 

If the idea of having HP 
reliability with a low price tag 
makes sense to you, call us now 
For a brochure and sample plot, 
call 1 800 752-0900, Ext. 901A. 

The HP DraftPro Plotter: 
high-quality drafting for only 
$4900.* 
The drawing shown below was produced on the 
HP D1eft.Pro WIUl Ve1saCAD so~wa10 
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Here's why: 
A Sysgen"' Bri<lge-File'y gives a PS/2™ full access 

to your current data and software. with unparalleled 
SW' disk drive perfom1ancc and reliability. You get : 
A larger capaci ty drive. Tho modes - a 360Kb and a 
powerfu 11.2 Mb - assure you comprehensive transfer cap
abilities and convenience for total office needs. Others, 
like IBM41 's, offeronly 360Kb. Proven reliability. In 
fact. Sysgen is the choice ofover 100 ,000 satisfied Bridge
Fi le and tape back-up 
users. No slot Joss. 
The Sysgen 5!1.1" 
drive adapter card 
doesn ' t take any 
add itional slot space. 
IBM' does. Built-
in flexibility of an 
external connector. 
You can add another 
Bridge-File drive or 
Sysgen 's high-performance tape back-up system, 
Bridge-Tape:~ (As a Bridge-File owner, ycru receive a 
total savings of $135 on Bridge-Tape!) What's more, 

Sysgen 's footprint is smaller. A full 50% smaller than 
rBM 's. fur the best PS/2 access to 5W' disks, and the 
best value at only $325, insist on Sysgen Bridge-File. 

Sysgen orrers the only complete family of data 
transfer produc.ts: Including 1he 3W' Bridge-File 
floppy disk drive, for transferring informat ion from any 
PS/2 to any PC. And the Bridge-Tape subsystem that's 

PC and PS/2 com
patible, giving )"m 
total tape back-up 
and data transfer 
flexibili 1y. 

Call for Sysgen 
literature or for 
the location of the 
Sysgen dealer 
nearest you. 

INFO HOTLINE.l-800-821-2151 

SYSGEN 

INCO RPQR,\TEO 

S>·iton lro<arpOD<td. 5S60 ibnltu Ori»<, ).1\lp;w., CA 930l~. lollll!) 16l°""ll. OCcv.;riiht S)"'p:o. I...: . 1~88 

Trt<l<llllr'<I: PSn - IBM C"'P""ti"", Sy<S"". Bndgo·Tlpo . Bridp·filc - S)'>&<n. ln<.11&1i110l<d ll'lld<marb: !BM - IBM Cnrponmon 


http:produc.ts


SYSTEM REVIEW 


The Zenith Z-386 

Ed McNierney 

The Z-386 backplane design 
features an unusual approach to 

Faster than the PS/2 disk drive , the Z-449 video 
display board , and Zenith"s ex 

high-speed bus expansion. In 
this design. the backplane, or 

Model BO and fully compatible cellent ZVM-1380-C 13 -inch 
EGA color monitor ($799). The 

system board. serves as a power review system also came with 
and bus connection system into the optiona.l 64K-byte cache 
which you plug other circuit memory board to cache the en
boards. One advantage to this is tire address spact . Adding this 
that if a part fails, it is likely to optional board boosts system 
be on a removable circuit performance, as th e bench
board. The Z-386 's backplane marks will show. 
has two 8-bit slots, two AT
compatible 16-bit slots, and six The Hard Facts 
32-bit slots. The Z-386 has a modular de 

The Z-386, at the high end of sign based on Zenith ·s familiar 
Zenith's MS-DOS desktop "backplane, ·· with plug-in 
computers. combioes the speed components including the 
or a 32-bit 80386 processor CPU, system memory. disk 
with IBM PC AT compatibility. con1rol lers, and standard 110 

The, basic system comes in services. Most 80386 micro
two models, differentiated by the computers feature al least one 
amount of hard disk space: The 32-bit expansion slot into which 
Model 40 ($6499) contains a you can add fast peripherals 
40-megabyte bard disk drive, such as memory . However . 
and the Model 80 ($7499) has many slo1 designs are propri
an SO-megabyte hanl disk drive. etary, and 32-bit hardware de
Both models include a 16-MHz signed for one system can 't be 
80386 processor, which r'e{jUires used with another . Much of the 
one 32-bit slot and has a socket t1me, you can use these 32-bir 

with the IBM PCAT 

for either an 80287 or 80387 
math coprocessor; a Z-505 memory 
board containing l megabyte oftwo-wait
state \00-naoosecond RAM (it requires 
one 32-bit slot); a 1.2-megabyte floppy 
disk drive and one of the hard. disk drives 
(the disk controller requires one 16-bit 
slot) ; an 110 board containing one serial 
port and one pantllel port (the board re
quires one 32-bit slot); a 31. 5-kHz video 
djsplay board, which occupies one 8-bit 
s.lot and includes EGA, CGA, and Her
cules hardv.iare and software support; and 
five additional expansion slot~-one 8
bit, one 16-bit, and three 32-bit slots. 
The basic system also includ~ MS-DOS 
3.2 and Microsoft Windows/386. 

You can expand memory in either l 
megat>yte increments with the Z-505 
memory cartJ ($699) or 4-megabyte in
crements with the Z-515 memory card 
($2 199); each card of either kind requires 

one 32-bit slot. You can provide the 
Z-386 with a ma;idmum of 16 megabytes 
of RAM by filling the three remaining 
32-bit slots with Z-515s and s~bslitutiog 
another Z-515 for the Z-505 that comes 
with 1he basic system. 

You can add Zenith 's optional Z-525 
64K-byte, zero-wait-state, 40-ns cache
memory board ($599). which requires a 
32-bit slot, and you can add another 1.2
megabyte or 360K-byte floppy disk 
drive, as wdl as another hard disk drive. 
The Z-386's 195-wau power supply and 
disk controller provide all the power and 
cabling necessary to support two floppy 
disk drives and two hard disk drives 
without upgrading or r'e{jUiring additional 
expansion slots. 

The system I re.viewed was a Z-386 
Model 80 with a 1.2-megabyte 5 1.4 ·inch 
floppy disk drive , an 80-megabyte hard 

slot~ only wit.h pedal 32-bit 
circuit boanls; if you are running out of 
slots, you may not be able to use a stan· 
<lard IBM PC or AT peripheral device in 
an unused slot. · 

While the 32-bit bus layout for the 
Z-386 is also proprietary, it is designed 
10 bean extension of the AT' s 98-pin con 
nector. The 16-MHz , 32-bit, 160-pin 
slots can accept Ze.nith peripheral boards 
as well as AT-compatible boards. Those 
AT boards containing descenders-chat 
is. portions of lhe board that drop dovm 
beyond the edge conn<:ctor 10 gain more 
board space-won't fit. because the de 
scenders bit the connector on the Z-386. 

cominued 

Ed McNiemey is a principal engineer ar 
Lotus Development Corp_ Yau can con
tacr him at 54 Pleasant St . . Groton. MA 
01450, or on BIX as "meed." 

MARCH 1988 • B YT E 115 



REVIEW : THE ZENITH Z-386 


Zenith Z-386 Model 80 

Company 
Zenith Data Systems 
1000 Miiwaukee Ave. 
Glenview, IL 60025 
(312) 699-4800 

Components 
Processor: 16-MHz Intel 80386: socket 
tor optional 80287 or 80387 math 
coprocessor 
Memory: 1 megabyte of two-wait-state 
RAM, expandable to 16 megabytes: 64K 
bytes of cache memory optional 
Mass storage: One 1.2-megabyte 5 1!. 
inch floppy disk drive: one BO-megabyte 
hard disk drive: expandable to one 
more Happy disk drive and one more 
hard disk drive 
Display: MDA. CGA, Hercules. EGA. 
Enhanced EGA. and VGA 
Keyboard: Modified 101 ·key enhanced 
keyboard layout 
110 interfaces: One serial port: one 
parallel port: five free slots: one 8·blt slot. 
one 16·bit slot, and three 32·bil slots 
Other: Real·time clock/calendar with 
battery, 195 watts: 110·1220·volt 
switchable. power supply: one year 
carry-in warranty 

Sim 
6\f2 by 21 by 16112 inches: 38 pounds 

Software 
MS-DOS version 3.2; Microsoft 
WindoWS/386; Video Drivers software 
support 

Options 
B02B7 math coprocessor: $525 
80387 math coprocessor: $1199 
Z·505 1·megabyte RAM expansion 

$699 
Z-515 4-megaby\e RAM expansion: 

$2199 
Z·S25 64K·byte cache memory: $599 
40-megaby\e hard disk drive: $1699 
BO-megabyte hard disk drive: $1999 

Documentation 
130-page High-Performance 
Workstation Owner's Manual; 475-page 
MS-DOS Version 3.2 User's Guide and 
User's Reference: 20-page Video Drivers 
Installation Guide; 46-page MS-DOS 
Version 3.2 Quick Reference Guide 

Price 
Model 40: $6499 
Model so· $7499 

Inquiry 885. 

Z-386 Model 80 
PS/2 Compaq IBM 

no cache, cache, Model BO 386 PCAT 
Test noFPU noFPU 80387-1 6 80387-1 6 80287-8 

Dhrystone' 3821 4136 3626 3748 1590 
Fibonacci 53 17 49.43 57.26 53 11 126.22 
Float 35 .70 33-45 1.62 1-43 10.98 
Savage 314.06 280.89 g 49 8.95 37.30 
Sieve S.84 5.38 6.45 5 98 24 .60 
Sort 8.02 6.92 7.74 5.58 43 .17 

• For the Dhrystone test only. higher figures denote faster performance. 

DISK ACCESS IN BASIC (IN SECONDS) 
WRITE READ 

BASIC PERFORMANCE (IN SECONDS) 

SIEVE CALCULATIONS 


SPREADSHEET (IN SECONDS) 

LOAD RECALCULATE 


SYSTEM UTILITIES (IN SECONDS) 
40K FILE COPY 

• ZENITH Z-386 

- IBM PS/2 MODEL 80 
• COMPAQ DESKPRO 388 
- IBM PC AT (8 MHZ) 

The table contains the results ot C language benchmarks (see "A Closer Look" by Rich· 
ard Grehan in tt1e September 1987 BYTE). All limes are in seconds, except for the Dhry
stone, whic.h is In Dhrystones per second. The Disk Access benchmarks write and then 
read a 64K-byte sequential text Ille to a hard disk. Sieve runs one iteration of the Sieve of 
Eratosthenes. Calculations per1orms 10.000 multiplication and division operations. Tne 
Spreadsheat tests load and recalculate a 100-row by 25-column Multiplan (1 .06) spread
sheet. The 40K File Copy benchmark copies a <IOK·byte file on the hard disk. All BASIC 
benchmark programs were run with MS-DOS 3.20 and GWBASIC 3.20 on the Zenith Z
386 Model BO: PC-DOS 3.3 and BASICA 3.3 on the PS/2 Model 80 and PC AT~ and 
Compaq DOS 3. 1 and Compaq BASIC 3.11 on the Deskpro 386. 
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REVI.EW: THE ZENITH Z-386 

However, mosc AT boards will fit, and 
the added flexibility is convenient. 

The Z-386 feamre. standa.rd EGA
rnmpatible graphics chat can send video 
oucput to a variety of different monitors. 
In :iddition to supponing MDA CGA, 
Hercule . and EGA rnonicors, the Z-449 
video adapter can drive a 31.5-kHz ana~ 
log monochrome ur 1,;olor monitur, such 
as those supported by IBM' s PS/2 com· 
puters. The Z-449 directly supports a 
special EGA-I ike 480-line display on 
VGA <1nak1g monitors, and Zenith pro
vides a disk of video drivers to .mpporc 
the 480-line mode in Lotu · 1-2-3, Lotus 
Symphony. AutoCAD. GEM. and Micro
soft Windows. [Editor's note: Forfurther 
discussion nf rhe Z-449. see "Eniwnced 
EGA and VGA Boards" b • Curtis Frank
lin Jr. on page 102 ofthis issue.] 

On the rear of the sy.~tem unit are two 
sockets for monitors: one for a VGA or 
compatible monitor and one for the other 
supported monitors. The sockets are easy 
to differentiate , however: The VGA 
monitor .~ocket has 15 pins in three rows. 
and the olher has 9 pins in two rows. In 
other won.ls, the plug on your monitor 
will fit only in the approprfatc socket, so 
there 's no chance of mixing them up. 

When I connected the monitor to the 
~ystem unit, it displayed only a solid 
white screen. Even though the review 
system came with an EGA monitor. Ze
nith configured the system at the factory 
to upport an analog VGA monitor . I 
solved the display problem by setting off 
video DIP switch 6 (accessible from the 
ootside of the unit)-but only after 
searching the documentation for the solu
tion and finally finding it in Chapter 4 of 
the owner'~ manual. I chink Zenith 
·hould include informacion addressing 
common setup problems in the. " Getting 
Started" chapter at the front. 

The on/off switch for the monitor is on 
the front: it is a push button labeled "I /0 ... 
The monl!Qr also hM a feature I haven't 
·ccn before: On the front is a three-posi
tion dia.I that lees you choose either the 
standard color output (blat:k and white 
for cext at the default settings) or mono
chrome output in amber or green. 

Zenith 's enhanced IOI-key keyboard 
closely emulates the IO I-key layout used 
on IBM's PS/2 and AT computers, and ii 
has a soft touch with an audjbJc clicking 
feedback sy~tem in the kevboard unit it
. elf. Zenith ha made one change to the 
IBM layout: In ·tead of placing the back
slash ( \ ) key to the left of the single
width Backspace key. as 18M does, Ze
nith has enlarged the Ba1,;kspat:e key to 
double"width and placed the backslash 
key to the right of a truncated right Shift 
key. It' s a :.mall change , but I find it diffi
cult t(> switch bctwcon layouts. 

On the posi tive side, the Z-386's key
board features a well-designed acceler
ated key-repeat feature. When you press a 
key and hold it down , it begins to rep.;!at 
at a standard rate: but the longer you hold 
it down, the faster it repeats , makjng long 
cursor movements convenient and rapid. 

You can use the keyboard with either 
AT- or XT-compatible computers; there 
is an AT/XT switch um.ler the nameplate 
on the upper left. The keyboard comes 
•et up for AT compatibility , and if you 
wish to use XT compatibility, you need to 
add appropriate firmware aod change the 
;wi11;h setting. 

The Software Scene 
In addition to MS-DOS 3.2 and Micro
sofl Winduws/386, the Z-386 comes with 
a ROM-based Monitor program that pro
vides ac1.:ess to: a Setup/Coofigurdliun 
program that lets you configure your sys
tem from the keyboard; a Test program 
that has cxte.nslvc disk-read, keyboard. 
base-memory. expansion-memory, anJ 
power-up diagnostic te-sts ; a serie · of de
bugging tools, including caddress (ex
amine memMy), !port (input from 
port), R[reglster] (examine register). 
T [ count] (trace program) , and 
U[ rnnge] (una semble program), where 
brae keL'l denote an optiunal par.imeter . 
To activate the Monitor program , you 
press Ctrl-Alt-Insert. 

The Z-386 provides a flexible disk
boot mechanism. The Setup/Configura
tion program lets you cell the system 
where to look for its bootstrap record; 
you can choose to boot automatically 
from the floppy Jhk or the hard disk, or 
from the floppy disk when it is mounted 
and from the hard di sk when it isn ' t. You 
can also choose to have the system come 
up displaying the Monitor program's 
prompt, at which time you can boot from 
whatever drive you wish with the boot 
command B[para111eters ] . 

Although the Z-386 comes with Ze
nith's versiou of MS-DOS 3.2, the oper
ating ·ystem i · not prcinstaJleJ on the 
hard disk . When I first powered up the re· 
view system (after setting the DIP 
switch), the screen di played the error 
message Not a. boota.ble partition. 
The ''Getting Started" section of the 
owner's manual explained that at this 
point you reset the computer with the 
Ctrl-A!t-Insert combination to go to Lhe 
Monitor program. From there you 
mount the first MS-DOS disk and enter 
B f (which stands for "boot from flop
py") . The boot sequence on the floppy 
di sk initiates the MS-DOS SETUP utility. 

This reveals a coupk of problems that 
Zenhh could ea ily have. avoided . First. 
SETUP is not the same as the Setup/Con
figuration program. but Zenith docsn 't 

tell you that there arc two diffurent pro
grams involved . This is confusing ; you 
think you 're going to enter the Setup/ 
Configuration program, but you aren't , 
So, any auempt to jump ahead can easily 
put you io the wrong place. For instance, 
if at the monitor prompt you select the op· 
lion for the Setup/Configuration pro
gram, you have actually bypassed the 
SETUP utility. and your hard disk has not 
been formatted. Thus, you can find your-
elf in quite a mess. A different name for 

one of the programs would have a11oided 
this confosion . 

Second. Zenith has set the system to 
automatical.ly try to boot up on the hard 
disk. This doesn ' t make much sense 
when you consider that the hard disk 
docsn 't contain an operating system; in 
fact. it isn ' t even, formatted. It would 
make more sense to set the initial system 
default to boot from the floppy disk. 

The SETUP utility formats your hard 
di k and transfers your system to it , if you 
wish, through a user-friendly conversa
tional interaction . The hard disk come · 
unformatted with one partition. If you 
want mo.re than one, you can use lhe MS
DOS PART utility to set them up. SETUP 
tells you when to exit and execute PART , 
and tbe two utilities give you instruct.ions 
on all tJ1e procedures you need. 

You can al ·o use some other MS-DOS 
utilities if you nee.cl to modify the hard 
disk organization and protections. You 
can use DSKSE1'U? and ASONPART 10 
cr~ate more than one MS-DOS partition 
and assig,n disk drive letters to Lhose par
titions . Then you can fonnat the parti
tions with th.e MS-DOS FORMAT com
mand to make them usable and bootable . 

The DSKSETUP utility adds e. conve
n.icnt feature to the hard disk layout: for
mat protection. With DSKSETUP, you can 
protect each partition on the hard disk 
from accidental reformanJng; only an
other DSKSETUP i;omman<l can re\ea e the 
protection and allow the disk to be refor
matted. ASCNP ART lets you assign the 
connect.ions between MS-DOS disk drive 
letters and the logical disk partition 
created by DSKSETU?. Panition.~ cau a11 
receiv flexible name assignments, 

Zenith' version of MS-DOS includes 
a number of custom software utilities, in
cluding APPLY (to execute a command re
peacedly while varying a specific param
eter); CONFIOUR (to tell the system the 
wrre.ct protocol to use for a serial or par
allel device and display the syst1:m con
figuration ); FC (to compare two files and 
end any differences it finds to the screen 

or to another file); RTCLOCK (to read the 
real-time clock and set the MS-DOS 
clock to that date and time, and reset the 
real-time clock): SEARCH (to sc<in a Jisk 

(O>llinued 
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REVIEW: THE ZENITH Z-386 

• Up 10 Ib modems on one ~inglc-slot plug-in c•ru 
• Up ro 64-u,,., capabilhy simultanc'Ous & in1erac1ive 
•Runs on any PC.:-0mp<>1ible under MS-DOS VJ.X 
• scr-modifiablc C sCXJrcc cndc rn~ludcd 
• MC".nu~orlentcd oper{llion 
• Complete accounting .:•pDbil ity w/audu troll 
• fatcn>ivc SYSOI' displays 
• Powcrfai 1-prutct:tcd da" 
• 'Mtdn itc·C!c•nup" feature 
.. Full vnc yc.~~r warnmly cin hDJ'T.iW lU'C 

Mega OB'S ap)J1ic3ti'ons · 
on Mi_t;_i"Q_c_i)mp_!!(el_"~ _ , 

• Teie(onlrn11<. 1ng • lrounocc Clwm> Pmct~ung 
• ElrclMrn: M•il • Mult1plc l1>11ng S<rv1<00; 
• Frie Uplo;i.J/DuwnloJd • FiddQuc~co 
• Ot<ltr Entry • Sale• om,.. Commun1i:JllOO> 
• Datah>st looO:.-up • Resc,,.,auoru Servko., 
•On-line E.tP"rt S)~tem< •S10 Conkn: n<i:-s 
• Catalog Sc;uUJm~ • Stoc:k l'N<'os 
• CI0.1sir1od Ad-.nt>lng S1•c$ • ll:lophoi1< o,~•onc; 

• &luc3l1onal Ser> r<x• • Tr:i el Agency Ser;ic.o., 
• Ban~ inpf•n•nci•I Ser\· i.:e. • Ycllo~· 1'2g<> 
• Bmkera~ 5cf'·im • Sur<c)'.ll'lllling 
• Customer -~"' ''" • Multl-Mayer GOl.rucs 

BREAKffHROUGHf 1 

Combine our .1ingle-slo1 card wi!h our sophis1ici1ted 
BREAKTHROUGH soflwarc and you have aBBS 1hat 
performs like a mainframe on a '2861386 nrnchme •.. 
wi1h only one cable rnming ou1 1he back! Cornple1ely 
:;elf-contained. with no cx1emul hardware 11eccssary, 
the ·ys1cm is ex1remely rel13blt. tlcxible :i.nd fa.s 1. 

Successfullyin u~ at over one hundred instulla1ion , 
BREAKTllRO GH allows up lo M users 10 intcra t 
wi1h each 01her and wi1h 1he sys1em s1mullaneously. 

pco 16 modems are available un one singk slul cart.I . 
Extensive and growing 1h1rd pany dcvelo~r uppon 
offers a wide varieryof applica1ions for many fields. 

The only v..ray to experience 11ur BREAKTHROUGH 
is by 1rying ii yourself. For $59.00 we"ll rush y()u a 
copy of The Major BBS (our multi-user Bulletin Board 
System). the Csoorce. and a 175page book explaining 
the sys!em.This includes everything except the singlc
sloc modem card and lh<: low-bel ""device driver" 
object library packag~. Single slot modem cards !lJC 

available separately in a variety of configura1ions and 
wich any number of modems tup co 16) tha1 you may 
require. 

_'.\05 /' 5 . NJ · ~.5 ' ')90 · . , . " "~ 

0GALACTICOMM 

'i'h< t..•d« in UBS f~r u,., PC 

~IOI SW •7th A"'"""- SuH<. IOI Fon l..1mdcnl.-ok. Fl. Jl l~ 
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and display all files that match the input 
specification); ZCOM (to use a modem or 
direct serial communications to transfer 
file between two computers) ; and 
ZSPOOL (to create a print buffer in either 
conventional or expanded memory) . 

ln addition, the Expanded Memory 
Specification device driver, EMM.SYS, 
comes on the MS-DOS distribution disk. 
You can set up as much of your memory 
as you wish to be EMS memory , as long 
as your first memory card reserves at 
least 640K bytes as system memory . 

The Z-386 is completely AT compat
ible, running all the tested software and 
hardware wiU10ut any problems, includ
ing Microsoft Windows version 1.03, 
Lorus 1-2-3 version 2.01, Side.Kick ver
sion l .56A, the Microsoft bus Mouse 
version 6.10, the Everex Evercom 1200
bit·per-second modem, imd Lotus Manu
script version 1.0. As is common with 
80386 systems, the Z-386, via the Setup
/Configuration program , lets you select 
one of three operating speeds: Slow , 
whJch is a con.slant 8-MHz operation; 
Fast, a constant 16-MHz operation; or 
Smart, in which the CPU runs al 16 MHz 
for processing and slows 10 8 MHz for 
disk 1/0 operations. The default mode , 
Smart, lets you install (and dcinstall) 
copy-protected software. such as Lotus 
1-2-3 version 2.01, on the hard disk 
without difficulty . 

(Editor's note: While we were working 
with the Z~386, the system hung 011 two 
separate and unrelated occasio11.1·. We 
could enter 1wthing, and we got 110 re
sponse: we couldn '1 even reboot . We had 
to turn the machine offand 1he11 011 again 
ro free it, We also couldn 't re-create the 
situations. Thus, we have no idea wheth
er this isa recurring problem or a fluke . J 

On the Bench 
Zenith 's literature claims a 40-millisec· 
ond average access time for the 80-mega
byte hard disk drive. but Core lnterna· 
tional's Coretest utilicy measured a much 
more respectable 27-rns average seek 
time, with Lrack-to-track 'ee.ks requiring 
only 4.3 ms. The drive also pcrfonned 
well on lhe disk-transfer-rate test, with a 
lransfer rate of205 ,5K bytes per second , 

The EGA display system ran all tested 
graphics softv.rare, including Microsoft 
Windows versions 1.03 and 2.0 and PC 
Paintbrush Plus version I . 0 , with uo 
problems . Video memory required 30 
wait states for each access , but lhis is not 
unusual for an EGA board running in a 
16-MHz 80386 machine. As 32-bit ma
chines become more common and users 
become more demanding of graphical in
terfaces, EGA-compatible hardware will 
need to be redesigned for higher speed, 
so that it fits more appropriately with the 

perfonnance of the rest of the system. 
BYTE's BASIC benchmarks show that 

the Z-386 without its optional cache 
memory i · generally comparable to other 
80386 machines ; its performance is 
slightly slower in ome lests and sligbt.ly 
faster in others. 

The Z-386 becomes more impressive 
in the C benclunarks whi<;h are more in
dicative of computing powe.r and ability 
among the 80386 machines. Wilhom its 
optional cache, the Z-386 exceeds the 
performance of the IBM PS/2 Model 80 
by 5 percent on the Dhrystone test. and ii 
beats that of the 16-MHz Compaq Desk
pro 386 by 2 percent With the <.:ache 
memory, these figures jump to 14 per
cent over the PS/2 and 10 percent over she 
Compaq (and an 8 percent increase over 
the Z-386 without the cache) . 

On the Fibonacci test , the Z-386 shows 
a slight e.dge over the Model 80 and a 
speed equal to the Compaq's . Adding the 
cache boosts performance by about 8 per
cent. The review system djdn't have a 
floating-point coprocessor so the Float 
and Savage benchmarks indicate only that 
if you do many floating-point or transcen
dental calculations, you will want one. 

On the Sieve test, the Z-386 shows a 10 
percent improvement over the Model 80 
and a small (2 percent) improvement over 
the- Compaq . The Sort benchmark is the 
only one in which the Z-386 falls behind 
the othe.rs . rt lags behind the Model 80 by 
4 percent, and behind Lhe Compaq Desk
pro by a whopping 44 percent . The cache 
memory boosts the Z-386' s Sort time by 
16 ~rcent, however. 

Coupled with Zenjth 's reputatfon for 
ervice and reliability , the benchmarks 

overall indicate that the Z-386 is an excel
lent machine to use as an 80386 compuc~ 
iog platform. They also indicate that the 
additional expense. of the Z· 525 64K-byte 
cache memory board is well worth the 
performance boost it provides. 

An Outstanding Machine 
The Zenith Z-386 is a powerful machine 
and a sound value for youf COfnputing 
dollar. Its compatibility with the PC AT 
is flawless, and its performance is among 
the best in its class. Its raw computing 
horsepower is made even more useful by 
Zenith 's unusually helpful assortment of 
ROM and MS-DOS utility software. 

The manual could be better organized 
and some of the setup choi.ces more logi
cal. However, these things bothered me 
partly because the Z-386 is such an out
standing machine; It's frustrating to have 
a terrific machine at your fingertips and 
then have a struggle setting it up. Take 
the instructions slowly and carefully, and 
don'ttry to jump ahead, and I lhinkyou'll 
avoid lhe troubles I had. • 
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An Incredible Display Of PowerAnd Versatility. 

For just $599: the new 965 gives 
you ASCH, ANSI and lBM" PC com
palibility in one terminal. 

The new 965's versatility is 
unparalleled. ltsuppons 23 ter
minal emulations, more than any 
ocher model in its class. You even 
get your choke of ASCH. ANSI or 
IBM Enhanced PC keyboard styles. 

There's a 14" Oat display in 
green or page-white with crisp. dear 
characters in a high-resolution l0xl6 
matri.x. A 2-position keyboard with 
a rrue accounting keypad , 20 user-

programmable editing keys, and 
US programmable function keys. 

The 965 can display up to 49 
data lines, enough to show large 
spreadsheecs or rwo normal display 
pages of text at the same time. No 
other terminal this affordable can 
do that. 

The 965's tate-of-the-an s1ngk 
board design uses a 16-bit CPU and 
sophi cicated gate array m give you 
a high-performance, veryreliable 
terminal with a full one-year end
user limited warranty. 

The 965. A whole new look 
in tennLnals from TeleVideo. Call us 
coll-.frce or write wday for more 
information. 

TeleVideo Systems, Inc. , 
U70 Morse A e .. Sunnyvale. CA 
94088-3568. 

leleVideo 
TH VI ION YOU 'EEO TO SU CEED 

Call 1-800-835-3228 



--------- ---- -------------- - --- --- - --

Introducing UniLab 8620 analyzer-emulator with InSight. 

• There's nothing like !nSight.'M Afeature 
of Lh1· new 8610 lhat lets you actually watch 
your program go through its llaccs.So you 
Giil debug faster. And speed up mkroprcx:essor 
devclopmcnL Por demm1dJng application.~ like 
Lilt' automotive rnntroller shown. 

• An e,xciting industry fir.;t. lnSight hleuds 

an•tl)•1.cr/ emulator techniques to give. 011 

cor11inuous, rc·al rim· monitoring of key pro

cessor functions.Sec d1anging rt.-gistcr content~. 


1/ 0 Ii ncs. ports. u~l·r· defined memory win

dows.r ith vnur own lahcls. And all at once. 

Interactively 

Without stopping 

your 1Jrogr-am_ 


• lnSight is made possible by the 8620's 
ad\lanccd hus Stale analyzer, i1s 2 50-bus-rycle 
t mcc huffer, :1ml a new high· speed parallel 
interface that eliminates RS-2,;2 hou!encck:. 

• The fast interface also speeds 1.h1t:1 
throughput. From your hard drive, you can 
load aMK progrnm into emulation memory 

• Computer integrated in~truments from 
Orion prove debugging needri't be costly or 
tedious. Fur morl' than I50 processors. Like idl 
our a11al11zer-ernuh1tors, the 8620 debugs by 
symptom.Via advanced truth tahle triggering. 
Alway~ loducled is enough breakpointing 
and single stepping (now faster than ever) 
to assure optimum efficiency.We even provide 
astimulus generator and huill·in EPROM 
progmmrner to help finish the joh. 

• Get serious abo111 (lrirc/ pcrformant:e. 
Savl' big on design, test, and support costs. 
IJnil.ab 8610 analyzer-emulator. 

• Look into it. 

Toll free: 800/ 245 -8500. ln CA: 415/ 361-8883. 

..=.. = • ..=.. =-= 
I N S TR UME NT Sin five seconds. 
Computer lntegr,Ued Instrumentation 

• On !Op of that, you get a new, crystal· OZ Marshall Street. Redwood Cily. CA 940(13
controlled l µsec dock for super precise Telex: 5W942 
event timing. "I 11.~1gh1 Is >tnidrrruirk o I Orion ln<!rumcms. loc. 
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SYSTEM REVIEW 


NEC PowerMate 2 

and HP Vectra ES/12 


The NEC APC IV PowerMate 2 
and the Hewlell-P-.tckarcl Yectra 
ES/ 12 represent two of the best 
of a generation of microcom
puters that are based on IBM 
PC AT compatibility aod the 
80286 CPU. Both NEC and HP 
apparently believe that com
puters based oo tbe 80286 have 
not reached the end of their de
velopment. The companies of
fer the PowerMate 2 and the 
Vectrn ES/12 a the best price/ 
performance solution for many 
business and personal needs. 

The Vectra and the Power
Ma te both have dual- speed 
80286 processors: The Power
Mate can be switched between 
10 MHz aocl 8 MHz, and the 
Vecrra runs at 12 MHz. or 8 
MHz.. The machines are more 
than adequate for nearly all the 
needs of the avernge microcom
puter user. Furthermore, they 
are compatible with the multi
tude of software and hardware 
developed for I.he IBM PC AT. 

The PowerMatc I reviewed 
had I megabyte of 120-nano
second and 150-ns RAM; the 
Vectra had 640K bytes of 120
ns and 100-ns RAM. They both came 
with EGAs and monitors and high-per
formance. hard disk drives: The Power
Mate had a 67-megabyte urive, and the 
Vectra had a 40-megabyte uniL The 
PowerMate also came with an optional J 
megabyte of extended RAM . In these en
hanced configurations, the PowerMate 
costs $5595, and the Vectra $5535. 

The basic version of each computer 
comes with one I.2-megabyte 5 1A -inch 
floppy disk drive, a floppy disk/hard disk 
drive controller card, and 640K bytes of 
RAM. In these versions, the Power Mate, 
costs $2595 and the Vectra is $2995. 

Internal Circuitry 
Bolh eomputers use very-large-scale inte
gration (VLSI) chips from Chips and 

John Unger 

memory card. This slot looks Two mature AT-compatible 
like an 8-bit slot, but the board 
connector has been moved fordesigns that offer higher speed 

and greater reliability 

The NEC PowerMate (left) and HP Vecrra (righr). 

Technologies (C&T). The Vectra uses 
five of these surface-mounted packages 
on its motherboard, and the PowerMate 
uses six . The optional EGAs that were 
part of my review systems each used two 
of these C&T packages. VLSJ packages 
reduce the total chip count in the com
puters and allow a cleaner design. Like 
many other AT clones, both use Phoenix 
Technologies ' ROM BIOS-firmware 
well known for its compatibility with the 
IBM operating-system ROM. 

In addition to five 16-bit and two 8-bit 
expansion slots (the disk controller occu
pies one of the 1 b-bit slots, and the EGA 
card fills one of the 8-bit slots), the Vec
tra 's motherboard holds a special ex
panded memory slot, which can only be 
used for an optional Ye.ctra ES expanded 

ward on the motherboard. The 
slo1 can't be used for standard 
PC expansion boards. You can 
populate the expanded memory 
board with up to 8 megabytes. 
The slot runs at 12 MHz, rather 
than 8 MHz like the other slots 
on the expansion bus; this factor 
gives the Vectra faster memory 
1/0 for those applications that 
use expanded memory. 

The PowerMate has six 16
bit expansion slots and two 8-bit 
slots on its motherboard . The 
Power Mate' s disk controller 
card oc.cupies one of the 16-bit 
slots, and the. EGA card fills 
one of the 8-bit slots . The op
tional NEC memory board that 
I installed in my review ma
chine fits in one of the 16-bit 
slots. This board comes with 
l 8 256K-bit by 8-bit 120-ns 
RAM chips soldered to .it , for a 
total of 5 I 2K bytes of additional 
memory. Three more memory 
kits consisting of 18 256K-bit 
RAM chips may be added for a 
total of2 m~.gabytes of RAM for 

each board. You can add a total of five 
fully populated board s to each 
PowerMate. 

The PowerMate feature-s a zero-inser
tion-force (ZIF) socket for ilS 80286 pin
grid-array CPU. This makes removing or 
replacing the chip very easy. 

Both systems let you switch speeds 
either from the keyboard or with simple 
software commands. I had no difficulty 
switching speeds on either computer, 
even in the middle of a program. The 

continued 

John Unger is a geophysicist for the U.S. 
govemmem. He writes graphics software 
and uses computers ro study the earrlz 's 
crust. You can reach him at P. 0. Box 95, 
Hamilton , VA 22068. 
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REVIEW: POWERMATE 2 AND VECTRA ES/12 

PowerMate has a convenient LED indica
tor on the front panel !hat Lights when the 
computer is running in the high-speed or 
10-MHz mode. The Vectra gives one 
beep when you shift to 8 MHz, and two 
beeps when you go to 12 MHz. Each 
computer 's motherboard has a socket for 
an optional 80287 numeric coprocessor. 

Storage 

The PowerMate' s larger size provides 

room for five half.-height storage devices. 

The Vec!ra has a more conventional lay

out, with space for three half-height stor

age devices. 


The hard disk drive that came with my 
PowerMate was NEC's 05452, a high
pcrfonnance 67-megnbyte model with a 
dala transfer rate of 247.4K bytes per 
second. an average seek time of25.3 mil
liseconds, and a track-10-Lrack time of 
6 .3 ms, according to the Corete t pro
gram. Vcctra 's 40-rnegabyte Seagate ST
251 hard disk drive is only sligh tl y 
slower: It has a data transfer rate of 

- 244. 7K bytes per second, an average seek 
time of26. 7 ms, and a track-to-track time 
of 10.5 ms . 

Because MS-DOS 3.2 does not sup
port a logical disk drive larger than 32 
megabyte , I partitioned the 67-megabyte 
drive into two 32-megabyte drives and 
one 3-megabyte drive. The utility setup 
and fonnatting programs that came with 
the Vectra and the PowerMate were easy 
to follow, and gening the hard disks set 
up properly W'JS not difficult . 

The Vec1ra comes with HPCACHE , a 
disk-caching utility program for the com· 
puter's hard disk. Thi versatile program 
lets you set aside either normal or EMS 
memory as a cache. Disk-c:ac:he routines 
such as RPCACHE can improve the overall 
performance of your system, particularly 
if you use software that frequently ac· 
cesses the hard disk-such as a program 
that uses overlays or a compiler that 
stores and retrieves intermediate tempo
rary files as it compiles source code. In 
use. the cache provide-0 a I 0 percent to 40 
percent improvement in the benchmark 
results. 

The Vectra and PowerMate disk con
troller curds come with cabling and con
nectors for a total of two floppy disk 
drives and two hard disk drives. This set
up gives you a variety of possible combi
nations of hard and floppy disk drives for 
1he sys1ems. Both systems' software and 
hardware suppor! the addition of3 lf.o -inch 
floppy disk drives; the Vectra can handle 
either 720K-byte or l .4-megabyte drives, 
while the PowerMate only has the option 
of adding a 720K-byte drive. The Vec
tTa 's disk controller card also contains 
the logic for the serial and parallel ports . 
On the PowerMate, the two D.8·9 serial 
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NEC PowerMate 2, Hewlett-Packard Vectra ES/12, 
Model APC-H503C Model 42 

Company 

NEC Information Systems Inc. 

1414 Massachusetts Ave, 

Boxborough, MA 01719 

(617) 264-8000 

Componente 
Processor: 10-MHz Intel 80286; socket 
tor optional 80287 math coprocessor 
Memory: 1 megabyte, expandable with 
2·megabyte expansion boards to 10.6 
megabytes 
Mass storage: One 1.2-megabyte 51/•
inch floppy disk drive; 67-megabyte hard 
disk drive 
Display: MultiSync monitor and EGA 
card 
Keyboard: 1 01 1uJl-size keys with 12 
!unction keys and separate editing keys 
and numeric keypad 
110 interfaces: Two 8-bit and six 16-blt 
expansion slots; two RS-232C ports (DB· 
9); one parallel printer pol'1 (DB·2S) 

Size 
6'h by 21 'h by 17 inc.ties; 41 pounds 

SoftW11re 
MS-DOS 3 2. GWBASIC 3.2 

Optiona 
Color graphics adapter board: $225 
Advanced Graphics Board plus 
PowerMate MultiSync monitor: $1350 
Memory expansion board W1th 512K 

bytes cf RAM: $395 

Documentation 
69-page PowerMata 2 Owners Gulde; 
407-page GWBASIC User's Gulde: 468
page MS-DOS User's Gulde 

Price 
Model APC·HS03C {unit rev1e~d): 

$5595 
Model APC·H500K (no hard d1sk drive 

or monitor): $2595 
Model APC-H501 D (40-megabyte hard 

disk drive and EGA monitor) : $4345 

Inquiry 884. 

Compeny 
Hewlett-Packard Corp. 
3000 Hanover St. 
Palo Alto, CA 94304 
(415)857·1501 

Components 
Processor: 12-MHz Intel 80286: socket 
for optional 80287 math coprocessor 
Memory: 640K bytes or RAM on 
motherboard standard: up to 8 
megabytes on optional Vectra ES 
expanded memory card 
Mass storage: One 1.2-megabyte 5V• · 
inch floppy disk drive: 40-me.gabyte hard 
disk drive 
Display: EGA card standard: 13-lnch 
enhanced color display 
Keyboard: 101 lull-size keys with 12 
function keys and .separate editing keys 
and keypad 
110 interfaces: Two 8-bit and five 16-bit 
expansion s101s: one expanded memory 
slOI : one RS-232C pori (08-9); one 
parallel printer port (08·25) 

Size 
6V2 by 16¥• by 151/2 inches; 34 pounds 

Software 
MS-DOS 3.2: HP ut11it1es and system 
diagnos1ics, including Personal 
Applications Manager, DOS shell , 
term1nal·emulat1on program, disk-cache 
program 

Options 
3112 .Jnch 1 44·megabyte nappy disk 

dmie: $325 
5 114-inch 360K-byte tloppy disk drive: 

$225 
80207-B math coprocessor $450 
Monochrome monitor: $325 
Enhanced graphics monitor: $845 
Expanded memory card with 2 

megabytes of RAM: $1695 

Documentation 
·120-page Vecrra MS-0053.2 Vol. 1. 
lnt1oducl1on; ,505-page VecJra MS-DOS 
3.2 Vol. 2, User's Reference; 245-page 
Setting Up the Vectra ES; 110·page HP 
Terminal Program User Manual; 146· 
page Using Personal Application 
Manager, 112-page Usi'ng the Mulr1ple 
Character Set Utl lltles · 

Price 
Model 42 (urn! reviewed): $5535 
Model tO(640K bytes of RAM and one 

1 ~-megabyte 5V4-inch floppy disk 
e): $2995 

Model 20 (same as Model 1D. plus a 
20-megabyte hard disk drive): 53195 

Model 40 (same as Model 10, plus a 
40·megabyte hard disk dnve): $4195 

Inquiry 883. 
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DISK ACCESS IN BASIC (IN SECONDS) 
WAITE READ 

BASIC PERFORMANCE (IN SECONDS) 

SIEVE CALCULATIONS 


0 10 20 
I 

20 

<I.) 

J6 

fi9 

SPREADSHEET (IN SECONDS) 

LOAD RECALCULATE 


SYSTEM UTILITIES (IN SECONDS) 
40K FILE COPY 

• NEC POWEAMATE 2 
- HP VECTRA ES/12 

- IBM PC AT (8 MHZ) 
- IBMPC&L rr1r 

The Disk Access benchmarks write and then read a 6dK·byte sequential text file to a hard 
disk. Sieve runs one iteration of the Sieve of Eratosthenes. Calculations performs 10,000 
multiplication and division operation~. The 40K File Copy benchmark copies a 40K·byte 
file on the hard disk. The Spreadsheet tests load and recalculate a 100-row by 25-column 
Mu!llplan (1 .06) spreadsheet. The BASIC benchmarks were run with MS-DOS 3.2 and 
GWBASIC 3.2 on the NEC Po'M:!rMa!e and HP Vectra: tests on the IBM PC and PC AT 
were run with PC-DOS 3.3 and BASICA 3.3. 

ports and I.he DB-25 parallel port are part 

of the motherboard's circuits. 


Externals 

The most obvious difference between the 

two computers is their size. The Power

Mate is about 4 inches wider than the 

Vectra and uses this extra space to pro

vide two more half-height slots for stor

age devices . 


Both computers have keyboards pat 
terned after the IBM enhanced keyboard. 
The feel of both keyboards is good, even 
though they are rather different. I fell in 
love with the PowerMate's the fi~t time I 
used it. It has a rather light touch. with a 
mechanical click built into the keys, and 
it is good for fast typing. The Vectra 's 
keyboa.rd is a bit stiffer, but it has a simi
lar feel , with a definite break before the 
key actually enters its character. I just 
can't seem to type as fast on it as I can on 
the PowerMate's. The key click on the 
Vectra comes from software rather than 
from the keyboard, and you can easily 
change its amplitude. or remove it alto 
gether by using the Control, Alt. and Plus 
(+)keys . 

The EGA boards and monitors on both 
computers performed flawlessly. and the 
colors and resolution of the displays were 
good. You might expect I.his from the 
PowerMate; the. "Advance.d Color 
Display" sold with thjs system is the pop
ular NEC MuitiSync, which has received 
well-deserved praise in many reviews. 
Mitsubishi manufactures HP's enhanced 
graphics display . It has a fine screen and 
great color , and it automatically ·elects 
scan frequencies between 15 .75 and 
21.85 kHz . I give the edge to the Power
Mate 2's display; it is crisper , and the 
charncter set used by NEC is easier on the 
eyes. Because of its 35-kHz maximum 
scan frequency, the MuitjSync monitor 
also has the advantage of upward com
patibility with VGA cards ' higher-resolu
tion graphics modes. 

Performance and Compatibility 
There are no mysteries when comparing 
these two computers . As the benchmark 
results show, the Vectra's 12-MHz mode 
gives it a 3 percent to 27 percent perfor
ma.nce edge over the PowerMate running 
at 10 MHz. The Vectra' performance 
edge increases when it is run wir.h the 
disk-caching program in place . 

Although it is not explicit from their 
specifications, both of these machines 
operate with one wait state and therefore 
give up a slight speed advantage. Both 
computers are probably in the top JO per
cent of all AT clones in tenns of calculat
ing speed; I.he only 80286 machines that 
outperform them are those few that run at 

conrinued 

MARCH 1988 • BYTE Il.1 

http:keyboa.rd


REVIEW: POWERMATE 2 

AND VECTRA ES/ 12 


HOW DO YOU GET 

AJOB WITHOUT 

EXPERIENCE? 


AND HOW DO YOU 

GET EXPERIENCE 

WITHOUTAJOB? 


Most young people have one 
answer to this problem. They avoid it 
until they're out of college. But they 
could be getting solid work experi
ence while they're still in college. With 
your company's help. And ours. 

We're Co-op Education. A nation
wide program that helps college 
students get real jobs for real pay, 
while they're getting an education. 

But we can't do it without you. 

Those real jobs have to come from 

real companies. Like yours. 


For more information on how 

you can participate in this valuable 

progrrun, write Co-op Education, 

Box 775£, Boston, MA 02115. 


Not only will you be giving students 
a chance to earn n1oney and pick up 
the most valuable kind of knowledge, 
you'll be giving yourselves a chance 
to pick up the most valuable kind 
of employee. 

Co-op Education. 

You earn a future \vl1t_•11 you1·ar1i a 1kgr ·t· . 
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10 or 12 MHz with zero wait s tate ~ . The 
high~perfom1ance di~k drives add to the 
overnl I speed of the two system~ . 

I had no problems running my nom1al 
~tock of. oftware, which i.ncludcs Word
Pi:rfe.ct 4. I, Reflex I_ J, Condor 3, Multi
plan I. 06 , a variety ()f C compiler. 
(Turbo C 1.0. Microsoft C 4.0. and 
DeSmet C 2.5), and the C-terp 3.00 in
terpreter , on either computer at its high 
est spe.ed setting. Most of the games I 
ran- Jet. S1arflight (which needs an EGA 
patch l, Pin ba11 Construct ion Set, a ml 
Flight Simulator- functioned reliably. 

Warrant)', Service, and QuaUty 
HP has a well-deserved repuiaiion for 
making rel iable and well-designed com
puters. !ls dedication to quality carries 
over into its Vectra series; my review sys 
cem wa a well-built , well-designed piece 
ofhanJware . HP offers a limited one-year 
warranty that covers carry- in service a1 
an authorized dealer or the manufacttircr. 

The first microcomputer I reviev.ed for 
BYTE was the NEC APC T.11, a preJeces
sor 10 the PowerMate reviewed here. The 
qualities thac impressed me in the APC 
Ul-iis design. construction, and graph
ics-arc even more apparent in the APC 
IV PowerMatc. and this lime the sy -1em 
Is 100 percent compatible with the IBM 
PC AT . NEC has a one-year warranty for 
i1s machines that is similar to HP's . Ser 
vice hould be easy to find due 10 NEC's 
extensive nacional network of dealer . 

Up to Snuff, aod Then Some 
The 80286 AT "'.Ompatible market is now 
at a malure stage . This means that poten 
tial buyers of chis class of microcomputer 
must look at small, perhaps even suhjec 
1ive, foatures when comparing different 
machine." The NEC and HP sy. tems 
have an advantage over most of the no
name AT clones now flooding the mar
ketplace because they a.re backed by com
panies with large. well-known sales :md 
~crv ice groups. The Vectra ESI l 2 and the 
A.PC IV PowerMate 2 are both going !O 

be; supported for years to come . The 
amount and quality uf documentation is 
also quite good-an important point for 
le -experienced use.rs to keep in mind. 

If you want a high-perfom1ancc AT
compatible computer with excellent ex
pan ion eapabi lity, i:-ithe.r of these ma
chines will do the job for you. Obvious 
differences arc the Vectra ' lead in com
puting performance and the Pow·erMau~·s 
Iurger ex pan ·ion chassis . M y choice 
Y.OUld be the PQwerMatc , bc(;ause of !he 
feel of it~ keyboard and the extra ·erlal 
port , and because it is avuj)able at highly 
di counted prices from many dealers and 
so is simply a better value at rernil slreet 
prices_• 

http:reviev.ed
http:Pi:rfe.ct


The $19.95 High-Performance C Compiler 

M ix Software PfCSoCJ1lS PDM!r C . .. Our new c05l
efficlent alternative to hlgh·priced C compilers. 
N<M' you can create high-performance programs 
v.ithout spending all ~our hard-earned money. But 
price isn't th" only reason to rhoose PCJ'M?f (_Mr 
the rompvtition. 

L mpare the performance. P~ Cs integiated 
Make sa..es ~uu time and effort ll'( automatically 
mana •ing wur large pr~rarmning projects. And 
with Pov.'t'I . your program can be as large as 
available memory. /.\s for speed. the pe.rformance 
chart speaks for itself. l~rCexecutes most of 
the benchmarks Faster. And Pawcr C create!. 

smalle1 EXE files. oot-perf coning the competition. 

Performance Chart 
(OlWCUllOO llmes •n socond5) 

Pol~r C MSC Turbo C 

1) fib" 23.B 47.0 26.4 

2) sieve· V.B 40.2 25.5 

3) !dbl" 3!i 9.0 9.6 

4) diskio• 13.5 14.2 14.3 

5) report•• 111l 86.3 60.7 

6) drystone.. 36.6 38.2 31 .8 

Compile/Link 7.19 187.6 81.4 

EXE File Size 251ZO 29006 27164 

Benchmarlcs lrom Dr. Dobb's Journal' II. Compuler 
l.allgU<19E1"'. Fir&! lour l)fograms test 1) fuooion calling, 2J 
1ocpS11ntog&r matll 3) lloali"!J poinl math, & 4) disk l/O. Pro
grams 5 & 6 stmulate typical Bjlplicatoons_ Tesis compiled 
trom command nne uslng Malle SUP!Jlioo w tn eacn com
plier. Tests run on 8 MHz AT wllh mooium ~ o1 Pooo.a< 
C 1.0. MS (Microsoft) C 4.0, & Turbo C 1.0. 

Cin:le I/JO on ll~a.dl!r erviCfl Card 

L mpare the functions. With c:M'.f 400 funct!oos, 
the POl'.1?r C library is vastly superior. Our library 
is a superset of Microsoft C and Turbo C. Plus, 
v.~·'-4! added an ex tens~ set of graphics functions 
for drawing lines, box~ circles, pie charts, 

and more. 

Compare the portability. P<M1?r Csupports the 
latest fealur of theproposed ANSI C standard. 
Plus. Po..Ye.r Cis compatible with both Microsoft 
C and Turbo C. All of which makes it easier to 

mCM: program!'> to and from ~r C. 

Compare the documentation. Our ompetitfon 
a urn that ',<)u"re already a Cwizard. We don't. 
P~rC includes a step.try.step tutorial and sam· 
pie programs with e1-~ry function. With our com· 

plete documentation. programming in C couldn't 
be easier. 

PCM0" C is factors less expensr.e. And the source 
code to our function library is available at a 
fraction of their price. 

Price Chart 

C Complier 

PowerC 
$19.95 

MSC 
$450.00 

Turbo C 
$99.95 

Library Source 
Code Option IS10.00 N/A $150.00 

Tot.al Cost 
with Source S29.95 NIA $249.95 

Technical Specifications 
Power C includes.: Power C compiler w i1h integrated 
Make, Power Clinker, Power C Libraries. Power C 
book. and $upport for.. 

.....t!:... ANSI standard 

...L. IEEE floallng poinl 
_L.. 8087760287 coprocessor 
-L auto-sensing o! 8087780287 
__.::_ automatrc register variable~ 

_.!C...... mixed model (near & far polnlers) 
...L. CGA, EGA, & Hercules graph ics 

Options are .. . 
..L.. Library source code 
__.::_ BCD business math 

rder ~ no.v by calling our toll freenumber 
or mdil the coupon to Mix ~>0ftwdre, 1132 Coni· 

merce Drive, Richardson, rx 75081. 

1-800·523·9520 
for technical support and for orders inside rexas 
call: 1·214-783-6001 
Minimum Syojem Aoqurmmcn13; 

MSOOS or PCDOS 2 0 or la!er, 2561< memory, 2 llopp,I dtMIG 
or h~ro arMi recomroonde<i. RuM on IBM PC, Xl. JIJ', and 
compalibles. and !Bl.A PS/2 model 25. 30. 5Q. 60. 0t 80. 

60 day money back gu<1rantl!tl 

Name 
Stree1 
City 
State Zip
Telephone ______ ______ 

Paying by: D Check 0 Monev Order 
0 MC/Vlsai' Exp__ 

Computer Name Disk Size 
fJ 5'1• • U 31f>" 

Produci(s) (Not Copy PrOlected) 

0 Po.Yet c ($19.95) s--
0 Library Source Code ($10) t ___ 

ftnd udea ~ u.a.mbl•r) 

0 BCD Business M ath ($10) $ ___ 
Ta><es Residents add 8% Sales Tax S _ _ _ 
Add Shipping (SS USA • $20 Foreign) 
Total amount of )tlur order S ___ 

l'cM9r c is • trlldemarlc ol Mix Solrwllra 
Mlc!osal!C is a~ lradomlltl<cl Micn:Jlsdl~ 
Turtio c i• a tegist_e<ed tradetn'llk ~ Botlat>O lnll)m.lJ"""11 B 
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~ 
CLEO is yo,ur,SNA or BSC Gateway 

CLEO 
now delivers 

3278 coax cards 
at •795,~ 

~ · ~ 
\ 

' 

Remote Sites Communication 
Whatever your indusiry. your remote 
computers need to share information with 
your mainfnme. Or, they need to exchange 
data with othn remotes. In either case, you 
need a total solution at the remote sites. You 
need software, hardware interfaces and 
modems that all work. together smoothly. 
You need CLEO! 

CLEO soflwue product. allow micro· 
computers m communicate with mini· 
computers and mainframes, and to emulate 
their workswions. Since 1981 , CLEO bas 
pro\1ided remote communications between 
micros and mainframes for the automotive, 
in5u.rance, mcdic21 and banking industries. 
TO<Uy over 66.000 CLEO users worldwide 
are running on all major brands of micro
processors. The greawst number of these 
users ruo CLEO software on LBM Personal 
Computers arrd NETBIOS LANs. 

Complete 
Software/Hardware Package 
Every CLEO package contains all the oft· 
' are and hardware accessories neededat the 
remote silc. Your selected CLEO S1 Aor BSC 
software is packaged with 1) an internal 
modem card for dial-up applications. or 2) 
an interface card and cable for u e with your 
existing modem.There'· no wailing for non· 
CLEO add-ons. nd. youget prompt , single-

Pltckage prices 
r.lllge from $79; .oo for 
most slafld-:llonc P'.&ckagcs. up to Si ,995.00 
for the 32-uscr SNA gatcw1y. 

CalI us today to discuss 
your application. 

CLEO Software 
1639 North Alpine Rd. 
Rockford, IL 61107 
Telex 03639 
FAX 815/397·6535 

Headquarters: 

lSA : 1-800/233·2536 
IU.inois: 1·800/422-2536 
International: 815/397·8110 
SaleR and Dl•tribudoa1 
Benelux: 31(71) 21S281 
C:'llad•. bit : 8001361 ·31BS 
(',anad2, Wcs1: 800/361-1210 
Can:i~. Mon1rcal: SMl737·3631 

olombla , A.: 1.2172266 
Omnurlc; 1628300 
England: 090866 3 
francr: 146861136 
1121y: co33 1) 634 s62 
Mexico Chy: S<J6.S.539 

CLEO~ 


http:Si,995.00


SYSTEM REVIEW 


The Tandy 1400 LT 


Al $1599 , the Tandy 1400 LT is 
less expensive than mos! other 
portables and laplops. It enter 
the field of IBM PC-compati
ble laptop computer io the 
middle in terms of processor 
power and ponabil.ity. and .near 
the bottom in terms of price. 
The speed of its 8088-compat
ible NEC V20 is software 
switchable between 7. 16 MHz 
and 4.77 MHz, placing its top 
speed between those of the 
4.77-MHz. lBM PC and the 8
MHz IBM PC AT . At 13\h. 
pounds. it is lighter lhan some 
portables (the Compaq Portable 
386, for example, weighs in at 
20 pounds) and heavie.r than 
others (the Toshiba T 1.000 
weighs only 6 11.i pounds). 

The Tandy 1400 LT has 
768K bytes of RAM . two 720K
by 1e 3 1h - inch floppy disk 
drives. and a backlit supertwist 
LCD screen. As configured by 
Tandy. the l28K bytes of mem
ory beyond the 640K-byte DOS 
limit is set up as a RAM disk. 
Unfortunately, however, its 
contents are not maintained. when you 
shut the power off. The Tandy's user
replaceable and rechargeable internal 
oickel-cadmittm battery pack gives 4 to 5 
hours of ' erv ice per 13-hour charge 
cycle. An AC adapter also comes with the 
machine. An optional internal 300-11200
bit-per-second (bps) Hayes-compatible 
modem card is available for $ i 99. 95. 

To the Reur 
The rear access panel contains all exter
nal power and data connectors, including 
one serial port and one parallel port , 
RGB-intensity (RGBI) and composite 
video outputs, a keyboard input, and a 
socket for an external floppy disk drive. 
AJso, the rear panel has a slot for an inter
na,1 modem and an unlabeled access 
panel. The motherboard has a socket for 
an optional 8087-2 numeric coprocessor. 

David Satz 

other tiny slide switch on theThis portable strikes 
right side of the case that lets 
you select the internal or extera sensible balance between basic 
nal disk drive as the default boot 
device. 

Stand By 
Standby mode in the Tandy 
1400 LT is the timed, automatic 
shutdown of the screen e\e.c
tronics, including the battery 
eating fluorescenl backlight
ing . It is triggered when the 
computer has been waiting for 
keyboard input for a specified 
length of time- I 0 minutes as 
configured by Tandy, but you 
can set this imerval to any num
ber of hours and minutes up 10 
3:59 with the setup mode. 

The computer most often 
waits for keyboard input at the 
DOS prompt. However , key
board-dri ven appticatfons pro
grams such as word processors 
can also be left suspended while 
waiting for the next command; 
their execution then resumes 
along with screen illumination 

i he system ROM contains the Phoenix 
BIOS, and the system software includes 
MS-DOS 3.2 and Tandy's version of 
GWBASIC 3.2. The system also con1ajns 
a setup mode from wb.ich you can alter 
system parameters at any time. For eJUtm
ple, the F7 option lets you change the sys
tem clock speed from the default 7 .16 
MHz to 4. 77 MHz, if you should need to 
for program compatibility. 

The rear panel is protected by both a 
plastic door flap and two sets of protrud
ing ridges that let you stand the computer 
safely on end. You can connect an IBM 
PC- compatible external keyboard, as 
well as an external RGBI monitor; a tiny 
slide switch on the back panel allows you 
to specify either the LCD screen or an ex
ternal monitor as the default display. In 
addition, you can also connect an external 
5 1.4-inch floppy disk drive ; there is an-

as soon as you press any key to 
continue operation. 

The value of this feature is in preserv
ing battery-charge life and sometimes 
(especially in cases of user oversight) im· 
portallt progr:am data. The nonnal bat
tery charge lasts only abou.t 4 hours in ac 
tive mode, while the standby mode , 
which uses less than half as much cur
rent, can pre-~erve the contenLs of mem
ory and the status of a running program 
for up to 11 hours on a fully charged bat
tery , provided that you don't turn off the 
power switch in the meantime. A green 
LED in front of me 8 drive lights up 
when you are in standby mode. 

nmrinued 

David Satz (118 Stare St. , Apt. C, Brook
lyn Heights, NY 11201) is a classical 
mm/cian and recording engineer. You 
ca11 reach him on BIX as "dsart.. " 
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Tandy 1400 LT 

Company 
Tandy Corp /Radio Shack 
1800 One Tandy Center 
Fort Worth, Texas 76102 
(817) 390-301, 

Components 
Processor: 4, 77· 17 .16-MHz NEC V20: 
socket. tor Intel 8087·2 math coprocessor 
Memory: 768K bytes of RAM: 16K 
bytes of ROM (Phoenix BIOS) 
Mass storage: Two 720K·byte 3Y2-inch 
floppy disk drives: optional 51/4 ·inct1 
external floppy disk drive can be used 
Display: Backlit supertw1st LCD, 25 
Imes by 80 columns, 640· by 200·pixel 
color graphics (panially Simu.lated by 
shading): 4 Ii!· by 9=Jii-inch screen: optional 
external RGBI monitor can be used 
Keyboard: 76 keys, including 12 
function keys: special editing-key cluster: 
embedded 11umeric keypad in ASCII 
keyboard; optional external keyboard can 
be used 
1/0 interfaces: RS·232C serial port: 
Centronics-compat1ble parallel port: 
external floppy disk drive port : RGBI 
video output (IBM PC-compatible): 
composite video output: external 
keyboard port: telephone line and 
instrument 
Other: BuilHn clock/calendar : internal 
rnckel·cadm1um battery pack: AJC 
adapter : carrying handlP. 

Size 
14 1h by 12% by 3 'h inches: 
13'h pounds 

Software 
MS-DOS 3.2; GWBASIC 3 2 

Options 
300-11200-bps Hayes-compatible 

CMOS internal modem: $199.95 
Additional n1ckel·cadm1um battery 

pack; $79.95 
Carrying case: $39.95 
Intel 8087-2 math coprocessor. $250 
MS·DOSIGWBASIC Reference Guides. 

$29.95 

Documentaitlon 
77-page A Practical Guide lo the Tandy 
1400LT 

Price 
$1599 

Inquiry 895. 

DISK ACCESS IN BASIC (IN SECONDS) 
WRITE READ 

BASIC PERFORMANCE (IN SECONDS) 
CALCULATIONSSIEVE 

SYSTEM UTILITIES (IN SECONDS) 
40K FORMAT/DISK COPY 40K FILE COPY 

SPREADSHEET (IN SECONDS) 
RECALCULATELOAD 

TANDY 1400 LT (7 16 MHZ) TANDY 1400 LT (4 77 MHZ) 

- IBM PC AT (8 MHZ) - IBM PC (4.77 MHZ) 

The Disk Access benchmarks write and lhen read a 64K·byle sequential text file to a 
blank. formatted floppy disk. Sieve runs one iteration ot the Sieve of Eratosthenes. 
Calculations performs 10.000 mult1plicat1on and division operations . The 40K 
FormaVDisk Copy formats and copies a 40K·byte file with the system utilities. This lest 
was not performed on the PC AT because the computer had only one floppy disk drive, 
The 40K File Copy benchmark copies a 40K· byte file from one floppy disk to the other . 
The Spreadsh~t tests load and recalculate a 25,row by 25-column Mull iplan (1.06) 
spreadsheet Al l benchmark programs on the Tandy 1400 LT were run with MS-DOS 
3.20 and T~:mdy's version ot GWBASIC 3.20: tests on the IBM PC and PC AT were run 
w1tt1PC-DOS3.2 and GWBASIC 2.02. 

Screen and Keyboard The SO-column by 25-line screen is bient lighting conditions- or even in total 
The lid containing the 4%- by 9~-inch only half as tall as it is wide, and there is darkness. A contrast control on the right 
LCD screen hinges from the center of the no margin al all between the descenders side of the case sets the shading for the 
main chassis and is adjustable to any of one line of characters and the ascend royal-blue characters and the silver-gray 
viewing angle from upright to nearly flat. ers of Ille next. But the font is a welJ. background, a combination I found ex
Be careful, however, not to let it fall shut chosen mixture of double- and single-dot tremely readable and easy on Ille eyes. 
on your fingers or on disks that you thicknesses, and it has sufficient contrast The plastic-film surface coating over 
haven't fully inserted into the drives. to be e.asily legible under all normal am- the screen tends to reflect some glare, but 
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you can usually adju. t the sneen tilt 10 

avoid any problems. The fluorescent 
backJighting also "sings" noticeably at 
about 660 Hz when energized , but this 
sound is disturbing only in quiet sur
roundings. The fluorescent panels have 
an estimated life of 3 years; Tandy com
puter-service personnel can replace 
them. 

The Tandy 1400 LT simulate~ the 
CGA 640- by 200-pixel graphics mode. 
By varying the refre~h cycle of the LCD 
pi els . you t<rn obtain four degree.s of 
shading: the basic ilver-gray back
ground. royal blue for fully darkened 
pixels , a dull brownish foreground shade , 
and a lighter background shade. 

The slnw darkening characteristic of 
supertwist LCD pixels is observable here 
just as it is on the NEC MultiSpced (se.e 
my review ''The NEC MultiSpeed" in 
the September 1987 BYTE). But due to 
the Tandy· s lower processor, the smenr
ing effect that you get when you scroll text 
(c. g ., disk directory listings) is less pro
nounced . You can also see a slight down
ward ripple. effect. particularly when the 
background selling is on the dark side. 
This ripple is noi a product of inte.rfer
ence from nther lighting: it is visible in 
total darkness as well . 

Keyboard preterences are eve.n m()Te 
tntcnsely subject to per-i.ona1 tastes and 
acquired habits than screens are. The 
Tandy 1400 LT' s keyboard arrangement 
foacures 12 fun<.:tion keys in three groups 
across the top. the Escape key io the left 
of the number row. and minor punctua
tion ~~haracter keys to the left and right of 
the space bar . The cursor-control cluster 
is at the extreme bottom right, and you 
must comhine cursor keys with a left
hand Function key to produce commands 
such as PageUp. PageDown, Home , and 
End . This arrangement conserves space 
on the keyboard. but not in lhe mind. It 
results in tour different shift-type keys: 
Shift , Comrol. Alt. and Function. It al so 
makes you use three fingers. as well as 
i.: ·.tra eye motions, to generate se-veral of 
the most common word processor com
mand~. such as PageUp (Ctrl-Fn-PgUp) 
or End (Ctrl-Fn-End}. Even CapsLock, 
the purpo. e of which i • w free your 
ha,ods, iron.ically requifcs both hands to 
et or reset (Ctrl-Fn-Capslock). 

The keyboard action provide.s some re
sist:mce and requires a firm touch- a 
slight punching ac1ion. Getting used 10 

the touch required 10 depress the keys is 
easie.r than getting <1Ccustomed to the keys 
popping up when you release them. They 
make a holl<J\V popping sound both when 
you depress them and when you let_ them 
go. The keyboard is not cond~cive to 
quiet tyl>ing or to an extremely hght typ
i.ng touch. On \ne ot'net hand, )'Ou' re not 

likely to enter extraneous character by 
mistake; these keys require a definite key
stroke to produce a character. 

You can use an alternative keyboard , if 
you wish, by plugging it into the keybmud 
socket provided on the rear panel. 

Modrm, Size, and Batter}' 
I installed the npr innal 300-11200-bps 
Hayes-compatible modem card with very 
little difficulty. To u. e it. you must . elect 
the F4 option in the setup mode and 
switch from the default RS2J2G 10 MODEM. 
The modem funct ioned flawles. ly on 
hoth local am.l coast-to-coast conne<.:
tions. It lets you use acoustic cups at both 
300- and 1200-bp speeds. making ir use
ful in hotels and pay phones where direct 
access to modular phone sockets may not 
be available. The rnodem·s implementa
tion of the AT command set includes all 
the normal S regiscer controls and th_e,ex 
teaded verbal/numeric result codes. 

Overall, the computer is oe.ither as 
small as the Tosh.Iba Tl 100 Plus (or any 
of the Toshiba lap10ps, for that matter) 
nor as large as the. NEC MultiSpeed , The 
Tandy 1400 LT is light enough to carry 
across a large airport te>Trninal, bu1 it is 
heavy enough to cause eventual discom
fort. rather like an ear!y-m<xlel portable 
electric 1ypewri1er . The weight ls mostly 
at the rear of the computer. Thi~ is under
standable: The keyboard is in the front, 
and the boards and disk drives are in the 
rear . However . taking the Tandy 1400 LT 
at its name. I trie-d it as a laptop, balanced 
on my knees. Its rear weight and slightly 
longer ti)otprint l 14 1/2 inches versu. 12 
inc hes for the Toshiba Tl I 00 Pl us and 
13 y, inches for the NEC M ultiSpcc.d) 
gave ii a tendency to slip off my lap. 

The nickel -cadmium batter y pack 
comes in iL~ ow.n externally accessible 
compartment. so you can easily replace it 
with ;in optional extra battery pack . Thl. 
will be good news for travelers and those 
of us who never 4uite seem to get the 
long-life pcrfomuwcc that modern, prop
erly cared-for nickel-cadmium batleries 
are suppo ·ed 10 offer. The battery power 
supply takes over automatically if it co.n
tains an adequate operating charge and 
the AC power supply is removed or inter
rupted. However. you can't change the 
batte-ry safely whil,e the computer is ac
tive or in standby mode. The manuaJ in
snucts you to tu~n off the pt1wer and dis· 
connect all peripherals and accessories 
first. 

Ch~cking Out the Sortware 
A single 3 1/i -inch fl oppy disk contain a 
complete implementation of MS-DOS 
3 _2, including the hard disk' drive- ori
ented uti\itie uch a BACKUP, RESTORE, 
JOIN and SUBST (although no hard disk 

drive i. available). GWBASIC 3.2 comes 
on the disk as well. 

Up to <late versions of ~.OUSE. COMaod 
MOUSE. SYS are included to support a 
Micro oft serial Mouse ifvou wish to add 
one. The DOS disk also h~s the. program
mer-oriented utilities LINK, LIB , and 
EXE2B I N, and a bunch of lesser-knov"n 
DOS utilities . Th.:se would have sent me 
running to the DOS manual to see what 
they're good for if the Tandy 1400 LT 
had come with one. But it d.idn 't ; the 
manual is an optional extra. 

The T11ndy 1400 LT showed no soft
ware- or hardware-compatibility prob
lems with Flight Simulator 2. U, Turbo 
P..a ~<.:al 3.0la. SideKick i.56a, MEX.PC 
I .65a. Microsoft Word 3.1. or Quick 
BASIC 2.01 . However, I did have trouhle 
with version 4.0 of Microsoft Word . Ear
lier versions of Word worked perfectly 
well; however, due to the increased de
fault key-repetition rate in version 4 .0. 
you get a runaway-keyboard condition 
that you can stop only by rebooting. To 
prevent this problem, you must Ube the 
DOS DEBUG utility to patch a single loca
tion in the MW. IN I flle in the WORD direc
tory . (Microsoft's custome.r service is 
aware of this problem and can advise you 
i.>f the preci se p<1tch . ) The Microsoft 
serial Mou e. (original style) worked per
tectly well with the supplied version of 
MOUSE .co~. 

The softcovcr rnanual, A Pract ical 
Cuidl' to the 'fi:md1• 1400 LT. devotes 28 
pages to DOS concepts and functions , but 
the explanations are so concise that I 
wonder whether many nontechnical read
ers could really profit from them . An
other strange aside: The manual contain 
two indexes-one at the end of the hard
w·.i_rc seclion ( 48 pages into the manual). 
and another at the end of the DOS sec
tion. which is at the end of the book. So, 
if you· re looking for something to do with 
the hardware. you won't find ii in the in
de;.. at the end of the book. where you ·d 
normally look. 

Testing the Tandy 

[ tested the 720K-byte floppy di sk drives 

with the Coretest. which showed an aver

age access time of about 225 millisec

onds; this is typical of the drive~ on cur

rent-model laptops. The operat ing noise 

level of the disk drive-s is higher tha11 

average. although, like the noise of the 

screen. it should be disturbing only in 

qu iet .inv ironmcnts, such as Jibrarie~ or 

classrooms. 


l also ran BYTE\; BASIC benchmarks 
with Tandy' s version of GWBASIC 3.2 
and MS- DOS 3.20. Disk Read and Write. 
Sieve. Calculations. and Spreadshi.:el 
Load and Recalculate all give the Tandy 

continued 
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SPEED UP YOUR PC/XT NOW 

You know that SPEED is the only thing your PC/XT 
never has. Its brain takes too much time to think.NORTON SI= 9.4/10.3 Have it transplanted now with the EPC motherboard 
and your system would yield an astonishingly high 
performance, exceeding even that of the PC-AT. 

EPC is simply the FASTEST PC/XT Motherboard 
in the World that i s fully compatible to all PC/XT 
hardware and software. It's 100% designed and made 
in CANADA and absolutely not a downsize AT clone. 
EPC comes with an step-by-step installation manual 
pl~s a TWO- YEARS warranty and prices only 
US$399.00 {with 0K.b) 

SPECIFICATIONS 

• 80285- 10 CPU in 8086 mode • 8 XT slol:5 
• Du~I SJ><?<!d : 8Mhz/ l Ol"lhz • X T keyboard Input 
• S0<keled for 80287 ° XT Power ~upply input 
• Scxkdcd for BIOS/640Kb RAM • D\mon5ion5: 0.Sln.x 14in . 
'Indust rial Grade 4-layer PCB (nt mos! XT clone cases) 

Dealer Inquiries Welcome 

LAHEY SETS NEW 

FORTRAN STANDARDS 


LAHEY PERSONAL FORTRAN 77 ·Full ANSI Standard $95 

F77L - The benchmark for the competition. $477 

"EDITOR'S CHOICE" PC Magazine 

" .. . the most robust compiler tested ." Micro/Systems Journal 

•' ... the ultimate !ully-blown ANSI FORTRAN 77 ... 
a fantastic product." PC Australia 

F77L-EM/16 - Breaks the DOS 640K barrier with extended memory. 
The most powerful PC FORTRAN available. $695 

FORTRAN TOOLS: Profiler, Mathematical Functions Library, Overlay 
Linker, Utility Libraries, Windows Library, Toolkit. 

The difficult decision is not from whom you should buy your PC 
FORTRAN, but which Lahey compiler you should purchase. 

Call us today to discuss your 
PC FORTRAN needs. 

FOR INFORMATION OR TO ORDER: 
1-800-548-4778 

30-D .... Mo...,..-8..:~ S•!!ol,.CUOfl Gu•,..n

Lahey Compulet Sp!.,ms. Inc .• eo.. 6091, 


lncilno Vllle!l*, IN 89450 

Tel· 7()2-831·2500 TU:: 9102401251! 

REVIEW: THE TANDY 1400 LT 

1400 LT al 4. 77 MHz the edge over the 
4. 77-MHz IBM PC. The formatting and 
copying tests, however, are a different 
story. On the 40K Fonnat/Disk Copy, 
the IBM PC is more than 40 percent 
fauer than the Tandy 1400 LT (9.6 sec
onds for the PC and 13. 5 for the 1400 
LT); and on the 40K File Copy. the IBM 
leaves the Tandy in the dust, with more 
than a 98 percent advamage (5.8 seconds 
for the IBM versus 11.5 for the Tandy). 

When you compare the Tandy 1400 LT 
at 7. 16 MHz witll the 4.77·MHz IBM 
PC, the results change, as you would ex
pect. The Tandy shows a significant ad
vantage on the Disk Write and Read, the 
Sieve, and the Calculations tests. Then 
the advantage dissolves. The 4. 77-MHz 
IBM PC outperforms the 7. 16-MHz 
Tandy 1400 LT on the 40K Fonnat/Disk 
Copy by more than 20 percent (9.6 sec
onds for the IBM and 11 .6 for the 
Tandy) . And the IBM continues to blow 
the Tandy away on the 40K File Copy by 
88 percent (5. 8 econds versus the 
Tandy's I 0.9). On the Spreadsheet Load, 
the 1400 LT at 7 .16 MHz performs at al
most exactJy the same. speed as the 4. 77
MHz IBM PC, although the megahertz 
advantage does show up in the Recalcu
late figures (the Tandy outperfonns the 
IBM by 64 percent: 6. 7 seconds versus 
l I seconds). Needless to say, the S·MHz 
lBM PC AT steals the speed awa.rds by a 
healthy margin. 

Little New Ground 
Tandy, with its massive distribution net
work of Radio Shack stores, hns the 
power to make waves with any serious 
computer product it introduces. The 
Tandy 1400 LT is n solidly designed lap
top that breaks little new ground, but- if 
you accept its keyboard feel and layout 
and slow disk drives-ii avoids any seri
ous design flaws. Its hardware capability 
wiJI be parti<:ularly noteworthy if a rea
sonably priced expansion chassis and a 
hard disk drive become available in the 
future. 

The Tandy I 400 LT' s processor power 
and backlit LCD screen malce it a low
cost alternative to the successfuJ Zenilh 
Z-181 ($2399). The Z-181 screen is taller 
but is hinged from the back of the case, 
making ii harder to use on most airplane 
or train seat backs. If you need compact
ness, processor power, and battery life, 
you may prefer the somewhat higher
priced Toshiba Tl JOO Plus ($1999)- or 
the NEC Mu.ItiSpeed ($2195), a backlit 
LCD machine that is more powerful than 
either the Tandy 1400 LT or the Toshiba 
Tl 100 Plus . However, ar $1599, the 
Tandy 1400 LT achieves a sensible and 
moderate balance between good basic 
perforrnance and economy_ • 
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PROGRAMMER'S PARAD.ISE 
PRESENTS 


1v1ICROPORT SYSTEM V/386 

,.,.... .... <. • 

.... THE BEST INTEL 80386 
It 

SOFTWARE DEVELOPMENT 
ENVIRONMENT. 

PERIOD! 

Software developers, Microport knows your job 
is difficult. That's why they' ve created the best 80386 
development environment on the market, giving 
you the tools you need to do your job successfully. 
Microport System V/'386 'M is the powerful UNlX V 
operating system that delivers almost unlimited 
speed and power and provides true multi-tasking 
and multi-user capabilities. It can be used in vir
tually all computer environments, from software 
development to office automatfon to true desktop 
publishing. 

System V/386-the best iind most complete de
wlopment environment. And here's why. It's the only 
operating environment with: 

• 	 The real UNlX developed by AT&T, which 
gives you complete compatil:iility up and down. 

• 	 The latest version of AT& T UNIX System V, 
Release 3. 

• 	 The highly acch1imed Green Hills C-38t> 
C compiler, well-known for its ability to 
generate fast, compact code, gives yo"u full 
UNIX symbolic debugging and support for the 
80387 and Weitek 1167 math co-processors. 

Make your job easier and 
get the Microport 80386 
software development 
advantage. M I c R o P o R T 

One of the most comprehensive UNIX V operati ng systems 
available on the market today, it includes the cree n editor "vi" and 
contains over 180 utility programs . 
List : Runtime Syslem (2-user) : $199 Ours: $169 

Runt ime System (unlimited users): $448 Ours: Call 

The Software Development System includes bnth the Green 
1-!ill C·386 compiler and the AT&T 386 pee C compiler. Also av.Jil 
able are Green Hills Fortran 386 and Pascal 386. A family of com
pilers with ca ll sequence compatibility. Each compiler conforms to 
relevant s tandards . generates small , condensed code, and feature.s 
global optimization for fast execution . 
Li st: $499 Ours: $429 
UN IX is a registered tr.idem.ork of AT&T. Sys tem V/386 is a trnd..mark of 
Miuopurt Systems. 

Cird~ 209 11n R£tukr S~rviu Card 

This package consists uf the comple te System V, Re lease 2 Doc· 
ume nters' Workbe nch (DWB). Also includes both the new troff (de
vice-independent troff ) and the old troff (otroff). Dr ivers for the HP 
La serJet Printer and Apple's l..aserWriter a rt:' optionally ava il i!ble. 
List : $199 O urs: $169 

ln c:l udcs Runtime System, oftware Developmen t System and 
Text Preparation System 
List : $799 Ours: $669 

tJOS MERGE 386 - """' _ - • -::'. 

DOS Merge 386 is ,in environmen t thM suppor ts concurrcn! 
use of System V/386 and DOS. With DOS Merge. you can develop 
so£twarc by c-ombi ning DOS and NIX System V progra m~ and 
comma nds . You ca n run mu ltiple DOS programs and UN IX System 
V programs at the same hme on dumb terminals. DOS Merge comes 
in two versions: a 2-user ve rsion and an unlimited-u ser version. 
List: DOS Merge 386 (2 User) $395 Ours: $345 

DOS Merge386 (Unlimited) $495 Ours: $429 

Microport System Vis also available for the PCJAT 

List Ours 
System V/AT (Complete) $549 $465 

Runtime Systl;'m 199 169 
Software Dewlopment System 249 209 
Text Preparation Sys tem 199 169 

Unl imited Lli:ense Kit 249 209 
DOS Merge 286 149 129 

Put Microport's System V/386 or System V/AT 
Software Development Environment to work for 
you. Call PROGRAMMER'S PARADISE! 

42 River Street. Tarrytown, NY 10591 
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plrl Selection . 
I ~ PrieC'.-; ! 

Welcome to Paradise. The microcomputer software source that cater"' to yuur pro11nmmin11 n t>-eds. 

Discover the Many Advantages of Paradiese ... 


• ~st pnce guar.m~ • Huge IJl\'li'ntory, immediate shipment • Special order.;. 
• Latest versions • Knowledge.ible sales staff • 30-0ay money-back guarantee• 

LI ST OIJ l!S Ll~T OU RS 	 LIST OU k.~ 

l:..'O 1' 	 O~SlPf.JI 395 llt 
iso 1:n 	 GENIPER>OWTIONS HEW 9S i9 

111·5 'RJo:EN XI. 14.~ H'I 
QUICK ENT RV ,YEW 9ll Ml 
~.u L!;O 119 
REl'tlllT PLU S /ol£W IS<> 129 

EEK.IT ,YEW !OU 119 
1.LVERCO'-'l.'l LISR.~ln' H;(] 139 

SQUISH Nf,'1¥ 7'J U 
TOM l<.t:TIIG"S l, llJ~Alrt' 100 79 
UI PROGRAMMER m ~' 
1)£1llHl , &RS 
ADVA.NC.WTRAC E·lln 
ORBAllOIJT 
t -Sl'RITI! 
PERISCOPE I 
Pf.RISC OPE 11 
Pf l<ISCOl'E 11·~ 
PERI COPt; rll t MllZ 
PERISCOPE Ill 10 •HZ 
PPL~ 116 Pl.US 
SOPTl'ROllE Jlf!'X 
T0 0ll6 r.1•ws 

DISK/J)()~l\t'.Y A OA RI) lJTI l.lTI t:S 

Rl/ll•C
RUl11C PROF£SS IONA L 

CUBL4 klr. s 
llASl<:..C 
Bl..ACICSt'.l\f'lJr<CilO.NS 
C/I YNCH M/11'1/IGER
C-FOODSMORGASUORO 
CTIJOLS PW. 0 
C UTILITY IJttHAlll' 
C·XPEllT 
ESSENTIALCOMMUNI ATIONS 

COMMVNICATIONS l'LUS 
,lfF.f.Sl.P.AP CSAMl'LJlR 
GRE~LeAP COMM LIURAlll' 
G R EENLEA~l'U CTIONS 
MULTl-C 
PFORct 
RESIPE TC WRCl'; 
THEltAMM£R 
TIMESl.ICER 

W Ot!ll €C O()!: 
TURJIOCTOUI 
W~S 1,IRRAR°I' 

gg:3l5..11 
E-Z f'..IGE 
MICRO t'OCU. 

COSOIJ2 
C080U2TUU~P,T 
P CIC' 
UJV6L II COl>OL 
l'ERSONALCOHOI. 
OTHER 

1otlClfOSOF1' COi!! •l 
lotlCROSOtTSOll'T 
OPT.TECH Oll'T 
REAi.Ci CS 
11.f.~LIA COBOL 

Wlll&ALMEI< 
RM/COBOL 
RMICOROL· A~ 
RMISCRE&NS 
SCRKHNIO 
5 RBENPU.\' 

DATABASE CO Ml'I LEllS 
CLIPPER 
rnRCE 111 
tOIB.ASE l'U!S 
QUICKSILVER 
R.TURBO 

DBA SE·TOOWI 
APPLICATION PLUS 
!> BASE 111 l'LIJS 
08AS8 TOOLS FOR 
U.NPL R.E1'01ITEH 
DONE TWO T!IREE 

AA ll· IT 
II lOllMAJ<K 
COMMA,,~U PLUS N!'W V. Lo 
OISll OPTIMl7.F.R 
FA, SI CON.qOLE 
FASTUACK 
~>I fOf!\\'ARl• 

FllCll 
l~'TELLIC:ENTllACK U P 
MACE VTIUT!f.S 
NOli'TON COMlot.ANOER 
~Oli'TON l;Tl~ITJES 
ADVANCED NOl(!'O U11 1.ITIES 
PD!Sll 
0-DOSll 
TA KVIEW 
\' l'E/ITURE 
VFllATUlif. rlELl!XE 

~IJITOllS 
URJ£r 

WltlBklH 
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195 U o 
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~5 151 
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Ll!fTO RS 
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XQt. 	 ...''" 
PORT RA NCOMPJl. ~ RS 
IJ!CllALR£SE:AR II f'O~N n JSO Jl!jl 
LAH EV ~Of('fl\AN 77L sr£t: 1.'1. 695 Al •. L 
LAil£\' PERSONAL FORTRAN 77 9S 

M ICROSO!'T FOllTRAI< •50 :!! 
~' 
RM lfOllTRAN 5 5 .f 'a 

WATPU~ Ft)IITIL\N ~76 J.:l,\ 
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EXTEND ISIJ 12, 

rDllTRAN flDENUA 1!15 Ill 
f'O llTRAN A(.)0£1'! IJ M 
GRAFMATICOR PLOTMATIC l'.l5 119 
MAC.U S NllM2RICAL ANAi. !r>5 ..:! H.<95~sw:.~ \i') 109 
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Tf.XT PREPARATION PACICAGE 199 
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SCO;xesrx S\'S1'1iM v<CO!..rl.E1"£l 129S nl 
lJtlV£LOl'MfNTSYST£M ~ Ult 
UPP.RATING YSTY.M SllS IA' 
TEXT l'MOCE'.SSltlG ~ACKAOE Ill! ll~ 

XENIX FOR !>St.! ~. &J, dO CALL CA l.L 
WENOIN; 
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l'ASCAL, 'OMP ILER8 
M!oRSHAL PASC.U 1a~ m 
MICROSOF'T PASCAi. JOO 1!9 
rA ' Al.-2 l~ JI' 
PMOP~ SIONAl Pl\$ AL ;95 CUL 
TURHO PASCAL lOO U 
TURRO PASCAL 0£V LIR. -,.;~ !lit 

FEATURED PRODUCTS 
!!!:~!1~~~~~rM~~-:;,;~~~ :r:.1~:l~r. 
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!!!~~~~~!•~en 'tJ rn ~~~fm: ~!~: 
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SC ll!'.N C£ Ml lJ Er<<;;I~. TOOL.> 75 Oil 

SC REEN SCULl'l'OR 125 f! 

SVSHM BUILDER lloa !2f 
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/IZT£C C.COMMERCIAL 
AZTfC OE>'ELUf'f!tS 
CMPlLl.'I 
LUGH C 
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RTC I' ~ 
TllRLl!lT!ll' 

AIJDITIONAl.1. ANGllA lllll 
PRODUCT:< 
ACTOR Sl'£CIM. 
CAKllO~ l"OPY PLUS 
llAN BRIGK.Lll''S !leMO P~OG~AM 
DAN 8RICKLlN' OE/>10 IVTl)R!A I. 
t'l.OAT l!AlITl!"G II 
HSlfO trrH 
It.NUS/ADA C PM:K 
1.AITICE R,I'(; 11 COMl'll£R 
MASH NFORTfl 
MKSAWK 

MKS RCS /IF.II' 

MKSTOOLKl l' 

NURTll.~ GllllJES 
r l'Ol(l'H 
PERSONAL HHX 
P l~ . M 

·~~ .119m!"Al.I. 
:t!"K1 nt 
llS nt 
49S •M 

49~ 
19S 
15 
:.0 

!l":I 
J~5 
9; 

7!>0 
1ZG 
?5 

lMH 
IJ9 
100 
I~ 
1~5 nw 

Ll~T OORS 
PRO·C 
SAPIE~ , 8 
- ET . ;.>Cll 

JW 
.100 
.!-L~ 

.:S79...... 
SOFTSCREES llEl.P 
SDURCEPRV 
THE W~ I NEKSHEL!, 
TN.EE DIAGRAMMER 

1g,~ 

9; 
!~ 

140 
1G 

119'

•• 
XENlX/UNIX 

SOF'fWARE 


RLAISf: 

.~SYNCH MANAGER I 'A5CAL1 

C TOOLS I' LUS/5, o 
FXEC 
PASC/\1TOOLS/TOOLS2 
Tl' RBO A, YNCH l'W 
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~DITOR TOOLUU~ 
GMllF.\\'DRKS TOOi.a OX' 
GRA~lllX TOOllJOX 

TUR8Cl PROl.OG COM1%ER 
TURUO PROLO G TOoLOnx 

HREESLllAP 
CoRP.ENl.f:Al' C >AMl'L~'R 

11'5 ll~ 

l ~'f! " 
'5 :' 
11~ us 
l~ " 
l'~ .. 
12'1 "9 
271 IH 

100 Gt 
!Oil 61 
l!JQ 6t 
100 H 
100 u 
100 ii 
39.\ ••t 

) [) 15 
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W/:;Ol.IRCE CODE .lOO 
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ll'ISO\JRCBCO U E 1500 

LMK 19; 

lSE I Z~ 

R['G II DE\TLOPf.N ~1sn:M 1'00 


RPG II C01'PILER 75'1 

RP" II SW' 150 

RPG USOKTIME'RGE '"° 

RPG II SCKEF.N JlESI (: ~ ~llJ JloO 

SEC Rl!TOISX 120 
SIPETALK 120 
SSPll'C J,_, 
TEXT MA. AGF:Mf.NT lITILITIF.S 120 

l .IFE80AT 
Al)VM'TACE 3116 C OR PASCAL 

~gv~~~&VitisASM ~;,~g~t g~ 
AllVA.~TAC"E GRAPl!ICS 25U 
AllVANTAGF. I. INK 39~ 
Al>VANTACE M;\Kf; Ii~ 
ADVANTAGE \'C~S J19 
PM EL PLUS i 9S 
QUlCKSCREE tl 195 
RUNIC PROF'ESSIOIMI.· 2;-0 
1IM E. LICf.K ll!S 

W OURCE CUUf. 1000 

MICROSOFT 
IS RA IC COM P1lf: K (X~!ll ) 
~~ g~~11:mPRR"r8R IXEl<lXl 
MS COHOLC OMP!LF. R 

POK .~f.NIX 
ISPOKTRA~ 
f ORHNIX 

MS LoAR!llNC DOS 
MS MACRO A..'\.~EMBLER 
I. 	MOUSE Sf.RIAi. OR OUS 

WIM WI NDOWS 

W/EASYCl\D 


Special Savings fro1n Paradise 

JJ/CltOSOFT JVLVDoJrSl.'J8fi 
Windows/386 gives you the look and feel ti 0 512. by IBM and Microsoft-the st~nd.11d 
for tomorrow. Turn• your persrmal computer into a n1ulti-tasking. virtual machine. 
wh~rc any number ul DOS and Mkrosoft Windows applkations can run Jt th ' ·,1mc 
time. Each DOS application nms in it~ own 640K-evcn ml•mor)' resident programs. 
Copymg and vassinK of scl~cte.d data bet ween DOS and 
Windows applicaliun is >up~tted. Features greatly enhanced 19t:tosdf"' 
suppon for DOS applications, the}' can run in a window or use 
the full screen. 
Lis! ; $195 Special Price: $125 

Quk.kC gives ·ou the fealures thnt you need 10 learn C quickly. It's the b st for fu st ,,nd 

e~S)' Qmp~tion and prototyping, compiling programs al 10. 000 llnes per minute,: 

Features a built-in 11.ditor with selectable insert or overtype mode. autorrrat1c MAKE. 

file creation. rnntc:xt -sensitive help lor easy learning and an integrat ct debugger 1h:i1 


let$ you set bre3kp<.>i nu, animate through your program and ...___~ 


add watch >"Jrfables. QuickC Is completely source code a11d ~I~ 

obiee,t compatible with Mlcrosufl C 5. 0. 

J.ist: $99 Spuisl Price: S65 


QuickBASIC/.J.O 
QuickBASIC ~ . O eliminates the lime·consuming c.ompi!c step. Hun y~ur program, s rop 
to cdil and debug. I.hen cominuc running without recompiling. ~lien you edit y1Jur 
r ode, QuickBASIC automatic.ally in~orPQrate~ your changes · usually at 150,0(10 lines 
t>t'T minute, lnduiles ·' built.-in. full-screen ectitQr with automatic <yntax checking and 
formatting, advanced threaded p·code intrepreter. ,;upp<.>rl ~~ 
for 80871287 m.1th co-processors. a s·1bset of the Code View ~I 
debul!lrcr, plus other new features. 
List ; $99 Specia l Price: $6fi 

1-800-445-7899 
In NY: 914~332-4548 

Cusl6mer Service: 
914a332-0869 

lnt:emutional Onlent: 
914-3324548 

Teler. 510-601-7602 

Circle JJO o~ bader Ser-U:t Cord 

USTU l<S 

MS MUMATH .JOO Ill 
MS PASCAL COMPILE!l JOO 13J 

FOR XENIX 6"5 Ut 
MS QUICK BA, IC SNiCIAL 9\1 U 
MS QUICKC SN..:Cl~L W "1i 
MS 01<1 !9> Ill 
W Wli'iDQWS II? M 
MS WlNDOWSDEVELOPM ENT KIT i.ooJ lit 
MSWIN IJOYISl;!!o SP6CIAL 19; llS 

l'llOElilX 
PASMU l~ ]16 
l'OISK 116 10~ 
I'FANTASY PAC 995 !H 
PFINISll 3.% 2U. 
P~IXl\6PLU!i m U! 
l'fORG ~ .;)11}5 ~·5 
PfORCE • ... SPECIAL l~ "' 
PLINKli<\PUJS ·~~ 27iPMAXER 12'.S 1~ 
PMATE l~S IU 
PRE ·C 21}~ l!'i9 
PTEI. 49 39 

POL¥THO ~ 
POLYBOOST Sil " l'OlVD&SKlll .. 15 

ADD-ONS ~Al.L CAI.I. 

MOUSE PRODUCTS 
t.OGITECHSERIAL OR 8US. MOl E 

WJPJ,US, SOPTWAll.£ 11~

::r.lfil: i:gg1m:~1ous& i;:
W!PtUS. PUBLISHER MotJSE t T!I 


~fptm: ~~l~,p~"fi.'.'MME ~ 

WIPE.OS, PA DL MOIJSF. l99 

WJl'\.IJS, l'Ah ~?r&~BL. i~ 


BUS MOU$. li!<l 

l75 

zoo 
119 
JS9 
II 

POLYl.IRRARIAN ll'l • 
POl.VMAK E 1<9 129 
POLYSHELL 1'9 m 
POLYTRON C BEAUTIPlfR 

POl.VTRON C LIRRAR'' I •9 ··~
9'.l is 
POl YXREf ~J9 I ~ 
PVCSC08 1'0RATe 395 Ut 
PVCS NETWORK CAl.L CALL rvcs PERSONAL 149 1?9 

Pl EDITOR 
Turbocharge )'Our produclivit)' with l'I . the only editor that automat1cally highlights 
your compilation errors and displays <.-rror messages. Slash development time in
stant!)' with Prs intulti\'C mnemonic com.m.1nds. enhanced pop-up menus. contcxmnl 
help and on-line manual. Bring out your hes! with l'l's blazing/ 
spe !<I. undo, mauo;. 'Find All,' regular expressions, lan
11\la&e support, and full DOS acce$S. The ultimate editing 
environment wilh built ·in ~peed. 
Lt~ I: $195 Special Prict-: $15a I 

Jt'ENDl/\'-IJOS 
WENDJN-DOS is 1he new multi-taskin& multi-user MS-DOS replacement operating 
~ystem tor IBM compa1ible PC's. WENDIN-DOS uses the MS-DOS fil ·system, and 
supports MS-UOS commands while providing new ones to enable multi·tasking. file 
11rotection, ~TJd command langu;1g~ extension ~nd en~lil t:.1i you tu access your fil e:.-; with 
DOS, UN IX. or VAXNMS style file names - whiche,·er you prefer. Provides pass 
words •nd run privileges for sy~tem securing. WEN DIN-DOS supports several users 
(ln th• ·amc CQmpt1ter. To arid new us.:rs, the computer~ 
operator just adds communica tions pons and describes them ~.§'.{? 
in his configuratmn •)· stem Iii~ . Minimum 512K memory. 
Lm: $!19 	 Sp~dal Pdre: $79 

ADl 'A...\'7~-t (;1.; C + + 
Add AOVAN1'.".GE C to your C compiler o.nd enhance )1.iur ex.is.ting C tool · with 
new obje ·t ·orierited capabilities. Now aval lab le with MS Window~ Support thi. 
super se! of C gives you the 1iecd, ~upport and reliability you ,.. 
rn~ed t.u tl evelop l:trg~ and complex µrogram~ with greater IJnDIMT"" 
rnsilence, :md f.,wer bug•. Th h1!1< st version supp-0ns MS ...,~. 
C4.0/5.0, and QuickC. 
Lis t: $495 S pedal Price: $ 169 

Arn.. 11ton " Huihoi TtthtlulOC!'tt., lru . 
12 )U"tt-r Sttttl, Tany•~wn, SY l05,9l 
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HARDWARE REVIEWS 


Screening Macintosh II 

Color Monitors 


Joel West and Neil Rhodes 

The Macintosh II (unlike ils with a tilt /swivel base) . TheA look at the PCPC II,
prcde.cessor, the Mac Plus) was PCPC is avaiJable only with the 
designed without a built · in till/swivel base . The two moni·the SuperMac Color Trinitron, and

Thi svideo display de.vice.. 
means that you can select the Mac.hroma C2D monitors
display hardware (moni1on; or 
video cards} th.at are suitable for 
the specific demands of your work
color or gray scale, or larger monitors 
with more pixels. 

Apple 's Mac II video board gi ves you a 
640- by 480-pixel display with 16 colors 
or gray scales for $499, and up to 256 
colors or grays if you add extra video 
memory to the board (for an additional 
S149). For displays , Apple offers a 
choice of a 12-inch gray-~ale monitor 
for $399 or a 13-inch color monitor 
(which was in short supply last year) 
for $999. 

Since the Mac IJ 's introduction , third
party vendors have brought out alterna
tive monitors for it, including larger mon
itors displaying more pixels to meet the 
needs of those doing extensive CAD/ 
CAM or graphics work . We evaluated 
some, of the first available Mac ll dis 
plays: two large-screen monitors from 
Personal Computer Pe,ripherals Corp. 
(PCPC) and SuperMac Technology, and 
a standard- s ize monitor from 4Site 
Technologies . 

The Mac II architecture supports 
display formats of arbitrary resolution ; 
tbe video card's configuration ROM sup
plies the screen dimensions and pixel 
deplh ro the, operating system when the. 
computer s!Arts up. Both SuperMac and 
PCPC take advantage of t.his flexibility 
by supplying video boards that provide 
more pixels than the standard Apple 
display. 

'The PCPC IJ [Trinitron] uses a 19-inch 
color Trinitron monitor and a video 

Joel West is president and Neil Rhodes is 
manager of software development for 
Palomar Software Inc. (P.O. Box 2635, 
Vista, CA 92083). They are coauthors of 
the firm's Coloriz.er software package for 
the Macintosh II. 
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board lhat displays 1027 by 768 pixels. 
This combination costs $5295 . Super
Mac Technology offers a 19-inch color 
Trioitron moojtor and the Spectrum 
lO<Xl/8 video board , which provides a 
1024- b)' 768-pixel display . This monitor 
and video board combination costs 
$.5190. Both companies offer alternative 
lower-cost 19-inch displays (di scussed 
later). 4Site Technologies' Machroma 
C2D is a 14-inch color monitor that can 
display 926 b)' 580 pi.xels and costs $895 . 
It does not use its own video board; you 
can use Apple's Mac II video board or 
an.other third-party video board . (For a 
look at IBM-compatible multiscan-type 
monitors that can be used on Mac Ils, 
such as lhe Sony MuWscan and NEC 
MultiSync , see "Multiscan Color Moni· 
tors " by George A. Stewart in the Febru 
ary BYTE). 

We noted qualitative impressions of the 
monitor/video card combinations during 
normal use , including resting with vari 
ous Macintosh software packages . We 
used our own Colorizer software pack
age , several MacApp demonstration pro· 
grams from Apple's Advanced Technol
ogy Group , and Spinnaker , a Palette 
Manager test program by Art Cabral of 
Apple. In addhion , quantiraclve results 
were obtained at the laboratories of 
Microvision, which used its SuperSpot 
100 CRT analysis system on the three 
monitors. For reference purposes. we 
compared these systems with Apple 's 
App'leColor color monitor and the Mac 11 
video board. 

The Monitors 
The PCPC and SuperMac monitors are 
based on the 19-inch Trinitron manufac
tured by Sony. the GDM 1950 monitor 
(termed the GDM 1952 when equippe.d 

tors appeared to function identi 
cal Iy during normal use .. al 
though testing showed a few 
subtle differences . 

These monitors are very buJky and 
heavy ; in fact , under Federal Occupa
tional Safety and Health Administration 
employee guidelines, they require two 
people to move them. Due to their weight. 
you can't place them directly on top of a 
Mac n,as you can with smaller monitors . 
Thus , you need either_more desk space or 
a stand that ' s sturdy enough to support 84 
pounds of monitor (the tilt/swivel base in
creases thi load to 90 pound,) . Super 
Mac offers a till/swivel stand lO support 
its monitor; it coslS $250. 

According to the manufacturer , the 
Tr initron can display 1280 by I 024 
pixels , but the nominal re-solution with 
both of the supplied video boards is I024 
by 768 pixels. This provides approxi
mately 250 percent of the screen pixels of 
the standard 640- by 480-pixel Apple 
Mac Il monitor. and 450 percent of the 
Macintosh Plus and SE' s 512- by 342
pixel displays. The pixel densicy is ap
proximately that of the standard displays, 
so the net effect is a lot more screen area 
to work with when positioning applica· 
tion windows . This is particularly useful 
when working with MuJtiFinder. where 
the windows of all running programs 
must share the screen. A larger screen 
area lets you place application windows 
where you can bring them to the fore
ground at a mouse click instead of need
ing to pull down the desk accessory 
menu. 

The 4Slte Machroma C2D monitor is 
based on the Magnavox Professiona l 
8CM873 monitor. It has 11 14-inch screen 
with a 13-inch viewing area. Combined 
with Apple ' s video card. it offers a 
display of 640 by 480 pixels. It is slightly 
taller than the Apple monitor and i 5 
pounds lighter. 

The Machroma is the only one of the 

http:Coloriz.er


Photo 1: The three monitors reviewed. Top: 4Site 's Machroma C2D. Bouom lef t: 
The SuperMac Color Trinitron . Bottom right: The PCPC II [Trini1ro11}. Inset: Th e 
video boards for the large monitors. Top: The SuperMac Spectrum /()()()/8. 
Bottom: The PCPC CGC!l . 

four monitors to include a 3-inch speaker 
and an audio input jack. h also has a Text 
switch that turns off the red and blue in
puts, producing a black-on-green display 
with the Mac II . 

The AppleColor High-Resolution 
RGB Monitor, which we used for refer
ence, uses a 13-inch Trinitron tube with 
Apple electronics . 

All the monjtors except the Apple· 
Color have a nonreflective· coating , 
which is an advantage in normal and 
bright office lighting. Both of the large 
screens are switch-selectable for 2201240 
volts AC, although difforent fuses are re
quired for the different voltages. The 
AppleColor monitor automatically ad· 
just<; to higher voltages , while the Ma
chroma was supplied in the 120-V ver
sion only. 

PCPC and SuperMac each offer an
other 19-inch model, made by Mitsubishi 
and Ikegami, respectively. The PCPC Il 
(Mitsubishi] costs $4995; the SuperMac 

Standard Color Monitor costs $2995 . 
SuperMac al so sells a 16-inch Trinitron 
that displays the same number of pixels at 
a higher density and costs $2495 , and a 
19-inch gray-scale monitor that costs 
$1695 . 

Video Cards 
To use one of these monitors, you must 
install a NuBus-compatible video card in 
the Mac fl chassis. Opening up the Mac
intosh and installing the card may seem 
foreign to owners of earlier Macs , but it· s 
a simple task , accomplished in less than 5 
minutes. No DIP switches are present on 
any of the boards : Following the NuBus 
standard, it's up to the board's configura
tion ROM to provide the computer with 
the necessary informatio n and driver 
code. 

The output device for all the video 
cards is a RAMDAC by Brooklree Corp. 
This IC passes a digital value retrieved 
from video RAM to three built-in DIA 

liil 
~ 

converters that drive the RGB analog sig
nals suppl ied to the monitor. 

Neither PCPC 's nor Supe r Mac' s 
video cards supported exactly the 1024
by 768-pixel display their manufuturers 
c laimed. The PCPC board provided 
QuickDraw with 1024 by 767 pixels , 
while the SuperMac board supplied 1016 
by 768 pixels . Neither variation was sig
nificant in actual use . 

The PCPC video board is the smallest , 
at 10 inches long . The board is designed 
around the 75-MHz Brooktree 458 and 
the Texas [nscrumcnts TMS 34061 video 
system controller. It has 768K bytes of 
video RAM , allowing it to display 256 
colors; howe.ver, it supports only the 256
color mode and not the 2-. 4- , and 16

o lor modes ava ilab le on the other 
boards. The lack of a 2-color mode is a 
serious limitation, since a number of pro· 
grams (e .g .. Mac?aint 1.5. SuperP..i.int 
1.0. and TMON) expect a I -bit deep (2
color) display ; otherwise , they garble the 
screen image . With other video boards , 
the easiest fix fo r this problem is to set the 
display to the 2-color mode . Since the 
PCPC board doesn't have a 2 -color 
mode, you're stuck until a new genera
tion of programs arrives that can properly 
handle a 256-col or display. PC PC is 
aware of the situation and says it wi.ll have 
a video board that supports a 2- and 256
color mode by the time you read this . 

The SuperMac is the longest of the 
three boards at 13 inches. It uses the same 
TMS 3406 1 and a 66-MHz Brooktree 
453. It also uses 768K bytes of video 
RAM to provide 256 colors . The tested 
board included version D11 of the Super· 
Mac ROMs-the third revision offered, 
correcting problems with the 4- and 16
color display modes_ This version was 
made available to all customers late last 
year, according to the company . 

The SuperMac board demonstrated a 
minor (but annoying ) display defect. 
When we changed the standard Quick
Draw color table, the top display tin~ no
ticeably flashes tu black before showing 

comi111u:d 
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Company 

Information 


Personal Computer Peripherals Corp. 

6204 Benjamin Rd . 

Tampa, PL 33634 

(813) 884-3092 

SuperMac Technology 
295 North Bernardo Ave. 
Mountain View, CA 94043 
(415) 964-8444 

4Sile Technologies Inc. 
Macbroma Division 
200 Seventh Ave . 
Suite 120 
Santa Cruz, CA 95062 
(800) 634-7483 

Apple Computer Inc . 
20525 Mariani Ave . 
Cupertino, CA 95014 
(408) 996-1010 
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the proper color. However, before this ar
ticle wem to press, SuperMac sent us a 
new version ( I .OB I) of Lhe configuration 
ROM that corrects this problem. 

For comparison , the 12-inch Apple 
Macintosh Video Card uses a 40-MHz 
modified ve rs ion of the Brooktree 453. 
The board is built around a custom 
frame-buffer chip instead of the Teus In
struments controller . II supports 2-, 4-, 
and 16-color modes standard , while the 
optional expansion kit (or its third-parcy 
equiva lent) is needed for a 256-color 
mode. As shipped , the board comes with 
eight video RAMs and socketS for eight 
more. The additional RAM (sold by Apple 
as the Mac IT Video Card Expansion Kit ) is 
required for a 256-color display . 

Monitor Tests and Results 

A series of I 0 tests was perfom1ed at the 

offices of Microvision in Campbell, Cali 

fornia . The te sts were run using the 

firm' s SuperSpot 100 CRT analysis sys 

tem . The standard SuperSpot test pat 

terns are available only for MS-DOS ma

chines, so we wrote a comparable pro

gram for the Mac U using Color Quick

Draw calJs and MacApp. 


The tested hardware inc luded the 

... Figure I: Measured spot shes 
f or the monitors in millimeters. 

Figure 2a: Jiuer measuremem. 

Figure 2b: Swim measurement. 

Figure 2c: Drift measuremelll . 

All meas11reme111s in millimeters." 


The monitors were allowed to warm m 
operating temperature (about 30 min
utes). and the brightness level was ad
justed for best definition. The entire 
screen was flooded with green . since the 
sensor was most sensitive to this color. 
and the intensity w.is measured. The light 
levels in foot-lambe.rts for each monitor 
were as follows: PCPC. 19 ; SuperMac. 
16 .7; Mach.roma , 17; and AppleColor. 
15 . The tests measured the spot size ; time 
variance effects such as jitter, swim , and 
d rift; misconvergence; and voltage 
regulation . 

Spot size is the minimum size that can 
be illuminated by the electron beam . The 
tests provide separate readings for hori 
zontal and vertical dimensions. Measure
ments were made in the center and the 
co rner of the screens. The square root of 
the sum of the squares of the horizontal 
and vertical measun~.me.ms provides a 
single number that corresponds to the 
length of a diagonal line across a spot. 
Spot s ize s hows the f ineness of the 
di splay beyond the no mina l dot- pitc h 
specification . The spot sizes arc shown in 
figure I; they have been normalized fo r a 
screen size. of 13 inches . 

The two 19-inch Trinirron monitors 
AppleColor High-Resolution ROB Moni did not perform identically. The spot size 
tor ; video cards from PCPC and Super  for the PCPC monitor was measurably 
Mac and their monitors; and two Mac 0 smaller than that of the SuperMac moni 
Video Cards, with the optional video ex  tor- in fact, it was the smallest for the 
pansion kits . to drive Apple' s mon itor monitors tested. This result was repeated 
and the Machroma monitor . when testing the PCPC monitor with the 
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REVIEW : MACINTOSH II COLOR MONITORS 

SuperMac ard. Other measurements, 
such as line variation, were better for the 
SuperMac; this suggests sample-to
.sample varialions in factory adjustments. 
The Machroma monitor had the largest 
spot size and the largest variation between 
!he cent.er and the comer of the screen. 

Time variance measures undesirable 
fluctuations in the beam position. lirter is 
high-frequency movement (measu re
ments were made over half-second inter
vals). swim is medium-frequency move
ment (measurements we~re made over 10
second intervals). and drift is low
frequency movement (measurem~ms 
were made over 60-second intervals). Jil
ter can cause eyestrain; large amounti of 
drift can make precision graphics or 
CAD work d.ifficult. 

Microvision measured horizont<il and 
vertical variance separately. Maximum 
variance and average variance for jitter. 
swim, and drift were recorded . Measure
ments were made only in the center of the 
screen. Again. linear measurements have 
been adjusted for a 13-inch screen . Fig
ures 2a. 2b, and 2c present the results for 
average variance of the three measure
ments . The SuperMac and Apple moni
tors had 1he lov.<est tjme variance. and the 
Machroma monitor had the highe st. 

Misconvergence measures errors in the 
electron beam/phosphor dot alignment; 
these errors cause color fringing . Mis
convergence was measured at the center 
of the screen (usually best case) and the 

Key to Charts 

1 PCPCll 3 Machroma 
2 SuperMac 4 AppleColor 

All measurements are normel!zed for 
a 13-inch screen. 

(c) 

upper left comer (usually worst case). 
The amount of error in the red-green, 
blue-green , and red-blue convergence in 
horizontal and vertical directions was 
measured separately . Linear measure
ments were adjusted for screen size. (See 
figures 3a and 3b.) There wen~ no clear 
winners here . but the SuperMac had the 
best horizontal convergence, and the 
Machroma had 1he best venical 
convergence. 

You can gauge the quality of a moni
tor's voltage regulation by how much a 
line's position is displaced when the 
screen is black versus when the rest of the 
screen is filled with white. Ideally. the 
line shouldn't move. We compared a 
horizontal line ·s position on the screen 
when the rest of the screen was black, and 
then when the screen was white; a verti 
cal line was similarly compared . Again. 
the result~ were normalized for screen 
size. Figure 4 shows the voltage regula
tion test results presented as horizontal 
and vertical displacements. The Apple
Color monitor showed exceptionally 
good voltage regulat ion. The Machroma 
monitor was the only one of the four to 
show poor high-voltage regulation; the 
test pattern moved noticeably as the num
ber of displayed pixels changed. 

The Price of a Large Screen 
None of the three rival monitors was quite 
as good subjectively as the AppleColor 

cominued 
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Figure 3a: Horizontal misconvergence 


OJ cenll!r, in millimeters. 

Figure 3b: Vertical misconvergence 


at center. in millimeters . 


Flgure 4: Line displacement 
in millimeters. "T 
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Cirr:it 184 on Reader Stf"llict Card 

REVIEW: MACINTOSH II COLOR MONITORS 

Monitor PCPCll SuperMac 4Slte AppleColor 
[Trlnltron) Color Mllchroma Hlgh·Reaolutlon 

Trtnltron C20 RGBMonltor 

Screen sin 19inch 19inch 14inch 13inch 

Reaolutlon• 1024 by 766 1024 by 768 926 by 560 640 by4BO 

Dlaplay•l'9•• 360 by270 360by 270 250by 180 235by176 
(lnmm) 

~tratlo 1.33 1.33 1.39 1.33 

Dot pitch 0.31 mm 0.31mm 0.31 mm 0.25mm 

Scanning 49 kHz by 63 kHz by 35 kHz by 35 kHz by 
frequencies• 60Hz 60Hz 60Hz 66.7 Hz 

BandwtcHh 100MHz 100MHz 25MHz 23MHz 

Power 
conaumptlon 220W 300W 132W 160W 

Power Input 100/120V 100/120 v 120V 85/270V 
220/240V 2201240V 

Antlgl•re Yes Yes Yes No 

Sign.ti 
connector type 
Video JBNC 3BNC DB·9 DA-15 

male male female female 
Audio N/A N/A RCA jack NIA 

Dimensions 19by21 by19 1Bby21 by19 13by14by15 12by14by15 

Weight 90pounds 84 pounds 29 pounds 34 pounds 

Tiit •nd awlvel Standard $250 $35 $69 

W.rranty 1 year 90 day.; 1 year 90 day.; 

Price $52952 $5190J $895 $999 

Inquiry 888. Inquiry 889. Inquiry 810. Inquiry 891. 

NotH: \. 

1. Horizontal by vertical . 
2. Includes price of video board (video board and monitor sold as a set). 
3. Price of monitor and video board (monitor alone Is $3695). 

Board PCPC SuperMac Apple 
CGC/1 Spectrum 100018 Mllclntoah II 

VldeoC.rd 

Rnolutlon' 1016 by 768 1024 by 767 640 by480 

Scanning frequenclea 
Horizontal 49kHz 48.2 kHz 35 kHz 
Vertical 60Hz 59.3 Hz 66.7 Hz 

ConnKtor DB-9 DA-15 DA-15 
male female female 

Bo11rd length 10 inches 13 inches 12 inches 

W.mnty 1 Yfl8! 1 year 90days 

Price $1595 $1495 $6482 

Inquiry 192. lnqulry193. Inquiry 814. 

Note•: 
1. As measured: horizontal by vertical. 
2. Price includes 256K·byte video RAM upgrade for 256 colors (without upgrade, price is 

$499. and card displays only 16 colors). 
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monitor. The tests indicate that although 
the AppleColor' s convergence and pot 
size is not as good as that of the larger 
monitors , the low time-variance mea
surements and the superior voltage regu 
lation probably contribute to the favor
able impression. 

From the standpoint of display quality , 
!he two 19-inch monitors were very 
good. The colors were as good as the 
ApplcColor's, although the displays did 
not appear to be.quite as sharp. The m·uch 
larger display area is a decided advantage 
for many applications. Remember, how
ever, that since there are more pixels to 
update, the l"-'O 1024- by 768-pixel moni
tors are considerably slower than the 640
by 480-pixel screens. Of course whether 
the bulk, weight, and price of these moni
tors is likely to rule them out must be up 
to you . 

The Machroma C2D was disappoim
ing in comparison to the other three mon
itors . The display did not appe.ar to be as 

sharp as the others, and the contrast was 
low. This observaHon was confirmed ob
jectively by the !est results. In addition , 
the white had a marked greenish tint. The 
saturation of pure colors was poor, par
ticularly for red. We found little reason to 
recommend the Machroma monjtor. If 
you're looking for a medium-s.ize moni
tor other than the Apple, then you should 
consider one of the better multiscan mon 
itors reviewed in the February BYTE. 
such as the Sony CPD 1302 or the Taxan 
770 Plus. 

Among video cards, the Apple board 
again set the standard: It worked flaw
lessly , and it supported the 2-, 4-, 16- , 
and 256-color modes wl!hou! any prob
lems. The PCPC video board showed no 
real problems, but the lack of a 2-color 
mode made it incompatible with the 
TMON debugger and SupcrPaint. Also, 
all software works conside.rably faster 
when updaHng 87 pe.rcent fewe.r video 
bits in a 2-color mode ( I bit inste.ad of 8) . 

We run our Mac U monjtors in the 2-color 
mode for development work a significant 
portion of the time, and a board like the 
PCPC that does not support this would be 
unacceptable for our own purchase. The 
4-color mode is rarely of use , but the 16
color mode frequently proves 10 be. an 
acceptable compromise between speed 
and color fidelity. 

The SuperMac video board performed 
capably, but only after the problems with 
the configuration ROM were corrected. 
If you decide to buy the Super Mac board , 
we recommend that you check to sec that 
it has the latest version of the configura
t.ion ROM. • 
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Pushing the Mac SE 

Laurence H. Loeb 

Macintosh SE accelerator boards plug 
into the SE's si ngle expansion slot to let 
SE owners upgrade their computers to 
near-Macintosh IT power without buying 
a new and more expensive machine . The 
two accelerator boards examined here, 
the Radius Accelerator ($995) and Mac
Memory's Turbo SE ($599), claim to 
more than douhle the Mac SE's proce-ss
ing powe.r. 

The idea of a plug-in board that by
passes the Mac SE's processor is not a 
new one. ln a previous review (November 
1987 BYTE) , I looked at two of the fir.;t 
accelerator boards for the SE: the Prodi
gy SE from Levco and the HyperCharger 
020 from General Computer Corp. 
(GCC). These two boards boost the Mac 
SE's computing power by supplying a 16
MHz 68020 processor and I megabyte of 
32-bit memory that replaces the com
puter's original 8-MHz 68000 processor 
and I megabyte of 16-bit memory. 

The 'Radius Accelerator and Turbo SE, 
however, use different approaches to en
hance the Mac SE's performance. While 
1he Radius accelerator has an on-board 
16-MHz 68020, it uses 32K bytes of 
zero-wait-state 32-bit-wide cache mem
ory. The Mac'Mcmory board uses a 16
M Hz 68000, clocked at twice the speed 
of the SE s processor, but it still uses the 

Mac SE's 16-bit memory for program 
storage . Like the Prodigy SE and Hyper
Charger, both of these boards have a 
socket for an optional 68881 floating
point unit (FPU). 

The Radius Accelerator 
The first board I examined was the Ra· 
dius Accelerator . l looked forward to 
evaluating this product because it offered 
a reasonably priced board with a 68020 
processor and the 68881 FPU socket (the 
review uni I contained the 6888 l). 

The installation doc umentation that 
came with the board was abysmal: It con
sisted of a ~ingle sheet of paper with text 
printed on each side. The documentation 
cautions that only a Radius authorized 
dealer should install the board. There's 
good reason for this: Its design results in 
an installation procedure that , with some 
bad luck, could damage your Mac SE 
motherboard. 

The SE motherboard is hinged on one 
side. To remove it, you shift the mother
board along its axis, then swivel it out of 
its locked position (much like pulling up 
on a door before swinging it open). The 
Radius daughterboard contains a connec
tor that coincides with a hole in an inter
nal metal strul when the board is insta.lled 
on the Mac SE motherboard . The con-

The MacMemory Turbo SE boord 
(left), and the Radiw; Accelerator bU£lrd 
(right). 

nector implements Radiu s's " Magic
Bus." an expansion bus for additional 
hardwa.re add-ins. Currently, it connects 
only to Radius's FuJI Page Display. 

The MagicBus connector prevents you 
from reinstalling the motherboard in the 
same way that you look it out (i.e., you 
can't swing the door shut, then let it drop 
down). Radius's installation notes say 
that "you will not be able to slide the 
Macintosh board back into the chassis 
and will have to pop it back into place by 
putting first one edge into the side rail 
and then prying with a flat blade screw
driver to pop the other edge into the side 
rail.·• In almost a year of product re 
views, t.h.is is as close as I have come to 
cracking the Mac SE's motherboard in 
half. Until this installation procedure is 
changed, I recommend that your Radius 

conlinue<I 
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Radius Accelerator Turbo SE 

dealer install the board, even if you are 
technically competent. Once installed, 
the accelerator board doesn't require any 
further adjustments via the Control Panel 
or a desk accessory . 

A 12-page user 's manual provides tips 
on using the board. It shows you simple 
things such as how 10 tell when the accel
erator is active (it displays a start-up 
screen) and how to tum the accelerator 
off (hold down the mouse button after 
you power up the computer-you can turn 
it off from a preferences panel that ap
pears) . If you use MacWri1e 4.5, you 
don't have to add a special compatibiJity 
file . as some accelerator boards requjre, 
because the Radius board patches the of
fending TRAP vectors automatically . 
This feature is of limited value if you ' re 
using MacWrite 4.6. which works cor
rectly with aU Macintoshes. 

A ytllow insert in the package advises 
you to back up your hard disk before in
slalling the Accelerator because some 
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formatting software "has exhibited in 
compatibility problems with the Acceler
ator, destroying data on start-up. " Ra
dius also provides a li st ofteste.d hard disk 
drives . Backing up the hard disk drive is a 
good idea before doing any major hard
ware change. 

The Radius board requires that you 
power down the Mac SE to switch be
tween the 68020 mode and the 68000 
compatibility mode. Some users may 
find fault with the oeed to power down the 
Mac 10 change modes, but I never found 
this procedure necessary because I en
countered no software incompatibilities. 

The latest versions of all the sof1w.uc I 
normally use worked with the Radius 's 
68020 mode. Several programs that use 
the 68881 floating-point processor also 
worked just fine, including beta versions 
of Borland's Eureka for the Mac and 
Super-30 by Silicon Beach Software . 
Red Ryder 10.3 worked well with the 
board, too , although version 9.4 of the 

program had caused problems with the 
Prodigy SE and HyperCharger boards. 
This indicates that software vendors have 
tried to make their code 68020- and 
68881-compatible s ince the Mac II's 
introduction. 

Fasl Cache Memory 
The problems with installation should not 
blind you to the immediate benefits of 
using the Radius Accelerc1tor; Programs 
run noticeably faster, and the screen re
freshes itself faster. One example is re
turning to Finder from an application. 
With a hard disk, Finder can take a few 
seconds to redraw all the icons on a 
crowded desktop. Maybe it' s my Type A 
personality, but waiting for this redraw 
annoys me. With the Radius board in
stalled , this redraw time is decreased to 
acceptable levels. 

A significant factor in the Radius' s 
performance is its one unique feature : 
cache memory. Unlike lhe Prodigy SE or 
HyperChargcr boards. 1he Accelerator 
doesn'1 have a megabyte of 32-bit mem
ory to store the executing program. It has 
32K byte.s of zero-wait-state 32-bit cache 
memory. of which 22K bytes is used to 
store the memory-mapped screen (one of 
the reasons the board appears to work fas1 
is the quick screen-refresh time) . 8K 
byles is for program data. and 2K bytes is 
for ' ' housekeeping" information . When a 
cache miss occurs, the program code 
(which is in 16-bit memory) is simu lta
neously executed and copied into the 
cache , avoiding a sepamte copy operation 
that would slow the processor down. 

As a result , the computer stores the 
most recently used parts of the program 
(whether executing code or Macintosh 
ROM calls) in cache memory. This min i
mizes the Mac SE 's number of slower 16
bit memory accesses and allows the 
68020 10 do fetches from cache memory 
at the maximum data transfer r,ile. Ra
dius's 32K bytes of cache memory is 
faster than the HyperCharger's and Prod
igy·s I megabyte of memory because 
these boards' memories al\wys run al one 
wait state, while Radius's always runs at 
zero wait states. 

The Turbo SE 
MacMemory takes a completely difforem 
approach in its Turbo SE board. It uses a 
16-MHz 68000 processor clocked at 15. 8 
MHz (from the Cl6M signal pre.sent in 
the SE) to speed things up. The company 
says it took this approach (which none of 
the other boards uses) to offer compati
bility with all existing Mac software . 
(However, as I stated earlier, I didn 't find 
software incompatibility with the 68020 
lo be a problem. ) 

cominu<!d 

Type 

Macintosh SE accelerator board 


Company 

Radius Inc. 

404 East Plumena Dr. 

San Jose. CA 95134 

(408) 434-1010 

Features 
16·MHz68020 processor: socket for 
68881 math coprocessor: 32K bytes of 
zero-w.i.it·state cache memory; 
connector for Radius Full Page Display 

Size 
81/2 by 4V• inches 

Hardware Required 
Maci ntosh SE 

Software Required 
System 3.2/Finder 5.3 or higher 

Document.tlon 
Two-page Installation Guide; 12-page 
User's Manual 

Options 

16-MHz 68881 matn coprocessor: 


$395 

Price 
$995 

Inquiry 886. 

Type 
Macintosh SE accelerator board 

Company 
Mac Memory 
2480 North Rrst St. 
San Jose. CA 95131 
(800) 862-2636 
(408) 922-0140 

Featuree 
16-MHz 68000 processor; socket for 
68881 math coprocessor; uses memory 
already in Mac SE: adds 128K bytes of 
memory for use by video and sound 
circuitry: connector for The Big Picture 
video display from E-Machines: Turbo881 
!I/IT ftle tor 68881 support 

Size 
81/2 by 5 inches 

Hardware Required 
Macintosh SE 

Software Required 
System 3.2/Finder 5.3 or higher 

Documentation 
57 ·page Turbo SE Installation and 
Owner's Manual 

Options 

16-MHz 68881 math coprocessor : 


$399 
4 megabytes of 120·ns RAM · $ 1 798 

(price varies) 

Price 
$599 

Inquiry 887. 

http:sof1w.uc


AutoSketch" 

AResource to Draw Upon 


To get any job done. you need the right wol . Ideall y. they 
should be extensions of your cal ems. freeing you to do 

what you do bes1. And speed. precision. nexibility. and 
consistency are always l p priorities. no mauer what chejob . 

.......__ If communicating \·vi1h drawing i pan of your job, 
_,,,. AutoSketch should be one of your resources . 

.). AutoSketch from Autodesk . the developers of 
AutoCAD. is the precision drawing tool for professional 
u ·e. It's fost. powerful. and simple to learn. The pri ce is 
right. lOO. 

With AutoSketch and your persona I co rnputer. you ·11 c111er the world ofcomputc r-aiJcd 
drawing w ith ease. You may never have designed with a PC before. and you may think it's 
boun t to be complicated and time-consuming . Surpri e! With AutoSkctch. you' ll probably 
be up and running in about an hour. 

Despite its ease of use. AutoSketch is a 
full-fun Lion. object-oriented CAD program . 
Pull-down menus and dialog boxes 
help you each step of the way. 
With a cli ck of the rn ou e. you can 
draw. then copy. mirror. or move 
objects. even crea1e sym bol libraries. 
AuwSketch au10111a tically updates 
mea urernem whenever you 1retch, 
scak. or rotate dimensioned objec ts. 
It even keep track of everything you 
do. so 1ha1 you an delete and res tore 
pan s or your drawing as easil y as you 
ch.:rngc your mind. usi ng successive 
undo or redo command . 

We know you'll be impressed with the professional results. So wiU your 
clients and colleagues. 

AuLOSkctch runs on the IBM P /XT/AT and 
1000 compa ti ble y tem with a minimum r 51 2K 
RAM and either co lor or monochrome display. 
I f your PC has an 8087 or 80287 math coproce · or. 
the 1andard ver ion operates about three time 
fasl r. Th peed-enhanced ver. ion. requ iring .., 
the coproces or, is Lhree time fas1er 1ill. · "' 

Call 800-445-5415for1he name of th e 
AutoSketch Dealer nearest you or more 
information on supported peripherals. 
To (lllkrditcct wi th Ma 1erCarct or Vls;i , 
call 800-221-2521. or 4 J'5-331-0356. 



REVIEW: PUSHING THE MAC SE 

Table l: As these benchmarks show, the Radius board outperforms the Turbo SE and boosts the Mac SE 's perfonnance 
IO close to that ofthe Mac ll. All rimes are in seconds, except the Dhrystone, which is ill Dhrystones per second. 

Prodigy Hyper St11nd11rd Radius MllcMemory St11nd11rd 
SE Charger020 Macll Accelerator Turbo SE Mae SE 

Dhrystorie · 3125 3125 2631 2941 1470 887 
Fibonacci 51 81 52.08 58.9 59 78 126 7 203 1 
Float 1796 27 54 14.4 32.57 24 32 123 0 
Savage 52.08 52.69 226.2 457.2 43 79 1927 
Sieve 10.58 10.63 11 9 9.87 2688 46.22 
Son 18.56 18.60 19.6 18.35 41 67 74 .10 

Open spreadsheet NIA NIA 859 11 2d 14.36 21 g 
Recalculate 

spreadsheet NIA NIA 1.99 1.99 2.67 4.90 
Scroll NIA N/A 111 100 149 273 

Price. with 
68881 FPU (tor 
boards only) $1499 $1699 NIA $1390 $2796 with NIA 

4 meg of 
120-nsRAM 

·For the Dhrystone test only, higher numbers denote faster performance. 

Notea; 
1. 	The Radius tested had 1 megabyte of memory and 32K bytes of fas1 hardware cache memory. The Turbo SE had 4 megabytes of 

120-ns memory. The HyperCharger used the SE memory as a l ·megabyte RAM disk and had an add1t1onal 1 megabyte of 32-bit 
memory. The Prodigy had 1 megabyte of SE memory and 1 megabyle of 32-bit memory. The Mac SE and Mac II had 1 megabyte o~ 
memory each 

2. For details on !he C language benchmarks, see "A Closer Look" by Richard Grehan in the September 1987 BYTE . 
3. 	 The Spreadsheet tests open and recalculate a 25· by 100-cell Excel 1.04 spreadsheet. Scroll shows how long 1t takes to scroll through a 

40K-byte MacWrite A.6 text file from beginning to end. 

The Turbo SE aL o installs differently 
from the others. One of the ways that 
MacMernory achieves its IOYI price is to 
use the 16-bit memory of the Mac SE
which makes sense because its 68000 
processor can't use 32-bit-wide memory. 
But you must take the SIMMs (single in
line memory modules) from the mother
board and put them into the accelerator 
card. This is not beyond what a techni
cally competent user can do, especially 
with the 21 -page well-illustrated installa
tion section in the Turbo SE manual 
(whkh is the best such manual I have 
seen so far) . 

MacMemory also recommends that 
you take the two Mac ROMs and place 
them in sockets on the Turbo SE daugh· 
terboard. They work faster that way , but 
jumper blocks on the board let you leave 
the ROMs on the motherboard if you 
don't want to move them. 

MacMemory supplies two 64K-byte 
SlMMs that you plug into the now-vacant 
SThtM3 and SIMM4 motherboard mem
ory sockets. The Mac 1hen uses this 
memory for the video display , leaving the 
remaining memory for other uses. Ac· 
cording co the company, these changes 
" increase screen drawing speed by al
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most 50 percent above the speed gained 
by doubling the Mac SE's clock speed. " 

Once you have installed the ROMs and 
SlMMs, the board inserts into the SE ex
pansion connector without problems . 
The two plastic retainers that connect the 
accelerator and motherboard are the best 
way of providing mechanical support that 
I have seen in all the boards I have 
reviewed. They are much easier to install 
and remove than the plastic post and 
the metal -screw-with -nonremovable
lock-washer system that Radius uses. 

The last step of the installation process 
is to set the on-board jumpers to the cor
rect positions for the RAM/ROM config
uration installed. The board can accept 
up to 4 megabytes of 120-nanosecond 
(ns) memory , although the Mac SE's 
memory (which will go on the Turbo SE 
board unless you buy new SIMMs) is I 
megabyte of 150-ns memory . 

The Turbo SE' s manual is clearly de.· 
signed to assist the technically competent 
user in installing the board. Hut, like 
Radius, MacMemory insists that only 
certified technicians should do the instal
lation , to keep from voiding Apple-Care 
coverage· and any Apple .,,..-arranties. 

The. Turbo SE's options include E-

Machine' s Big Picture video di splay 
(which connects to a socket on the board) 
and the 68881 floating -point copro
cessor, which was installed on the board I 
reviewed . MacMemory provides a soft
ware IN IT file to patch the. calls from lhe 
Apple SANE (Standard Apple Numerics 
Environment) to use the 68881 . This 
allows Excel, for instance, to recognize 
that the 6888 I is present even though a 
68020 isn't. To install HHT, drop it into 
the System Folder of your start-up disk 
(whether a hard or floppy disk), then re
start your Mac using this disk . 

Raokjng Perfonnance 
Once installed, how do these boards stack 
up? To get an objective measurement, I 
ran BYTE's set of C benchmarks with 
both boards, using Lightspeed C 2.01. I 
also checked the. boards' perfonnance on 
a couple of applications-oriemed tests 
with Excel 1.04 and MacWrite 4.6. For 
the Excel and MacWrite tests , the System 
Folder had no unnecessary I N I T and 
cdev files, and there was no caching from 
the Control Panel. To measure its maxi
mum perfonnance, I tested the Turbo SE 
with 4 megabytes of 120-ns (one-wait

comin11ed 
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state) memory. All four accelerator 
boards had a 6888 I installed . 

In all the tests except Lhe Float and lhe 
Savage, the Radius board outperformed 
the Turbo SE, turning in times from 50 
percent to almost 300 pe.rcenl faster (see 
table I). The Turbo SE outranked lhe 
Radius board in both the Float and the 
Savage; the Turbo SE"s performance on 
the Savage benchmark was more than 10 
times bener than lhe Radius's. 

True· to the company claims , both ac
celerator boards ignificantly outper
formed the Mac SE. In all but the. Float 
and Savage benchmarks, the Radius 
board matched or topped the Mac ll The 
Turbo SE beat the Mac II in the Savage 
only, falling short on lhe other tests. 

Neither the Radius Accelerator nor the 
Turbo SE matched the Dhrystone perfor
mances of the Prodjgy SE and the Hyper
Charger 020. However, the Radius Ac
celerator approached their perfonnances 
in several of the test-;. The Turbo SE 
came close to or beat their performances 
in the Float and Savage benc.t1marks only. 

The times for the Savage benchmark 
deserve some interprclation and qualifi 
cation . The Radjus board does poorly 
(457 .2 seconds) because it uses the 
SANE rouiine-s to calculate the transcen 

dental functions that the Savage bench
mark emphasizes. The HyperCbarger's 
time of 52.69 seconds is achieved with 
the use of GCC's numerics package. 
which is less accurate than Apple's 
SANE, but much faster. (The SANE 
package, based on an IEEE floating 
point arithmetic standard, is much more 
precise than most applications require
thc GCC numerics package has an error 
of 6 x 10- •• compare.cl to the SANE' s re 
sult.) Noce that when the HyperCharger 
use, the SANE package, ir achieves a 
time of 458. 91 seconds-virtually identi
cal to the Radfos 's result. 

A spokesperson at Radius said that the 
company is now testing its own faster 
math package , which may be available by 
the time you read this . Like the Hyper
Charger. the Levco Prodigy uses a nu
merics package that 's less accurate but· 
faster than SANE; it offers no option for 
using SANE. however. 

Most Bang for the Buck? 

Although the Radius Accelerator has a 

risky instaJlation procedure, I prefer this 

board to rbe Turbo SE. Its increase ln per 

formance is worth the extra $400 (or less, 

depending on street prices) over the base 

price of lhe Turbo SE. 


If you' re really on a tight budget, the 
Turbo SE with l megabyte- of 150-ns 
memory offers an improvement ove.r an 
unenhanced Mac SE. However. if you 
buy 4 megabytes of 120-ns SIMMs from 
MacMe.mory for maximum perfor
mance, the price of the Turbo SE jumps 
to about $2796-about $1400 more than 
the cost of the Radius board. Keep in 
mind. though. that MacMcmory"s 
SIMMs are pricey; you can buy less ex
pensive ones from other vendors. 

OveraU , though , the performances of 
the Levco Prodigy SE an<l the GCC 
HyperCharger 020 make them still better 
choices-even over a Mac II-if you c<1n 
afford th.em. • 
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Howa software engineer 

got to captain the 


lunar landingmodule. 


The Computer Museum is everything 
you'd expect, and a lot of things you 
wouldn't. 

Of course, the museum contains a 
collection of the most significant accom
plishments in the history of information 
processing. But it's not just a great place 
to see things, it's also a great place to 
do things. 

There are over twenty interactive ex
hibits at The Computer Museum. You can 
design a car, create y0ur own fractal land
.scape, or even captain the lunar landing 

rn<Xlule on the Apollo flight simulator. 
So, the next time you're in Boston, stop 

by The Computer Museum. You'll discover 
it's more than a lot of machines, it's also a 
lot of fun. 

For more information, or to become a 
Museum Member, write The Computer 
Museum. or call (617) 423-6758. 

1heComputerMuseum 
B 0 s 0 "' 

Theres something m it !or everyone 

300 Congress Street, Boston, MA 02210 
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\LL CLONES ARE CREATED EQUAL....BUT CMO MAKES THE DIFFERENCE 

GREATPRICING • EXPERTCONSULTATION • ONEYEARWARRANTY 


COMPUTER MAI. ORDER 
477 East Third Street, Dept. Al, Wlliamsport, PA 17701 


AA MaJor Credit canss Accepted 


BASIC SYSTEM CONFIGURATION: 

• NEC V-20 CPU , 12 MHz Speed 
• 640K Mo1her Board Memory 
• 8 110 Expansion Slots 
• 360K Floppy Disk Drive 
• Floppy Disk Drive Controller 
• Clock Calendar with Banery Backup 
• 150 Watt Power Supply 
• IBM Compatible BIOS 
• 4 Half Height Front Storage Slots 
• 100-Key AT·XT Switchable Keyboard 
• 24 Hour Burn-In 

BASE SYSTEM PRICE : No. CAP C12-0 1 

Monitor Optmnal 

BASIC SYSTEM CONFIGURATION: 

• 8 MHz 80286 16-Bit Microprocessor 
• 512K Motherboard Memory Expandable to 1 MB 
• 12 110 Expansion Slots (6 16-Bit & 2 8-Bit} 
• Clock Calendar with Battery Backup 
• 1.2 MB Floppy Disk Drive 
• Hard Disk/Floppy Controller Card 
• 238 Watt Power Supply 
• Fully Compatible High Speed BIOS 
• 84 Key 5151-Type Style Keyboard 
• Microsoft MS-DOS with GW Basic 
• 5 Half-Height Front Storage Slots (4 exposed) 
• 24 Hour Burn-In 
• DOS with GW Basic 

BASE SYSTEM PRICE: No CAs110-0 1 

BASIC SYSTEM CONFIGURATION: 

• 1O MHz 80286 16-Bit Microprocessor 
• 512K Motherboard Expandable to 1 MB 
• 12 1/0 Expansion Slots (6 16-Bit & 6 8-Bit) 
• Battery Backed-up/Real-Time Clock 
• 1.2 MB Floppy Disk Drive 
• Dual Hard Disk/Dual Floppy Controller Card 
• 238 Watt Power Supply 
• Fully Compatible High Speed BIOS 
• 5 Half-Height Front Storage Slots (4 exposed) 
• 101 ·Key Enhanced Keyboard 
• 24-Hour Burn-in 

BASE SYSTEM PRICE: No CAs191 .ot 

Monitor OptWJr\ill 



FOR FAST, FRIENDLY, KNOWLEDGEABLE SERVICE CALL CMO 1-800-233-8950 


IBM 
PS/2 Model 30 
• 720KB 3' " Disk Drive 
• 640K RAM. SMHz 
• 20 MB Hard Onve 
• l 0 I Enhanced Keyooar<I $1699No 18532 

IBM 
PS/2 Model 50 
• 80286. 10 MHz 
• 128K ROM , 1 MB RAM 
• 20 MB Hard Drive 
• 1 44 MB 3.5' ' Disk Drive 

No. IBSSO 

IBM 
PS/2 Model 80 
• 80366, 16 MHz Micro Processa< 
• 1 MB RAM , VGA Display 
• 40 MB Rxed D1Sk Drive 
• 1.4-1 MB 3.5' ' Disk Ortve 

No IBS80 

AST 
Premium Model 140 
• 1 2 MB Floppy, 101 Keyboard 
• FaslAAM 1MB 
• 80286, 1OM Hz, Zero Wail 
• AST 3 G Plus Board 

No ATP140 

-
' I 

' 

TOSHIBA 
T-1000 Lap Top 
• Fully IBM compa1lole 
• 512K RAM 
• 720K 3' " Disk Drive 
• 640 x 200 Pixels 

No 181000 

COMPAQ 
DeskPro 386/20 Model 60 
• 80386 Processor. 20 MHz 
• 1 MB RAM , 1.2 Floppy 
• 60 MB Hard Dnve 
• Parallel and Serial Por1s 

No. CQ145 

NEC 
Multispeed EL 
• Dual 3 > .. 720K Floppies 
• 640K RAM. 512K ROM 
• Backli l LCD Screen 
• 9.54 MHz CMOS V-30 

No. NIMSB 

NEC 
PowerMate II 
• 1 2 MB Floppy Dr ive 
• 640K RAM, 10 MH 2 
• 40 MB Fixed Disk Drive 
• MS·DOS 3.2 & GW·Bas1 c 

No. NIH501K 

COMPAQ 
Portable 386 Model 40 
• 80386 Processor 
• 1 Megabyle RAM 
• 40 MB Fixed Drive 
• 1.3 MB Diskene Drive 

No CQl 14 



SELECT FROM OVER 3000 PRODUCTS CALL CMO 1-800-233-8950 


IOCA 
~GA 
640 x 350 Resolution 
16 Color/64 Palette 
256K of Video Memory 

SENG LABS 
:VA/480 
640 x 480 Resol1Jlion 

CGA, MDA and Hercules Compal 

Parallel Port Standard 


ffEL 
.hove Board/286 
512K Expandable lo 2 MB 
Convenlional, Expanded II Extended 
Memory 
AT&XT to 12 5MHz 

$34·9J IN4020 

UCKERBOARD PS/2 
0/60 Multifunction Board 
512K to 2 MB Memory 

Parallel and Ser ial Ports 

EMS and Diagnostic Soltware 


'HX15 

BOCA 
BocaRam AT 
• 16 Bil , Runs to 16 MHz 
• 1 MB · 4 MB Memory 
• Expaflded. Extended, LIM 

No. BOAT TO 

E\IEREX 
Autoswitch Enhancer 
• Autoswitch EGA 
• t 32 Column Opera lion 
• Parallel Printer Pon 

VIDEO SEVEN 
VEGA Deluxe 
• 752 x 41 O Disp lay 
• EGA. CGA. MGA. HGC 
• 256K·DRAM Screen Buffer 

. .. 

No. VSEGAD 

I 
. 

g .. --
' 

E\IEREX 
RAM 3000 Deluxe 
• OK-3MB Memory 
• EMS. Extended. BASE for AT 
• Utili ty Sol1ware 

VIDEO SEVEN 
VEGA V•G•A 
• BOO x 600 Resolution 
• 256 Simultaneous Colors 
• Supports Both Analog & Dig ital 

No. VSVGA 

QUAD RAM 
XT386 Board 
• PC Upgrade to 80386 Processor 
• 1 MB of Onboard Memory 
• Quadmaster Software Included 

INTEL 
In Board/.386/PC 
• Converts PC to 16MHz 
• 80386 Microprocessor 
• t MB On Board Memory 

$799No. INIB 1200 

INTEL Math Co-Processors 
No. IN8087 PC s129 
No. IN80287-8AT s299 
No. IN80287-10AT s319 
No. IN80387 s539 

HERCULES 
Graphics Card Plus 
• 720 x 348 Bit Mapped Graphics 
• RAM Font Sollware Included 
• Parallel Port 

$169No. HEGCP 

IDEA 5251 
Terminal Emulation 
• Local Twinax Communical ion 
• IBM 34136/38 Compalible 
• Printer Support, Hot Key 

No. IE5251 

DCA 
IRMA Board 2.2 
• Native Mode Coaxial Link 
• IBM 3270 Controller Compat ible 
• SNAISDLC or BSC 

No. \RM A2 

FIFTH GENERATION 
The Logical Connection 
• 4 Serial. 2 Parallel in, 2 Para llel out 
• Daisy-chainable up to 3 I 5 devices 

No. ICFI02 256K 

No.ICF103 512K 



WE SHIP 90% OF ALL ORDERS WITHIN 24 HOURS CALL CMO 1-800-233-8950 


EPSON LX-800 
• 150 cps DrafV30 cps NLQ 
• 9 Pin Dot Matrix, 80 C.olumn 
• Buitt-in Tractor Feed 
No EPL..XBOO 

EPSON EX-800 
• 9 Pin Dot Matnx 
• 300 CPS Draft/SO CPS NLQ 
• 80 Column, SK Buffer 
No, EPEXBOO 

EPSON EX-1000 
• 9 Pin Do1 Matrix 
• 300 CPS Draft/50 CPS NLQ 
• 132 Column. SK Buffer 
No. EPEX1000 

EPSON FX-286E 
• 240 cps Dralt/40 cps NLO 
• 132 Column, BK Bulfer 
• Fri ct ionfTractor Feed 
No. EPFX286E 

EPSON LQ-500 
• 24 Pin Dot Matrix 
• 180 CPS Draft/60 CPS NLQ 
• SK lmput Bulfer 
No. EPL0500 

EPSON LQ-850 
• 330 cps Oraft/60 cps NLO 
• 24 Pin Print Head 
• Parallel/Serial with 6K Bulfer 
No. EPLQS50 

SHARP F0-210 Facsimile 
• Halt-tone Transmission 
• Automatic Contrast Adjustment 

• Automalic d ialing for S7 /l' s $14g g 
No . SHF0210 

CANON PC-25 Personal Copier 
• 8 copies per minute 
• Wait time 20 seconds 
• Copy size up to 356x216 mm 
No. CC25 

~-

DICONIX INKJET 150P 
• AC/DC Powered Portable 
• Cen1ron1cs Parallel 8 Bl! 
• 150 cps Draf\/50 cps NLO 
No. KD150 

OKIDATA Ml-293 
• Dual 9 Pin Dot-Matrix 
• 240 cps Draft/100 cps NLO 
• 136 column. SK Butler 
No. QK293 

OKID ATA ML-393 Plus 
• 450 cps Drahtl 80 cps NLQ 
• 24 Wire Dot Ma1rix 
• Personality Module Concep! 
No. OK393 

-- -=- . --

OKIDATA ML-193 Plus 
• 200 CPS Draft. 40 CPS NLO 
• BK Print Bulfer 
• 9 Wire. 132 Column 
No. OK1931 



ONE OF THE OLDEST AND LARGEST COMPUTER MARKETERS. CALL 1-800-233-8950 


BROTHER M-1509 Dot Matrix 
• 180 CPS Dralt/45 CPS NLQ 

• Auto Paper Loading 

• Fric1ion and Pin Feed 

No. BRM1509 

NEC 2200 
• 24-Wire Dot Matrix 

• 170 cps Drafl/55 cps NLO 
• 360x360 Dots per inch 

No. NIP2200 

PANASONIC KX-P1091-ll 
• 194 CPS Dot Matrix 

• 9-Pin Print Head 
• IBM Pro Printer Emulation 

No. PA1091 

----· 
BROTHER HR-40 Daisywheel 
• 40 CPS. 136 Columns 

• 2 Color Printing 

• Friction and Forms Tractor 

No. BRHR40 

NEC P760 Pinwriter 
• 24-Wlre Print Head 

• 216 cps Drafl/65 cps NLO 
• 136 Column Carriage 

No. NIP760 

STAR MICRONICS NX-1000 
• 144 cps Dralt/35 cps NLO 

• 4K Buffer. 80 column. Auto feed 
• Friction and Tractor Feed 

No. SGNX1000 

BROTHER HR-60 Daisywheel 
• 60 CPS. 136 Columns 

• Dlablo 635 compatible 

• S1andard Parallel lnter1ace 

No. BRHA60 

C.ITOH 315XP 
• 300 cps DrafllSO cps NLO 

• 15" Carriage Width 
• IBM/Epson compatible 

No. TE315XP 

STAR MICRONICS NX-15 
• 120 CPS Draft. 150 CPS NLO 

• SK Buffer. 132 Column 
• Friclion & Tractor Feed 

No. SGNX15 

TOSHIBA P321SL TOSHIBA P351-SX CITIZEN Premier 35 
• 24 Wire Print Head • 24 Wire Print Head • 35 cps Dalsywheel 

• 216/180n2 cps • 360 cps Drafl/120 cps NLQ • Bui lt-in clock/calendar display 
• Character font canridges • 136 column. Parallel/Serial • Error messages in Engl ish 

No. TB321SL No. T6351SX No. CZMSP35 



I 
WE WILL MEET OR BEAT ANY COMPETITIVE PRICE. CALL CMO 1-800-233-8950 


MAGANAVOX MAGNAVOX MAGNAVOX MAGNAVOX 
Monochrome Monitor RGB/Composite Enhanced Display Multimode Display 
• t 2" Amber or Green Display • 13" Dark Bulb Sc1een • Up to 690 x 350 Resolution • Digilal and Analog 
• tOOO Lines • 600 x 240 Pixel Resolution • 64 Colors In EGA Mode • 926 x 580 display 
• Dark Glass CAT • Green Te)(I Dlsplay Switch • Text Dtsplay Function • 15 KHz lo 34KHz 
No. NAP613 Green 

No. NAP623 Amber No. NAP656.2 No. NAP053 No NAP873 

AMDEK AMDEK AMDEK AMDEK 
Video 41O Series Color 722 Monochrome/432 Monitor/732 
• 12" TIL Amber. Green, White • 13" In·Line etched screen • PSJ2 MCGA & VGA Compatible • Palette of 256,000 co lors 
• Up lo 960 lines • Supports 64 Cotors • 640 x 480 Pixel Reso1u11on • 12" Etched Glass. Non-Glare 
• Fial non-glare screen • 720 x 350 Display • 31 .48 KHz Scan Frequency • 640 x 460 MCGA Compatible 

No. AM410A. G. orW No. AMC722 No. AMC732 

PRINCETON PRINCETON ZENITH ZENITH 
MAX-12 Ultrasync ZMM-149 VGA ZCM-1490 VGA 
• t 2" Amber TIL • t2 " Analog/TTL .28mm Dot Pilch • IBM VGA Monochrome • 1<1 " Analog/TTL ..31 Doi P11cn 
• 720 x 350 Display • 800 x 600 Resolution • t 4" High Resolu11on • 64 Ava ilable Colors 
• 16 Shades • IBM PS/2 & Mac II Compat ible • 3 I .d9 KHz Scan Frequency • 25 MHz. 640 x 480 Resolution 

No. ZVAt49 Amber 
No. PNM12 No ZVWt49 Wh ite No ZEC1490 

THOMPSON THOMPSON NEC 1402 NEC 
Model 4120 Model 4375M Multisync II Multlsync Plus 
• 14" RGBIComp/Analog • 14" Super H~ Centres! • Mult1sync RGB • 15" Fla 11ened CRT 
• 560 x 240 Pixel Resolut ion • 64 Available tors • BOO x 560 Display • 960 x 720 Resolution 
• .St Dot Pilch , 12 MHl • 30 MHz. 800 • 560 Resolution • 6 Tex1 Swllchable • 3-Way Text Swllch 

$239 $499 $589 $999No TPC4120 No TPC4375M No. NEC1402 No NEC1501 



OUR STAFF PROVIDES UNEQUALLED TECHNICAL SUPPORT CALL 1-800-233-8950 


MOUNTAIN 
Drivecard 
• 20Meg. No MB20 $469 
• 30 Meg, No. MBJO $519 
• 50Meg. No M850 $699 

POLAROID 
Pallette Plus 
• Compu1er Image Recorder 
• 35mm and 3x4 Film Uni! 
• B Pa11e11e Sot1ware included 

s2399No P001P 

SEAGATE 
Hard Dirves 
• 20MB ,,, HI Na . ST-225 $249 
• 30M 8 1f1HtNo ST-230 s399 
• 40MB 1 HtNa. ST-251 $439 

HAYES 
Smartmodem 1200 
• 300/ 1200 Baud External 
• Automat ic Speed Selection 
• Voice/Da1a Transmissmns 

ZUCKERBO.ARD 
The Nude Modem 
• 1200 Baud Hall Card 
• Fu lly Hayes Camparlble 
• PC Talk Il l Soltware 

No HX12 

EVEREX 
Evercom 945 
• 3001120012400 Baud External 
• " AT" (Hayes) Command Compatible 
• Status Indicator LED's 

No EV924E 

. a > 

} 

MOUNTAIN 
Dual 20 Bernoulli 
• Bernoulli Techno logy 
• Dual 20 MB Canridges 
• Requ irns PC2 Controller 

Na. MBB4174 

EVEREX 
Excel-Stream 60-8 
• 60 MB Cassette Back-up 
• Backs up 5 MB per minute 
• Bu•lt-1n Forrnaller 

HAYES 
Smartmodem 2400 
• 3001I20012400 Baud Externa I 
• Non-Volal ile Memory 
• Stared Number Dia l 

No. HY2400 

ANCHOR 
1200E 
• 300/1200 BPS, AAJAD 
• 100% Hayes Compatible 
• 5 Year Limited Warr anty 

No. ANA1200E 

PC· TOO 
Datasave 4000 
• 40 MB Forma1ted capacity 
• 3'h" Packet Size Cartridges 
• Uses existing lloppy controller 

No MBPC1206 

IRWIN 
10 MB Tape Drive 
• 1OMB Formatted Capacity 
• B Minu1e Back-up Time 
• Half-height Interna l 

No. IW110D 

NOVATION 
Parrott 1200 
• Compact 30011200 BPS 
• " AT" (Hayes) C<lmmand Compatible 
• Na Batl eries or AC Required 

$9999No. NV700 

EVEREX 
Evercom 920 
• 30011 200 Baud Half ·S1ze 
• Bell 103121 2A C<lmpallble 
• Auto Answer/Auto Dia l 

No. EV920 

CMS 
Drive Plus 21 
• 21 MB Expansion Card 
• 3 '12' ' Rigid Disks 
• 5 MB/sec Transfer Ra.le 

No. CH20DP 

U.S. ROBOTICS 
Direct 2400 PC 
• 300/ 120012400 Baud Internal 
• Carrier detect override 
• Audio phone line monitor 

No UR2400 



MOST MAJOR CREDIT CARDS ACCEPTED CALL CMO 1-800-233-8950 


LOTUS 1·2·3 d·Base Ill+ 	 Word Perfect Symphony 

No. ICSS01 No. ICL002s399 4.2 
No. ICAHOJ 

Copy II 
Option Board 
No. ICCP02 

Mlcropro 
Professional 4.0 $239w/GL. No. ICMPOJ 

PFS: Protessional 

:~ 

IBM J 

.. ,...- I 
PFS: Professional 

Fast Back Plus Microsoft Mouse IMSI Optlmouse 
'. . ... w/ Paintbrush $119 w/Dr. Halo $89•.99 

No. ICMR02 	 No. ICIM04 , . • 
="---~------

"M!tftiMate 
-· - -·-·--·- -·-o- . -. . 
::- ::. ~- - --·· - . 


Multlmate 	 R:Base Logltech Mouse 
System V $7999No. ICMH04 No. ICLGOJ 

Crosstalk XVI 	 Xerox Norton Utilities 
Ventura $499 	 $5499No. ICXEOI 	 No. ICN001 

No. ICMF01 

Advantage II 
No. ICMM02 

CMO POLICIES 


Write 

MAXELL Double & HI Density 
• 5V• DSJDD 10 Pk No. MXD2 $8.99 
• S V• Hi Oen$, I 0 P~ No. MX02HD $18.99 

• Next Day Shipping on all in-stock items. 
• No Surcharge on Visa or Mastercard orders. 
• Credit Cards are NOT Charged until order is shipped. 
• Add 3% (minimum $7.00) shipping/handling on all orders. 
• All items subject to availability and price change. 

SONY 3 1h" & sw· Diskettes • Returned items may be subject to a restocking fee. 
• 3v. "oS10010PkNo. sCMF02 $16.99 • PA residents add 6% Sales Tax. 
• Sv.' ' OS/DD 10 Pk No. SCMD2 $7.99 '------------------------' 
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Trilogy: A New Approach 


to Logic Programming 

Alex Lane 

Trilogy version 1. 15 ($99.95) the. variables. Constraints areAn alternative to
from Complete Logic Systems pieces of infonnation that Tril.
(C L.SJ is a new logic program ogy places in the environmen1 Pro/og, with windows and other
ming langua.ge that combines 
the best features of logic, proce
dural. and database program
ming. Trilogy is an example nf 
the current trend in logic progranuning 
languages, which centers on the introduc
tion of types (domains) constraints. 1/0 
annotations. arrays, and reassignable 
variables. (For a discussion of 1.his trend , 
se.e the P.rolog-related articles in the Au
gust 1987 BYTE.) 

As a logic programming language, 
TriJogy most resembles Prolog. Both lan
guages are based in matl:lematical logic, 
$Upport lists , :ind are capable of manipu
lating symbolic variables. Runnfog pro
grams in either language consists of ask
ing questions (called executing a query) . 
The programming language can use back
trncking tu find alternative ways to :;atjsfy a 
query. Trilogy improve.5 upon the blind 
backtr.K·king approach of Pn>log , however. 
by incorporating constraint logic. 

Program source code reads a lot more 
like Pascal than Prolog: Trilogy supports 
11rrays, enumerated rypes. and subrange 
declarations, and provides 1f... then 
, .. else, and case.. control structures. 
You can express and compile, procedures 
straightforv...-ardly into nonbacktracking 
modules. While Trilogy provides no ex 
plicit control structures for iteration or 
looping , ii ctmserves stack and heap 
pace by performing tail recursion opti· 

mization (a technique for saving space 
and time in recursive programs) on non
backtracking modules (procedures and 
subroutines). 

Finally. Trilogy provides a set of rela
tional daiabase operations for creating, 
updating, and querying database files. 
Database files may have variable record 
sizes, and you can place these records 
anywhere within a file or insert them in 
order. You can store anything (e.g .. a 
list, a tree. or an array) as a field. You can 
insert, delete, and update records 
imywhere i.n a file. The database predi

interesting twists 

cates work with both Trilogy database 
files and ASCII DOS files . 

The package requires an IBM PC. XT, 
AT or compatible with 5 l2K bytes of 
RAM running DOS 2.0 or higher . You 
can run Trilogy from dual floppy disk 
drives, but a hard disk drive is highly rec
ommended . I used a 4. 77-MHz IBM PC 
XT with 640K bytes of RAM. a hard disk 
drive, and an 8087 coproce.ssor. The op· 
er.1ting system I used was PC-DOS 3.1. 

The Trilogy package consis ts of a spi· 
ra I-bound user' s ma.nual and two 5 14 
inch floppy disks that contain an installa
tion program , the Trilogy compiler. 
·ource and object files for ·ystem mod
ules. a number of sample programs. and 
a supple.mentaJ documentat ion file . 

Language J<'eatures 
Trilogy is a fairly compact language. hav
ing only 22 reserved words and 12 re
served names. The standard system mod
ules math. l , files. l . strings. l, and 
windows .1 add support for. respectively, 
mathematical functions, file-access func
tions, functions for manipulating strings, 
date and times, and windowing func
tions. Unlike Pascal or C, Trilogy i~ case
sensitive . In a reversaJ of the Prolog nam
ing convention, Trilogy variables and 
symbols start with lowercase letters. 
while the name · of proceu\lrcs start with 
uppercase letters. 

Trilogy is a strongly typed language. 
Its four fundamental types are long (32· 
bit) and -·hort ( 16-bit) integers; real num
bers; and strings denoted by L, I, R, and 
S. respectively. 'fyped variables buy you 
raster execution and source code that 's 
e.asier to read. However, the greatest ben· 
efit of using typed variables lies with Tril
ogy's ability to use decision procedures 
that modify co11strai111s associated with 

as it computes a solution. 
The programming language 

asso<.:iatcs different con ' I mints 
wit.h different data types . For 

ex.ample. tbe constraint conditions put on 
a shorl integer variable x are 

x op n 
x op var+ n 

where op is a relational operator ( J.e .. =, 
<,and>), n is a short integer , and var i. a 
short integer variable . Whenever Trilogy 
encounters an expression with short inte
gers and a relational operator, it attempts 
to trans.form the. expression into one oftbe 
short integer COnlitraint~ by using alge· 
braic rules . If Trilogy cannot get lhl' ex· 
pression into one of the.'ie forms, it will 
backtrack in an auempl to calculate a 
value for one of the. variables, and if this 
fails. it will flag the error with a message 
such as too many backtracks. 

Consider the query all x: : I & y: : I & 
x>O &y>O & x =)*Y +9. Translated. this 
says : "Find all value. of x and y when 
both arc short integers. bolh arc greater 
than zero. and x = J *Y +9. " This query 
will fail because the system cannot trans
fonn the expression x = Jlfy + 9 into one 
of the constraint fonns for short integers· 
nor can Trilogy find a finite oumber of 
values for e.itller x or y. If. however. we 
add the condition that y = 2, then the 
query has a solution. 

Con~traints for long integers arc more 
complex than thuse for ·hort integer~: 

tllfvl + t2H2 + ... + tn*vn op m 

Alex Lane is a knowledge engineer for 
Technology Applicatio11s /11c. mui moder
u1or of thi: profog co11fermce on BIX. He 
<:all be reud1ed al (j(j2 f Southpoim Or. 
N, Suite 310. Jacksonville. FL 32216. or 
on BlX as "a.lane." 
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Trilogy 1.15 

Type 
Programming language 

Company 
Complete Logic Systems Inc 
741 Bluendge Ave, 
North Vancouver. BC 
Canada V7R 2J5 
(604) 986-3234 

Fonn•I 
Two 5V4-inch floppy disks 

Language 
C arid assembly 

Hard.,_re Required 
IBM PC, XT, AT, or compatible with 
5 12K bytes of memory and a hard disk 
drive (recommended) 

Software required 
DOS 2 0 or higher 

Documentation 
229-page user's manual 

Price 
$99 95 

Inquiry 899 . 

where tl, t2 , ... , tn and mare long inte
ger values and vl, v2, .. . , vn are long 
integer variables. If, in the previous ex
ample, you decl.are x and y to be Joog in
:egers, you don't have to put a value on y 
for the query to succeed because the ex

pression x = 3*Y +9 firs the constraint 
decision procedures for long intege.rs. 

You can use Trilogy's pairing operator 
on the four basic types (I. L, R, and S) to 
construct other data structu.res. A pair 
consists imply of any two terms separat
ed by a comma, opt.ionally set off with 
parentheses for clarity. You can create a 
list data structure by pairing the basic 
types with the symbol Nil . 

Trilogy also lets you declare your own 
types, including enumerated types and 
unions (similar to Pascal case-variant 
types). The user' s manual uses the con
vention of appending t to all user-defined 
types. Type declarations can be Paseal
like subranges, like Digit_t = [0 .. 9), 
or tuples like 

Date_t = (year: I, month: (1.. 12), 
day: [1,Jl]) 

where you can select the iudividual fields 
year, month, and day by. for example, 
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declaring a Vll riable anniversary to be 
of type Date_t and using the 1erms an
niversary .year, anniversary.month, 
and anniversai·y. day. 

Advocates of typeless programming 
need not feel left out of Trilogy. Every 
data type in what is caJlc.d the Trilogy 
universe belongs to a universal data type 
(denoted by U). Using the IJ data type in 
predicates (denoted as prect) lets you 
write predicates that take terms of any 
type as parameters. Having a universal 
type also makes possible conversion · 
from one daca type to another via coer
cion {which is an automa1ically occurring 
mechanism) and cas!S which the pro
grammer specifies). 

Predicate Classes 
Trilogy provides three classes of predi· 
cates: lrue predicates, procedures, and 
subroutines. Like predicates i.n Prolog. a 
true predicate in Trilogy expres es a 
quality. property. or relationship pos
sessed hy a term or a group of terms . In 
Trilogy , only true predicates exhibit 
backtracking (i.e., nondeterministic) be
havior. The system uoesn't perform tail 
recursion optimization for pred because 
of the uncertainty involved in satisfying 
constraints. Unlike Prolog, there are no 
ext.ralogical operations (i.e . , predicates 
that lie out.side the logic programming 
model) . Some. examples of e.uralogical 
predicates are predicates for user I/O, for 
interaction with the operating system ; 
aod for program manjpulation such as the 
cut, assert , a11J retract predicates. 

While backtracking is a powerful re
source in logic programming, it becomes 
a. handicap when e;r;.ecuting once-through 
procedural code. To permit efficient pro
l'edural progni.mming, TriJogy provides 
the procedure (proc) predicate. Because 
there can be no possibility of backtrack
ing inside a procedure-, the manual speci
fic.~ several rules for coding a procedure. 
For example , you can't use a l.ogical or, 
symbolic parameters, or symbolic local 
variables in the procedure body, and tht: 
procedure can.not call any true predicates 
without using the all cons1ruct. 

Like 1rue predicates in Trilogy, proc 
predicates can fail. Prolog veter.ins will 
recognize this be.havior as that of ' 'deter
ministic predicates." You can view a pro
cedure, whose last parameter is an output 
mode parameter, as a function, and you 
can (using func1ional nota1ion) use it as a 
term in an expression . 

The third and most import.ant clas~ of 
Trilogy predicate is the subroutine 
(subr). Subroutines are special proce
Jure that acces data external 10 the Tril
og)' envi.ron.ment (e.g., system time and 
user input). It is this acce. s that distin
guishes subr predicates from proc predi

cates in Trilogy. Were it rrot for this dis
tinction. Trilogy would fail to maintain its 
logical integrity. Since the behavior of 
subroutines is unpredictable. you cannot 
call them from either proc or pred predi
cates, but orrly from other subr predi
cates or directly from a query. 

Variable Modes 
Unlike traditional Pascal-like program
ming languages, where only a variable's 
type is dechucd up front, variables in 
Trilogy are declared in temis of both type 
and mode. The mode tells the Trilogy 
compiler what, if anything, is known 
about a variable's value upon entry to a 
predicate. Trilogy has four variable 
modes: symbolic , input, outpuL and liO . 

Symbolic mode (denoted by : : in the 
variable declaration) is used exclusively 
in predicates, where Little or nothing is 
known about the value of a variable 
passed as a parameter to a nondeterminis
tic predicate. You use input and output 
modes in proc and subr predicates to de.
note whether to expect a value upon entry 
10 or exit from such predicates. 

For e:icample , the expression x: <L de.
clares x to he a long integer whose value 
the system will know upon entry 10 a 
pred ic.ate. Analogously . I.he expres ion 
x:>L says that you wlll know x upon suc
cessful exit from a predicate . 

The major difference between sym
bolic- , input-. output-. and 1/ 0-mode 
variables is that you cannot reassign the 
first three types. You can. on the other 
hand, reassign 1/0 variables, which con
serves memory use. 

Trilog_"'s Windows 
Trilogy provides a window-oriented in
t.erface that lets you edit, compile , and 
run programs and build. query , and up
date databases. Available functions are 
listed at the top of the screen : Optfons. 
Query. Modules. Files, Library, and 
DOS. Context-sensitive help is available 
for both general information and errors 
t:ncountered wht:n runnillg prog·ram . 

From the Options menu you can 
choose your screen colors and activate-or 
deaetiva1e the error-bell tone. You can 
also enable or disable the generation of 
.MOD files when compiling queries and 
determine whether these .MOD files will 
gent:rale code that makes direct ca.lls to 
the 8087 or only emulate it. Ln addition. 
you can choose to back up or restore li
braries , or call the editor to edit a non
Trilogy file . 

As with Prolog, a prior familiarity 
with the code you ' re going to run is nec
e~sary. You run programs by entering a 
query using the name of a predicate state
ment like ZebraAnsw( a, b ) into a one
line query willdow near the top of the 
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~cr~~en and pre.~~i ng the F2 key tn crm1pile 
the 4uery. If the compiler detects an 
error. the m;Khine be.eps and places the 
cursor at the ~pot where the compiler de
tected the error. Herc. pressing Fl ac
ce~se~ a contex1- ·cnsit lve he.Ip window 
that attempts to explain the problem. 

ln general. I found Trilogy's help 
screens to be an invaluable aid in learning 
the lan°uae.e. Sometimes. however. the 
di playt•d ~nessage m;ide no ;ipparent 
'en,e. For example. \111hen I e,\ecutcd 1he 
mistaken query 

all Append ( ( 1.1.Nil): <I, (2,J, 
NH) .a) 

the -y ·tern gave me an error me.ssage that 
a right parenchesis w<is missing. 

Trilogy come~ rnrnplete with a libra
rian that keeps track of what moduk-..s rely 
upon which 01.hers. You can add. modify. 
M delete module. from !he library . 

The euitor included with Trilogy is 
modeled af1er the IBM PE editor. To use 
the editor. I had to learn rm entirely new 
>et of editing cormrnmds . I would like to 
see 1he ne;xt release offer 1hc <lption of 
using your own prngramrning edit\)r with 
Trilogy . 

By selecting 1he DOS fun c1ion from 
1he top of the screen. you exit from the 
Trilogy en i ronment. Thi s version of 
Trilogy doe~ not provide a mean of gct
ling a directory from inside Trilogy . 

Oocumentat ion 
Because Trilogy is a new language. the 
quality of the documentation is very im
portant. The 229-page manual is divided 
into three 1Xtions: a tulorial. a syste.m 
manual , aod a programmer' manual. 
The tutorial prnviJes a stt:p·b. -step imro
duction to the Trilogy programming lan
guage. It as. urne you have some experi 
ence with programming languages like 
BASIC or Pasea1, but you don· t need to 
have background in logic or dai<ibase 
programming. 

The sy tem manual describes the Tril
ogy ·ystem and environment , induding 
use of !he windows. function key . and 
eultor. The bulk oft.his pan explains how 
to edit. compile. and query . 

The programmer's manual re~emble~ 
a collection of appendixes tha1 cover the 
formal language definition. Short supple
mental chapters an.: devoted to topics such 
as mode coercion. type convcr ·ion , and 
con traints. 

All the examples pre.sentcd in the man
ual are included in two source code fil es . 
I like thi touch. ince it saves much time 
gcuing acquainted with t.he language. Of 
the other ample programs included with 
t.he package , including a pattern mate.her 
f(ir ASCII file: and . everal examples in il 

Table I: Trilogy wui T!llbo Prolog are _fhirly e1 e11/y nwrcht'il in their ability 
to mtmip11lat1' list~. pnjfmn rrcursio11 , mu/ /"{'ad wul wrire files. e.H'eptfur 
Trilogy's prabfrm with nm11i11g om of.\"lack or heap. The Zebra Pu:.zle 
shows how use of t'onstrai111s gil es Trilogy (1 decidt:d adl'{mtage in sofring 
logic problnns. Thi' 8087 c11111lmion in the Floating Poi111 te.'il is e.un11inllr 
the same for horh prod1u·1s: however, Turhn Pmlng n111perfimn.1 Trilogy i11 till' 
X087 em11lmio11 ofthe Ttt111sn'mfcm11f test.1 . frihwy prol'ides HOH7 .wipporl. 
\\iherea. T11rho Pmloi: doe.v 1wt. All times are in seconds. 

Trilogy 1.15 Turbo Prolog 1.1 

Floating Po1m 32.19(368)' 30 83 
Sieve 0 11 2 89 
Dts~ Wnte (64K) 
D•sk Read (64K) 

16.98 
_z 

29 73 
15 85 

Transcendental 
Sqrt 14:2 (0 7)' 5 19 
Logs 
Exp 

87 {1 0)1 

166(1 3) 1 
13 58 
24 24 

At an 386(1 5) 1 15 46 
Sin 156(2 0)1 16 18 

Factor.al 2 25 21 86 
List Reversal 11 92 11 27 
Tower of Hanrn 

Srmos 2.2 2 69 
7 rings 14.2 10 67 

10r1ngs _J 67 71 
Zebra Puzzle 219 g 45 

1 Time using the 808 7 coprocessor chip 
2 Time tor reading a 32K·byte hie was 9 2 seconds 
J insuflic1ent stack/heap 

Note: Tests were conducted on an IBM PC XT w1lh 640K bytes of memory an 8087 
coprocessor and a 20·megabyte hard disk drive 

de1mmstra1ion program. the file chat in
terested me mo t wa~ the so-called "ze
bra puzzl~ ... This classic logic problem 
involves five rnen of different nalional
ities that own Jifferent pet~. drink differ
ent drinks. moke differe.ni brand of cig
aretl~s. and livi: in different-colored 
houses. The goal is to find out "who 
owns the zebra ... I used this program a~ 
one of the benchmark tests. 

A supplemental READ.ME file on the 
distribution disk gives a terse description 
of the assembly and C language inter
faces . The file LINKHOD. EX · is a utility 
that Ii n ks .OBJ file · generated by <1 ssem
blers and C compilers into .MOD object 
files that Trilogy can use. The LI NKMOD 
utility doe.s not work as described. In
stea<l of lhe. comm;.md line LlNKMOD MOD
NAME OBJ FI Lr.. I found I had to type 
LINKMOD MODNA. ,f. and then w<iit for the 
prompt to enter the object filename. 

The supplemental file also covers 
( thcr topic~. such as a discussion of tall 
recursion optimization, heap manage
ment. and some partially implcmrntcd 
Trilogy feature,. 

Benchmarks 
Because Trilogy and Prolog appear to be 
··competitors .. in the logil' programming 

arena, I compared Trilogy to Turbo Pro
log vcr~ion l. l (sec table l l. Of intcrc~t is 
the ability 10 manipuJatc li st , perform rc
cu rs ion and garbage ccil lert ion ( reclama
tion of memory that has bt•cn alloca1cd to 
now-abandoned structures/. and solve 
logic problem, . Here, Turbo Prolog and 
Trilogy run appro,xima1cly even. except 
tor the solution of logic problem~. where 
Trilogy has a dc-:ided adv<inlage that is at· 
trihutable to injection types and relation 
variables. 

A II hough neither package performs 
garbage collection. Turbo Prulog apf)<'ar• 
to p.:rform bcucr because it onsidcr:; 
free memory 10 be one large heap. Tril
ogy. on the other hand, has a disadvan
tage in that moJule& must confine thei r 
al:!i itic:. to a MK-bytt.' sC!!,!lll'nl. Thi > 
problem afh:ted pcrlimnantc in the ' fov.··cr 
{if Hanoi and Disk Read hcnchmarkli . 

Trilogy ran the Sieve benchmark tc~t. 

which find · all primes between l and 
I 00. about 20 time~ faster 1han Turbo 
Prolog. The Floating Point test repeal:::. a 
c ric of four basic ope rn I inns 5000 

times , <ind for this te st. Trilogy and 
Turbo Prolog ;ire about the same with 
8087 emulation. The transccndl'n\al tc ts 
calculate the function in 4ucstio11 I 000 

"·~mti111u·d 

MARCH 1988 • BY TE 147 

http:comm;.md
http:LINKHOD.EX
http:differe.ni


This Software Won't Run. 


WithoutThis. 

d that's the way Sea- As long as we 're talking 

Land wants it. And a host success, there's some.thing 
of other big and not-so else you should know. Right 

big software developers who now, our engineers are putting the finishing 
use our Software Sentinel. Th 

make sure their successful software is pro

tected. So it stays successful. 


We've become used to being seen with 
top-notch software. A lot of the reason is 
how our engineers designed the Software 
Sentinel family. For the developer and the 
user. To make it the most technologically 
foolproof yet easiest to use software protec
tion key you or Sea-Land can get. 

For users of SEA-TRAC and the thousands 
of other programs we're protecting, it's a 
cinch to get up and running. They simply 
plug the Software Sentinel into the PC's par
allel printer port. That's it. How much easier 
can it get? Users can even make unlimited 
backup copies. And run them wherever and 
whenever they need to- as long as they 
have the Software Sentinel key. 

\ .J l?AINBOW 

touches on a new microprocessor tha t we'll 
use in a whole new generation of software 
and data protection products. With the same 
high-performance and high-reliahility ofour 
past successes but with many new features. 
Which no doubt is going to make life even 
easier for you and Sea-Land. 

The Software Sentinel. Making sure soft~ 
ware developers stay successful with the 
successful software they've developed. 

For more information on the Software Sen
tinel family, contact Rainbow Technologies, 
18011-A Mitchell South, Irvine , California 
92714; or call f714J 261-0228. 

Software Sentinel Features: 
• Runs under DOS and Xenix 

• Uses algorithm technique, never a fixed response 
• Minimal implementation 

• Higher level language interfaces included 
• Transparent operation 

TECHNOLOGIES 

180ll-A Mitchell South , Irvine, CA 92714 • (714 l 261-0228 • TELE.X.: 386078 ·FAX: f714J 261-0260 

GI 1987 R~l l n bow Tuchnologies , lnc. S-Oft w1u·e Sirnt1rJl,)I il_; o Ln)dem 11 rk ~• r R.o inliow1\tdmoll)1>iesi. rr1 c . 

St,;.A-TR.l\C 111 tl tr'nde rn nrk ufSen ~ La nd Co r por1H]l)n_ 
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REVIEW: TRILOGY 

times, while the factoriaJ bench.mark de
termines how fast 10 factorial (IO!) can 
be calculated I 000 times. Benchmarks 
that exercise a logic programming lan
guage's capabilities for finctiag prime 
numbers and cakulati.ag transcendental 
functions are oflimited interest. It is clear 
from the results for Trilogy that you can 
obtain dramatic improvemenLS by install
ing an 8087. 

As far as disk I/O is concerned, al
though Trilogy could write a 64K-byte 
data file, I got an insufficient stack 
error message when trying to read this 
file. Because the stack and heap share the 
same 64K-byte segme.nt, recursively 
reading a 64K-byte file blew the segment. 
I modified the test program to write and 
read a 32K-byte file, and this worked 
fine . (While writing the initial version of 
the Disk Read test, I ueglected to put in a 
check for end-of-file. Instead of giving a 
run-time error and halting execution, the 
machine froze and required a cold boot.) 

The stack/heap problem reared its ugly 
head again when I was writi.og the pro
gram for reversing a 50-element list. The 
system blew the segment again after 11 it
erations, regardless of how much free 
memory was available prior to loading 
the Trilogy compiler. However, I was 
able to write a predicate that would as
semble a 50-element list and perform the 
reversal 10 times. In turn, I wrote the 
query to run this predicate to backtrack 
three times, so that 30 reversals were per
formed overall. Despite the additional 
overhead of having to assemble a 50-ele
ment list from a IO-element " building
block" lhree times (Trilogy balks if a 50
elemcut list i.s presented in one chunk), 
Trilogy is nearly as fast as Turbo Prolog. 

The Tower of Han.oi is a classic exam· 
pie of recursive programming. At I.he 
five-ring level, both Trilogy and Turbo 
Prolog are about neck and neck. How
ever, at the seven-ring level, Trilogy be
gins to lag seriously. One explanation is 
that Trilogy spends much time churning 
out text to the screen. This is borne out by 
removing the Print() statement from 
the code.-the performance increase is 
dramatic. I ran across the siack/heap 
problem trying to run the Tower of Hanoi 
benchmark with 10 disks. 

Recalling the Zebra Puzzle from the 
previous discussion, it rurns out there are 
nearly 25 billion ways of combining na
tionality, pet, drink, smoke, and house. 
A generic Prolog program will , if neces
sary , test all combinations of them to find 
an answer. Inherent in Prolog's back
tracking mechanism is the "un.instantia
tion" of previously bound variables 
whenever it encounters a failure. In ef
fect, Prolog "forgets" auything it learns 

continued 

''Durin.~ 1he next JO years. millions of programmers 
and users will utifi:e OS/2 .. . The hesr way for /hem lo 

1mderstcmd rhe ol'eraff philosophy ofthe system wilt he 
10 read t/11~~ hook.'· Hill Gates 

INSIDE OS/2. Here-from Microsoft ·s Chief 
Architect of Systems Software- is acandidandex
citing technical exa minati on of OS/2. In unprece
dented detail, Gordon Lctwin explores the 
philosophy. key development issues. programming 
impli{;ations, and future of OS/2. And he prnvidcs 
the first in-depth luuk at each of OS/2's design cle
ments -how they work alone and their ro les in the 
system. I NS! DE OS/2 is a valuable programmer-to
program mer discussion of !lie graphica l user inter
facc. 11111 lt it aski ng. protect ion. em:apsulat ion. inl er
process commu nication, and more. You can' t get a 
more inside view. $19.95, 

Microsoft Press 

Quality Computer Books 

Avuiluble ll'herever books and sojtwal'!' art' sold. 
Or cull in your credit cardorder. 800-638-3030 (In MD 8U-7300 ). Refer tn ad BM38. 
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REVIEW: TRILOGY 

every time it backtracks . Progress toward 
finding a solution occurs in one quantum 
leap when all variables happen to satisfy 
all the declared facts. On the other hand, 
Trilogy uses relation variables and injec 
tion types in conjunction with its built-in 
constraints to carry forward increments 
of the final solution. Relation variables 
express some relation that exists between 
objects , and injection types never have 
the same value for different sets of argu
ments . The result of this approach is that 
the Trilogy program to solve the Zebra 
Puzzle backtracks only 17 times before 
obtaining a solution. [Editor's note: The 
Trilogy source code (BMARKS. L) for the 
benchmarks is available on BIX, on BY
TEnet. on disk, and in the Quarterly List
ings Supp/emem. See "Program list
ings" in the table of contents. To ''find" 
source code in the Usti11gs areas on BIX 
tmd BITEnet, search by article title, au
tlior. or issue date. J 

Worth Taking a Look 
As an experienced Prolog programmer, I 
have found one of the practical problems 
of writing procedural code in that lan
guage is the awkw.ard mind-set that must 
be adopted to tame the language 's tenden 
cy to backtrack. Trilogy addresses this by 
offering programmers the flexjbility to 
write both logic and procedural code. 

I am generally impressed with this 
package. alt.hough minor things about it 
bother me . For example , I wish I could 
exit to DOS to view a directory or file 
without having to exit Trilogy com
pletely . (According to the company, a 
toolkit containing a graphics module and 
a DOS module along with utilities will be 
available for $50.) I would like more de
tail in the user's manual concerning the 
nuts and bolts of the language . 

ln terms of hands-on use. the editor 
was not the best I've used . Also, having 
to learn a new set of editing commands 
was inconvenient. (Of course , those peo
ple familiar with the IBM PE editor will 
not have this problem.) When running a 
query. it shouldn't be so easy to run out 
of stack or heap-and it would be nice to 
have a subroutine that could report on the 
status of those resources. too. 

Trilogy is a unique producr. It' s the 
only product I bave seen that combines 
logic progranuning with procedural and 
database concepts . The Pascal-like syn
tax makes it easier for people familiar 
with Pascal and C to learn Trilogy than 
Prolog. The stack/heap problem shows 
that the product perhaps isn't mature, yet 
new languages often have a few initiaJ 
kinks. 1 cannot see Trilogy talc.ing the 
microcomputer world by storm, but for 
$99 . 95 , it's worth takjng a look at if you 
arc interested in logic programming . • 

.•":: 
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MS-DOS~· 
' .Resource·.-\ 
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": 

~ 

MS-DOS - !he starting place fur the tkvelopmt"nt 
of over 20.000 software applications. THE MS
DOS ENCYCLOPEDIA-the starting place for 
data. advice. and insigh1 1ha1 will make your MS
DOS prog rams re liable. robust, and efficient. THE 
MS-DOS ENCYCLOPEDIA is a prog rammer 's 
dream. 16fl0 pages packed wi1h vers ion -spcc i fie 
data. Annotations or more than 100 ·ys tem func tion 
calls. 90 user commands, <and a husl of util ities. 
Hundreds uf hands-on t'Xample::. and thousands or 
lines of code. Plus articles on debugging, installable 
device drivers, TSRs. Windows, memor y ma nage
ment . the future of MS-DOS. and much more. 
Researched and written by a team of MS -DOS ex
perts - many involved in the creation and develop 
ment of MS -DOS. Covers MS-DOS throu gh version 
3.2, with a special section on version 3.3. $134.95. 

Microsoft Press 

Qzudity Computer Books 

:\l'ai/a/J/e 1t'/1ererer hooks amlsoft1n1re are s(l/d. 

Or cull ill )'(11/r rredil nm/ order. 800-638-3030 (l11MD82-l-7300 !. Refer wud BMJX. 
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The FlexCacheTM386 

series from 
Advanced 
Logic 
Resear1ch 

FlexCtulre 386 series: 

Tht ~nna11ce of 


110386/82385 lechnalogy with 

lht pouier ufadva11C$1 

FkxOicht ardlil«fun:. 


"Spending 
more 1noney 
doesn't 
guarantee that 
you 'll end up 
with the 
system you 
need. Make 
some serious 
comparisons 
of features 
and prices and 
then get the 
most for our 

" money. 

T he philosophy of getting more for 
your money has become an 

unbroken tradition with ALR. A 
tradition that has been recognized by 
all the major trade journals with 
excellent reviews. 

ALR 386/220, PC magazine's 
choice as "The Best of 1987f.1"~•~ 

Based on the ALR 386/220, PC 
magazine's choice as "The Best of 
1987", ALR extends its product line 
and introduces the FlexCache 386 
series. Now the fastest PCs available, 
the FlexCache 386 series approach 
minicomputer proportions and offer 
two new ways to get the most for your 
money: 

FlexCache 16386 
a 16MHz, 0-wait-state, 
80386/82385 based system. 

FlexCache 20386 
a 20MHz1 0-wait-state, 
80386/82385 based system. 

Both systems have ALR's advanced 
FlexCachli' architecture. The flexible 
dual bus design provides a wide open, 
high-speed data channel for up to 60% 
faster CPU /memory through-put 
than the IBM PS/2 mode! 80-071 with 
the much touted microchannel 
architecture. 

AlR 
Comp.oq

Flr•C~<h•· 
DFSKl'RO20J/l6. 150 
Jlll,f20

S74~'"" 

AUi. 

A<-'C•<h• Coml"'q 

I f..lllb • t<l PESKPRO 

So\4\10."' 

n 
L;J 

Power Meter Performance Index 
f/exC11d1t• 386 serit-s t•tfge <111/ Comp.1q ·s 
DESKPRO 386/20 & DESKPRO 386 in 
CPU/memory aggreg<zte performance 1.-sl. 

The cache memory controller can 
eliminate wait-states 95% of the time 



by keeping frequently used data close 
at hand, eliminating the need for the 
CPU to address main memory. This 
powerful blend of enhancemellts 
allows a FlexCache 16MHz CPU to 
move data along as fast as many 
20MHz CPUs and a FlexCache 20MHz 
CPU to move data even faster than a 
Compaq DESKPRO 386/20'". 

The FlexCache 386 series comes 
equipped with the most fixed disk 
capacity for your money. The 
FlexCache 16386 has a 66 or 100 
megabyte fixed disk. 

The FlexCache 20386 will give 
you an extra 45,000 pages of 
document disk storage for free. 

The FlexCache 20386 comes with 
either a 100, 150, or 300 megabyte fixed 
disk. The FlexCache 20386 will give 
you an extra 45,000 pages of document 
disk storage for free when you 
compare it to tlie performance and 
price of Compaq's DESK.PRO 386/20 
model 60. 

>.LR 
Ae•U.Ch~ 
203!!6 . 150 
S74Q0."" 

779 
KB/MC 

Comf"'q 
DESKl'RO 
336/20 

c.,m.,..q 
OESKPRO 

s6490."' 

Disk Capacities & Transfer Rates 
FlexCache 386 fu:ed disk-s store more pages of 
docrum:11/s aml achieve tmn:sfer rates of 11p 

to twife t/wt of tile compdition , 

FlexCache hard disk controllers 
transfer a full track of data in one disk 
revolution (1:1 interleave) instead of 
several disk revolutions as with (2:1 
interleave) most current systems. FuU 
track data transfering plus ESDI 
(Enhanced Small Device Interface) 
look-ahead buffering, hlms what 
used to be a data traffic bottleneck into 
a super high-speed corridor. 

Circle 6 on ~ader Service Card (DEALERS: 7) 

So, FlexCache 386 systems achieve 
transfer rates twice that of Compaq's 
DESKPRO 386 and 386/20 model 60. 

Advanced Logic Research offers the 
FlexCache 386 series as a powerful 
solution for today's business growth 
and performance needs. The 
FlexCache series offers power and 
expansion possibilities not easily 
exhausted. The minicomputer-style 
chassis of FlexCache 20386 offers space 
for five internal peripheral devices, 
allowing more data storage devices 
than any other PC available. With the 
money you save on a FlexCache 
system you can afford additional data 
storage options. 

ALR 
A~xCAclw 

203&> ·150 
s 7~90."' 

3.5" support 

FuJL height 

Full height 

Hal( height 

Half height 

Internal Device Support 
Wil/1 Ille f11ll11'e in mind, tire Fl..xCadze 
20386 is built to acrom<J<lalt• growl/1. 

To make some serious feature and 
cost comparisons give ALR a call at 
{800) 366-2574 for the name of the 
dealer nearest you. 

FlexCache 386 

Serles Specifications 


• 	 ALl1 OO.\Jgr.:.d OM p<Oven muttl-lover 

SVSTembOOrd 

• 	 Socketed lor 80387 SUP>X>rl 
• 	 IMB 32 on RAM. 9l<POndODIO to 21\AB on 

• 	 G-wolt·slote coche memory controlle1 
wtth ~'own 32KB or hl\jh·,;peed (JS ns) 

ST<Jtk: RAM 
• 	 Er.honced I 0 I keyDOord 
• 	 Phoenix BIOS 
• Dud d rive suppon 
• os12 compa~Ole 

FlexCache 16.J&S Modfll 6() 
.. ,$469QG 

• 	 FlexCocrie 386 "'""' 'J)eCil\ca!'cru 
• 	 80386 CPU wnh lOMHz sysiem cb:k 
• 	 6006 l JUppor1 wnh I OMHZ Ck>Ck 
• 	 06Mby'le <30rn> l'>ord dbl< 

Fi.11CacM 16J86 Model 100 
••• $56PO"' 

• 	 FlexCoche 386 serie• speetllc: a!K>n> 
• 	 80386 CPU ..rlh l6Mliz S'(>'lam clod 
• 	 B0087 iopport with I OMHI clock 
• 	 lCCMby'!e <3Gms hard dt>k 

• 	 flE>~Coche 366 ~i ;pedllr::otloru 
• 	 8()J8b CPU Wllri 2CMHz sy.item CIOCk 
• 	 SOJ87 R.lpPOrl with 2CMHz cb:k 
• 	 lOCMbyte <:ll)ru hord di>k 

Fle11Cac:he 203&S Modlll 150 
•.. $749(/'tR 

FlaxCoche 386 '8r1e:s specltlcot>Oru 
• 	 80080 cPU with 20M Hz system CIOCk 
• 	 80367 suppon wim 2CMHz clock 
• 	 l~oyie <2Jms, 110Ck Outte<ed ESDI 


hOlodtsl< 


F/e:r.Cac/Wf 203&S Modlll J(J(J 


...$9990"' 


• 	 FlexCcche 386 oertoo .peclficorlom 
• 	 8G.'l86 CPU wfth XIMHI sy<tem ciock 
• 	 80087 rupport with 2CMHz clOck 
• 	 JCX:t.1byte <21'.lrra. track tll.Jffefed . ESOI 


horod"1< 


)\\\0. Advanced Logic 

-U\..S'~ Research, Inc. 

10 Chrysler, Irvine, CA 92718 
714-581-6770 
FAX: 714-581-9240 
Telex: 5106014525, 
1\ns~· .....,.NckAd\·ilnct.-d ~1l" 

F'°'-J-m A.,ia ur Eun'lpt;'°(.d ll: 
.Al..R/We~•rnl~ TL"ChnoTfPK)I 
(651 259"...521 (Sing.rpon') 
Ti'lo>c HSJll113 WRNTIC: 

Fle.Cccll<l b c lrcdemcrk or Ar:Mlnced 
Logie ~rch, lr'\C. Compaq, DESKPl"IO 
386 & 386/20 ere l rcderncrk:i of CompoQ 
Compl11ar C01p 
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Instead, your software wilJ stay on the job. Working better than ever. 
Because now it's linked to LaserProTN-the laser printer line with a range 
of emulations unmatched in the industry. 

The emulation advantage. 

Put your software to work with LaserPro's wide selection of eruula· 
lions. Our laser printers are compatible with all software programs that 
support the HP LaserJet Plus?' Diablo®630, Epson®FX-80?' Qume 
Spnnt®11, and NEC Spinwriter® printers. Which means that the money 
you've already invested in software is still well-spent. Even today's 
newest software packages will leap into action with LaserPro. Printing 
everything from business presentations to bar codes, graphics lo 
CAD/CAM drawings. 

No hidden costs. 
With LaserPro the compatibility is built right in . Our entire selection 

of emulations is standard . No extra cartridges. No optional cards. No ex· 
tra costs. Just push-button access and hassle-free operation. 
And there's more. 

Prices for our full line of printers are amazingly low. Each model 
brings you versatile performance that over-powers the competition, but 
not your budget. So hang on to your software-and book up with LaserPr 
The fu!Heatured printer line that's truly "top shelf. " 

For more information, contact Office Automation Systems, Inc. 
(OASYS), 8352 Clairemont Mesa Blvd., San Diego, CA 92111. 
(619) 576-9500. Circle 187 on Reader Service Card (DEALERS; 188) 
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Excel Extraordinaire 

Rich Malloy 

In two words, Excel does. keyboard support is very good Microsoft's Macintosh 
Microsoft has move{! its popu for a mouse.based product. You 
lar Macintosh spreadsheet over don't really need a mouse, butspreadsheet shines on the IBM AT,
to the LBM PC AT with all fea 
tures. such as windows, pull 
down menus, dialog. boxes, and 
multiple fonts. still present. 
The new version also has features that 
were not present on the Macintosh ver
sion . These inciude bener keyboard , 
font , and auditing support. Speed is the 
on.ly remaining question . Is the 80286 ar
chitecture overtaxed by the superb graph
ics. and is lhe program overly s.low a· a 
resuh? Common sense and conventional 
wisdom sugge-st that the program's per
fom1ance will suffer for its graphical lar
ges. e. Bm a detailed look at benchmark 
results yields some dramatic surprises . 

The new Ex.eel for !'BM systems, offi
cially called Excel 2.0 ($495), follows the 
original Macintosh version by about 2 
yea.rs . On either the Macintosh or the AT, 
Excel is the paragon of bells and whistles. 
II doc.s o many things , in so many differ
ent ways, that it tempts you to spend 
L:Ountless hours mere I y exploring. 

You might quickly conclude that the 
program is huge. It comes on five 1.2 
megabyte 51A -inch floppy di ks or seven 
720K-byte 3 Vi- inch floppy disks (you 
can order a set of 360K-byte floppy disks 
by a special c.ard). By the time you finish 
loading the program, you gobble up 3.6 
megabytes of hard disk space. When the 
program is executed, it takes up the lion' s 
share of the 640K bytes of memory that it 
nominally requires. yet even that is not 
enough. The program must frequently 
swap overlays into and out of memory 
from the hard dis.k . The frequency of the 
overlays increases as the size of your 
spreadsheet increases. 

Although th.c package is popularly 
called Excel for the PC. Microsoft spe
ci.ficaHy states that the software requires 
an lBM PC AT or compatible_ Several 
non-AT compatible machines, such as 
the AT&T PC 6300. are supported, how
ever. The program can use a CGA graph
ics card , but an EGA, VGA , or Hercules 

but is it fast enough? 

adapter is highly recommended . Jn the 
same w.iy, a mouse is not required but is 
well worth the additional investment. 
(Excel supports any mouse compat.ible 
with Windows version 2.0.) Since Excel 
uses up such a large amount of memory. 
an expanded memory card (Expanded 
Memory Specification version 4.0) is 
also recommended. 

As for software, Excel comes with its 
own run-lime version of Windows 2.0. If 
you have a full copy of Windows 2.0, 
however. you can have Excel interact 
with other Windows applications . 

The Mac lnterface on an AT 
The mos1 dramaric distinction between 
Excel and a horde of other sprc.adsheet 
programs for the [BM PC is its user inter· 
face . Thank.s w the run-time version of 
Windows 2.0 that comes p.aclc.aged with 
the spreadsheet, Excel functions almost 
exactly li.ke its cousin on the Macintosh . 
ln . orne ways (e.g. , keyboard and font 
support), it is actually better than the 
Macintosh version. 

Excel ' s keyboard support lets you ac
cess every one of Excel's multitudinous 
commands and functions without ever 
touching a mouse. lo most cases, the key
board is fairly efficient- in some cases 
more efficie.nt than the mouse. 

Each menu or dialog box you choose 
contains a.n underlined letter . You cao 
quickly choose an option by pressing that 
letter, or by pres,,5ing the letter in concert 
with the Alt key. Tbe aJternative is to 
press the Tab or Down Arrow key to cycle 
through the selections. 

One problem with this technique oc
curs in cases where several choices begin 
with the same letter. The designers did , 
however , provide a number of shortcuts 
for keyboard users, and generally, the 

if you get one, you' !I find it is 
icing on a very rich cake . 

Ironically , the one major 
fault with the interface is not 

with the keyboard but with the mouse 
support. I asked a very experienced Mac
intosh user to try Excel on the IBM to see 
hi s reaction. He. faulted the general 
"I.eel·· of the mous.e, saying it v.-as too 
scnsilive. (He was using the most recent 
Microsoft Mouse.) Excel apparently by 
passes the Control program that comes 
with the mouse and offers only limited 
control ove·r the mouse sensitivity : nor
mal , high , or very h.igh. The program de
faults to the high selection. But even at 
the nonnal selection, the mouse seemed 
too sensitive; it was easy to overshoot a 
target area. Microsoft claims the problem 
is the sensitivity of the mouse and that 
you can adapt to the new mouse in about a 
week. Maybe so, but I hope they can ft.'( 
this problem soon. 

Excel for the IBM also bas better tont 
support than its Macintosh cou in. The 
Macintosh version allows only one font in 
a document at a time, with three varia
tions on it: plain, bold and italic . The 
lBM version allows four differenl fonts . 

Dyed· in · the-wool Lotus l-2-3 u ers 
could adapt to Excel fairly quickly. One 
possible problem might be the general 
command style of Excel. In l-2-3 , you 
use a verb-object command structure 
(e.g .. Copy Al. . B5 to C4) . Excel uses an 
object-verb structure (e.g. , Al: 85 Copy 
to C4). This takes some getting used 10. 

Macros Do Menus 
At Excel 's introduction, Microsoft offi
cials said that they were using Exct:I to 

cominued 

Rich Malloy ir a BITE senior technical 
editor. He can be comac1ed at BITE! 
McGraw-Hill, 1221 Avenue ofthe Ameri
cas, New York, NY 10020. or 011 BIX a:> 
"rmalloy. '' 
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Excel 2.0 

Type 
Spreadsheet program with 
graphics and da!abase suppon 

Company 
Mrcrosoft Gorp. 
16011 Northeas1 36th way 
P.O. Box97017 
Redmond. WA 98073-971 7 
(206) 882-8080 

Format 
Frve 1.2-megabyte 5v.-1nch floppy disks 
or seven 720K-byte J 112-1nch floppy disks 

Langu119e 
c 

Hardware Required 
IBM PC AT or compatible with 640K 
bytes of RAM , graphics support, and a 
nard disk drive. Hercules. EGA. or VGA 
graphics card and mouse are 
recommended. 

Solhnre Requll'9d 
MS-DOS 2 1 or higher: Windows 
2.0 is recommended. 

Documentation 
775-page Reference Manual: 395-page 
Functions and Macros Manual; 38-page 
Getting Scarred booklet : 82-page 
Sampler 

Prtca 
$495 
($250 for nety,ork user packs) 

Inquiry 898. 

build prototypes of new applications 
software. What makes this poss.ible is 
Excd's extensive upport for macros . 
With the program's exhaustive list of 
macro commands. you can set up a whole 
new system of menus and dialog boxes 
and ev~n control other Windows appli
cations. 

Excel boasts many macro commands. 
However , mo t of these commands are 
merely other ways for you to execute Ex
cel menu commands. But even if you only 
look at true macro commands (i.e .. com
mands that perform a function that could 
not be performed by any other means) 
you woold still find that Excel has an im 
pressive number of command . 

One of the reasons that Ex.eel has so 
many macro i.:ommands is that it pro
cesses macros in a unique way. Mosl 
other spreadsheets treat macros as strings 
of keystrokes. For i;:xample , a 1-2-3 
macro to copy a cell to the right and move 
to -the next row might have seven 
keystroki:s: 
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/c-)right]-[lefl)[downj 

where - represents the Return key. and 
[right] the right arrow key. E.xcel. how
ever, converts the keystrokes into a series 
of commands. The copy operation would 
require six keys1rokes (Ah-E, Alt-C. 
right. Enter, left. down) but would be 
represen1ed by six commands; 

=COPY() 
=SELECT("RC[1J") 
=PASTE() 
=CANCEL. COPY ( ) 
=SELECT("R[i]C[-1)") 
=RETURN( ) 

Were it not for the equaJ signs (which dif· 
ferentiate a macro command from a com
ment). the macro would look like some 
odd variation of BASIC. 

Excel' s approach lead s to luge 
macros, but the macros are easy to under· 
stand. And in cases where. you may just 
want to play back some keystrokes, there 
is a SEND. KEYS command. 

It would be very difficult to describe 
lhe power of Excel' s macros in this sma.11 
space . Like a programming language, it 
would fill a book . Instead , let me provide 
a few example.s . 

The ADD.BAR command Jets you re· 
place the main menu bar of the program 
with your own. 1f you are so disposed, 
you can probably replace the me.nu bar 
with a 1-2-3-style menu bar. 

The ADD. MENU command lets you add 
pull-down menus to the preexisting menu 
bars or to your new menu bars. These 
menus can have commands that are 
grayed our or checked . just like Excel 's 
menus. 

The DIALOG.BOX comma.nd lets you 
construct a dialog box containing scroll
ing lists, radio buttons (a menu of choice 
that lets you have only one choice active 
at one time), and other Macintos h 
goodies. 

The EXEC command can execute Excel 
itself. or another Windows application. 
Once open, Excel can communicate in 
various ways with another application. If 
the application supports DOE (the Dy
namic Data Exchange message-passing 
protocol), you can use an IN ITIATE com
mand to open a DDE channel to it. If 
DOE is not supported , you can use tbe 
clipboard or th~ SEND. KEYS comm<ind to 
send keystrokes to that application . 

Two commands, CALL and REGISTER, 
let you access all functions in Windows' 
dynamic libraries. Microsoft has very lit
tle detailed information on this but hopes 
tu have more Information ava.ilable for de
velopers soon. 

Excel has FOR ... NEXT and WHILE 
• , • NEXT loops. too . You can set up auro

start an<l <iutu-clnse mac rn~ that execute 
each time you open or close a particular 
worksheet. Yuu can also have macros ex
ecute ac a particular time of day , or when 
you choose. a particular command. 

As in most programming languages. 
you can insert comments anywhere an<l 
single-step through the execution of the 
macros. And unlike mos1 programming 
languages, you can highlight areas of the 
macro with various fonts and shading. 
Your code may look as impressive as it 
performs_ 

Mac-Style Data-Entry Forms 
Excel has a good compl~ment of database 
fearure.s that are similar to those of J-2-3. 
Excel also has a good dam-entry-form 
feawre. Da1a-entry form s greatly ease 
the proce.ss of getting informa.tion into a 
database. With Excel you can create not 
just a database form, bu1 a Macintosh
sryle database form. That is , you can 
use radio buttons and scrolling lists just 
like Excel itself does. These forms are a 
little difficult to set up , and they run a 
Ii1tle slower than Excel's normal dialog 
boxes, bu1 they are imp re. s ive 
nonetheless. 

Excel supports data tables in much the 
same way as J-2-3 does , which is to say it 
does not make the job excessively e-asy. 
However, once a data table is set up, Ex
cel Jets you set up recalculalion for every
thing but lhe table. thereby grea1ly speed
ing up operation. 

Finding Your MMakes 
In any worksheet larger than a single 
screen. auditing becomes very impor
tant. Excel leL~ you give cells meaningful 
names that you can use in formulas and 
lets you attach notes to particular cells. It 
also let5 you highlight all i.:ells that are de
pendents or precedents of a particular 
cell. 

One of the most interesting features of 
Excel is its Info window. You can set up 
this window to sil in the background and 
r<:pori various pieces of information 
about any cell you .i;elect. II will tell you 
the formatting, the precedent or depen
dent cells, and any notes that auach to the 
cell. With the Info window set up. you 
can easily scroll around a worksheet ant.! 
check thjs information. 

No Three-Dimensional Graphics 
Excel can generate a good selection of 
graphs. These include the obligatory bar. 
area, line, and scatter graph . as well as 
the old favorite pie chart. One advantage 
of Excel is its ability 1.0 do several varia· 
tions on each of these common themes. 
The program also features high-4uality 
text fonts and the ability to paste the 
graphs into Windows Write. the word 
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rroccssor that comes witli Windows ver
sion 2.0. Mat:iutush users may be happy 
to know that ma~To~ ..:an now access al! 
the graphics commands. 

Unfortunately. Exec.I cannot do threc
dimcnsional graphs. These graph s arc in
creasingly popular and arc included in 
some of the ~·ompeting m:w spreadsheet 
programs. such as Surpass and Quattro. 

This review just barely scratches the 
surface of E.xccl" s features. I should also 
mention that color is available. if you 
h.avc an EGA or VGA. The program is not 
.:opy-protected, and it includes the ability 
to print wide worksheets sideways. 

Head-to-Head: Excel Ver.ms 1-2-3 
Aftt:r reading about all thi:!>e features. 
you might ccrnc!ude that Excel just has 10 

be slow. But is it".1 And if so, bv how 
much? To fiml out. I rested Excei" on <:in 
AT clone with a 6-MHz clock speed, 
640K bytes of RAM , and u 20-megaby!c 
hard disk drive. The system was also 
equipped with ;i. Hercules-style graphics 
card. a mono hrome monitor. and the 
new Microsof1 Mous.e . The only software 
I ran with Excel was MS-DOS 3. ! . the 
mou~i: J river, and thc mouse control 
panel. For each test, tbe program and the 
b!!nchmark worksheet s wen~ " maxi· 
m11..cd'" to their largest sizes . 

For comparison, I tested 1- 2-3 (version 
2 .01) on th!! same machine . I was 
tempted to usc 1-2-3 with Lotus Develop
ment ' ~ Spee.dup add-in program. since 
this program can dramatically spe~.d up 
l-2-3. Bui in these henchmarks, where 
each cell is dependent , the add-in actu
ally has the effect of slowing the program 
down by a small amount. Thus. I did not 
use th is fc.<:ituri: . 

The te sts I used were the same. as those 
used in th!! article "Spreadsheets .. in 
BYTE"s Applica1io11s Software Today 
(Summer 1987) . Three of llie tests in
volved a simple 100- by 25-cell work
~h.:ei. whi:re each cell wa~ a multiple of 
the previous cell . The fourth test wa the 
so-called Sav3ge benchmark. which mea
sures floating-po.int acrnracy and perfor
mance by usi ng logarithm ic and trigcmo
mi:tric functions. 

As you can ~ee by !hi: re!>ulls in tahle I, 
Lotu~· s l-2-3 is still number one in llie 
Simple Rccalrnlate and Insert Row te-Sl~ . 
Excel was only 6(} percent as fast as l-2-3 
in simpk ret:akulation~ and was even 
Y.."Orse when inserting rows. However, the 
other two tests yielded surprising re sult~. 
In tlie Scroll Right tc ~t. where thc charac
ter-bas!!d 1-2-3 should have had a hands
down advantage. Excel Wd S 18 percent 
faster. In addition , in the Savage test, 
both program s had approximatel y the 
same re.suits :rnd the same error (approxi
mately 10-• J. 

Excel still has some catching up to do 
whtln it comes to simple recalculations. 
But it is interesting to note that, as you 
might expect, you can make Excel go 
fa tcr by decreasing the size of its viewing 
winJows. When I decreased the size of 
the benchmark window to 2 by 2 cell s. 
the Recalculate spc::i:d increased by 48 
percent. Also, I was very amused and in
tri gned when r found that Excel\ resulL~ 
on the AT clone matched pretty closely 
with thosc measured on the Macintosh 
last year. For each test. the difference is 
le s~ than 10 percent. 

Documentation Goes Electronic 
The most exciting thing about Excel 's 
docu rnent<:ition is a program called tlte 
Feature Guidi:. This is a Windows appli 
cation that run in conjunction with Excel 

T11ble I: Jn rhe head-ro-head 
benchmark comparisons of Excel 
and Lorus 1-2-3, 1-2-3 srill 
maimains supremacy in rhe 
Simple Recalculate and Insert 
Row 1e.1·1s. But, surprisingly , Ercel 
i.r 18 perce1/f fa1·ter in the Scroll 
Right rest. Both progrums are in (I 
dead heat in the Savage lest. All 
limes ure in seconds. 

Test Excel 1-2-3 

Simple Recalc 4 .48 2.68 
Insert Row 4 06 1 75 
Scroll R1gh1 47.38 55 81 
Savage 33.02 33.55 

ant! communicate willi it by DDE. The 
Gu ide fun c1ions sometimes as a slide 
show, showing graphics and di splaying 
various worksheets and charts . In certain 
practice ~e ssion.. it lets you try out a par
ticular feature and advises you when you 
make a wrong keystroke . This ls an im
prcssiv~ program and a necessary intro
duct ion to a foature.-rich product such as 
Excel . It al so is a good e~mple of what 
can be done with the DDE cban.nel of 
Windows. 

The rest of the documentation is IWO 
fairly conventional three-ring binders : 
one is a general reference, a.nd the, second 
i~ on funct ion. and macros . A small 
booklet shows a short introduction and 
ha:; instructions on how to get started. A 
fourth, thin book (with disk) is a "Sam
pler " of very interesting applications . In
cluded , for example . is a worksh1iet for a 

new busine. s plan and a set of macro. for 
solving si.multaneous equations . 

I might suggest that Lhe company add 
more c:icample s lo the Ftmctio11s and 
M1Jcros Manual . Several of the macro 
commands arc jm.ricate. and examples of 
each command would be helpful. 

A Rare Product 
Thc onl, things I might fault in Excel are 
the less-tban -s tunn ing recalcu I at ion 
speeds and the mouse support. But i.n 
view of lhe power and flexibility pro
vided by the program, these critici rns 
seem empty . 

This rare product combines extreme 
case of use and exceptional power. It is 
one of the first produc!S to establish a 
common mterface across the AT and the 
Mac . I heartily recommend it-for both 
novi<Je and expert- on both machines . • 

Microsoft Works 

Nicholas M. Baran 

An integrated program for the IBM PC 
and compatible~ . Microsoft Works 1.00 
($1 95) offers wonJ-pro<·essing, spread
·heet. database, and communications 
modules. The package also includes a 
chart facility for creating graphs from 
•pre.adshcet data and a separate memory 
res ident macro-command processor. 

Though sufficient for most tasks, 
Works's moduks do not quite measure up 
to full-foatured, stand-alone applications 
packages. The word processor module 
includes all the ccxt-handlmg functions 
re4uired for basic teln processing, but it 
docs not have the sophisticated graphics 

or document m<:inagement capabil.ities of 
Microsoft Word . The spreadsheet mod
ule is a basic Lorus-compatible spread
sheet without the Lotus macro language, 
and the database module is a nonpro
grammable, single-table file manager or 
" flat file'· system. The communications 
module is fine for dialing bulletin boards 
or conferencing systems and download· 
ing and uploading files, but it does not 
include a programming or command 
language. 

While \\/orks is primarily intended fi>r 
novice users. it has adi:qmue capabilities 

cominued 
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Microsoft Works 1.00 

Type 
Integrated sul:ware package w•th word 
nrocessor spreatJsneet database 
·nanager te lecommu111cat1ons 
nrO<,J<an1 ano 5ep1>.1;i!e rn;icro·command 
ntocessor 

Company 
M,croso': Corp 
r 601 r Northeas 36th Way 
P 0 Box 97017 
Redmond WA 98073-97 I 7 
(20G) 882-8080 

Language 
C 3no assemoly 

Hardware Required 
ISM PC XT AT PSl2 , or co1 1rJa11 lJJe 
w1·n 364K by!es u' RAM two 3601< bv!e 
ltoppy d•sk dr1ve8 or orie 720K-\Jyle 
'toppy disk drive (or a nard disk dr1ve1 
.:ind a CGA EGA VGA or Hercules 
\Jfi10h1cs adaprer card mouse, modem 
arid or1n1ers are 0011onrol 

Fonnat 
Eight 5V4->nch lloppy disks and lour 
3'12·mch ftpppy disks 

Documentation 
578-oage M1crosor1 Works Re!erem:f' 
'v1a will, se oarate apoend1xr?:: covering 
::i ri n!ers modernb uS1ny a mouse ana 
MS-Ke• macr-::i orocessor Ou1c~ 
Reference c:aro keyboard guide 

Prtce 
$195 

Inquiry 897 . 

Im e.xperie n1..,t:d user~ and otlcr' the ad
antage uf compktt.: integration hetween 

the se four basic oftware applications at a 
rcasonab le prit:e. 

The package requires JX4K bytes of 
R1\M. MS -DOS 2.0 M higher. 1wo 
.l60K-byre or une 720K -byte floppy di sk 
drivi.:. and a CGA. EGA. VGA. or Hcro.:u
lcs gr<.1phics adapter card. The program 
t:an use a M 1cro~oft Mou~e and Haye~
t:onipat ible modem . 

I tested Worb version l .00 on an IBM 
PC XT with a Microsoft Mnuse and an 

• Or<:hid TurboEGA c<.1nJ_ The prognnn i~ 
easy to install and uses the stand:ml setup 
'Ysll~-m found in all Microsoft applica
tions for the IBM PC. Wnrk~ rnrne~ on 
eight 5 11•-inch floppy disks <llld four 3 1 • 

mc-h rloppy disks. It include~ a spelling 
t:hecker <.1nd an extensive on-line tutorial. 
Wit houi ihe turorlal. Works require.~ 
abDut I megabyte of hard disk ~torage: 
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with 1he tuwri al. the progrn 111 requires 
1.8 megabyte~. 

You can configure Works to operate 
with the mou~c or keyboard. With :he 
mouse option installed. you can still use 
all ;1\l ai lahlc keyboard command and 
functions. Howevt.:r. the ma\:ro processor 
can nm incorporate mouse action; into re
corded macros. Works also support~ a 
wiue range of printer~ and. by default. 
support Hayes-compatible modem~ !(1r 
~·ornrnunicat inn s . You can. however. 
configure Works for use with other type~ 
of modems. 

Works uses a pull-Jown menu inter
face that i con istent throughout the four 
r11odul e.,-._ You a1.:cess the menu by pre 
ing the Alt key ;mu then ~cll'cting the 
c-omrnand 1)r imply pre sing Alt fol
lowt·d by the.: firs1 letter nf the command. 
A de cription \ )f the commanu you selci;·t 
uppears at the bottom of the ~creen. and. 
in mo t as ·s. a lialog box appears for 
makinl! mJditional selection' m enterin!l 
comm~nd par11me1er~. With a mouse~. 
you can point to and did on menu op
tions and dialog boxes. and you can block 
off text or croll through fib. 

I often pressed the Enter key at the 
wrong time in dialn!! hmes and Ji~l'O\' · 
crcd through trial an~I error that the Tab 
key wa~ required 10 mo e to the next com· 
mand parameter . 

Works truly qutil ifies as an integrated 
pac.:kage . You c.:an at.:l'e ~s any of tht.> four 
main application modules at any time . It 
assigns defau It file extensions to di fft: 1c11! 
file types so th;it 11 ;iutomat1call y know~ 
which application to h.1ad with an existing 
file . For example. if you ~aw a ~ cript filt' 
for a communktitions <;cssion, Works 
uucorm1ti1.:ally a s~ ig.n s it a WCM file e:<
1.:n~ion . The next time vou load the file, 
Works will automatically invoke the com
rnunications module _ Similar!•. special 
fik extension~ are a~s igncd to ·prcad
sheet. wnnJ-procc~sing. anu dat<.1base 
fik~. You can override the as~igncd file 
extension~ if you wish . Works also let~ 
you temporarily exit to DOS. 

Works lets y@ <lpcn up to dght files at 
one ti me_ Even though ~·ou can wurk only 
on one file (i .i: .. thc-aciivc fikl :it a tim~. 
v1)ll can switch from one file to thl· nex.t 
;,,,.ith ;i single cnmmamL You t:an nlt and 
paste (fati.l interchangeably between text 
drn:umcnts, spreadsheeb. graphs. and 
Llalahase files . The case with whil'h you 
<:an move <luta from one applit'at ion tu an· 
other is one of V.'llrk~· ~ most impressive 

!Caturcs. 
For example. tn copy data fr(>m a 

·prcadsheet into a word·proces ing fik. 
you define the b!n..:k or data in !he spread
sheet. copy the data intn a buffer. open 
1he wonl-proce.~sing um:u mcnt. move the 
cursor to the desired IOL' 11lon for the 

spreaushee1 Jata. and pre~s the Enter 
key. You can do the same hetween Jata· 
bases anu text dorumenb and aho be
tween spreadsheets anu uatabaSC\, pTO· 
vided the uata formats arc consistent. 

Word Processor 
The Works word proce. sor is the closest 
uf the four modules to what I woulu ex
pect of a stand-alone woru-processi ng 
program and is really the be. t pan ol" 
Works. I used the BYTE standard te sts tu 
get a eel for the performance of the wnrd 
pruccs ·or and was impre-s. ed with the re
sults. IEditor' s note: See "Word Proc.:.1·
sors" by Phillip Rubinsun in BY/1:."s Ap
plications Software Todt1.y. Summer 
/ 987.1 The BYTE 4000-word benchmark 
file loaded very quit:kly. A glob<1l sear h 
and replace of a word that w;1 found 400 
times throul!hout the document took onl . 
5 scC"omls tocomplete Resetting the ma~· 
gin and subse4uem <locumcnt rcformat
ti ng occurred al most instantaneously . 
Convening the file to ASCII tornrnt tonk 
about 20 seconds. anu saving it as a 
Works document took about 8 ·cconds. 

I also wnrkeu with a 20-page document 
convened from Word Perfect. The Work · 
word processllr handled all editing fun · 
tion~ admirabl y within the large docu
ment. You can convert Works·s te->;t doc· 
umcnts to Straight ASCII r1rma1 with 
linefocds at che end of eJch line (e.g . . 
~u ita bk for 1ra nster vi a modem), or into a 
text format with carriage returns al th<.' 
end of each line. which other word pro
cessors can rcaJ . You <.'anruit load \V1)rk~ 
dowments directly into Micro -oft Word : 
you have to save ihe doc-umcnt a~ a text 
i'ile fir 1. 

The Wurb word processor inducks 
aut11matic pagination and ref11rmatting. I 
found the relor111att1ng fUIK \Jnn .'.l bit ui>· 
tractinl! whe-n I wa~ inse rtinl! text into an 
cxi ·ting document. From tht• corner of 
m, eye . I 1.:ould sec the luwcr text con
swntly rcposiiinning itse lf: h(lwcwr. thi~ 
is ~1 t·haracteri ~tiL: I ,·nulu get u ~ed w. 

The formatting cm1mrnnd~ for page 
layout. header and footN:.. italic :mu 
underlinini:?. :ind su 1~n. an: all ea~ily at:· 
L'essiblc from th..• pull-Jown nwnu ~ar on 
ihe top line of !he screen_ You cim alsu 
.'w11<.·h between windows ;md w1,rk nn dif· 
forcnt open don1ments. 

Works shows page numbers hut docs 
no1 provide line number or cur$1H p1~s i
tion and al so has no fat:ilit y for obtaining 
a word count . The ~pelling t:hccker in
duue~ 80.000 wor<ls anu is similar tn 
other word processor spelling chc kcrs. 
' Uch as the one used with WordPerfect. 

Perhaps the best kature of the word 
processor is the case with which you can 
mcr!:'.e text from the datab<.1~c module ti.1r 
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Ifyou've got better things to do than debug pages and 
pages ofcode, you n ed ASYST. IL'sthe programming 
environment develop dspecili ally for scientifi ·and 
engin ering applications. 

ASYST simplifies data analysis and graphic display, 
and integrates them viith data acquisition. Using 
ASYST, you can replace pages oflow-level cod with a 
few specialized commands. And it's easy to tailor to 
your changing applications. ASYST's simple 
conliguration menus and our t.echnical ·upport will 
get you up and rnnning quickly-and keep you th •re. 

Call and discuss your application with one ofour 
technical specialists. Or request more in format ion. 

Just make the next line of code you enter 
1-800-348-0033. lt'll put you on-line with ASYST, 
the scientific way to program. 

Features: 
• Analug-Lo-Digltal. Olgilal-to-A11alog, antl Digital 110 Support 
• OPIBllEEE-488 lnt.erface 
• RS-232 !nterrace 
• Sophlstica~ed Anti!. sis and Oraphi<;.~ 
System requires IBM PC. XT, AT. or lOO'X, compa.1 ible. 

100 Corporate Woods 
Rochester, NY 14623 
716-272-0070 

System Developers: Ask about our new ASYST Run-f.ime Lice11.'il!. 

ASTh'Tlsaln.demarl!aCA>}'ilSQllwareTech1u1bljll(5 Inc. 
IBM, lBM l'C, IBM l>tlXTaod IBM AT arc regl~wrcd 11"1ldernarlr.s 
ol'lnte.mallonal Buslness MM:hlm!' r,orpnratinn. 
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The Works spreadsheet 

does the job, but it 

is the weakest module. 

It takes almost 1 minute 

to load a 1000-row by 

5- column spreadsheet. 

lorm letters :mu printing mailing labels . 
You simpl y select the Insert Field 
.:ommand from 1he Edit menu and select 
;inJ l(Kate the ;ipprnpriutc fie!J names 
fro m your d:itabasc . When you print the 
i.lm:umcm , Works automnt lcally inserts 
1hc databa se data. ~me rc~·ord ac ;i time .. 
g~nerating as many uocurnents as there 
are record. in the databa~e . You use the 
Pr int :..e:oe ls command 10 generate the 
Iabe l s from the database . 

The word processor is 111Me than adc 
4uutc for most s!raightfr1rwan:I writin~ 
!asks. I would not he sitate to use it fur 
tn()S t of my writing requ irements . The 
mu il-mergc facil ity i~ aduall y quite a bit 
ca ier to use than comparable mail-merge 
utili ties in some of the high-enJ woru 
processors. such as M icr.>soft \Vord or 
Won!Pcrfocc. The word processor 1s al ·o 
the.: eas iest tn learn of the four mMule~ . 
('II dist·uss Ci.lSC tif use in greate.r dccail at 
the end of this article . 

Database 
The Worb database is a simple fh11 -fik 
'Y~ lern and is adeqtrnle for ma inrnining 
,1rail!htforw<1rd Jilti.lha;,(!o,. sud1 i.l~ mail
ing ~r contact Ii Is or ~ imple finan cial 
and \tatistirnl tabl es A 'i ingle Work ;, 
Jl:ltahasc table i;;rn i.:ontai1l up to 4096 
record~ and 256 fie Ii.l s. You can work 
with a datilhi.l~C in form or I ist mode. In 
li 'it mode. rernnJ arc di splayed 1n rows 
on 1he s<:rcen . In torm moJc. one record 
at a time i' Ji -; playcd on u \.:Teen form. 
\ hich you ucsign when you define the 
Jataba;,e. 

Tn define a database. you ;. imply ~cl up 
il fo rm on the screen. similar to the proce
dure Ill PFS:Filc or Symantn·· , Q&A_ 
However , I did find W1"1rk\· s use of 1he 
Emcr key confusing. Pre%ing the Enter 
key det inc:; the form rather than a si ngle 
field_ r kept l o~ing defined fi elds by 
prcs'l ing the Enter kt'y at the wrong time . 
Once I got the hang ot it. however, i t Y.'a -~ 

'imp!e 111 define fidJs rnd aIso lO cu,. 
t0mi?.c the form. \Vo rks provide!> func
tion~ for moving field s <1rnunJ the form 
and performing modifirn1 ions to the data 
~tru1:tun::. The Worb uatuba~c ~upports 

ie:x1 and numeric format:.. as wcJl ns dale. 
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1imc, and logical darn cypcs. 
In spire of' its s implic ity , the Works 

datahase includes a good query facility 
ani.I !1ptions to r embedding formula., in 
fidds. Field formulas can reference other 
fidJ alues in the databaM:. The database 
u:.c the same librar_ of function a~ the 
spreadsheet rnoJule. The repon ge-nera
tor include. options for specify mg break
point ' aml formatting and se lecting spe
cific data value . As mentkined in the 
section on the wmJ processor , ii is very 
simple: hJ tnmsfcr databa!>c field values lo 
the word proce. ~or for fo rm letters. 

As with the word pmt·essor. I ran some 
of BYlE 's 1andard tc ts and found the 
performunce of the database to be !JCner 
than I expected for such ;1 low-priced 
pr0t.luct. While the Worb databa. e does 
no t include an indexing or key-fielJ 
·cheme . sort ing a IO<.IO-rcl·nrd fil e took 
only about 4 :m:0nu~. Scan.:hing the same 
file for a value in the last rccnrd took 
ahnut 5 second\ . 

My 111<1in rnrnplaint about the datuba. e 
il> that you can't change the field de
limiter~ if vou want to ave the da!abase. in 
ASCII fo;mut . Thi~ nteuns that 4uotc~ 
sumiunu all fi eld values when saved in 
ASCII Jelimi1cd forrnut. There should he 
a fadl ity for c·hirnging thr.: Jclimitcr to u 
blank or a space. On the positi ve side. thc 
Works Jataba' e provides a range of nper
atiOn!> for tormauing database fil'.:ld s nnd 
t(inm. 

The dat•tba ,~· is quite e;i~y tn learn. 
!hough it take~ ;; bit more effort than the 
worJ prrn.:e~.~or . 

Spreadsheet 
The Works · prcado;hcct Jfie-; the Jl)h, hu1 
iL is the we;ikest of the li >ur modules when 
it ·o nK' ~ to performanL·e. ((takes almo~ r I 
mrnutc lo load u HX)()·row by 5-col um n 
~prcllJ s hcct. llnJ then the screen hangs 
1emporarily (i.e .. keystrokes arc not rec
ogni-zeJ) until Worb g\!ls its bearing~ 
again . Another quirk i ~ that the .\prcad
~heet staius line report~ that rec:alculation 
i~ completed about 30 sc..:oncls hcfore it 
really i:L 11 wiL' Ji concerting w 1ry to 
move on tu annlhe r task and 1hcn r.:1il i,rc 
the -; preadsheet was s!lll rcl·alculating. 

Actual pe rli1r1111.1ni.:e of the RYT E star1
1lan_l k·~t ~ IEdi1or·, nute ; Sn· "Spre11d
sl1et't.1 "by Rich Malloy in BY71:' 's Appli
cu!ion> Sof11,1.'ll re Today . Swnma 19871 
wa~ l'omparable to ' •ther spreadsheet pm
·, ram s_ A compounded calculation in
volving the l OQ(J-r,1w hy )-co lumn matri x 
;rnJ us ing a for mu Iii whne each i.:c! I 
multiplies the alue of the imnll'diatcly 
previous cell by LOO I produi.:ed an ins ig· 
nificJnl errnr uf :!.1-.i -• over the total cal
culati(1n. Thi~ r ' suit is a good indka1or of 
the ac<:uracy of the ~preadshccl compikr. 
The crnnpounded calculat ion llltlk ab .. tll 

60 ~ci' ond~. while a rec<Jkulaiion of a 
I00- by 2 5·cell spreadsheet took about J2 
seconds. Cursor speed is also compara
ble to lJthcr spreadsheet -. requiring abnut 
24 . ecom.1 s to traverse I 00 columns. 

The sprcad~hect Include~ a standaru li 
hrarv of ar ithmetic . fimm<.: ial, <md lol!iuil 
func-tiun' anJ prouuce~ fil~ in Lotu s 
. WKS file format. While files are inter
chill1gcablc with Lotu~ 1-2-3. the Works 
spread sh<!ct doe s not >upport Lo1u s 
mann~ or the Lotus database functions 
(understandably . since Wnrks has its own 
Jutabase). 

The spreadsheet 's charting function 
produce !he ba5ic graph type (c _g_. 
line, pie , bar_ and area)_ You first select 
~preaJ.s he et ranges anu then as.s ign them 
to the axe~ of the chart . The chart facil ity 
provides the normal formauing and label 
ing fu nction > found in most bu · iness 
graph u1.i lit ie~. 

The spreadsheet seem fine tor mod
est-size applii.:alion, , but the fal se com
pletion signal w ith the 1000- by 5-cell 
~rreadsheec make me hc ·icate to rec
o mmend Work> for large 'preadsheet 
applications. 

Communications 
1 te ted the ..-01111mmication<. moduk tw 
logging nnto the BYTE Jnfor111ation E."<·
change (BIX) and uploading and down
loaJing file s. The communications mod
uk in Iudes a hand y ·cri pt-fil e recorJer 
for saving sign-on or log-on 'equence;,. It 
rc<.:ordcd my log-on ' cqu.:ncc to BIX, and 
from then on, ! j ust opcneu the Work~ 
window and calle.u up the B!X communi
cations file : Works then dialc.d AIX and 
logged 1)11 . 

The Worb l'ommunication~ progr<im 
\llflf.'tlrt ~ h1)th !CXl anu :\MODEM filc
crnnsler prottx ul s. Fil<' tran,ti:r~ and i.:ap
wrc · workcJ without a hitch. Documents 
Imm Works ' word prn1.·.:, snr 'avci.I in 
pla in-tc.,t fo rm;1t trans!Crred perfectly 

While the i.:ornmunicat i<1n~ puckugc 
d11e~ mit include a command language. ii 
b pcrli.-1.·tl y ade4uate !!ir n111s1 u~er~ log
ging unio bu I lei in boards or cun le r ·nc ing 
;.y:-.tcm,_ •fo1.wvcr. it tnok trial and error 
10 get the U)llllllUnications s_ stem to work 
pmp.:rly. Al. first. I cuulJn 't fi gurt' nut 
what ·hould gn in the "!\foJcm Type" 
fidu ol"lhc Jialug b(1x. As it turns out. if 
ynu have a Hayes-c11mpatihle moJc.m_ 
nnthing should he entered in that fidJ . I 
found thi ~ out by trying v:ir ious alterna · 
ti1 c valul·~ t\ )r atwut half :111 hour. Select
ing d ifferclll m11Jem t y p.: ~ " i.:oVc rcd in 

the appcndixc · tn th(' Microsoft and MS
Key macros reference, a separate manual 
included in the paekagc _ 

A~ wi1h the rnher functions of Works. 
1lllt'l' I go1 1h.: hang of it. !hL· cnmmunit·a

n~u,1nuc:d 
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With additionalThe HP LaserJet 
memory you can evenSeries II Printer. 
print sophisticated 300 

Nothing brings your DP[ full-page graphics. 
ideas to life like the HP And with HP's ScanJet 
LaserJet Series II Printer scanner, you can also 

easily add photographs,from office memos to forms 
to newsletters_As the leading laser illustrations and text. 

printer, it works with all popular PCs No wonder more people choose 

and PC software packages.And,with the original over all other laser printers 

a wide range of fonts, you get more combined. 

options to create superior looking So call 1 800 752-0900, Ext_9000 

docwnents. for your nearest HP dealer. 
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~/!a PACKARD 
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tions module was easy to use and did the 
job. 

Macro Processor 
I worked with the macro proceswr only 
briefl y. Called MS-Koy, the macro pro
cessor is a separate module invoked from 
the DOS prompt. It can run from a disk 
or as a memory-resident program. You 
can adjus1 the amount of RAM used hy 
MS-Key. and you can deactivate ii. I had 
WordPerfec!' s Repeat Performance key
board enhancer (version 2.0) already 
loade,d wben I first tried MS-Key and 
hung up the system. Su, you may have to 
experiment n bit if you want to run MS
Key with other memory-resident pro
gram . 

MS-Key can record any sequence of 
kevstrokes used in Works. II inclu<les a 
special macro editor for modifying previ
ously re.corded ke.y sequences. As men
tioned earlier. l! does not recogn.ize oper
ations that the mouse performs. 

The MS-Key macro processor is defi 
nitely u eful fo r executing re:petitive 
tasks. l tested it by recording a sequence 
or commands for loading a particular 
document anu performfog some search 
function ._ With MS-Key loaded, ;.rnaddi
tional macro menu appears in the Works 
menu bar for executing , editing . u·nd re
cording macro~ - Sfoce MS-Key is really a 
separate program . instructions on its use 
&re provided in a separate appendix to the 
Works user manuaJ . 

Ease or Use 
Microsoft· s sales pitch is that Works is an 
absolute snap for firsHime users to le.am 
and that i·n no time at all, novice users 
will be blazing through fomi letters, in
voices, and mailing lists <:1nd downloading 
stock quotes from Dow Jones. I would 
di spute these ease-of-u. e claims. 

The package does include a good on
line tutorial that lets you work through all 
the capabilitie of Works . You can even 
start up the tutorial from within an appli · 
cation th<:1t you are working on. Wor.k~ 
also includes a large on-line help facility 
with d topic index, explaining the various 
functions and commands in Work ·. 

In contmst to thtl impressive on-line tu
torial , the Mi rnsoft Wnrks Reference 
Manual is mediocre. I spent almost an 
hour trying to figure out how to log onto 
BfX or to find some information on the 
" Modem Type" field. There is no men
tion what -oevcr of field del imitc.rs in the 
database section. The index does not in
clude a topic on data types . There is no 
direct infonnation on how to obtain a di
rectory uf files that don't have Works file 
e.xtensions. I figUied out that you use *. * 
for that purpose . I don't think a novice 
user would necessarily figure that out. 
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Many of the technical details not covered 
in the reference manual are in the appen
dixes manual. 

While this criticism may seem a bi! 
heavy-handed, ir is important not to mis
lead new users into thinking that Works 
represent. a revolutionary breakthrough 
in e.asc ofllSC. This is simply not the. case. 
While. it is easier to learn than Word
Perfect. Word, or .Paradox, Works re
quire considerable effort from the nov
ice in understanding its concepts and 
capabilities. 

Working Opinion 
In spite of the criticisms re.garding its ease 
of use, Works is overall an excellent pack
age for the money . The mail-merge facil
ity alone may be worth th.e money to 

many users who don't w.i.nt to :;trugglc 
with the control rndes anu other confus
ing mail-merge commands found in most 
1.\-urd proce ·sors. The Works word pro
cessor is competitive with many stand
alone word processors , as long as you 
don't need document summ11rics or 
WYSIWYG (what you see is what you 
getJ text formats on the screen. The com
munications and database module.s do the 
job. and, in spite of its quirks with large 
spreadsheet file s, the spreadshe.et does 
the job, too. I recommend Microsoft 
Works. • 

Nicholas M. Baran is an assodare te,·h 
nical editor for BYTE. He can be reached 
(I/ 425 Battay St . . San Frw1cisco, C-4 
94111, or 0 11 BIX as "11ickbara11. " 

Reflex Plus for the 

Macintosh 


Charles Spezzano 

Whea ii comes to relational database 
managers for the M<:tcinto~h , Reflex Plus 
is the faste st and e.asiest to use that I have 
s~en . It !el~ you create relational data
bases from which you can link files to 
allow cros. -accessing of information . Al
though it docs not let you create custom 
menus and dialog boxes to shield the end 
user from the underlying structure of the 
program and create the illusion of a cus
tom-designed program, it has few other 
shortcomings . Reflel" Plus version 1.0 
runs on any Macintosh with at least 5 J2K 
bytes of RAM and SOOK bytes of floppy 
disk or hard disk storage. 

Reflex has evolved in three st<:1ges. It 
began as a program called Interlace. 
which was a good progmm from the :;tart. 
Then Borland bought it , renamed it Re
flex for the Macintosh , and removed the 
copy protection while also improving the 
highly visual interface . The company up
graded Reflex further and called it Reflex 
Plus: The Databa se Manager. The 
changes are far more than nominal. 

The entry fonus now allow default 
fields, calculated fields, and display-only 
fields. The cakulate.d fields automati
cally perform a variety of calculations 
during <lata entry. You can also create 
multiple entry fonns for each database. 
One entry form mighr display dam one 
record at a time, while another displays 

all records at once in a tabular fonnat. 
Report design has also ~en improved 
with new function s such as GROUPBY . 
which shows records grouped by com
mon values in field 

Reflex fur the Macinto~h could h<1ve 
records with a maximum ize of only 
1000 characters. That is the default maxi
mum record size in Reflex Plus, but if 
you need more space for each record in a 
file, you can select Configurat ion from 
the Apple menu and then select a new 
maximum size of 2000 or 4000 charac
ters . The number of characters you can 
enter in a single text field is li1nitccl only 
by the 1000-, 2000- , or 4000-character 
record limit minus the numb~r of charac
ters in 0U1er field s in the record. The pro
gram' s other structural aspects are un
changed: 254 fields pe.r ~cord, as many 
records in a file as your disk can hold , 
and up to 15 fil es open imultaneously. 

The new Past e Choi c e function 
serves a dual role. It lets you quickly de
fine formulas by point ing and clicking 
with a mouse; and it can be used to copy a 
fonnula or field. with its attributes, from 
a database into another entry or report 
form. When defining a formula, you can 
crtlale an Mlire path name by sel~cting a 
database file, expanding the file to see its 
fields and links, clickjng on a linked file 

C(mlir!U<'ri 
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The New HP DeskJet Print.er. Laser-Quality Output for Under SJOOO. 

Fhbl HEWL.ETT 
~~ PACKARD 

If you can see the difference, 

you must be looking at the price. 


l(evlet·t-Packard Co.pany 
is110 s.E. ~4th Street 
caaa&, NA 98607 

Dear Rea.der: 

'l'hie letter wae printed on two o.f tne finest printer s avei1oble 
today. One h.alf on a laaer printe r, the othe r on the nev HP 
O.s'kJet Print.ar. But vh.ich one Pl:' i nted which half'? Hard to tel I, 
ian't it? 

Small and Cl'li•t enough for your ovn de.sit, our UP Deak.Jet Pri nter 
qives you cle11n, crisp text and qr apbi cs. J ust Ulce a l aser. You 

i.aaar Printa.r 

(UC //(I.. IC/ 

..,ft)p 
t1;:,A. i1 ., 

qat perfect printing from A to 'Z . Look for yourself . 

AaBbCc 

so which half is troll t.ha laaer pr nter and which fro• the 
Oeek.:rat Printer for under $1,000? Kot sure? That'• the poin • 
'l'o ••• tha difference you've 9ot to look at the prLce. So call 
tor the na11e of your l(!Cal dealer and a tree brochure on the 
HP DealtJet Prinear at 1 eoo 752-09 ~o Bxt. 908~. 

Sincerely, 

.. -- ..... 
- - - --- - - ~- -- - - 

@ H"""""'1-Pod<M1CO !!Ir/ 
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Reflex Plus: The Database 
Manager 1.0 

Type 
Relational database manager 

Company 
Borland International 
4585 Scotts Valley Dr . 
Scotts Val ley, CA 95066·9987 
(408) 438·8400 

Format 
Three 3V2-1nch tloppy d1sk.s 

Language 
Assembly 

Hardware Required 
A.ny Macintosh with at least 512K bytes 
of RAM and SOOK bytes of lloppy disk. or 
naro dis!< storage 

Documentation 
576-page RefleJt. Plus User's Gurde 
1BO·page Learning Reflex Plus 

Price 
$279: upgrade !or Reflex owners. $95 

Inquiry 896 . 

and expanding it 10 see it~ fields and 
Iinks. and clicking on a field in a file. 

Other changes in the program take care 
of annoying features· in lhe previous ver
· ion. In Reflex. for example, if you se
lected Show Header but did not put any
thing in the header. space was sti lJ 
rese.rved for tha1 header. To remove the 
blank header, ii was necessary to select 
the header and choose Cl ear from the 
edit menu. In Reflex Plus, by contrast. if 
you don't create a header. the command 
displayed 1s Nell' Header. If you don't 
place anything in the header. it docs not 
officially exist, and the command re
mains Ne1o1 Header . Only after you actu
ally place something in the header does 
the command become Show Hea.der. The 
two-step proce~~ is identical for footers. 

You pay a lot for those improvement~. 
Reflex used to be the greatest bargain in 
the Macintosh database market retailing 
for $99. 95. The suggested retail price for 
Reflex Plus is S279. Reflex owners an 
upgrade for $95. In comparison with the 
competition-most of which se.JI for just 
under 5500-Reflex Plus is ·till a good 
buy. if not a great bargain. 

Easy and Flexible 
R<!flex Plus is the easiest to use of the top 
five fully relational Macintosh databases 
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(including Omnis 3 Plus, dBASE Mac, 
4th Dimension, and Double Helix fl). 
Many users could probably muddle their 
way through se.tting up a simple name and 
address dai.abase without reading the new 
improved reference manual or the tutorial 
learning guide. That's because much of 
the program is self-evident, and its over
all design fits well into the Macintosh 
environment. 

Typing and use of a command lan
guage is minimal. For oxample, when 
you want to use one of the 55 built-in 
functions that give Reflex Plus many of 
the capabilities of a spreadsheet, you 
click on the field 10 write the formula that 
will incorporate the function. Then you 
click in the formula panel in the place that 
you want to paste the function name. 
When you choose Paste Fune tion Name, 
a dialog box appears , listing the available 
functions. You then click on the functioa 
name you would like to paste into the for
mula. The program not only pastes the 
name, but also a generic template show
ing the correct syntax of the argume.nts of 
the function. At thi s point , you have to re
place t.hc generic syntax with actual field 
names and values before the formula is 
functioaal, but that\ about all Reflc>. 
Plus asks of you in this ordinarily con1pli
t:ated process . 

Building a database is just as easy. You 
name the database , and a screen appears 
displaying the database name aad a blank 
space under it for the first field name. 
You type the field name, press Return, 
arn.J then type the next field name. In a 
simple name and address database, noth
ing else would be required before data en
1ry. Reflex Plus automaticalJ y sets aJI 
new fields to contain text. But if you want 
to specify other types of fields, six others 
arc available: number, integer, date, logi
cal , time. and sequence. Reflex automat· 
ically check for data of the correct type 
for each field, and you can further define 
more specialized data checks for each 
field. 

A number field provides up to 15 deci
mal placc,s of precision and accepts expo
nential notation in the range of E308 to 
- E324. An integer field can contain 
whole numbers from - 2, 147 .483, 647 
through 2,147 ,84 ,647. If you ~pecify a 
field as a sequence field , Reflex Plus 
automatically assigns consecu1ive num
bers to the records you enter in a data
base. A file can contain only one ~e

qucncc field. 
Every database file must include at 

least one key field or you cannot save lhe 
design. There can, however. be mulliplc 
key fields in a record. Taken together, lhe 
key fields of a record constitute the key of 
that record. This is an important concept 
in Reflex Plus. since there. are no i.n

dexes. The key for each record is unique. 
and Reflex Plus automatically sorts 
records by the key fields and display_ the 
records in that sorted order. That can be a 
problem if you want to go back and check 
the 111.st record entered in a database, hut 
it ma.kes searches very fast. It is also a 
very flexible system. You can change a 
nonkey field to a key field, even after en
tering ret:ords inm a database. simply b. 
moving the field above or between other 
key fields in the list. The change happens 
instantly. but when you next save the 
database and quit Reflex Plus. the pro
gram must then write the change to disk. 

Equally flexible is Reflex Pius's toler
ance for changes i.n the structure of a 
database tha1 has records in it. You can 
add a new field. delete or rcm1me an 
existing one or change its type, reorder 
the fields on an entry/display form, and 
change links between files-all with 
automatic restructuring of data by Reflex 
Plus . 

Relational Linking 
Another teature that makes Reflex Plus 
~pccia.l is its me.thod of crcat ing links be
tween files. This is the essential test of a 
program tha1 claims to be relational, and 
Reflex Plus passes it with flying color · . 
When you decide to link two file s, you 
simply add link fields to the images of the 
database files that you want to connect. 
draw a line between t.hc link field s. <ind 
specify a rype for each link. 

Reflex Plus lets you set two different 
types of links: a single link. where a 
record in one file links to only one record 
in the other file; or a collection of links. 
where a record in one file links to multi
ple records in another file. For example. 
if you connect a cu. tomer file with an in
voice file , the link from the customer file 
would be a collection of links to invoice 
records. because one customer fl!{;Ord 
might be associated with more than one 
invoice record, By contrast , any single in
voice record will be associated with only 
one customer record. so the link frun1 the 
invoice file would be. a single link to one 
customer record. Once you link file s, 
changes rnade in one file are automati
cally reflected in the others. 

In addition. when you look al a record 
in one file , such as the customer file u ed 
i.n the previou. example. and you v."ant 10 

find infom1ation in another linked file, 
ruch as ::in invoice file, simply select 
Show Linked Reco rd from the utility 
menu. Th is d isplays the record (or 
rl!cords) in lhe other database file that 
link to the current record in the current 
file. 

Once data is in your files, Reflex Plus 
provides powerful search and sort capa

c.1n1imied 



Every presenter wants to make a com
pelling. persuasive case. And color, 

you 'll agree. makes all 
the difference. 
It's more eye
catchmg. More 
readily under
stood. More 

memorable . In shon, color makes any 
desktop presentation more effective. 
And research proves it. 

All you need is a Hewlett-Packard 
ColorPro Plotter like we used here. or 
the HP PaintJet Color Graphics Printer. 
Tugether with a PC-IBM compatible 
or Apple Macintosh-you can use all 
the popular graphics software like 
Lotus Freelance Plus. Cricket Presents, 
HP 's Graphics Gallery (used below) , 
Microsoft Chart and Harvard Graphics. 

At under $1.300. the HP ColorPro 
Plotter may be just where you want to 
start. It will turn your ideas into colorful. 
easy-to-grasp visuals. Or. if you need to 
combine near-letter quality text with 
color graphics, you can rely on the 
HP PainWet Color Graphics Printer for 
under $1,400. Whichever you choose, 
you 'll create desktop presentations 
with startling color and greater impact. 

F'or a colorful sample overhead and 
the name of your nearest dealer. call 
1 800 752-0900, Ext. 903A 
F"roelclince f'lu~• end LDLus it .ei1e U S i':"g 1~L1!11 ~ Uodtc1M r~ 01 UxUG 
~'9k:ipmenl Ccitpgl'ljl!Jon M1cmsah:' !S-ll US 1eig11UNisj_ Ul'ldl,rnt.fl-:. 

ol Ml ctorolt CorJ>or~t1on 
'~ H""'1ot< ·Pllckn.Jd 1808 

F//'09 HEWLETT 
~~ PACKARD 

Circle l I 7 on Reader Senict Card 

Guess which presentation

made the sale. 
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Table I: In the benchmark. tests, Reflex Plus was mu.ch fastn than Double 
Helix II. (All times are in minutes:seconds.) 

Reflex Plus 1.0 Double Hellx U 1.0 

Search !or last record :05 1·13 
Search !or nonexistent record :05 1:14 
lnde~ a field <:01 • 2:08 

'Time does no! mch,;de updating the disk, which took 1 minute upon exiting from the 
program 

bilities. You can use the ·· FormulaBuild" 
diaiog box to easily retrieve records 
based on qualifications of values in fields 
combined with AND or OR. By pointing 
and clicking. you can paste the operators 
Equal, Not Eq ua l, Less, Less or 
Equal. Greater, Greater or Equal, 
Starts With, and Includes into the 
query formula . As with constructjag cal
culation fom1Ulas, the FormulaBuild fea
ture lets you set up complex searches 
without having to memorize search for
mula sym.11x. 

Unlike some relational databases, Re
flex can also serve as a text-oriente.d data
base. The 4000-character maximum field 
ize is large enough for comments on a 

client or the abstract of a journal article. 
The Start llith and Include operators 
can handle key word or phrase searches 
adequately. Even with these capabilities, 
text entry could be cumbe-rsome. because 
you move from one field to the next by 
pressing the Return key . That could pre
clude creating separate paragraphs within 
a field , but Reflex Plus gets around this 
potential problem by letting you insert 
line breaks in a text field by pressing 
Shift-Return. 

FormuJating Reports 
The Reflex Plus report generator is as 
simple and sophisticated as the rest of the 
program. There are two ways to create a 

report. The quickest is to use the built-in 
table-sty le report that shows one record 
per row. Customized reports let you 
place fi.~lds wherever ·you like on the re
port form. You can create free-form re
ports that combine data from several dif
ferent databases. 

Finally , you can also use custom report 
forms to create spreadsheet-style reports 
where you use calculated fields to auto
matically perform operations on the 
values you enter. You might , for exam· 
pie, set up a tax form in which you enter 
values into some fields, and Reflex plus 
automatically calc.ulates the value of 
other fields from those values you enter. 

Fonnulas allow the inclusion. of sum
mary fields in reports for such statistics 
as counts, sums, averages , mjnimums, 
maximums, and sta ndard deviations. 
Nesting lets you create sophisticated re
ports that show hierarchies of records and 
that can use data-fiJe links and the con
tents of other reports. Unlike Reflex, Rc
fle~ Plus lets you sort on as many fields 
as you want, in any way you want. 

When Borland transformed Interlace 
into Reflex, one of the improvements was 
to build in support for nonstandard sizes 
of paper . When you use the Apple Image· 
writer-not the LaserWriter-you can 
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change the width and height of the paper 
on which Re.fie)( Plus prinls your docu 
ments. This capability lets you use a 
broad variety of different sizes of paper, 
envelopes, and labels . Reflex Plus im
prove · further on Reflex's report-print
ing capability by lening you select several 
fonts from those you have available, 
whereas Reflex lets you select onJy the 
first 16 fonts that appear in your fonts 
menu. 

Fast Performance 
I ran some benchmark tests comparing 
Reflex Plus version 1.0 to Double Helix 
ll ver ion 1.0, a well-known relational 
database manager for the Macintosh (see 
table l ). I ran the tests on a Maci:ntosh 
5 l 2E that had been upgraded to I mega
byte of RAM with a Dove 524S MacSnap 
memory board and SCSI port upgrade. 
Attached to the SCSI port was a Super
Mac DataFrame 20 hard disk drive. 

The test file ( used consisted of 
approximately 900 records with 10 fields 
of data. This file, originally created with 
Double Helix a, was tes1ed first on Helix 
and then exported from that program as 
an ASCil text file and imported into Re
flex Plus. The importing process was 
strajghtforward and flawless . 

With the first test , I searched for the 
last record in the database on a nonkey 
(Reflex Plus) or non.indexed (Double He
lix II) field. Then I ran a search on that 
same field for a nonexistent record- one 
that, if it did exist, would be at the end of 
the file. Double Helix D took about 14 
times as long as Reflex Plus to perform 
both tests . 

FinaJly , I indexed that field (Double 
Helix II), or 1urned it from a nonkey into 
a key field (Reflex Plus). Here, Reflex 
Plus had a built-in advantage. Helix in
dexed the records permanently on disk , 
while Reflex Plus, whicb loaded aJJ 900 
records into memory , only had to manip
ulate the order of records in RAM. How
ever, it took only a few seconds to sa.ve 
the reindexed Helix database. By con
trast, when I tried to quit Reflex Plus, it 
asked if I wanted to save the changes. The 
only change was that I made a field into a 
key field. It took I minute to make t:hat 
change on di sk. At first Reflex Plus 
seemed slow , but it is still faster than He
lix with a database this size . 

What doesn 't Reflex Plus do? Besides 
custom menus an<l dialog boxes, Reflex 
Plus still doesn't have graphic fields , 
macros, or a programming language. It is 
not a multiuser program and , probably 

Besides custom 

menus, Reflex Plus still 

doesn't have graphic 

fields, macros, or a 

programming language. 

for that reason, does not offer password 
security. However, if you can get by 
without these features, Reflex Plus is a 
fast. easy-to-use, highly visual, fully 
relational Macintosh database program 
that retails for about $200 less Lhan its 
wmpetition . • 
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Transparent Conversions? 

Hah! 

Jerry Pournelle 

h has been quite a month. what things wrong: after all, youQuickBASIC 4.0 vs.
with getting Prince nf Merce- don't want them to make mis· 
1wries finished, going off to takes just to see the errorTurbo BASIC and "Jerry's Choice" 

ew York to make speeches 
and confer with my editors 
about Wrath ofGod, keeping up 
wnh the columns. and so forth . 
Me.anwhile. it' s time for my annual pure
ly subjective awards for last year's most 
useful products. 

The New York trip was fun . Ed Your
don hosts an annual gathering for authors 
who write books for lhe Yourdon imprint 
at Prentice-Hall . and he wanted someone 
to talk about modern technology , writ
ing, and the, future. The neat part was that 
he had some olher speakers . so I learned 
a lot about publishing. 

I'd meanc to have this column wrinen 
by now . I even set aside the whole week
end to get it done. Alas , the fates inter
vened. For my sins, I decided to translate 
a GWBA.SIC program into both Micro
~oft QuickBASTC 4.0 and Borland Turbo 
BASIC before I started . That shouldn 't 
have been hard. right? I mean, the pro
gram ran fine in interprnted BASIC; how 
hard could it be to compile it? 

Hah. I sc on learned. and if I never see 
another GOTO statement. it will be too 
~oon. 

A Simple Job 
What happened was thal a couple of year · 
ago we decided to turn Mrs . Poume!le's 
reading. ins1ruction system, which then 
ex isted as a series of paper workbooks, 
into a program for the IBM PC and 
compatibles. 

This was long enough ago lhat I Was 
still very much a BASIC enthusiast. I had 
the notion that it ought to be a fairly si.m
ple joh, and that BASIC was the obvious 
·hoice of language. After all, once it was 
writle.n. Roberta could learn enough 
BASIC to modify and maimain it, and I 
wouldn't be wired into the lrn)p. We did 
1m analysis of the program requirements. 
and it didn't look complicated: indeed, it 
au seemed pretty simple. 

Alas. time went by. and I never got a 

Awards for 1987 

chance to do the program, but people 
kept asking us about it . Clearly, some
thing had to be done. 

That was when we asked Bruce Tonk.in 
of T.N.T. Software to help us. Bruce 
write all hi. sol'tware in BASIC and has 
done some amazing things with it. He' · 
got a wide variety of products, all at low 
cost. His My Word! text editor competes 
in features and ease of use with ·ome of 
the expensive ones. but it sells for Jess 
than $50. You can even buy the source 
cod~ (in BASIC) . h's always worth hav
ing Bruce's latest catalog. Anyway. 
Bruce took Roberta ' s notions and her 
paper worksheets and rurned them into a 
GWBASIC program that presented the 
lesson clcmenls quite wel.1 . 

Just about then we got interested in the 
Atari ST, and Alex Leavens-"aleld." on 
BIX-did a C version that makes use of 
the GEM interface on that machine. No 
one had time to work on the IBM PC ver· 
sion until the Atari ST version was done: 
but just this month the Atari version w.is 
finished. 

The PC version had.n' t been com
pletely neglected . Our friend Joyce 
Jumper plugged away at it. In particular. 
she added a bunch ~if visuals clipped from 
the various Fontasy libraries. The Fon
tasy art folders have a wide v.i.riety of 
interesting sketches and drawings , rang 
ing from people working to bundles of 
firecrackers going off. The visuals arc 
mostly intended tor printing by desktop 
publishers, but they look fine on a PC 
screen. 

Joyce, set things up so the program can 
use the illustrations as rewards when the 
students get things right. She also added a 
m1mbcr of tunes that the machine will 
play. (Na rurally , we set it up so nothing 
intere ·ting happen. if the pupils get 

messages . . . . ) 
Meanwhile, Roberta had 

learned a lot from finishing off 
the. Atari ST version of he.r pro

gram. No maner how much planning you 
do , when you actually get a program out 
there in testing , you'll find you've left out 
a number of things. and some of them. 
particularly in the user interface. will be 
important . 

Naturally, Roberta \\o'3ntcd to incorpo· 
rate her new teatures into the PC version. 
Unfortunately , interpretive BASIC isn't 
really ideal for as large and comple~ a 
program as this had become. Roberta is 
pretty new to programming. and this was 
ju~t too much. 

There was also the problem of market· 
ing a program written in GWBASIC . Not 
everyone ha BASIC. If your program is 
in interpreted BASIC. you have no choice 
bur lo distribute the source code . Tbis 
may be no tragedy , but publishers don· t 
see it that way . Also, GWBASIC can be 
pretty slow. It was clearly time to do 
something about it. 

At this point, I must have taken !eave of 
rny senses. " I' II take care of it ." I sa.id. 
''I'll just translate the program into a 
compiled BASIC. Shouldn't cake long ... 
Hab . 

Conversions 

I ,suppose I Should have known better, but 

after all, the program was running fine on 

AtUla the Honey, Roberta ·s AT&T PC 

6300 Plus . ft takes scads of file s: as it· 

set up at present , there are some 65 les

sons, and each lesson has a lesson-text 

file. a banner file that contains an illus

tration used to begin the. lesson, and a re

ward file with more illustrations. 


Jerry Poume/le holds a doc1ora1e in psy
chology and is a science ficrio11 writer 
who also eams a comfortable Ii ving writ
ing abour computers present a11dfurure. 
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Clearly , the files hould be consoli
dated, but that's no great trick. Transfer
ring an those files took time, but that 
wasn't a problem either. Eventually. 
everything, ineluding the ASCII GW
BASIC source code. was on one high
density flopry disk, and I was ready to 
get Started. 

The next step went well. too. I copied 
all those files •mto Fast Kat, the Kaypro 
386. brought up Turbo BASTC. imported 
the GWBASIC source code. and told 
Turbo HASI to begin compiling . There 
wns one error. a missing REMARK sy mhol. 
Turbo BASIC· s integrated editor dropped 
me out precisely where the error was. In 
·econds that wa~ fixed , and in less than a 
minute, the program had compiled just 
fi.ne. Tu rho BAS.IC compilcs/ast. 

Running it was a different matter. The 
program started fine, hut then it left out 
great hunks of the lessons. There weren "t 
<1ny rew-<1rd illustrations , nor any tunes 
played. When the. first lesson was done. it 
tnkl me f'd completed the entire reading 
progrnm. Clearly. there were a fow more 
problems than I'd anticipated . Still, this 
couldn't take long. After all. J sta.rted 
with a working program. 

Terminate the OTO 
The first thing was to get inside the pro
gram. It couldn't be too hard to under
stand , because the, program itself is sim
ple: it puts up text on the screen to be read 
by the instructor (who can be any literate 
person}; then it puts up simple exercises 
for the student who's trying to learn 10 

read; <1nd, de~nding on the student' s 
answers, it gives more instructions and 
more e~cn:iscs , Th<1t hnuldn 't be too 
hard to follow, .. . 

Alas, I'd reckoned without the GOTO 
stateme.nt. 

Back when I first began writing this 
column, we had a considerable debate 
aoout GOTO: should the s!atement exist in 
modern computer languages? I tonk the 
view that it wasn't inhc.rently bad and 
·sometimes was the cleanest W'<IY out of a 
complex nest of conditionals and loop .. 
These were times not so long after 
Edsger Dijkstra wrote his now famou s 
piece, "GOTO Seen Harmful.'' and !be 
craze for structured programming began. 
I believed in top-down tructurc, but I 
wasn't ready to give up GOTO. 

I am now. Bruce Tonkin i · probahly as 
good a BASIC prngrammer as there is to
day. and the code he wrote work.~ flaw
les I_ in interpreted BASIC. He provides 
plenty of comments. Even so. I found it 
nearly impossible to follow the program 
flow without making extensive flow 
chart s and diagrams . Every ti me l 
thought I'd found a program thread, I'd 
c-omc across snmcthi.ng like the co<lc in 
l.isting 1. 

Incidentally, line 10070 was the one 
that c.auserl 1he only compiler glitch: it 
needed a ' after the last colon and before 
'l'E ACKEH 'S TEXT . Anyway, there were 
dozens of slatements terminating in GOTO. 
lt W<11> clear they were part of the le~son 
parsing system , and if I looked at the code 
long enough. rcould sort of see what wa.~ 
going on; but it wasn't easy . 

It was also clear that this was the block 
where the program \l;'llS going wrong . For 
some reason, Turbo BASIC was taking 
those instructions and doing something 
entirely different from what interpreted 
GWRAS"IC was doing. 

There were also statements like 54140 

Listing I: The section ofthe GWBASIC code whue the conversion problem 
was discovued. 

10040 IF FLAG=l THEN GOSUB 54000:BOX=7:GOSUB 52000:GOTO 
11000:'SCREEN COMMAND 

10060 IF FLAGm8 OR FLAG~9 THEN GOSUB 54100:GOTO 11000 
10070 IF FLAG•S THEN B0Xa2:LSET SMALL$(LINE.COUNT) :GOSUB 

54300:GOTO ll000:TEACHER'S TEXT 
10080 IF FLAG•4 THEN X•l:WHI"LE X<LEN(S$(LINE.COUNT)) :GOSUB 

51000:WEND:GOTO 11000 

Listing 2: An excimple ofan IF.. -THEN ••. ELSE statement ll!written for 
Turbo BASIC. 

54140 IF ANSWER$ - CHR$(9)~CHR$(80) THEN 
RETURN 

ELSE 
BOX - ? 
GOSUB 52000 

END IF 

IF AN S\./ER$ = CHR$ ( 0 ) +CHH$(80) 
THt::N RET URN :HSE BOX = 7:GOSUB 
52000. The Turbo BASIC manual says 
that's illegal. To be exact, it say~ : "The 
following statement will not compile: IF 
a <b THF.N ~ = d : E.LSE e = t. " 

That' s all well and good , but 54140 
didn't upset the compiler at all. That was 
a bit frightening. If it wasn't evi:n sup
posed to compile, there was a good 
chance that the program wasn't doing 
anything like what I wanted it to do. Time 
to ~ee. I turned on Trace. 

The result was a disaster . Our program 
draws thing. on the screen. Trace tries to 
put numbers and messages on the s-crcen 
while Lhe program is running. The result 
was a colossal mess: our data and Trace' s 
statement numbers all mixed together. I 
didn't learn a thing. 

All right. time to do some rcwruing . In 
particular, the code in listing 2 nm only 
will compile, but it will accomplish what 
the interpreter does with the original 
statement. It's also a lot easier to read. 1 
used the Turbo BASIC editor to find 
every instance of ELSE and rewrote each 
of those statements. There were a lot of 
them . 

When I was done restructuring the 
ELSE statements, the program worked 
better, hut it still did ve.ry odd things. By 
theo , I was about out of time. Then I re
memhere<..I something . I'd recently re
ceived a production copy of Microsoft 
Quick.BAS.IC 4.0 to replace the beta-test 
~opies . IJ anything would compile a 
Microsoft. BASIC program, it ought m be 
a Microsoft BASIC compiler . The crnl. 
reason I hadn 't used it lo the first place 
was that Turbo BASIC w.is already on my 
hard disk. I 'd have to install Quick.BASIC 
4.0 eventually; why not .now'! 

QuickBASIC 4.0 
Microsoft QuickBASIC 4.0 (which I'll 
call QB4 from here on) come with a /or 
of file.s and libraries and uch. and the 
program needs aec:css to all of them. Put
ting all that stuff in one subdirectory 
makes intolerable cluner: it'~ better to 
break things up into a number of subdi
rectories. 

Turbo BASIC has a configuration op
tion that make.~ ii easy to tell the program 
where to find the auxiliary files it needs. 
Alas, QB4 doesn't have that feature. You 
have to put the locations of your librarii;s 
and such in the PATH, aod changing the 
PATH requires editing AUTOEXEC .BAT. 
Who:m I did that. I discovered that my 
?ATH command was now longer than a 
logical line, so I had to find 1hiogs to 
01in1inatc from it. There were more an
noyances like that, but eventually I had 
QB4 in~talled. 

contmu~.J 
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Lisi ing 3: The final working version ofthe IF staremenr. 

100?0 IF FLAG•5 THEN ' THIS IS TE~CHER'S TEXT 
BQXr2 

LSET SMALL$(LINE.COUNT) 

GOSUB 54300 

GOTO 11000 ' 11000 i5 SCREEN co1r1mand 

END If 

First lhing , then , \V"dS to feed in lhe 
original program !hat ran under GW
BASJC. It woukln"t compile. QB4 kept 
tell ing me I had a duplicate. definition of a 
variable named TEACHER. Th.is made so 
lilt.le cnse I wanted to sit down and cry . 
The program doesn't have a variable 
'named TEACHER. There was a TEACHER$, 
but. . . 

Then I remembered something . Turbo 
BASIC v.iouldn "t compile the program 
because it e11:pected a remark delimiter: 
suppose QB4 saw things differently? 
Looking up variables in the QB4 docu
ments index , I discovered that the $ at the 
end of 1hi: variable isn ·1 part of its name ; 
in other words. QB4 won 't permit you to 
have both ~EACH ER and TEACHER$ as two 
different variables and it was interpret
ing that E AGHER in I 0070 (listing I) a~ 
some kind of variable reference , prob
abl y a functi on call . Putting the REM uc
limiter in the appropriate place cured that 
prohlem , and the program compiled just 
fine. 

When I ran th.e program under QB4. I 
got exactly the same errors I'd gonen 
with Turbo BASIC. The same parts of lhe 
lessons were omitted, no tunes were ever 
played, and the same garbl~ appeared in 
the same place on the screen . 

Since the two programs were reacting 
in the same way. it seemed reasonable to 
feed QB4 the new source code as I'd 
modified it for Turbo BASIC. Not only 
did that compile without a glitch , proving 
that Turbo BASIC and Q84 use pretty 
much tht: same ~yntax, but when I ran it I 
got the same re.suit: the cleaned-up code 
ran better, but there were. still pli:.nty of 
errors . 

By then , two thing~ had happened : I'd 
used up a whole day , and I had the suspi
cion that both Turbo BASIC and QB4 
were interpreting single-line IF state
ments one way. and Microsoft BASIC 
was interpreting them in another. The 
way to prove that was with Trace. I hadn't 
reau anything about QB4 Trace, so I 
didn ' t cxpe<.:t much, bul it couldn ' t hurt 
to try. 

Now That's a Trace! 
Q84' Trace doesn't work anythfog Like 
Turbo's. or for chat matter. BASIC 
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Trace. When Trace is on. QB4 swallows 
the program screen and flickers to the 
edit screen, where it highlights the state· 
ment now being e11:ecuted. If there's new 
output to the program screen. It toggles 
back there . 

The whole 1hing goes in slow motion. 
so that if you· ve got big loops , it can take 
forever, but the simpk answer to that is to 
put TROFF (Trace Off) and TRON (Trace 
On) statements around places that you·re 
. ure work properly . Alas, in my case. 
there were so many GOTOstatemenrs scat
tered throughout the code that this was 
nearly impossible, so I W"dS forced 10 sit 
there and v.1atch the program draw lines 
and boxes a character at a time . The effon 
wa worthwhile , though; in an hour . 1 
had f1gured out what was wrong. 

It was indeed those I F statements . 
There wJs no quick fix : I'd have to do 
some editing . A couple of hour.; later . it 
was done. Al I the I F statements had been 
broken up to look like 1hose in listing .~ . 
which, if nothing el se. an: a lot easier for 
humans to read. It seems to be easier for 
the compiler, too: once I'd done that, the 
program ran fine . 

There were a coupl~ of bugs I didn't 
much care for , but when I told Roberta 
about them, she said they were in the in 
terpreted version, too . l spent a couple of 
hours cleaning them up. Whlln I was 
done , the program ran bcner than it ever 
hau ; and now that it' s al\ la id out in pretty 
print, it won't be so hard to change . 
There arc still blocks of GOTO spaghett i. 
but r was able to converi . ome of those 
blocks into s ubroutine s and replace 
othe.rs with functions. After a while. the 
code looked pretty dean. 

Once I got the program running in 
QB4 , I fed I he code back to Turbo 
BASIC. QB4 and Turbo BASIC use the 
same syntax for subroutines, so those 
were not a problem. Functions are han· 
J led in about the same way , but the syn
tax used to define 1hem is different; 11 

took a rew minuies to make the conver
sions. After that , tl1e program ran fine in 
both Turbo BASIC and QB4. 

The moral of the story is simple: it may 
be efficient to pack lots of statements on 
each line,, and certainly that saves mem
ory; but it's not good practice. Neither is 

extensive us > of GOTO statements. e\'en 
when you're using them to structure the 
code. Edsger Dijk. tra was right. GOTO is 
harmful. 

The Great Compiler War 
Compet ition i a wonderful th ing . For 
year·. Microsoft didn't have a BASIC 
compiler. The only real competition was 
CBAS.IC. which " compiled'' to a kind of 
p-code and interpreted that. Then Gor
don Eubanks began developing a true 
compiler for CBASIC. and shortly there
after Micro ·oft announced BASCOM. 

BASCOM went through a couple of 
irnprow mcnl cycles, none specuicular. 
and emerged as QuickBASIC 2.0. QB2 
wasn't as good as compiled CBASTC, but 
ii wasn·1 bad . and it did have the merit of 
le11i.ng you develop program · in inter
preted BASIC before compiling them . 
Compiled CBASIC could have given 
BASCOM/QB2 ome real competition. 
but it was about then that Digital Re 
search went into a funk and let all i.IS lan
guages langu ish, suffer. and darned near 
die. 

T hen Borland began development of 
Turbo BASfC. The word wa s that it 
would have an integral editor (as llll Bor-
1;,mJ languagt• products do) anJ a lot of 
other features that QB2 didn't have . 

Micro oft' s response was interesting: 
The company put not one. but 1w 1) teams 
of fi rst·class programmers on the job . 
Team One was told to develop the t'le ~t 
FIASfC complJcr they knew how to write. 

Team Two had an unenviable assign
ment: come up with enough kJudges to 
QB2 to let Microsoft hold some kind of 
defensive position when Turbo BASIC 
came out. It seems clear to me that 
Microsoft was afraid Turbo BASIC 
would do to BASIC what Turbo P.Jscal 
has done to P.ascal: dominate the market 
so thoroughly that the BASIC com.plier 
Team One was developing wouldn't have 
a ·hanec. 

Team Two mi shed QB3 just about the 
ame time that Borland was able to ship 

Turbo BASIC; and while QB3 was. at 
bottom. a kludge, it wasn · t all that bad a 
kludge, It didn't have all the features of 
Turbo BASIC. bul it did have an integral 
editor, and overall it was good enough to 
keep Microsoft ia the ball game . 

As it happens, Team One finished 
ooner than anyone had expected. so that 

QB4 followed close on the heel s of QBJ. 
close enough that it looked like it might 
be no more than an improved QB3: but 
that wasn't the case. Microsoft QB4 i an 
entirely new and different product. writ
ten by a different team , and has very little 
to de; with QB3. 

It does fix most of QB3's mislakes. As 
wmim1ed 
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an example , whereas QB3 had an entirely You can stop the program, make minor 
djffon:mt ve·rsion to compile programs for changes, and resume it. lJ you try to 
systems with math chips, QB4 simply make too many changes the program 
uses the math chip if it's available and warns you that you'll have to recompile 
otherwise does without. and start over, but ii give· you a chance to 

More impornmtJy. QB4 bas many fea abort the changes. 
tures QB3 didn't auempL QB4 supports You can sci multiple breakpoints to 
recur ion. It can handle modular compi temporarily stop the program. There's a 
lation: you don't have to recompile every History routjne that preserves informa
thing every time. It has good data struc tion about where the program had been 
tures , including records. before. it was stopped. There's a Watch 

Probably the most spectacular new Window. where you can observe the 
features are the debugging routines. changing values of specified variables. 
QB4's Trace i, enormously powerful. All told, the QB4 debugging tools are the 

Compact, Low Power, Cost Effective 

Single Board Computers 
for Embedded Applications 

World's smallest PC - and CMOS too! 
A Motherboard and 4 Expansion Cards in the 
Space of a Half·Height 5·1/4" Disk Drive! from $359 

Qty 1 

Stackptane/ little Expansion/ Project Little Proje:ct 
PC Board/186 186 Board/186 Board/SO Board/BO 

PC-bus High Multi-function Protot,pe Least Prototype 
expansion perlonnance expansion for adapter for ~nsive adapter for 
option Jor single board LB/186, 110, 80186 based single board Z80 p roJ eels 
LB/PC MS·OOS Serie!, RAM, pro1ec!:!l 11nd CP/M system! and prodllctJ. 

s~tem /\o\ath, Clock prodllcts 

8/16MHz 


Oi,!rlbutor• •Argentina: F.•clonal, SA 'll-0018 • Auslr11ila• Curren13Qlu1tans (6\31120-3293 •Austria: l11l»rnauana1 
Compuler Appllc311ons GMBH 43-1145 45 01 o· • BrllZll: Cooipulado•es Compulea~er 141) 262-4866 ° Canada: Tri·M 
(60.!) ~-0028 o Denmark: Oanbi l (03) 66 :?I) 20 • IUI)': Mlcrocom (6) Dl \ -9-106 • Flnlund: Syrnmelnc OY 358·0-585-32'2 
• France: Eg,,I Plus 11l 4502.- 1800 • Germany. Weol: IST-Ele•Hono~ Yerirlb<'< Gn1~H 009-61 H'J\51 • lon1el: Alpr•a 
Terminals, Lid , 103) 49-10..% •Spain• HarOwar~ &. Soltware 20<l-209S • Swoden; AB Ai<ta 106) 5-11-20-20 • $wll2'!rland: 
Tt1ou Cornpuler AG 41 I 740-41-05 •UK: Amc.ar Syslems. Ltd. 0296 <l'.35511 •USA: Conl~ct A.mpro Computeis Inc. 

1130 Mountain View/Alviso Road 
Sunnyvale, California 94089~1:::::1.:1 (408) 734-2800 

C O MPUTERS, INCORPORATED TlX 4940302 FAX (408) 734-2939 
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most powerful I've ever s-een for any 
BASIC. 

The other fundamental difference is 
that QB4 "compiles" the code as you 
write ii. Of cou.rse. you have to write it 
within the QB4 e.ditor to get that fe.a1ure. 
but that's no great hardship: the editor is 
well-designed and, unlike the Borland 
editor , works with a mouse (my Logitech 
Mouse worked fine). 

lf you really want lo use your own pn;
gramming editor. QB4 will compile the 
program as it reads it in-although if my 
experience with the "duplicate defini· 
tion " is any indication, it isn't all that 
good at locating syntax errors. If you use 
t11e QB4 environment to write your code, 
you won't get any syntax errors: QB4 
parses each Iine. before "compiling·' it. 

This isn't true compilation: what QB4 
is doi.ng is translating your code into a 
Forth-like threaded code, not assembly 
language. The resulting threaded code 
isn't as fa.st as true compiled code, but it 
has the great merit of being easily traced. 
When you're finished with the program, 
you do an e.ntirely different operation that 
produces real assembly language code, 
so that you end up with a stand-alone 
program. 

QB4 really i. a new product , written 
from scratch . There are inevitable bugs, 
which I have no doubt that Microsoft will 
correct; I expect QB4. l by spring. So far, 
I haven't encountere.d any serious bugs , 
but I've heard of some. 

Jt rnildJy bothers me that the "eom
pile.r'' that produces memory code isn't 
the same as the compiler that produces 
the final product you 'II eventually run, 
and I wonder if there arc any hidden traps 
there. After all, I have good reason to 
kn<:l'N that just because a program will 
compile, that' s no proof that it will do 
what you want it to. On the other hand , it 
doc.sn't bother me enough to keep me 
from using QB4. 

I haven't done. any tests on the final 
output ofQB4 versus Turbo BASIC. The 
fact is that I have both compiler. , and 
once I've developed Roberta's progrnm, 
I' 11 try it with both; their syntaxes are su f
ficiently dose to make that simple. Then 
I'll test them and see which is fastest , has 
the smallest code, and so forth. Which
ever produces the best final code, 
though, there·~ no contest a\)out which is 
the best programming environmenl. 
Microsoft wins that hands down because 
of the debugging tools. QB4 is a serious 
language, quite good enough to develop 
any program you like. 

At the mome.nt, then, Microsoft is 
winning tbe BASIC battle in the Com
piler War. I'd re.commend that serious 
BASIC programmers get both compilers. 

co111i1rued 
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10 REASONS WHY YOUR ADA COMPILER 

SHOULD BE A JANUS/ADA COMPILER 


(Besides the Price!) 


1. 	 We're fast 
Compilation and development speed mean a lot -- when you·re working on a large program: every - minute you hove lo wait is time and money wasted. 
A Janus/Ado compiler has on overage compilo 
lion speed of 1100 lines per minuie with a 6 MHZ 
8086: over 500 lines per minute wi1h an 80186 : 
1100+ lines per minute on on 8 MHZ 80286. and 
nearly 1900 lines per minule on PC Limited·s 386. 

m2. 	We work on any XXX86 machlne. 
Not everybody can afford the newest technology - and some of us can't afford the name brands .. . - but with Janus/ Ada. that doesn't molter, It doesn't 
need protected mode. 8087's. or PC-DOS. A~ long 
as you hove an Intel 80X86 chip at the heart of your 
computer and some way to run or emulate MS·DOS 

-
2.1 or higher. you con use Janus/Ado. 

3 	 Our product hos been In use for over six years. 
We released our first compiler in 1981 and go1 our -- firsl review in 1982. The products we sell have hod- the scrutiny of customers and reviewers tor over six 
years. changing to meet the increased sophistica· 
lion of the technology and the user. Our customers 
come from every segrnenl of the computing com
munity: the government. Fortune 500 . and acode· 
mio Users like yourself ore able to benefit from the 
wide range of uses we respond to every day, as 
well as the built-in network of people •vorking with 
Ada just like you. 

1· No copy protection. 
Our products come to you free of any form of copy 
protection and with o warranty insuring media 
replacement for defective media. We know you 
don't need the hassle of lock ing devices and other 
protective devices. We know you wont to use Janus/ 
Ado on your hard disk and network. and we make 
it easy lo install . easy to maintain. and easy to use. 

-5 . Application programs written In Ada 
for as low as $12.00. 
we offer IBM graphic routines. window handlers. 
scientific libraries and many other application pro
grams written in Ada. These programs come with 
complete source code and documentation and 
ore user tested. 

-
 6 We otter embedded systems capability, 

like rommable, reentrant code and licensing 

of our source code.
.-Jm 
Janus/Ado is designed to make your embedded 
processing easy , • wi1h features especially 
created for that environment. Our code is rom 
moble. allowing you lo "burn in" the applications 
you create. We make our source code available. 1n 
our Systems Package ("S" Pak). so you don't hove to 
guess at the answer. If you would prefer to hove us 
design ond implement your code. we'll be more 
lhon happy to occomrnoda1e. 

7. 	 Superior error handling. 
Nothing is more frustrating than on error in coding-.- ... except o bod error message which does -
nothing except confuse you Our error messages 
tell you vital information. such as line location. 
cause of error and a full walkbock including sub 
program names. If you do a lot of development. or 
you just appreciate being fully informed. our error 
messages ore sure to please! 

8. 	 Support that won't let you down. 

-.-
Superior support services. such as the Janus/Ada 
bulletin board. the Janus/ Ada BIX conference. a - quarterly newsletter, as well as customized support 
services. 

9. Our compller was developed on a micro, -- for a micro, in Ada. 
We hove "bootstropped" our compiler. version by 
version. so that we know ii really works' Our com· 
piler was developed on multiple XXX86 machines. 
from d ifferent manufacturers. so that 11 would be a 
true microcomputer compiler. Our products are 
developed in Ada. demonstrating our commitment 
to the language and the capabilit ies it con bring 
to you . 

10. Seit paced, low cost educational tutorials. 

- The Janus/Ado Extended Tutorial offers o program
rner's perspective on learning Ado . This lutorial was 
written expressly for novices in the Ada language. - by a programmer. and includes a complete set of 
disk based quizzes to complirnent the 150 poge 
tutor ial. You con determine how quickly you pace 
yourself. and you won't bel ieve you d id it for S99 .95. 

JANUS/ADA PASSED VALIDATION 12/11 / 8 7 . . • AND IS STILL ONLY $99 

, .. "'11 1r ,...,,., 411• "'liw- .... ...... _.,,_ •1.....-iM·-..i,,. 111 

111~ ..... r1 ......,....~ lt'I•• I .., 141-ti-m•.,..._ tliU+9

"'11 ... 1 .. l"'o .. -~ ...i.-~ ·• '\1..•·-"'I 

SoFTWARE, INC. 	 specialists in state of the art programming 

P.O . Box 1512 Madison. Wisconsin 53701 
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CHAOS MANORChiWriter' 
How are ynu owrenlly producing our sc1en111tc 
documenis? Are you using a golf ball ' s1yle 1ype· 
writer" A 1e<,Jl1la1 word p rocessor. hand lelle Ing 
the special symbols? Are au ligl1hng aga1ns1 a 
' wl~a· -you-$ee·tS·de ltmle1y-not-what-you-ge1 
sysremw11h a special command language? Or are 
you using one o! our cornpelltors overpriced and 
1r1flexible roducts? Find out 11ow Ch1Wrller can 
SOive 11ou1 soie.11t1tic '!'Jard processing p1oblems 

Powerful Scientific /Multifont Word 
Processing at a Reasonable Price. 
C111W!itP.r is .:i compre1e .•1orc1 processor cJe· 
S11JMO esoec,a11y lor typing sc1ent1!1c ancJ tare1on 
•an91,a9e Te.<1 Its teawres 1nc:lur:le ;:w1nmar1c 
pag.nat1on ;ar1able neaders ;:ind tooters 1001
notes :wo leKl windows and lntwlrve Jormrna ea1t · 
1ng comm11nds Best at all. Ch1Wrrter 1sr.ompletely 
wha1-vou·see·1s-what-you-get ' Even enter1no 
compllcareo tormu1as 1s easv because th e sc1een 
dis ri ay corresporias exactly to the printout 

Ch1Wr1ter runs on IBM PC s w1lh CGA graphics 
one c.J1s~ drive 256K rnemorv anc.J Ep~on IBM 
Graphic~ compa11blc- and 01her 9 p•n pnn:i::rs 
S1J1)!)orr l'11sk~ w1?11 d1tvers ano h1uh re1;u1u11on 
lon1s tor other qraphrcs boarc1s <ind prm1ers are 
av;i, able 

Ct1iWri1w i.s J mllv µ1u.100w11h11 ttfi'I."' 1rf•'fy y u 10 b1ldl 
Jr111!l" /ormJntc I11c'lyyou ws11111! I imawof s: -e!ilf 
.•5JIJ magrams l/1<11 will do I!II! 1at1, l!ti l far ti· SJmi·111ona1• 
1\J , muJJJ buv GMYritt•1 ond ,i va::J/r'ori. 

Ph/I Wiswell, PC Magazine 

";J f..n ~wr ·rt.:' r Pr1 1gr1n1 
Cl H R~s ScrC<:o Sup~o1 I 

H~fl.ub. EGA VGA A1&l Q1,,c111 101Mlo 
;:i ;: 4 Pin Pnnle.r Support 
::i Ll!<'I P1,01er Ju1Jpnr1 

HP La9'<.lei Posl><• 1p1 
a cn 1·111;~11 fo n1:..:1 
o 1r.1e:n.:11 1om1K~yOll.l 1a Sup~Ofl 
o wo•aPerll.'CI Co nv~ne1 
CJ Brochure 
o 	Slt•n11 1ng ~. nari1ll1n~ $_ _ 

SSLi S & Candd<l SI 0 Euioix $1 ~ elsewl'e<C 

Name-----------~ Mnie1s ___________ _ 
City S1a1e_ Z1p __ 
Coon!ry ____________ 

Pllo~ I 
f'aymenl tly :::J Checi; o PO c VISA o MC 
C;Jrd ti Exp ___;_ 

Horstmann Soflware Design corporation 
140 E. San Carlos Street, Suite 1;'200 

PcO. Box 5039, San Jose, CA 95150 
(408) 298-0828 

horstmann ~~ 
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Zenith's FTM monitor 

can be tuned so 

that the screen is 

absolutely black. 

Borland Turbo BASIC is neat, a solid 
product well worth the price. Microsoft 
QB4 is that and more. It· sa spectacular im 
provement not only on QB3, but also on 
BASIC in general . Highly recommended. 

It's Flat! 
I don't suppose anyone is happy with 
CGA. Everyone wants higher resolution 
and better graphics. Now we have several 
ways to get chem. 

The opening move was made by NEC 
when that company brought out the 
MultlSync. a monitor that works on any
ching from simple monochrome to the 
Professional Graphics Controller (PGC) . 
I've had one of those attached to the 
Golem, the huge CompuPro system that 
practically runs Chaos Manor, for several 
years now, and it has given me yeoman 
service. It's also the test monitor when 
we get new video boards. 

After the MultiSync c.ame others , and 
for a while it looked as if multiple-sweep· 
frequency monitors were 1.he wave of the 
future as more and more programs were 
written for the EGA standard. 

Then Orchid, and later Zenith, came 
up with a new philosophy : instead of put 
ting the smarts in the monitor, put them 
in the video board. That w.iy you can get 
the best monitor you can afford, add a 
multiple-choice video board, and run 
programs that output monochrome, 
CGA, EGA, and PGC all on the same 
system without hassles . 

Orchid chose to let its TurboPGA 
board run with any multiple -sw~p-fre

quency monilor. 
Zenith, long one of the industry lead· 

ers in monitor technology, had another 
approach. The company designed its 
board to run with its flat tension mask 
(FfM) monitor and made that monitor 
run on 31.5-kHz analog signals, while 
the board can digest anything from mono
chrome through VGA. 

The result is pretty spectacular. The 
FrM monitor can be tuned so that the 
screen is absolutely black. Colors are just 
gorgeous; they re.ally stand out against 
that black background. 

Everyone who's come upstairs since I 
set up the FTM monitor with the Z-449 
video board has been impressed. The 
colors are really striking. Oddly enough. 
though, most think the screen is concave. 

That's an illusion: it really is flat, bu1 
we' re so used to convex screens that 
bulge out at us that at first the ZCM-1490 
FrM monitor really does appear con
cave. The illusion vanishes after you 
work with it awhile. 

The ZCM-1490 has a 14-inch screen. 
but the images are so crisp that it appears 
bigger. It is certainly good enough to sit 
and work at all day. Larry Niven is about 
to buy a new computer system - I've rec 
ommended the new Zenith Z-386-and 
he very much likes my Electrohome 
Color Display ECM 19 (19-inch multi
ple-sync monitor). Before I let him spend 
the money, though, I'm going to have 
him look at the ZCM-1490. He may get 
the Electmhome monitor any.,,,'lly. but 
then, he can afford it. 

The highest resolution from the Zenith 
Z-449 video board isn't as sharp as the 
best from the Orchid TurboPGA , but it' s 
close . 

I had che traditional problems with the 
Zenith manuals, trying lo figure out the 
switch settings; the board didn't come 
wich the right defaults, and when I first 
powered things up, it wouldn't automati 
cally switch from EGA to CGA , so tliat 
CGA was squished into two images on the 
screen. Fifteen minutes spelunking the 
Z-449 manual fi:iced that, and now every 
thing works fine . · 

There is one problem wich the ZCM
1490 monitor: it doesn't have a degauss
ing button . Both my Electrohome and 
lntecolor high-resolution monitors have 
that feature, and the ZCM - l490 needs it. 

If you leave the monitor on long 
enough. especially in an electronically 
noisy environment (such as next to the Z· 
248 with its cover off), ugly patches in in· 
appropriate colors appear on-screen. 
They're easily removed by turning tbc 
monitor (but not the computer) off for 30 
seconds to a minute. This won't happen 
more than once a day, Degaussing takes 
about lO seconds on my other monitor~. 
so the time loss isn.' t significant; but I do 
wish Zenith had put the degaussing fea
ture into che monitor. 

Other than that. I love it. So will you. 
when you get used to having a si.:reen that 
looks concave. 

The Year's Most U~ful 
It's time fur my annual awards . Do 
under.;tand: these are purely ~ubjective, 
and they're from Pournelle, not from 
BYTE. The ground rules are simple: 
something I acquired this year (no matter 
when it first came out), used a lot, and 
found to be the mos! useful thing in its 
class. 

First, the Year's Most Useful Com
puter; the Kaypro 386 wins by a land

conrinued 



How to get a top quality, U.S. made 

IBM compatible without spending a bundle ... 


The Intelligent Conclusion 

When you choose a Proteus, y-011 J,lel a 
lot more than just high pcrfonnance at a low 
price. You 1o1et personal service that helps 
you custom tailor a system which L~ just right 
for your s1:>ecinc applications from ou r large 
stock of brand name hard disks, graphics 
boards monitors and other add~ns. 

wy~tup 
When you get your new Proteus system 

you can ha1•e it up and running in no time. 
No need to spend hours, ur e1,cn day.>, to 
gel it lo work. It comes wilh clearly written. 
easy to follow mam1als, and 011 some models 
you even get built·in. ROM bast'd. menu 
driven set·up. diagnostic, and utility soft· 
\!,,T"d;f(:!. 

Money Back Guarantee 
We're delennincd that you will be fully 

sali5ificd with your purchase. Use Lhe system 
for a while, and if you don 't like it. or any 
part, simply return it for a full refund - any 
lime during Lhe first thirty days. 

15 Month Warranty 
E•'E:l)'thlng )'(Ju buy from us is backed 

by a full fifteen month warrilllly. 

Service Wherever 
and Whenever You Need It. 

In the rare case that something goes 
wrong with ;•our Proteus system while it is 
still under warranty, i.oe provide free repair 
at your location during the crucial first two 
months. No need ever to pack it ur and ship 

it anywhere. If the unit ha.~ exce&led the 
\\•arranty period, you can still get factory 
authoriwi s.:rvice, on site. at reasonable 
rates. 

Problems at 3 a .m.'? 
You may he able lo sol~·e them yourself 

with our \miquc 24-hour on-line intcracli\'e 
support system. which is nlways free of 
charge. 

There are man)' rt!a.wns for owning a 
Proteus. The experts Lhink so too. 

PRffi'EUS SYSTEMS 
;\IUll~;LS NE. """' ?SIH.IT'X lJiM 

1!'.'TE L CPLt; SU'J.10 &rl56-1 0 ~IZ ,,_ 
Cl.QCK ~Pf:rn ~ IOMH• Sl lO MH c \>' 12MH< 6" HlJitH 1 •tof4.. 00.Mltt 

NORTON S. I. JO. I II.Ii 11'.3 :tl.61'1Jic. a1n 
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WAIT STATES ONE " : RQ ZERQ Z&RO 

Kan ~F. 1.i:cr. !;Pf;Eus NO Yr:s n:~ YES 

CLOCK. CALJ M TIEBV ONB!l Yf:S VF.S VES YllS 
CO l'KOCl'.SSO!! SOCK~:T ores1 li02ll7 lfl1ifl ;a:t!l/Slil 

SE RIAL PORT.; TWO Tl\\) Tl\l'l TWO 
PolllALLf. L PQ RT O~'l: ON~ OS1'"! OSP. 
llOSlm'S warr t:t.:trr t)J(:llT EIGHT 
ll,\RD DISK.f'U COl'l'l'llOLLo R VllS YES l' F.S YtS 
Pl .OPP\' OISJ..'.S l..2lth 1.:n.rn l-m.IR 1.2110 

oo;J >! OH :J..>" t D CllUICE Y!:S Yf'..S 1'£5 YES 

KEYOOARO TYPE MKlil' S.IKF.'\' lQIKf:Y IO I KE\' 
r·ln; f,;. C\.:SID\U; R sin· St': R\'ll' f 

.Kl1',.t:lt l'KHY. 

r r.s 
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\' f:S 
m,sc 
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TO ORDER OR FOR INFORMATION CALL TOLi. FREE J.(800) 782-S.'l87. 
ELECTRONIC CATALOG DIAL 201-288-1.1577 11200818/N.) 
•1:-: ~J '201) ~~ 377 Rl. l7, Airport l i Center 
All OllN!r "'11~ (:lOI) ~ lln..bruuck H~ighu,, NJ 07C.IH 

Choose a Proteus. 
In a recent AT compatible product com

parison, IJ1foWQr/d (4187) stated '',..for oucr· 
all best macMru: in pt.11.IJl!T. Ille f+otf!l~~ 286e 
is the d~1r winner. fl offered Ihe /J;;.sl CPU 
and hard disk random reacVwrill? perform· 
(Ince ofany machines tested. is remarkably 
easy to sel up. and lxxws the best supJJOrl 
around. M'l! recomrmmd ii." 
P.lllTOR'S CHOICE 

''. .. Th t'TT: are so ma11y nice t~~pects IO 
l"'rote1~~ and the company that makl!S il, 
thl'TC isn ·1 mom to c1.11JCT lii<?m alt.'' 

Business Computer Oigl!si (;!187) 

''Proteus 386A iii an excellent value 
by a country mile .• ," Info World 11/87 
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Even More Power & Flexibility 

BRIEF2.0 


BR.I EF casilv con(~mns to your editing preferences and style. 

ensuring you arc truly comfonablc and productive. 


Straigh 1 from the tx>x. BRIEF i a much editor as most pcopk 

will ever need - thanks to feature. like the real Undo. flexible 

windowing. and unlimited. file size_ 


But BRIEF's hidden power is in its c~clusi c macro hmguage. 
Cu. 1omize BRIEP w include the command and feature YOU 
Jcsire . It · fast nnd easy . 

Users and indu try ·prc~s alike unanimously praise BRIEF. 
"Recomme.nded." - Jerry Pournelle, Byte I 2186. 

No~· IJRIEfi' 2.0 adds: 

• Setup Program forc:isy inscallalion and l'Ontigur~tion . (Require~ nv ma<:ru kno.""lcdgc./ . 
Fearure:; • lncreu~ed speed for ·ophis11ca1ed oper_aliuns like Undo and Regular faprcsston Search . 

• All 11cw doo;cumcnlul!on WITH 1u1ornd 011 lhc Macro Language. 
• Command llnceditlng (movecur<nr. mid & dclcie charac1crs, specify parameters ). 

• E~pandcd Regular faprcssions. wilh mal<:hmg over line b<>undarics_ 
• More block 1ypcs. wilh marking by character. line or column . 


&lit many files 
 • Rcrnntigurnblc indcming f1>rC files (suppons mo ·1 indcm\ng s1ylcs) 
~Hone~ . • Enhanced !urge display suppon , including wider displays. 

hie ilc l1ml!cd only 
 • Optional t-..n\lt:rlc$' window, _ 
by disk ~pace. 
Auwma1k language Try BRIEF' 1$ 195) for JO days-if not satislil'd get a full rdund. 
sensitive indcnlalion , 

Ifyou already own BRIEF. ~al I for u fX!ate info, 
- EGA aod Hercule~ Plu 43-line 

support • 
· Compile & find errors within BRIEF. CALL 800·821.2492 Solution 

In MA 617-337-6963 And much. much mo~! <Systems 
54 1 Main Slrcet. Suite 41 OB 

w11t1 J92K . 
Rcqum:s nn lflM PC, ATorcnrnpuul)fo 

Si> Weymouth. MA 02190 

~ei~\ · ire Pro for 
YourNewTurbo .0 

T um on the power of Turbo PROFESSIONAL -t-.0. a library C>f more 

th<in JOO ~tate-of-the-un routines optimile<l for Turbo Pascal 4.0. 


You'll haw professional quality programs finished faster ;md easier. 


Turbo PRO -ESSIONAL 4.0 include~ complete source cc:Mk. 
comprehensive documentation and demo programs that 

are powe1ful and useful. The routines include; 

---. • Pop-up ~sident routines 
• BCD arithmetic 
• Virtual windows and menus 
• EMS and extended memory acces~ 
• 	Long strings. large array~. mw.:ros, 

and much more. 

Turbo PROFESSIONAL is onlv $99. 
Call loll free for credit c~rd orders. 

1-800-538-8157 cxh:nsion 830 
1-800-672<~470 extension )(IO in C'A 

Satisfaction Guaranleed ur yuur mu11"y l~u.:~ "1ll1rn JO Ja ., _ 

Turbo P..i.... :..l 4.0 ~" n:'\lu1n...,,f Rq1\.trT'r'(j h~ 1.1'hrr inlcwm.:il.1011 i:-.:1ll J.C~..J:J~-XlitQI:. 

o~ ~ ...... pf 1 urbo 1-'n1f~.. 1Ll:ll.ll ti} :riunn~ Q ,, M w :t. r~, P'S1 ' Stupp! n~ & tJ; ~ e,. 


1
11 111 s"r'"""' ,......, "r>ll°"" fo; ~.Ill. rn"'"d r.~ t s or.ct l'I••••""" ""'"""""· 
l.r-..·I I.Ide' ) om ""-"n.a.1 nnm~( ~1' IYf'I. [l!e.:;1,."C .Id "ki rcr ll("ffl 

urboPowcr Software 3 l!N con:. Vnllcy D1 .. Suite 122 Scous Valle•. CA <)5066 
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slide. It isn't that I.he Kaypro is all that 
much bener lhan other 386 machines· in 
deed , Ka:ypro has completely upgraded 
its 386 line so that the Kaypro 386 you 
can buy now is much better than the one I 
have. The important thing , though , is the 
386, which is to 1he 286 what the 286 is tO 
a CPIM 64K-byte 808_0 system. I'm very 
fond of my Zenith Z-248 , which is as 
good an AT system as I know of: but it 
can't match a 386 for utiUty. Fonunately 
for Z-248 owners Zenith recently an
nounced a 386 upgrade kit. 

One reason 386s are so superior is 
DESQview 2.01, which wins my award 
for the, Most Useful Software of the Year. 
DESQview will greatly improve a 286 
machine provided that you have an AST 
RAMpage AT board; but the real im
provement comes when you run DESQ
view with a 386. DESQview and the Kay
pro 386 haven't quite olved all my 
problems-I still want more memory-res
ident programs than the system will han.
dle.- but it beats everything else I've 
tried, and I' ve tried a lot of things . Learn
ing DESQview is no trivial task , but it 
has been a lot more than "''Onh it to me. It 
doesn't hurt that the people at Quarter
deck pay a lot of anention to bug reports 
and fix. things fast. 

The Most Useful Portable is the Zenith 
Z-183 with hard disk drive . and although 
at \ 51h pounds it' · too heavy by half, I 
""'Ouldn 't be without it. The supertwist 
backlit screen is readable in any light , the 
machine is rugged as all get-out , and the 
kcvboard is wonderful ; I've written a 
co-uple of hundred thousand words on that 
mo.chine this year. I showed the machine 
to my friend Norman Spinrad, and he de
cided to get one to serve as bis only com
puter. The Z- 183 has EGA video output 
he's feedjng into a Zenith EGA monitor, 
an.d he got a DataDesk Turbo· IOL (!01
key) keyboard: there's an input jack for 
that on the Z-183. 

I don't know what the caiegory is, hut 
DalaDesk keyboards have been abom as 
useful as anything I've gotten thjs year. I 
now have Turbo-101 keyboards on just 
about every machine in the house-in
cluding the Macintosh Ph.1 . The Mac 
version of the Turbo-IOI comes with 
some nifty software to define function 
keys and the like . I've had seve.raJ people 
do double talces when they see what looks 
like an AT keyboard attache.d to my Mac , 
and the not-ion of function keys on a Mac 
startles just about everyone. 

The Most UsefuJ Software for Pona
bles is LapLink, which transfers pro
grams from desktop to portables and 
back. It's painless and extremely fast. 
and jf you have a PCompatible portable. 
you simply can't afford to be without it. 

cominued 
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IDEAS TRANSLATE 


,1, 

-· 
4' e' 


..... 

LIKE YOU IMAGINE 


TYPESET& M. ~.N .u. A'L.~.. 
b 0 0 k s FORMULAS & : ES. 

!-:.!!:: F 0 RM A' I~ I difFerEnT ~:~: w I D E : IT'S NICE TO KNOW 
: M: • oR. NARRow : PCT...Y woN'TyouR
;A; LI G 1-1 T• •J!.••LJMIT 
• • or •: t : B 0 L D. : I GINATION.B I G 

Great ideas should look great on paper. 
And the translation is easy with PL1t.X®: 
the best-selling full implementation of 
ProL D. Knuth's rcvolutionarv 1tX 
tormatting/typcsening progra~1. It offer.'. 
PC user~ the cHpubilitc~ & ndvantages
;imJ looh-<if professicmal typescning. 

In a wor<l, PL~ll~X givl:s you 
·cnntml'. Contml- of <lesign form11t. 
type & symbols, quality-for rnmplcx 
m<ithematicaJ & engineering material, 
.~tatistical tablt:~ or straight matter. You 
gc1 01mcra/puhlishcr-rcady m;inuscripts 
to be proud of, quick & simple. 

So whether you're writing the next 
st;irsnot manual, a the.sis on relativ ity 
or 1he great American novel, for a 
profe · ional prcscnlalinn that doesn't 
lose your ideas in the translatinn, 
depend on pqE.X. 

From Personal TEX. Inc., 
~la rt ing <ii $249; Y ISNMC we \come. 
Satisfaction guaranteed. 

WITH 


INC 

-11 orckr r ~ r inform. 1i11n, c II ! 

415/388.-8853 
or write: Pc~onal lEX. Inc. 


I 2 M«t.lron;1 Avcnm: 

Mill Valley, CA 9-N~ 1 USA 


ll1m11>u1co.J m 14 <'<iunlnc>: 
ll1!i.lt1butur 1nqu1r1c._.. v.:dcomc 

r"LT(lTX 1:5 JJ: fc~ij,CCrct.I l":\1 t11 f'.cr-Mm .. l li:_)'., l11L 
lL'\ ".1n Ame:"'"" M.nl><m.n«:>l S...:1c1y 1 M 
M.'"""""'cr>" p<<l<lu,, nomn .re 1hm TI>h 

PCTEX FORMATTING/TVPESETTING SYSTEM: 

FINE TYPESET QUALITY trom dot matm or laser prr11ters. 
01 photol'J pcseners 

A COMPLETE PRODUCT. lnclode~ • nw <;pc .,1ally mil 
1en PCTEX Manual Iha! leis you us~ TEX 1mmed1alely • ccs1on1 
macro p~ckage· lmru:its tor l~U~rs. manoals. 1echnica1 C•)C

uments, etc • tne LaTE)r. document pr€per.mon syswm 1wrll1 
user's manual) macro package 1m article. Mok, repor I pre p,1ra
!1on • AMS-TEX. d~vcloped by lhe American l.l<lhemat1ca1 Sc· 
cmty 101 p1otesslo11al lllJthemM1ca1 typesenina 

OUTPUT DEVICE ORIVEAS lnr • Eps,in fX. LO 
• Toshiba • Cordata LP-300 SeJ1es • HP L~ser.l~t Se.""-' 
• A~ple Lase1W111er • Al'S ·5 pho1ary~se11e1 • Lmotranoc • 
r.ompuorap111c • ScreEn prevrew, wltn fG;\ or He1cu1es ca1d 

REQUIRES: IBM PC!XT. Al or compatible. DOS 2 0 ur h'IJhrc 
&512K RAM hard disk 1or p11nter d11~e1s & lonts 

(Also avarl:ibie ~rmter drovers: interfaces 10 Bilslre,1m Fnn~uare_ 
M~l~fanl. 111 1leslgn-yorrr-ow11-tY1m. Pf: Pam1hrrrsh PC P.il~lt~ 
fa11cyfont &. font11~ Compiete pacRaoes lnctud1nQ 1aser p!111ter 
p11n1er rt1ive1. DC !EX .1nd screen pr~vre ... er tr om S?BoO Sit~ 
11ccnscs and v~lume discounts ao;i1la~1~ r 

Tillll Id 15 \ype51/l &com~ USl"IJ pc l<X B1t<lm•m~ 1ont< .!. IW!f p!Ml\e! lOgolypo .!. bloc~ DOLi ~rOuM$ ~OM pllOCOQr>f.h 1C1.ltj 

MARCH 1988 • BYTE 179Cirdt 309 on Reader Service Card 



Cin:lf 111 on Reader Se,.,,ice Card 

ENCLOSURES 


POWER SUPPLIES• 


I 
. _, l'il 

tor FLOPPY 
WINCHESTER 
TAPE DRIVES 

from $100 

for SING'LE 

BOARD C·OMPUTERS 


rrom $125 

tor IBM a S•100 
SYSTEMS horn $200 

• 1 oi0C9, ptlces 10wer 1'ri aoan-nty, 

(011~ a"""' noJ 1nc1uded) 

Coll or write lor free catalog 

8620 Roosevelt Ave. • Vlsolto, CA 93291 

209/651-1203 


TELEX 5106012830 (INTEGRAND UD) 
......... ...,.. _, ..__ 
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Items Discussed 

Color Display ECM 1910..... ... $2795 
Electrohome Ltd. 
809 Wellington St. N 
Kitchener, Ontario 
Canada N2G 416 
(5 19) 744-7 1 IJ 
Inquiry 901. 

Fontasy , . .... .. ,.. . . ... .... .. ... . ... $69. 95 
Prosoft 
7248 Bellaire Ave . 
P.O. Box 560 
North Hollywood, CA 91603-0560 
(800) 824-7888 
(8 18) 765-4444 
lnquil'y 902 . 

Megatrend 
EGA version ....... .. .... . ...... . $189.S 

lntecolor Corp. 
225 Technology Park 
Norcross, GA 30092 
(404) 449-5961 
lnquil'y 903. 

MultiSync 
II .. ... . . ... .. ... ..... .. .. . ... ... .. . . .. $899 
Plus ... . ... . .. ... ... .. .. ..... ..... .. $1395 
XL .. .. ..... . .. ..... . .. ..... .. .. .. .. $3195 

NEC Home Electronjcs (U.S.A .) Inc. 

Comput.er Products Division 

1255 Michael Dr. 

Wocxl Dale , IL 60191 

(800) 323-1728 
(31 2) 860-9500 
Inquiry 904. 

The Most Useful Writer 's Tool is the 
Amdek Laserdrive/Microsoft Bookshelf 
CD-ROM package. Putting all those ref
erence works on a single CD-ROM was a 
stroke of genius. I predict that within 5 
years, professional writers will find 
Microsoft Bookshelf-or a similar CD
ROM reference library-as indispensable 
as we now find word processors. 

Probably the most subjective award of 
the lot is the Text Editor of the Year . Writ 
ers don· I just use editor programs, they 
have relationships with them. I've L:Cr
tainly had my ups and downs with mine ; 
but the winner this year is Q&A Write , 
which, despite its faults, is the most 
transparent editor for text creation I've 
tried. XyWritc TTI Plus, WordPerfect 4.2, 
and Microsoft Word 4.0 are close com
petitors , ~d each has features that put it 
ahead of Q&A Write in some areas; but 
on balance I found Q&A Write clearly 
ahead in the critical particuhirs. 

My Word! ... ..... . ......... ........... $49 

T.N.T. Software Inc. 
34069 Hainesville Rd. 
Round Lake, IL 60073 
(312) 223-0832 
Inquiry 905. 

QuickBASIC 4.0 .. . . .. . ... . . . . . ... ... $99 
Microsoft Corp. 
16011Nonheast36th Way 
P.O. Box 97017 
Redmond, WA 98073-9717 
(800) 426-9400 
(206) 882-8080 
Inquiry 906. 

Turbo BASIC ........ . ........ . . .. $99.95 
Borland lnremationaJ 
4585 Scotts Valley Dr. 
Scotts Valley. CA 95066 
(408) 438-8400 
Inquiry 907. 

TurboPGA .. , .. ...... ... .... .... ... S 1599 
Orchid Technology 
45365 Nonhport Loop W 
Fremont , CA 94538 
(415) 490-8586 
Inquiry 908. 

ZCM-1490 ...... ... ...... .. .... .... . .. $999 
Z-449 . .... ..... .. .... .... .... ... ... ... . $499 
Z-386 .. ... .. .. .... .... ... .. .... .. ... . $6499 
Z.Cnith Data Systems 
1000 Milwaukee Ave. 
Glenview, IL 60025 
(312) 699-4800 
Inquiry 909. 

Fair warning : Gordon Eubanks and 
Brett Walters of Symantec have been ex 
tremely responsive to my suggestions, so 
that in part Q&A Write has been modi 
fied to suit my fancies. They've added a 
splendid word / I inc/ paragraph count 
command , they're changing some of the 
print features. and they're doing some 
other stuff I wanted, including making it 
work well with Microsoft Bookshelf. It 
would be surprising if I didn't consider 
this my favorite text editor. 

Any serious computer user needs not 
only a text-creation editor, but a pro
gramming and general-purpose editor: 
something lo use to alter CONFIG .SYS and 
AUTOEXEC .BAT and lhat sort of thing . The 
General-Purpose Editor of the Year is 
Logitech's Point. This comes with the 
Plus ?ackage, as well as with the Pub
lisher ?ackage, both of which include the 
Logitech Mouse. I'm fond of the Logi 

contitmed 
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TheyWon't Run Right

OnTheWrong Fuel. 

Low grade or dirty fuel reduces fluctuations assau lt delicate systems installed worldwide 

performance cars to bucking, computer circuits right underyour than anybody. 
knocking clunkers. nose. They leave no trace. Not Our systems are more reliable, 

Computers are no different. even the flicker of a light bulb to simpler, and easier to operate 
The fact is, both machines have warn you. and maintain because each year 

very specifle fuel requirements. With each assault, a computer we put more in R&D than much 
But when running right, they per- failure comes that much closer. of our competition has in assets. 
form like the wind. But your real cost.s are in idled It pays off for you in failure-free 

people and lost productivity. operation that actual experience Refined Electricity Increases 
Emerson's premium electric shows can exceed one millionComputer Performance. 

power not on ly solves this, it hours on the job. So your Emerson 
Think of an Emerson power protects the work your employees system will keep providing power 

system as your computer's own have already done. If this work on the next computers you buy.
private fuel refineiy. Crude elec is important to you, it alone can And the next. 

tricity goes in one end; premium 
 pay for your Emerson system in Our produ ts cover lh gamut. 
comes out the other. a single day. Uninterruptible Power Supplies 

Like good car fuel, Emerson You Need A Powerhouse ( UPS) for large mainf:ames to. 
premium electricity burns clean. Of A Company. handsome comp~ct , inexp~ns1ve
No spikes, surges. sags, glitches ones for your m1111s and PCs. 
or outages. Just refined power that Emerson Electric is a major We also have a full line of power
puts system performance and Fortune 500 corporation with conditioning and distribution 
throughput back where it was more computer power protection systems. Even simple surge protec
promised. tors. Whatever level of protection

Emerson power keeps your you need, Emerson has it. 
computers and your people on Increase the productivity of 
the job working-even when your system. Simply call 1-800
power is completely cut off. BACK-UPS for our free intro

How To Lower Shocking ductory brocbure and the name 
Downtime Costs. of your local representative. 

Computer components aren't 

l~IEMIER5CNdesigned to last forever. But their - Computer Powercause of death is far more likely 
3300 S. Standard St.to be poisoning than old age. 
Santa Ana. CA 92702Everyday short-burst electrical 
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*"Jerry's Choice"* Awards for 1987* 

"f::r Most Useful Computer: 
Kaypro 386 ... .. .. . . . . . . . ..... . ... .. $3995 

Kaypro Corp. 

533 Stevens Ave. 

Solana Beach, CA 92075 

(6 19) 48 1-4300 

Inquiry 910. 


1:i Most U~d'ul Software: 
DESQ~·iew 2.01 ........ . . . . . ... . $ 129.95 

Quarterdeck Office Systems 

150 Pico Blvd . 

Sania Monica, CA 90405 

(213 ) 392-9701 

Inquiry 911 . 


* Most Useful Portable: 
Zenith Z-183 . ... ... ................ $3 199 

:lenith Data Systems 

1000 Milwaukee Ave . 

Glenview, IL 60025 

(3] 2) 699-4800 

Inquiry 912. 


* Mnst UsefllJ Software 
for Portables: 

LapLink .. . . . . ... . .. . . . .. . . .. . . .. . 51 39 .95 

Traveling Soft war~ 


193 10 North Creek Parkway 

Bothell , WA 980 1 ! 

(800) 343·8080 
(206) 483-8088 

Inquiry 91 3. 


1:i ,\-lost Useful Something: 
Turbo-101 

Enhanced Keyboard . .. .. . . ... . S l49.95 

Data.Desk International 

7650 Haskell Ave . 

Van Nuy~. CA 9 1406 

(818) 780- 1673 

Inquiry 914. 


1:i Most Useful Write.r 's Tool: 

Amdek Laserdrive .. ..... .... ... .. . . $995 

Amdek 

1901 ZankerRd . 

San Jose, CA 95112 

(408) 436-8570 

l.nquiry 915. 


Microsoft 
Bookshelf CD-ROM ... ..... ... ..... $295 
Microsoft Corp . 
!6011 Northeast 36th Way 
P.O . Box 97017 

Redmond , WA 98073-9717 

(800) 426-9400 

(206) 882-8080 

Inquiry 916. 


* fut Editor of the Year: 
Q&A Write.. . ...... . . . .... . . . . .. ... ..$199 

Symantec Corp. 

1020! Torre Ave . 

Cupertino, CA 95014 

(408) 253-9600 

Inquiry 917. 


Runners-up: 

XyWrite III Plus .. . .. ... . . . . . ... . .. . $445 

XyQuest Inc . 

44 Manning Rd . 

Billerica, MA 0 1821 

(6 17) 671-0888 

Inquiry 918. 


WordPerfect 4.2 .. ... .. ...... .... ... $495 

WordPerfect Corp. 

288 West Center St. 

Orem, UT 84057 

(80 I ) 225-5000 

Inquiry 919. 


Microsoft Word 4.0 .. .. .. ....... ...$450 
Microsoft Corp . 
160 l l Northeast 36th Way 
P.O. Box 970 17-9717 

Redmond, WA 98073 

(800) 426-9400 

(206) 882-8080 

Inquiry 920. 


* General-Purpose Editor 
of the Year: 

Point , which comes bundled with the 

Logilech Mouse in the following 

packages: 

Plus Package . . . .... ... .. . . . ... . . . . , .. $11 9 

Publisher Package .. .. .. ... .. . . . . . . . $1 79 

Logitech Inc . 

6505 Kaiser Dr. 

Fremont, CA 94555 

(415) 795-8500 

Inquiry 921. 


"f::r Game ofthe Year: 
Wizard's Crown . . . .. .. . . .... .... $39.95 

Strategic Simulations 

1046 North Rengsdorf Ave. 

Mountain View, CA 94043 

(4 15) 964- 1353 

Inquiry 922. 


Runner-up: 

Strategic Conquest Plus . .. . ... . $59.95 

PBI Software Inc. 

1163 Triton Dr. 

Foster City, CA 94404 

(415) 349-8765 

Inquiry 923. 


tei:h 3-buno n mo use anyway ; the neat 
part is that when you huy the mouse , you 
get some really useflll software as well. 

The Game of the Yea r is Wizard' s 
Crown from St rategic Simulations . It 's 
certainly the o ne I've spent the most time 
wi th . A close runner-up is Strategic Con
quest Plus for the Mac intosh. They· re 
both pleasant ways to w<1ste more time 
than I have ava ilable. 

No More Eyestrain 
T he problem with naming the "thing of 
the year·· is that a lot of good stuff docsn' t 
fall into neat <.:ategories, and sometimes 
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yo u can't pic k jus1 o ne . For example: 
1987 was the year I finally solved my eye 
problems . First , I got an EGA board and 
the lntecolor Megatrend I 9-inch EGA 
color monitor. That was more than good 
enough: indeed , when Larry Niven buys 
hi s new computer, he's going to get a 386 
system, an EGA card, and either the Inte
color Megatrend or the Electrohome 
monitor. 

Next , I installed the Orchid TurboPGA 
boa rd and the Electrohome 19- inch 
multiple-sync color monitor. The Elec
trohome is perhaps not quite as crisp in 
EGA mode as the Megatrend, but it' s 

hard to tel 1 the di ffcrcnce; and , of course, 
thi s combination will perform with soft
ware that outputs monochrome, Her
cules. CGA , EGA, and PGC . all more or 
less automagica.lly . The PGC graphics 
are amazingly good . 

Now we have the :zenith Z-449 board 

and Zenith' s 14-inch ZCM-1490 FTM 

monitor . For years, I've been saying that 

19 inches is just a tad large and 13-inch 

monitors are too small. My first monitor 

was a 15-inch Hitac hi monochrome for 

my CP/M system; I'd have thought a 14
inch monitor would be too small, but the 

Zenith 14-inch isn't. Combined with my 
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new computer glasses-focal length 28 
inches-I can see that screen fine. 

I'll stick with the 19-inch because 
when Niven and I work 1oge1her, i!' s 
handy if we can both see the screen from 
a distance; but the 14-iach Zenith wou.ld 
really be good enough. So how do I pick a 
"year's best" out of that group? I'm not 
going to try . I'll jus1 say that if you do 
much writing with computers, any one of 
these will help you a lot. You can ' t be too 
kind to your eyes. 

Fair Warning 

Every now and again I see computers

usually offshore-constructed clones-run 

at amazing speeds, but when 1 look in

side. the critical parts are ordinary chips. 

..We se.lect the good ones." one exhibitor 

told me at COMDEX. ' 'Try a lot until we 

find parts that work." 


That ounds right. but it isn't , at least 
not in the case of Intel chips . I've been 
miking 10 a former lnte.1designer. and he 
tells me that Intel has very elaborate test 
equipment. 

When Intel makes a batch of expensive 
pans-say, 386 or 387 chips- they're put 
into the automated test setup and ruo at 
lhe highest possible spe.ed . Most of them 
fail those tests; the few that pass arc then 

ceni~ed for that speed and sold at a 
premrum. 

The re.st of the parts are tested again at 
lower speeds. Those that pass get certi
fied; lhe others are te.sted at still lower 
speeds and become the "ordinary" stock. 
A few don't pass tests at even the mini
mum speed and are discarded. 

The point is, every ' 'ordinary" chip 
Intel sells has failed a test at higher 
speeds. Thai· ~ guaranteed. The failure 
the pa.rt expe.rience.d may not be critical. 
lmel has excellent test equipment and can 
find fa.iJures that may never show up i.n 
ordinary use-but how could you know 
what the failure was? It might be io a lit
tle-used area, but even little-used fe.atures 
can be critical. So while it's fun to crank 
up the speed on your system, it's guaran 
teed that ifyou run Intel parts much above 
their certified speed you ' II get failures. 
Murphy 's Jaw will take care of the rest. 

Winding Down 
As usual, I'm out of space long before I 
have run out of material. I spent the day 
installing an AST RAMpage board in 1.he 
Zenith Z-248 so I could run DESQview. 
It all works , but I sure learned a lot. Then 
too, from here I can see Paradox and 
Cundor, two relational databases; Qua1 

tro, Bodand's new spreadsheet; a bunch 
of communkations programs; stacks of 
stuff for the Macinlosh; Turbo Tax for 
the IBM PC; and a partridge in a pear 
tree. There are also two large Federal 
Express boxe s from BYTE in New 
Hampshire.. 

The most importaat package, £hough, 
is a new Unix ·ystem for the AT&T PC 
6300 Plus. I want to compare it to OS/2. 
I've never been a great Unix fan be.cause 
Unix is big and slow and takes up so 
much room on a hard disk-1 8 mega
bytes for the on-line manuaJs alone-but 
OS/2 seems no mailer or faster , while 
hard disk capacity per dollar has grown 
so fast that I ()()..megabyte systems will 
soon cost less than OS/2 . 

With luck , I'll know more about lhat 
next time. • 

Jerry Pou.me/le welcomes reader. ' ' com
me11rs and opinions. Send a self-C1d
dressed, stamped envelope to Jerry Pour
nelle, clo BYTE, One Phoenix Mill Lane , 
Peterborough, NH 03458. Please pur 
y(1ur address on the feller as well as on 
ihe envelope. Due lo the high volume of 
le11ers. Jerry cannot guarantee a person
al reply. You can a/sn contacr him on BIX 
as ''jerryp. " 

Travel 
Companions. 

Call us today for more information about 

the WorldPort line of modems,or the name 

of your nearest dealer. at 800-541-0345 

(In New York,516-261-0423.) 


.•••••rr Touchbase Systems. Inc. 
• • • • ••• 160 Laurel Avenue 
• • •. •:.•:. Norlhporl. NY 11768 
••••••••:•: (516) 261-0423•••• :••=•• TELEX: 6502848020• • •••=• FAX-(516) 754-3491 

The World Port 2400'~ and the WorldPort 
1200'v modems are the pertect travel 
companions tor your portable computer. 
They work virtually anywhere in the world, 
including hotel rooms and phone boolhs. 
allowing you to connect in afew million 
more locations than other modems. 

With teatures superior to internal units, 
the WorldPort line of modems is the smarl 
choice for all your communication needs. 
WorldPort modems operate from their own 

internal battery, drawing no power from your 
laptop. Culling edge tectinoloyy brings you 
features such as Bell and CCITT slandards, 
direc1 connect and acoustic interface (300 
and 1200 bps). tiny size and atiny price. The 
WorldPort 1200'M can be easily upgraded to 
2400 bps and bolh lhe World Port 2400 'M 
and the upgrade come with Carbon Copy 
PLUS'" communications soflw'are. 
Find out more about the travel companions 
that won't tie down your portable computer. 

worldPor I 1200 and WorldPon 2400 are 1radern>H~ s ol Too~hb,lSQ Sy~1ems. Inc,. c~rl;mn Copy PLUS IS a traden>ark of Mer idian Technology Inc 
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''/IS 6:33pm. The lines are down. And 
shes the cl(Jsest tbingl'vP gQt /.() a tecbl)ician. 

Meanwhile, l've got asales guy here waiti:ng 
to close a hallmillion-dollar d.eal, and he's 
screaming 'why_didn1 my ordergo through.' I 
have no clue. My technii:al staffis home wakhing 
the game. And all1keep thinking is whatever 
haPPened to that word relwbility? ifI could have 
anticipated the prob/.em, at least I would have had 
achance. As far as I'm concerned, somebody at 
head(JUfJrfers better start talking toAT&Tabout 
getting anetwork management system. Or tlwy 
can find themselves anew whipping·boy. 

AT&TOOl1I(!$ tlmiugb.,, 

AT&T DATAPHONE• n 
Network Man~t System 

There's no grear ITT) rery mimprol'ing our operating 
efficiencies. You just have to start with fail-proof data rom
municatlons equipment. Ni foUows. 

A'/lfl"s DArAPHONB II 1yslmn Contrql/er manages a 
full integrated network of modi.IDS (analog, private line 
switched network), multiplexers (statistical, T-1), ru1d digital 
service units (switched, pri1•atc line). 

NeJu:orks efany size can be managed from a single 
point, so problem.5 can he readily pinpoi11ted and rorrected. 

Real-time diagno.~lics tmd re-routing help anticipate 
~)~!em failures and reduce. downtime. Complete monitoriog 
includes customi7.ed report&. meJlus <ind graphic displays Lhat 
let you fine-tune your uetwork. 

Tu learn more. coaiact our A'OO' Account E.xecutive.Or 
cafl l 800 247-1212 for the number of our office nearest you. 

Frum cguipmea1 to networking. from computers 
10 communications, A'OO' is the right choice. 
Ol~JH:MAl'"AT 

ATs.T 

The right choice. 

http:customi7.ed
http:prob/.em
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The OS/2™Books by The OS/2™Experts 


Accoming to Bill Gates "Ed Iacobucci was a key architect • • . 

and made very important 

contributions. Ed is one of 

the rew indillfdua/s who·can 

explain the foundation that 

05/2 will provide for the 

Industry. •• what )00 Will 

read here represents the 

real ideas behind the operat

ing system and what can be 

done with It. " 


From ttie ForWIOl'd ot 
05/2" Progr1mm•r'1 Gulde 

OS/2™Programmer's Guide Using OS/2™ 
by Ed Iacobucci, by Kris Jamsa, 
Leader of the IBM®OS/2 Design Team Author of the Bestseller 

DOS: The Complete ReferenceI Foreword by Bill Gates I 
You 'll get up to speed on OS/2 with Jamsa's exper

Here are the techniques ;md insights on OS/2 vers ion tise. This quick-paced gu ide covers fundamental to 
1. Othat serious programmers need. Learn how and advanced concepts . illustrated with numerous exam 
why the system works . Iacobucci discusses ples and screen disp lays . You'll find details on 

• Dynamic linking and the system API • Redi rection of 1/0 • Memory management in a protected • System configurationenvironment • Multi-tasking• OS/2 multi-tasking • Similarit ies between DOS and OS/2• Advanced inter-process communications • Acomplete command referen ce with syntaxfaci lities charts that are unavailable elsewhere• The system 1/0 capabilities • Tips for system configuration with• Session management. user intertace . analyses of configuration file entr iesuti lities , and more . 
$24.95, ISBN: 0-07-881300-X. 650 pages $19.95, ISBN: 0-07-881306-9, 600 pages 

Available at Fine Book Stores and Computer Stores Everywhere 
Or Call Our Toll-Free Number 800-227-0900 (Outside California) 800-772-2531 (Inside California) 
(Use Your Visa or MasterCard) 
A.a• IDle 1n Can1a~ mro"gn r.tcGro"·~ll< llyo"an Lia Pnon• 416 - ~J . 1911 

•A'~; Osborne McGraw-Hill 
e": • 2600 Tenth Street
I n i Berkeley, Califo rnia 94710 Cirdt 192 on Rtadu Suviu Card 
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"children'' had more memory. 
did their chores faster. and re 
quired less nagging. And I up
grade my ystcm with add-ins. 
add-ons, and accessories with the same 
sink.ing feeling in the pit of my wallet that 
a parent expe.riences buying clothing for a 
rapidly growing infant. 

I can't push this analogy too much fur
ther; I don't know a single family that 
ells off its kids every couple of years to 

buy new ones (though I've heard more 
than a few parents mutter wistfully that 
they'd like the opportunity to do so). 

The frustration of computer owner
ship. however, is worse in one. respect. 
There are at le.as! some certainties to rais 
ing children; you know that in a predict
t:1ble number of yet:1rs. they'll grow out of 
infancy, out of adolescence, move away, 
and probably start cleaning up their own 
rooms. In contrast, I keep waiting for my 
machines to show signs of increasing ma
turity, but no1hing seems to happen. 

Once a year. I write a column that cata
logs my own extremely personal choic.:es 
iu oftware and hardware. and. th.is is the 
month for it. I strongly believe that coD 
fossing my prejudices provides a nece.s
sary foundation to the column; if you 
know I use WonJStar, for example, you ' ll 
be able to take mv dislike of some other 
word processors ~ith a grain of salt. 

A s I began compiling my list , I noticed 
that although there have, been major 
change.. in my computing environment. 
the nature of the tools has changed very 
little in the past few years. Sure, every• 
thing has gotten faster and more power
ful. but the systems have not gotten per
cept i hi y smarter. I'm still telling my 
electronic children what to do i.n words of 
one syllable. and I'm still picking up 
after them. 

So I offer the following challenge to the 
computer industry: You've proved that 
you c<1n de~ign systems that follow orders 
perfect!y. Now give us systems that can 

Annual Revelations 

Ezra Shapiro 

In some ways, owning com- A plea for smarter Framework, it's comfortable
puters i - Iike being a paren1. I and as Mac-like as I need. 
often find myself wishing my computers, and Ezra's annual list When I've got arc.ane, ma-

of favorite things 

anticipate them . 
Software that senses the presence of 

video boards and numeric coprocessors 
is a step in the right direction. So are 
naturaJ-Eaglish query languages. But I 
v.rdnt more . 

rwant a computer to say to me, " Ah. I 
ee from the filename that you're writing 

your BYTE column . I' II just go ahead and 
load all the desk accessories you nor
mally use for that." Or, "You seem to 
make typos involving transposed charac
ters more freque.ndy than other sptllling 
mistakes, so I'll look for the transposi
tions fi.r.;t." Or, "When you se.t margins 
for your letterhead, the doc.ument almost 
al ways gets sent to the laser printer . Arti
cles usually get sent as ASCrI files via the 
modern. I'll just load the appropriate 
drivers for you." 

To do this sort of thing today, I have to 
spend hours with installation and macro 
programs. I want my computers to be 
ahle to figure it out for themselves. I 
don't wdnt to have: to say a thing. 

Right nov.·, everyone. is excited about 
adding graphics interfaces and program
ming languages to the environment, be it 
HyperCard or SQL. To me, that's just 
another 1,1,/QY of phrasing the orders . Why 
1101 provide tools with some smarts? !!':; 
time to help the kids grow up. 

The Sort Set 

On the MS-DOS side of my computer 

table, I'm now using three word proces

sors, so help me. For short documents. 

I'm back to WordStar, my old favorite. 

The upgrade to 4.0 convinced me to start 

using it again. and it ' s more than ade

quate for ruy basic needs. For longer 

pieces, or ones where I need computa
tional or database operations, I'm still 
using Framework II. After 2 years of 

nipulations IO perform, I switch 
over to XyWrite III Plus . I was 
reluctant to try it , hut it's the 
quickest of the three editors , ex

tremely adept at block operations. and 
marvelously programmable. Even if I 
have to haul out the manuals. I find it eas
ier to program XyWrite than to program 
Framework. 

My set of memory-resident programs 
hasn't changed at all in the past 12 
months. A.~ide from device drivers. I use 
Cruise Control , Revolution Softw.irc' · 
magnificent program to optimize cursor 
speed and action depending on the fore
ground task: Memory Mate. Michael Frc· 
mont's free-form text database with a re
minder tickler: and Ready! , the outl.iner 
from Living Videotext. 

For big-league database functions. I 
like Borland 's Reflex and Paradox. Re· 
flex is gTcat for analyt1cal jobs, but it's 
limited to database files that fit in RAM. 
Paradox is the big guy for large project, . 
I've changed prcadshects from Frame
work II to VP-Planner Plu s. Now that 
VP-Planner i macro-compatible with 
Lot'ils 1-2-3 and features s implified 
menus , I'm atisfa.d with it. For telecom
munications , rm using Mirror II. 

Over on the Mac, Microsoft Works is 
my primary \"Tiling tool. equipped with 
Lundeen & Associates' WorksPlus Spell 
and WorksPlus Command. WorksPlus 
Spell adds the best spelling checker ['ve 
ever used, and WorksP\u Command is a 
full macro environment-not onJy docs it 
record and play back keystroke s and 
mouse movement. . it al o generates e.dit· 
able P.<1scal-like code. 

cominued 

Ezra Shapiro is a consu!tl'ng ediror for 
BITE Comacr him at P. 0. Box 1461J69. 
Sari Francisco, CA 94114, or 011 BfX as 
"ezra. "Because ofrhe volume ofmail he 
receives. Ezra. regre1f11fly. cannor re
spond to each inquiry. 
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Cruise Control ................... $29. 95 

Revolution Software Inc . 

715 Route 10 E 

Rnndolph , NJ 07869 

(20 I) 366-4445 

Inquiry 934. 


Desktop Express ... ..... . ...........$149 
Dow Jones & Co . Inc. 
P.O . Box 300 

Princeton, NJ 08450 

(609) 452·2000 
Inquiry 935. 

Excel (Mac) .. .. .. ......... .. ... .. .. .. . $395 
Microsoft Works (Mac) ...... .... . . $295 
Microsoft Corp. 
16011 Northeast 36th W'if'j 
P.O . Box 97017 

Redmond, WA 98073-9717 

(206) 882·8080 
Inquiry 936. 

4th Dimension .. . .. .. . .. . . .. . . . .. . . .. $69.5 

Acius Inc . 

20300 Stevens Creek Blvd . 

Suite 495 

Cupertino. CA 95014 

(408) 252-4444 

Inquiry 937. 


Fnunework n...... ... .... ...........$695 

Ash!On-Tarc 

20101 Hamilton Ave. 

Torrance. CA 90502-1319 

(213) 329-8000 

Inquiry 938. 


GraphlcWorks 1.1.. ... .. . .. ... .. $79 .95 

Mindscape Inc . 

3444 Dundee Rd. 

Northbrook, IL 60062 

(3 12) 480-7667 

Inquiry 939. 


MacCalUgrapby .. .. .. .... . .. .. . . $149.95 
Enzan-Hoshigwni (USA) 
P.O. Box 131 

Still River, MA01467 

(617) 456-8255 

nrders : (800) 962-6686 

Inquiry 940. 


MemoryMal.e ...... ............... $69.9.5 

Broderbund Software Inc. 

17 Paul Dr. 

San Rafael, CA 94903 

(415) 492-3200 

Inquiry 941. 


Items Discussed 

Microphone ........ . . ........ . .. .. . . . $149 

Softwdre Ventures Corp. 

2907 Claremont Ave . 

Suite 220 

Berkeley, CA 94705 

(415) 644-3232 

Inquiry 942. 


Mirrorll .. . .. ... .. . . . . . . .......... $89.9.5 

SoflKlone Distributing Corp . 

1210 East Park Ave. 

Tallahassee, FL 32301 

(904) 878-8564 

Inquiry 943. 


More . .............. ..... .. ... .......... $29!> 

Ready! ....... " ... " ................... $99 

Living Videotext Inc. 

2432 CharleslOn Rd. 

Mountain View, CA 94043 

(415) 964-6300 

in California: (800) 443-4310 

orders: (800) 822-3700 

Inquiry 944. 


PegeMaker .... ............... . ..... ..$495 

Aldus Corp. 

411 First Ave. S 

Suite 200 

Seattle, WA 98104 

(206) 622-5500 

Inquiry 945. 


Paradox 1.1 .. .... ................ . ... $495 

Reflex Plus (Mac) .......... .. .. ..... $279 

Borland International 

4585 Scotts Valley Dr. 

Scott5 Valley , CA 95066 

(408) 438-8400 

Inquiry 946. 


PowerStation . ... .. ......... . ...... $59 .95 

Suitcase .. . . ....... ............ . .... $59 .95 

Software Supply Inc. 

599 North Mathilda Ave. 

Suite 210 

Sunnyvale, CA 94086 

(408) 749-9311 

Inquiry 947. 


QUED/M .. .. .... . . .. .. .. ...... . . ... . . SI l 9 

Paragon Concepts 

4954 Sun Valley Rd . 

Del Mar, CA 92014 

(619) 481-1477 

Inquiry 948. 


QuicKey ..... .. ........ .. .......... $99.95 

CE Software 

801 73rd St. 

Des Moines, IA 50312-1051 

(515)224-1995 

Inquiry 949. 


SuperGiue .. . .. ....... . ..... . ... .. . $89 .95 

SmartScrap and 

The Clipper ... . . .. ... ........ . ... $59. 95 

Solutions 

29 Main St. 

Montpelier . VT 05602 

(802) 229-0368 

Inquiry 950. 


SuperPainl .. .. ... ... .. ... . .. ... . . $149.95 

Silicon Beach Software Inc . 

9580 Black Mountain Rrl . , Suite E 

San Diego , CA 921 26 

(619) 695-6956 

Inquiry 951. 


TOPS/DOS (MS-DOS) . . ..... . . ... . $189 

TOPS for the Macintosh .. .. . . . ... $189 

TOPS FlashCard (PC AppleTalk 


card) .. . ... . .. .. . .. ... ... .. .. .. ... ... . $239 

TOPS 

2560 Ninth St., Suite 220 

Berkeley, CA 94710 

(4 15) 549-5900 

Inquiry 952. 


VP·Planner Plus .. . ........ . ... .S179. 95 

Paperback Software International 

2830 Ninth St. 

Berkeley, CA 94710 

(415) 644-2116 

Inquiry 953. 


Word.Star Professional 4.0 .. .. ... .$395 

MicroPro Jnternational Corp. 

33 San Pablo Ave. 

San Rafael. CA 94903 

(415) 499-1200 

Inquiry 954. 


WorksPlus Command ......... . $99.95 
WorksPlus Spell .. .......... . .. .. $59.95 
Lundeen & Associa tes 
P.O. Box 30038 

Oakland, CA 94604 

( 415) 893-7587 

Inquiry 85 l. 


XyWrile III Plus .... . .. ... .. .. .. ... . $395 

XyQuest Inc. 

44 Manning Rd . 

Billerica, MA0182 1 

(617) 67 1-0888 

Inquiry 852. 
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Occasionally. when I'm working with 
ASCII files. I'll shift over to QUED/M 
from P-aragon Concepts , a nifty program
mers' editor that implements the foll 
Unix wild-card search system. I keep 
Microsoft Write around on the hard disk 
merely to convert MacWrite files into 
something usable. 

My databases arc in Reflex Plus, 
though rm building an accounting sys
tem in 4th Dimension . Excel is the 
spreadsheet of choice. For graphics, I 
usually use SuperPaint , but I occasion
ally play with both MacCalligraphy and 
GraphicWorks. My favor ite layout pro
gram is PageMaker 2.0a. 

Communications are handled with 
Software Ventures' Microphone I. I; I 
use Desktop Express from Dow Jones to 
commu11icate with MCI Mail. Is an out
line conceivable without More from Liv
ing Videotext? Of course not. I'm also 
high on SupcrGlue (tht print-to-disk 
driver from Solutions), and I use Smart· 
Scrap and The Clipper, desk accessories 
from Solutions thut simplify using graph
ics fragments in other programs . 

In the past few months, I've picked up 
a number of new utilities for the Mac. 
Suitcase leis me cram my menus with far 
more desk accessories and fonts than 

Apple a.llows. PowerStation is a Finder 
replacement that I find extremely useful 
in the confusing mai;e of windows gener
ated by MultiFinder. Both are from Soft
ware Supply. 

I've just purchased QuicKey. from CE 
Software, which lets me assign mouse 
movements, menu selections , and text to 
keyboard commands of my own choos
ing . I haven·t worked with it long enough 
yet to tell if I really like it. 

The Hard Set 
There 's been a lot of hardwJre activity in 
the past 12 months; 1987 was a year for 
replacements . My old Compaq portable 
made way for a Tandon PCA-40, a 
286/EGA box with a 40-megabyte hard 
disk drive and a si ngle high-densi ty 
floppy disk drive. I've added a Logitech 
Bus Mouse and MieroSpeed's FastTRAP 
trackball device, and I switch between the 
two depending on mood . I'm being won 
over by the trackball, but since it uses my 
one lonely serial connector , I switch to 
the Bus Mouse when I know I 'm going to 
need the port. 

One of the Tandon's slots has an AST 
Premium RAMpage board , and another 
holds a TOPS Flash.Card AppleTaJk 
board. The Compaq lives on, by the way . 

Since I haven't gotten around to installing 
a 360K-byte drive in the Tandon, I use 
the Compaq to format disks-a lowly fate 
for a machine thut provided flawless per
fonnancc for 2 1h years of nearly conlinu
ous use , including 15 months spent run
ning u bulletin board system. 

The real excitement has occurred on 
the Macintosh side of my worktable. The 
Mac Plus and Dataframc 20 combo has 
been lent to a rabid computerphobe who 
was once forced to use MultiMate on an 
LBM PC XT. The. Mac seems to be heal
ing those deep scars; she's now sitting 
down at the computer volumarily. 

I'm using a new Macintosh SE with 
Apple's stock hard disk drive and an ex· 
ternal Jasmine 160 drive .. Less than a 
month after I purchased the computer. I 
ripped out the factory- installed memory 
and dropped in 4 megabytes of l 20-ns 
Lightning single in -line. memory mod
ules. I also bought myself a Radius Accel
erator 16 card. and it's wonderful. 

I chose the Radius for two major rea
sons: price und convenience . At $995 , 
it 's half the price of many other boards. 
And since I I.est software, it 's oflen nec
e.ssary for me to shut off the accelerator 
and deal with a stock SE . By holding 

contifrued 

The UnlWare"' 68000 C Cross Compiler gen
erates fully optimized code for your ROMable 
applications. It supports: 

• 68000 * 68008 
* 68010 * 68012 
* 68020 * 68881 

You won't find a more complete package - the 
UniWare 68000 C Compiler comes with a 
relocating macro assembler, type-checking 
linker, librarian, and all the util ities you need to 
put your program into ROM. And it's jusl $995 
under MS-DOS. Also available under UNIX. 

CALL TODAY 

(312) 971-8.170 
SOFTWARE DEVELOPMENT SYSTEMS, INC. 

3110 Woodcreek Drive 
Downers Grove, IL 60515 

The UnlWare'M ZSO C Cross Compiler gener
ates fully optimized code for your ROMable 
applications. It supports: 

•Zilog zao 

•Zilog Z180 


*Hitachi HD64180 

You won't find a more complete package - the 
UniWare zao C Compiler comes with a relocat
ing macro assembler, ty~hecklng linker, 
librarian, and all the utilities you need to put 
your program into ROM. And it's just $995 
under MS-DOS. Also available under UNIX. 

CA.LL TODAY 

(312) 971-8170 
SOFTWARE DEVELOPMENT SYSTEMS, INC. 

3110 Woodcreek Drive 
Downers Grove, IL 60515 
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The OMS has sold me 

on laser printers as 

the greatest thing since 

sliced bread. 

down the mouse bunon on start-up, the 
Radius gives me the option of shutting aff 
either the code cache. the data cache, or 
the whole thing . 

Since the Mac itself is becoming a 
memory hog with Multifinder and 
HyperCard. I also appreciate the fact that 
the card uses motherboard RAM . While 
it might not be as blazingly fast as accel 
erators with on-board memory . I didn ' t 
have to buy 4 megabytes of chips for both 
the 68000 and the 68020 . I'll conce~e 
that other accelerators might be a hair 
faster, particularly for number cru.nch 
ing, but Radius gives me text scrolling so 
fast I can't make out the words as the,y fly 
by . ln graphics programs, objects that 
u. ed to jump slowly across the screen try 
ing to keep up with the cursor now slide 
easily . 

For printers, I have an Okidata Micro-

line 192, an Apple hnagewriter IL and a 
QMS-PS 8CXl la~er printer. The Okidata 
is hooked to the Tandon, the lmagewriter 
IT plugs into the Mac. and the QMS is on 
the TOPS network so both computers can 
have access. The Okidata has performed 
well for 2 lh years. The lmagewriter IT is a 
recent addition, but a glance at the guts 
has convinced me ifs the most solidly 
built printer I've ever owned. The QMS 
handles the bulk of the printing around 
here. and it's sold me on laser printers as 
the greatest thing since sliced bread. 

The. whole syste.m is cabled together 
usi_ng TOPS networking software, the 
TOPS Flashcard in the Tandon, and 
PhoneNet connectors and wiring from 
Farallon. 

Apology to Microsoft 
In January , f attacked Microsoft for the 
inability of both Word 3.01 and Works 
I . I on the Macintosh to eliminate blank 
lines during a mail merge. I was half 
right. Word has problems. but Works 
does kill a blank line if it contains nothing 
but a null field. However , this feature is 
undocumemed in both the original Works 
1.0 manual and the pamphlet that accom
panies the I . I update. According to Tim 
Lundeen, one of the authors of Works. 

the documentation was frozen before the 
software w.i.s finished. Silly me to trust 
the manual! Sorry, Microsoft. 

On the Right Track 
My December column, in which I men
tioned a digital control ~ystem for M~rk
lin model trains, prompted a brief note 
from Richard P. Dennody, coordinator 
of the Computers in Model Rajlroadiog 
special interest group of the National 
Model Railroad Associa1ion. He writes , 
"I thought you might be interested in 
knowing that there are more than a few 
people with ·a passion for model rail
roading and computers' out there, as the 
hundreds of members in this special-in 
terest group would imJkate-. 1988 will 
mark our seventh year of publishing a bi 
monthly newsletter devmed to these two 
subjects .. . . There are also alternatives 
to the Miirklin system. which unforru 
natcly controls only MarkJin trains of 
mostly European prototype, rather than 
the North American prototypes more com
monJy modeled in the U.S . and Canada ... 

If you send a stamped. self-addressed 
envelope. you can get further information 
about the group. Its address is NMRA 
CMR-SIG , 8431 Timber Glen , San An
tonio. TX 78250-4416. • 
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Enrich your writing style
At last! Aprogram that enhances 

your writing style 
READABILITY (from Scandinavian PC Systems, Inc.) analyzes your 

to rewrite them or not. 
Included with th~! program are finished 
analyses of a number of samples of good 
writing (by famous authors etc.). They 
help you to learn quickly how good writ
ing should 
appear 
un the 
diffcrt::nt 
dia
~rams. 

The smlence diagram presents the reada
bility c.haracteri5tics of your ~entences, 
and tells you what percentages of your 
sentences are EASY, NORMAL and 
DIFFICULT. 

The word sekction diagram presents your 
ratio of everyday word5 to unusual words 
and tells you how much word-variety 
your writing incorporates. 

The word seltctiOtl comments pinpoint 
poorly selected words that you'll want to 
avoid in the future. 

READABILITY also presents an 
1.werall evaluatiun of your writing by 
grading it on a 0-to 5 scale based on 
six highly relevant factors. 

Finally, READABILITY summarizes 
the analysis by presenting and 
averall TFView with frroposals for 
specific steps you can take to make 

your writing more readable. 
Circle 196 on Reader Service Card 

SCANDINAVIANnr 0 
SYSTEMS r• c:::J 

SOFTWARE FOR THE IBM.PC, XT AT AND TRUE COMPATIBLES SOFTWARE FOR THE IBM.PC XT AT AND TRU 


Write your letter, report. article or what · 

ever it is you're workini: on using your r~

i;:u la r word processor. Then convert to an 

ASCII file. 

Load READAJ:UL!TY and ask it to analyze 
your text . TI1e results are ready in u jlffy. 

Browse through I.he READABILITY dis
plays to !ind out how readable your writing 

really is. READABILITY provides you with 

clear-cut advice on how to improve your 
writing style. ComJl<lr" your rt!llults with 

those of your colleagues, or with a few 

paragraphs written by your favorik author 

or newspaper columnist. 

READABILITY IN A NUTSHELL 
The main READA· 
Bll!TY diagram pre
sents a simple graph. 
By comparing ils 
dispersement and 
focal point with nine 
analytical templates, 
you can grade your 
writinp: on a sc;ilc raugm~ from children':. 
books to bureaucratic gobbledygook. 

S<:.;i ndina"ion PC Sysu·ms. Inc 
3 Bri • lk. idc l'.1rk. 0 1<1 (;r.o<:nl'oich, LT 06870 
Phone (203) 698 -01\2:! 
Fax number (203) 698-0914 

writing style and shows you how to improve it Some twenty 
displays show you just how readable your writing is. 

What's more, you can see 
which sentences deviate from 

the norm, and lhen decide whether 

Textbook-style manual 
An attractive, hard-cover tell.1:book-style 
manual is included with READABILITY. 
This well-or~anized ----- _ 
and easy-to-use I ~~M1 -y 
manual tells you 

1 
how to use 1 

READABILITY / 
and explains 
how it 
functions. 

PRICE 
only S 
59.95 

Scandinavian PC Systems, Inc. 
specializes in low-price programs that 
include carefully written text.book-style 
manuals which are in a class apart when 
it comes to user-friendliness. We helieve 
that a manual is every bit as important 
as the program it supports. More than 
50,000 copies of our programs have 
been sold in Europe. 
Our other programs include: 
WORD PROCES.'JING, SPREADSHEET 
and DATABASE , each of which costs 
only S 49.95. 

YES! Send me the best! 

_ .oor1<:s of R t\l)Alll LITY AT S 59.9) cadi. 
_ opb <J I WORD PROC E ING al _ J9.95 cod1. 
_ . opi i!!. ,,f , l'R IS\OSHE • '" 5 J9.95 <Jd 1. 
_ conks of I i\T1\B1\S E al $ 49.95 cad1 . 
_ ~opio uf ;Lil fo u1 hpcdo l of l<r) nl S 1 7 ~ . 80 

Name: ____________ 

Company: ----------
Address: ___________ 

Cit1': 


State: Zip 


Coun1r y: ___________ 

D Ch~-.:k enclosed D MC D \'!SA 

Exp. Date---------- 

Signature 

Date ----------- 

Sc.1ndinavian PC Sy5 l ·n", Inc. 

S.\ ll odda &iulc v"r<J. Sc;irborough. On1ari,; 

[ .:;mad" M IE 27..8 
Phone (4 16) 674-471 0 

IBM .. ls a r'egjUered trademark of lnremorionaJ Butl'l'HIH Moi;h.ine .s.~ Corporofk n 
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--

As your introduction to Take 3 B ks
The Library of Computer 
and Information Sciences Any 00 
1Puhlishers· prir1-s shown/ 

DATABASE COMPUTER SCIENCE 

I -.-· 
----. 

85369 HO.oo 48'141·Z S38.95 32490-2 $37:.~.i 8%lH S34.95 707%-! S36.9S 61000-2 S.P.50 
(count< 1.< 1 choices) (rounu as 1 chnlm<) (cwnb i.s ZchoH:es) (cuunb as Zchoices) (count< :u ? chow) 

Al & ROBOTICS DATA COMMUNICATIONS 

0--Introduction to 
Robotics 

'i628H m .95 -Hln·l $3i.95 51917 Sl9.95 78665-1 S-!8.00 
(rounu as l cho~) (counts as ! dioices) (oounu 1> 1 choice~) 

MICROS 

Sll.95 .f)l:'_~-1 S.N9'i ~3?i0 SlS.00 

(cuunl5 as i chotcc.-<J 

PROFESSIONAL TOOLS 


7i620 Sl5.00 53920 Sl4.9S 60.1"2 !>!0..\;l 

GRAPHICS 

m.n2 s~.oo 39'J8.H H9.9i 
(oounis as 1chnicl's) (counu. as 1 choim) 
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IBM ENVIRONMENT 


:'14 l.'>4·2 S5<J.9S 
(count• as l dioice<) 

SOFTWARE DEVELOPMENT 

-- Hlndl::lock al 

~-~-·- CRUMCn 
,.MOD~ 1 

..... ' 

M57lHl·l $32.95 
(oounb a> ! rhott.) 

PROGRAMMING 

m.\(d SWiO 
(luol nis is 2 dloic~J 

-

857'ii 

6'1i'i!H S."8.9'i 
(rounu as i diolccs) 

.• Rella.ble 

I Data · 
Structures · 

! inC. ,. 
I 

r• n-
m.oo 

8W4H SJl.95 
(cooms as l choice<) 

.li !0/1 Slh.h7 

()(',QM· 2 S36.9S 
(rounl> :lli l choices) 

8;9'!5 ·2 $j2.()) 
(rou ms "" l choices) 

• 
•• 
• T1H UNIX a:fSTIM 
" dEJl.. llA.NUAL 

•• 
• 
I 

$29.95 

4 Good Reasons to Join 
I. The Finni Books. Of Lhe hundred~ ofh<mh suhmittcd to us c~ch 1•(•ar. 011!\• Main Selection and Alternate Selections, together with a dated reply C'J rd . If 
the l'!'r)' finest arc sclcned and offNed. Moreover. our books are :i1ways of you want the Main Selection . do nothing. and it w.ill he sem 10 you autonmi· 
t-qual <1uali1y to publishers' editions. never t·cuuorny editions. cally. If you prefer anoiher selection. or on book at all. simply indicat(' your 

choice 011 the card and return it by thf' date speri lied. You 11' ii I have :It leas1 10 
2. Big Savings. In addition to gen Ing 3hooks for only $1.00 c:.th when you days 10 decide. If. becauS•' of late mall deJivery of the News, you should receive
join. you keep saving substantially. up to.)()% and <xrnsionally even more. (For a honk you do not want, we guara1ucc n'turn postage.
cnmple, yo ur total s;ivings as a trial 111cmb(.•r-induding this introductory 
offer-ran easily be 01w 50%. Timi's like ~cuing every other book fr~!) 

If reply card is missing, please write to The Library of Computer and lnforma· 
~- Bonus Books. A lsn, you will immediately hecnmc cligihle 10 par1ki1TJI(' in Lion Scil'nces. Depl. HR6. Riverside. :'IJ, 08075. for memhership information 
our Bonus Flook Plan, with savings nf 65% off th<' p11blishers' price:<>. and an :ipplicat ion. 
4. Convenienl Service. At 3-~ week imer\'a)s (16 times per year'). you will 
receive the Lib r~ ryof Computer and In forma1ion Sc ie1Kcs ,\11.>u· s. d1,,-i;nl bing the Byte 3/88 
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MICRO·CAP ll:M 

The CAE tool with fully interactive 


analog simulation for your PC. 

Spectrum Software's MICRO·G\P II® is 
fast , powerful, and feature rich. This fully 
interactive, advanced electronic circuit 
analysis program helps engineers speed 
through analog problems right at their 
own PCs. 

MICRO-CAf' n, which i~ based on our origi· 
nal MICRO-a!> software is a field-proven, 
second-generation program. But it's dra· 
matkally improved. 

51:hemat1c F.if1t11r 

MICRO-CAP II has fuster analysis routines. 
Uetter resolution and colot: Larger librar· 
ies. All add up to a powerful, cost-effective 
CAE tool for your PC. 

TI1e program has a sophisticated inte
grated schematic editor with a pan capa· 
bility. Just sketch and analyze. You can step 
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componen1 values, <llld nm worst-case 
scenarios-all interaetivcly. And a 50CHype.. 
library of standard parts is at your fmger
tips for added Oexiblity. 

MICRO-CAP II is available for IBM® PCs 
anti Macintosh .... The IBM version is CGA, 
EGA, and Hercules® compatible and costs 
only $895 complete. An evaluation version 
is available for $100. Call or write 1oday for 
oor free brochure and demo disk. We'd like 
to tell you more about analog sulutiort~ in 
the fas1 lane. 

• lnteg.r.itell schematic editor 
• Fast analysis routines 
• High-resolution graphic output 
• 	 Standartl pans Iibr.iry of 500• lypes 

'IBM ver.;ions only. 

• ir.rn~icnl. ,Ill:,, DC, and HT routines 
• Op-amp and switch models 
• Spec-sheet-to model convener• 
• !'rimer and plotter• hard copy 

1021 S. ~lfe Road, Dept. I:: 

Sunnyvale CA 94087 

(408) 738-4387 

~ICllO-OJ' II b ' ~1twd lr•kmcl. 
ol Sp<d rom son.. ... 

\IK'i.ncr,U. Cl. :a U'.ill.lrrmu'k of Mclnlu,.tl LlbUnt1•1). In" 

:.wd ~ borm~ t1'k'tl "i,lh '"P"'~' prnnl1-dun o( ti .. r,.Tif'f 


l!<t<11l<0 " • rqi>t< It<! H11d<m>1" 
ot llt' f{Ulo IJ..n1p~h.·r Tl'\'hru.~Of\) 

lh~ k .1. rqh1l'rni 1rltnu.r\ 

Qf [ntCfll~l lnnai &1~i~~ \.l.Jrl:m)jj, llH 
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Introduction 

Floating-Point Processing 

N umbers don ' t float, of 
course (although the 

wrong number can certain
ly sink a calculation), but 
our microcomputers per
fonn arithmetic on num
bers stored with a float ing
point representation all lhe 
time. Efficient computing 
requires float ing-point 
processing. Fixed-point 
arithmetic limits the range 
of the numbers being ma
nipulated . It also adds to 
the camplex.ity of the oper
ation by demanding a great 
deal of scaling among 
numbers with different 
" implicit" radix points . 
So , floating-point arith
metic has become a mod
ern-computing necessity. 

Given that necessity , 
finding better ways to per
fonn such math gains sig
nificance, particularly as 
microcomputers take on 

more demanding applications in real-time processing, CAD, 

and scientific computing. In the era of graphics-intensive ap

plications, high-quality hardware and software assistance for 

floating point is paramount . 


For example, the number of floating-point olJerations 
(FLOPs) needed to display a single graphics image can add 
up as follows: Compute 12,000 image points , 120,000 
Fl.DPs; rotate and scale the image to complete its nonviewa
ble side, 28 4-by-4 matrix transfonnations , 300,000 FLOPs; 
clip the image (to display only the viewable surfaces), 72 ,000 
FLOPs; convert coordinates to iniegers for pixel mapping. 
130,000 Fl.DPs; shading and light source calculations, 
360,000 FLOPs; interpolation of 1mplottcd points, 300,000 
FLOPs. The final tally-1 .5 million Fl.DPs to display a sin
gle high-resolution image. The reason behind the primitive 
graphics of early-generation microcomputers suddenly be
comes clear. 

The examination of floating-point processing we offer in 
!'.he following pages assesses where we stand today and spec
ulates on where we might go tomorrow. By looking at the 
dynamics of floating-point processing, and some of the hard 
ware.and software issues involved in doing it, we can begin to 
unde.rstand how importan1 this technology has become in 

personal computing. 
We did nor look at array 

processors- specialized 
engines for doing image 
processing applications
but this class of b.ardware 
will undoubtedly ~ome 
more prevalent in the fu 
ture and will warrant our 
attention in a future issue. 

Our coverage slarts with 
"Avoiding Coprocessor 
Bottlenecks ," in wh ic h 
Mauro Bonomi explains 
the Weilek I 167 architec
ture and shows where that 
floating-point unit (FPU) 
gets its perfonnance. He 
explores the limitations 
imposed on performance 
by the bandwidth of the bus 
connecting the CPU and 
FPU . And in a text box to 
this article , BYTE's Tom 
Thompson assesses the 
performance of two Intel 
80386-class floating-point 

accelerators-the Intel 80387 and the Weitek 1167. He put 
both accelerators through !'.heir paces wich a series of com
mon test programs to show how they pcrfonn. 

Next, Prak.ash Chandra . in " Programming the 80387 Co
processor," explains the addjtional functions that the newest 
Intel FPU provides. Not only is it a faster-dock-rate FPU , 
the 80387 adds new transcendental functions. Chandra ex
plains the important differences between the 80387 and the 
earlier-generation Intel floating-point processors. 

fn his "Floating-Point Survival Kit," computer engineer 
Pete Wilson reviews tbe floating-point fundamentals , gives 
some insights into techniques for measuring floating-point 
speed, and evaluates some of the newest computer de.signs 
for speeding floating-point operations. 

Fmally , Carl Byington talks about doing IEEE 754-com
patible math in software without major performance sacri 
fices . His article, " How 10 Get Bener Floatjng-Poin1 Re
sults," also gives some tips on designing programs that give 
good answers regardless of whether the floating -point opera
tions are executed in hardware or via software emulation . 

- G. MichJJel Vose, Senior Technical F.ditor 
George A. S1ewarz , Technical &Jiror 
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FLOATING-POINT PROCESSING 


Avoiding Coprocessor 

Bottlenecks 


Overcoming bandwidth problems between the CPU 
and the floating-point math coprocessor 

UMERJCS PERFORMANCE IN the 
mi llions of floating-point operations per 
second (MFLOPS) is vital to workstation 
!asks such as high-quality graphics, 
stress analysis . CAD , and e.Lectrlcal or 
mechanical si mulations . With the in
c.:reasing sophistication of business soft
ware, MFLOPS are fast becoming a ne
cessity in many office applications as 
well. Linear programming. used to solve 
complex optimization problems in busi 
ness and industrial planning, relies 
largely on floatlng-poi111 computation . 
So does statistical analysis , employed in 
market research, product quality analy
·is. capacity planning, and stock portfo
lio analysis. The high-resolution graphics 
found in computer-aided drafting and 
desktop publishing make copious use of 
floating-point arithmetic (see I.he text box 
"Graphic' s Prodigiou s Need for 
FLOPS" on page 198). 

While high-end microprocessors such 
as the Intel 80386 provide general 
purpose horsepower in the 3- to 4-MLPS 
range, their arithmetic perfonnance lags 
far behind , delivering only thousands of 
floating-point operations per second- far 
too slow for compute-i.nteosive personal 
workstation applications. 

For higher numeric p¢rformance , sys
tem designers mu~ t turn lo coprocessors 
and numerics accelerators. By relieving 
the CPU of floa1ing-poim math , these 
arithmetic engines can incre.ase system 
perlormance markedly. A range of nu
merics accelerator. are available, from 
conventional coproce sor c.:hips . 1ike 
Intel' s 80387 and Motorola's 68882. to 
very fast bit-slice array proce-ssors. 

Mauro Bonomi 

Conventional coprocessors arc rela
tively inexpensive and run standard soft
ware but offer pcrfonnance levels suit
able only for low-intensity numerics 
applications. such as spreadsheet recom
putation and two-dimensional graphics. 
Array processors . on the other hand, are 
often expensive. and difficult to program. 
They execute special operations, such as 
matri.x multiplications and vector calcu 
lations, very rapidly . But because of their 
complex architectures, often featuring 
multi pie me rnory bank s, pipe Ii ned 
stages, and multiple address generators. 
they are not supported by standard com
piJers . Si.rnple recompiJatjon of existing 
software is not possible . 

A variation on the conventional copro
cessor is the memory-mapped copro 
ces . or. These coproce so rs reach a 
mjddle ground betwee.n convemiQnal co
processors and array processors ; they 
provide standard software. support like 
the conventional coprocessors but move 
up the perfonnance curve tow-.:ird arruy 
processors. Memory-mapped coproces
sors vary from conventional coprocessors 
in one vital respect: Memory mapping at 
tempts to de.al with the bus bandwidth 
bottlened . 

Sun, Apollo. and Masscomp all make 
proprietary memory-mapped floating
point accelerators for wo(kstations.; in the 
personal computer world. the Weitek 
1167 is the only e:mmple of a memory
mapped coprocessor. 

Bottlenecks Limit ~rformance 
The vast majority of arithmetic calcula
tions perfonned by any computer employ 

real numbers and so require floati ng
point proces · ing . Such processing is , 
however. a good deal more complex than 
integer math . The computer must keep 
track of a mantissa and an exponent for 
every operand and perfonn scaling after 
each arithmetic.: operation to reduce the 
result to a normalized fom1at. 

Owing to silicon space limitations, 
microprocessors. such as the 80386 and 
the 68020, fe.ature integer-only ALUs . 
Floating-point operation s are accom
plished through software subroulines. 
Each such operation is carried out by the 
integer hardware as a lengthy series of 
ALU steps (adds, s ubtract~. and shift~). 

This type of software implementation 
places a significant drag on perfonnance 
in numerics-intensive tasks. Numerics 
coprocessors provide dramatic gains in 
speed by implememing floating -point 
functions in specialized hardware. Co
processors work in close conjunction 
with the microprocessor. 

Assuming, for example, that two sin
gk-prcci ion numbers, A and B, stored in 
two 80386 registers must be added and 
the result C stored back in the 80386, the 
folJowing actions must be carried out: 
The microprocessor must instruct the co
processor to execute an addition. pass the 
two operands, and then store th.e result 
after the completed operation. Clearly. 
lhc re ult ing system performance de
pends on two main factors: the raw speed 

continued 

Mauro Bonomi is a product manager at 
Weitek. He can be reached at J(){i() East 
ArqueI. Sunnyvale, CA 94086. 
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COPROCESSOR BOTTLENECKS 


Graphic's Prodigious Need for FLOPS 


0 ne of the most math-hungry appli
cation s is three -dimensional 

graphics , used extensively in CAD, 
computer animation, and a variety of 
scientific problems . Generating even the 
simplest image of a three-dimensional 
solid , for example, can consume prodi 
gious numbers of floating-point opera
tions. Beginning from a simple geomet
rical descr iption of ao object, the 
computer must derive a model of the ob
ject's entire surface and its relationship 
to the viewing screen, reflected light , 
and perspectival attributes . 

Consider the goblet in photo A . The 
first step in rendering a realistic image is 
to create a mathematical model of the 
object. The goblet is defined in terms of 
quadratic functions representing simple 
geometric shapes: a sphere, cylinder, 
and two hyperbolic surfaces, each trun 
cated by one or more planes . For exam
ple, the quadralic function for rhe sphere 
is X + y• + z• "" K' . 

The equations are next solved for var
ious values of X and Y. The result is a set 
of coordinare points, representing points 
on the su.rface of Lhe goblet. In a process 
known as te.ssellation, eaeh point is 
treated as the vertex of a triangle. The 
surface as a whole is represented by a 
large number of adjacent triangles, 
much like a faceted gem, that approxi
mate the smoothly curving surface of an 
actual goblet (see figure A) . The greater 
the number of surface points computed , 
the higher the quality of the final pic
ture . For this image, 12,000 points were 
computed with a totaJ of about 120,000 
floating-point calculations. 

The generalized surface image must 
next be rotated , translated, and scaled . 
Thal is, il must be assigned an exact ori-

Photo A: The goblet. 

entation , position, and size. The coordi
nates of each triangle vertex are multi
plied by a 4-by-4 transformation matri.x . 

Twenty-eight floating-point opera
tions are needed to transform each point ; 
transforming the entire picture take 
330,000 calculations. 

Once the image has been trans
fonned, it must be determined which 
points fall within the viewing space 
(i.e., which points lie inside the pictnre 
frame). Clipping , as this process is 
called. involves six calculations per 
point for a total of 72,000 calculations. 
Perspective transformation comes next. 
The internal. three-dimensional model 
of the goblet is projected onto the two
d imensional coordinates of the com
puter screen. Screen coordinates must 
be converted into integer values repre 
senting pixel location s . Roughly 
130,000 oper.i.tions are required . 

A shading model must then be used to 
compute the colors and intensities asso
ciated with each point on the screen. 
Such models take into account the prop
erties of both the surface of the object 
and the Iight source. Light source calcu
lations entail more than 360,000 opera 
tions for the vertex points projected onto 
lhe screen. Shading for pixels not corre.
sponding to vertices of the tessellated 
image is derived via interpolation. As
suming the goblet takes up 30 percent of 
the screen, interpolation requires close 
to 300,000 calculations. 

Al lhis point, lhe information is com
plete and is ready to be displayed . All 
cold, the. image bas required approx1
mately I .5 million floating-point oper.i
tions . Many more operations are re
quired every time the image is rotated,Figure A: The tessellated goblet. 
translated , or rescaled. 

of the floating-point hardware and the ef
ficiency of the interface between the 
microprocessor and the nume.rics copro
cessor. Even if the floating-point unit 
(FPU) latency- the time required to gen
erate a result from two input operands
could be reduced to 0, an inefficient in 
terface protocol could limit system 
performance. 

L-Ow-Latency Data Paths 
Tbe 80386/80387 combination illuscrates 
conventional coprocessor function. The 
80387, connected to the system data bus , 
monitors the same program instruction 
stream as the microprocessor does. The 
microprocessor is responsible. for gener
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aling all addresses for both code and data . 
Operands and op codes are transmitted to 
the coprocessor from memory via the 
data bus. Whenever the microprocessor 
detectS a coprocessor instruction, it waitS 
untiJ the coprocessor becomes idle , lets 
Lhe coprocessor begin the instruction. 
and then moves on to the next instruction. 
If the 80387 is still busy by the time the 
80386 encounters another coprocessor 
instruction, the microprocessor waits 
until the coprocessor is done. This pro
cess is invisible to the programmer; it ap
pears as though there is only a single 
processor. 

Despite this tigh1 coupling and ease of 
programming, the perfonnance of con

ventional numerics coprocessors suffer 
both from some inherent processing limi 
tations and from interface bottlenecks . To 
begin with, simple operations such as 
adds and multiplies may require muJtiple 
passes through the hardware . Thjs is due 
to limi1ed silicon space for ALUs. Simi 
larly , the. number of on-chip registers is 
often relatively small. But a bigger prob
lem is that both data and instructions are 
sent to conventionaJ coprocessors via a 
data bus of limited bandwidth . 

Memory-mapped coprocessors accel 
erate floating-point operations in two 
ways: They use dedicated 64-bit float ing
po1nimwtiplier and ALU data paths. and 
they provide an interface that lets the co
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processor acquire dara and instructions 
by using both the address and the data bus 
simultaneously. 

For example, consider the simplified 
block diagram of the Weitek 1167 mem
ory-mapped coprocessor and its interface 
to the Intel 80386 (figure I). The mulli
plier and ALU data paths execute such 
operations as single-precision adds , sub
tracts, and multiplies in a single pass 
through the silicon. The 1167 multiplier 
and ALU flow-through time is under 200 
nanoseconds for a single-precision opera
tion. In contrast. conventional coproces
sors usually require over 1.5 microsec· 
onds (7 to 8 times slower) to carry out the 
same operation. 

The coprocessor is connected to the 
80386 via the control, data. and address 
buses. Instructions (op codes) are sent to 
the coprocessor using the system address 
bus. while data (opemnds) are sent over 
the data bus . As the address bus specifies 
the instruction 10 be performed , the data 
bus can pass a 32-bit operand simulta
neously. This parallelism reduces bus 
bottlenecks that otherwise significantly 
limit system performance . 

View of the System Address Bus 
The microprocessor treats a memory 
mapped coprocessor as a distinct region 
of physical memory . Data-moves to and 
from this memory region select the co
processor and specify both the floating
point op code. the location of the two 
operands. and the destination of the com· 
putational result . At the same time, the 
data on the data bus can provide any oper
and not already present in the coproces
sor· s registers . 

Figure 2 shows the Weitek coprocessor 
view of the 80386 address bus. The co
processor is mapped into the physical 
memory area ranging from C()()()()(X)()h 
to COOOFFFFh. A given address in this 
area selects the coprocessor, indicates the 
instruction for the coprocessor to per· 
form, a.nd specifies the operand locations 
(Sourcel and Source2/Destination) . The 
most significant l 6 bits of the physical 
address identify a coprocessor instruc
tion. If the upper bits of the address are 
not equal to COOOh, the address does not 
speci fy a Wei1ek command and is ignored 
by the coprocessor. The next 6 bits of the 
address specify the. coprocessor instruc
tion to be executed. The least significant 
JO address bits specify the registers that 
will provide sources and destination for 
the instruction. 

Source2 and Destination always coin
cide. When Sourcel is set to 0, the 
Source I data is provided by the system 
data bus. Source2 and Destination, on the 
other band, always specify one of the re
maining 31 32-bit registers (I to 31) of 

the coprocessor regis1er file. This means 
1ha1 one of the two operands always re
sides in the coprocessor register file. 

Generating Instructions 
Coprocessor instructions for the Weitek 
l 167 arc specified via simple 80386 
memory moves. Assuming that the two 
single-precision operands in the 80386 
registers EAX and EBX need to be added 
and the result is to be stored back in regis
ter EAX, the following three memory 
move instruction s wi ll execute the 
operation: 

I) mov ADDRl, eax ; load content of 
EAX (A) into the 
Weitek 1167 reg
ister file. 

2) mov ADDR2. ebx ; load conlent of 
EBX (B) into Wei
tek register file 
and add it to A. 

3) mov EAX, ADDRJ : store result C 
back into 80386 
register EAX. 

Addresses ADDRl. ADDR2, and ADDRJ are 
derived by filling the address fields, 
shown in figure 2, with the proper values. 
The most significant 16 bits of all the ad
dresses are set to COOOh in order to seleet 
the coprocessor. The next 6 bits are filled 
with the op code for LOAD, ADD, and 

STORE, respectively. Finally. the least 
significant JO bits will be filled with the 
operand addresses. 

As all 1he above operations involve one 
operand coming from the bus, Source] 
will always be set to 0. Source2 can in 
stead specify any of the remain.ing 31 reg
isters (I to 31) in the \\leitek 1167 register 
file. With the move to ADDR2, the 80386 
passes a 32-bit operand (B) 10 the copro
cessor on the data bus and specifies the 
floating-point instruction that needs to be 
executed (ADD). This is an example of the 
parallelism provided by the mcmory
mapped interface . 

To hide the details of the memory 
mapped interface from the programmer, 
memory-mapped coprocessors feature 
macros, one for each coprocessor in
struction. Using Weitek 1167 macro no
ta tion, for example, the addition se
quence above becomes 

I) wfld wsl, EAX ; load EAX (A) into 
Wcitek register I . 

2) wfadd ws 1, EBX : add Weitek regis 
ter I (A ) to EBX 
(B). 

3) 11fst EAX, wsl ; store result from 
Weitek register I to 
EAX. 

The instruction stream assumes that reg
comimud 

Weitek 1167 

ALU 

~ 

Data . I - bus 
'v" 

80386 

32 x 32 
ln1erfaee Register file 

and control 
logic 

Multiplier 

• loo 

Control Address 

busbus ...... •.... :. 

Figure I: A block diasram ofthe 80386/Weitl'k I 167 interface. 
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Figure 2: The Weitek 116711iew ofthe 80386 address b1u. 
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Photo 1: Th<' /1each /Jaf/. 

mer 1 ha~ been ui>ed to accumulate the 
result inside the coprocessor. 

Large Register Sets 
Memory-mapped coprocessors com
monl>' ofter large internal register se!s 
that can be used to store constants and to 
accumulate partial results . The at:cumu
lation of partial resul!s in internal regi. 
ters lets the coproce sor minimize the 
number of loads and stores between the 
microprocessor and the FPU. 

When performing a three-dimensiom.1! 
graphics transformation. for example. re
quiring the multiplication of a large num
ber of ve.ctors of friur element~ each hy a 
4-by-4 transformation matrix. lhe pro
grammer can store all 16 mairix coeffi 
cients in the coprocessor regis1cr file and 
then use them to transform all the vectors. 

C programmers can ucfinc all vari
ables processed by the coprocessor as 
temporary variables. The compiler will 

then allocate such variables to copro
ccs or internal. registers, thu s holding the 
number of store anu load operations be
tween microprocessor and coprocc or to 
a minitnum . 

To appret·iate the performance differ
ences between conventional and mem
ory-mapped t·oprocesscJrs. see ·'The Intel 
80387 vs. the Weitek 1167'" by Tom 
Thompson. on page 205. 

Compiling: An Example 
The beach ball picrure shown in photo l 
was gcneralcd on a 20-MHz Compaq 
Deskpro 386/20 with an EGA graphics 
card. The C code for this simple graphics 
ex.ample is presented in li sting I . The 
program uses the Phong shading tech
nique to compute the intensities and 
colors of the surface of the ball. The idea 
behind this technique is to compute nor
mal (perpe.ndicular) vectors to each poinL 
on the urface u ing an interpolation 

Listing I: Thf' C code ro generure the beuch /H,1l/. (Code l1Ti1te11 hy Bruce 
Holloway of Weitek. ) 

#include <math.h> 
tinclude <stdio.h> 
linclude <time.h> 

clock t start,stop; 
float-pi; 
int colors [] = ( 3, 6, 10, 13, 6, 3, 10 , 13, 6, 3, 13, 1 

0},d []=(640, 350, 1 }, i, k, 
palette[J : (000,010,001,011,020,002,022 

,077,040,004,044,060,006,066,007,077), 
x,y,x min,x max,y min,y max; 

unsigned short random: 

main() 

scheme and !hen apply the shading model 
a1 each pixel di. played. 

The program involves a large number 
of floating-point computa!ions on ingle
prccision numbers. including the four 
basic instructions (add. subtract. multi
ply. and divide) , as well as spc.: ial func
tions ( ine , cosine. and square roo!) . The 
C program was compiled with a 
MetaWare High C compiler that uppons 
both the Weicek 1167 and the 80387 co
processor . The compiler generates either 
80387 or Wei1ek l l 67 object code. Users 
choose the desired coprocessor by setting 
a ·pecial wi!ch on the command line 
when giving the compile command . 

Running without a floating-point co
processor. with the 80386 emulating 

('nnti11111 ·rl 

BYTEK's NEW 135 MULTIPROGRAMMER1 OFFERS 18/12 PROTECTION PLANM 

BYTEK's 135 programs virtually any 24- , 28-, & 32-pin (E)EPROM 
from 16K to megabit devices. Sets of devices, 16- & 32·Bit Wide, 
can be downloaded into RAM via the RS232 & programmed in one 
easy operation. As a stand alone Gang Duplicator, up to 8 EPROMS 
can be copied at one lime. (optional 16 EPROMS). 

UNIVERSAL: With standard 256K x 8 RAM, expandable to 2 
MegaByte, the 135 suppons more devices than any other produc
tion programmer on the market today. Options available to program 
40 pin EPROMS, (E)PLD/GALs, Bipolar PROMs, & 40 pin Micro 
Computer Devices. 

18/12 PROTECTION PLAN: BYTEK offers a full 18 Month Warran
ty, & 12 Month FREE Device Updates. 

rEl~ii~rn 
Call us today at: 

1-800-523-1565 
In Florida: (305) 994.3520 

FAX: (305) W4-3615 

TE.LEX· 4998369 BYTEK 


~ 1021 South Rogers Circle, Boca Raton, FL 33487 
INSTRUMENT SYSTEMS DIVISION 
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GE SYSTEM 


Engineered

for speed, 

flexibility


and 

expandability 


BayTech 
/Jav Tudwicu/ Associate:;, Inc., Daia Com111u1Jicntirms Prod1Jcts Division 

· 200 N. Second St.. Buy Saint Lm1is, MS 39520 USi\ 
Telex 9/0- JJJ-1618 BAYTECH. Tc/cphu11c 601-467-8231 or loll-/rrte 

800-523-2702 

• Optimum flexibility: SeleL:l 
the right combination of serial 
and parallel ports, and set any 
of these ports as a periphernl 
port or as a computer port . 

• Basic unit expandable to 24 
ports by 4-port modules oITcrcd 
in serial/parallel combinations. 

• Standard 5 l 2KB buffer 
expandable to 4 1/2 megabytes. 
to handle big prin t/p lot jobs 
and many smal l ones . 

• Ruffer memory dynamically 
allocated to maximize buffer 
utilization . 

· Simultaneous data input and 
output on all ports. so no 
devices are kept waiting. 

•Computer-to-computer 
commun ication t:oncu rre n l 
with all other operations. 

• Full duplex communication 
allows file transfer capability 
wilh many communications 
so(tware packages . 

• Compatible with virtually all 
computers. printers, plotters. 
modem~ am.I other peripherals. 

• Pop-up RAM resident PC 
support software allows 
peripheral selection via hol key. 

• Super fast throughput allows 
data to pass through with no 
apparent processing delays . 

• Many mer-definable 
parameters including separate 
baud rates, now control and 
parity for e ach port. 

• Internal serial-to-parallel and 
µara!lel-to-serial conversion. 

• Cascading capability to 
increase available number 
of ports. 

• Unl imited hot line tct:h 
support. 

• Designed and manufactured 
in the U.S.A. 

Cirde J6 on Reader Service Card 



Cirdr 139 on Reader Sen iu Curd 
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LABTECH 

NOTEBOOK 


Now 

with Real Time 

Data Reduction 


LABTECH NOTEBOOK has been the 
accepted standard for data acquisition 
and control software for some time . It is a 
remarkable package that lets you perform 
real-time data acquisition and process 
control on your PC without program
ming. 

Now, NOTEBOOK can also do real-time 
analysis and data reduction. so you can 
see meaningful data on the screen . and 
adjust the experiment automatically 
based on those calculations. For exam
ple, you can see the mean or standard 
deviation of a signal . calculate an FFT, 
compare several signals , or use FIR fil
ters - all in real-time! We call this intelli
gent data acquisition and control. 

And if you need to do post acquisition 
analysis, you can replay your data back 
through NOTEBOOK for further reduc
tion , use LABTECH 's FFT or Curve Fitting 
programs . or you can call your favorite 
analysis program. With our Real Time 
Access option. you cJn move the data to 
your favorite analysis software or a 
custom-written program while it 1s being 
collected. 

For Information on where to buy and a 
list of interface hardware supported by 
LABTECH NOTEBOOK. write Lab
oratory Technologies today or call 
(617) 65 7-5400. 

l.AllTECH NOTEBOOM I$ eompollD\1 w11~: H;rav.m IBM PC XT 
Al or ~ompJT1bles ;md mos1lri ~hnmerU.tho n lnrer1 ,lft ~ 

Laboratory Technologies Corporation 
400 Ar.search Drive. Wilmington MA 01887 

(617) 557-5400 
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float a,b,c,19,ll.12.ln.lnl.n9,nl.n2.p,q,r•l 28.s,t,v(l2] {3]; 

int n; 


/• Put EGA in hi-res qraphics mode ' initialize pallette. */ 

video int(0xl0); 

for (n•0:n<l6;n++) 


video_int(Bxl000,n+(palette!nl<<8)); 

/* Print title ' start timinq. */ 
lifdef Intel 

printf("\n\n\t\t 80387 Phong Shading Demonstration\n"); 
felse 

printf("\n\n\t\t Weitek 1167 Phong Shading 
Demonstration\n"); 

fendif 
printf("\n\n\n\n\n\n\n\n\n\n\n\n\n\n\n \n\n\n\n\n\n\n•); 
start•clock. (); 

1• Pixel aspect ratio. */ 

a•l.3; 

/* Screen center coordinates. */ 

b=.5*(d(0J-l); 

c-. s• (d 1i1-11: 

/* Unit length light source vector. */ 

10--1/sqrt(.3.); 

11-10; 

12•-10; 

/* Ratio of circumference to diameter of a circle. •/ 

pi=4*atan (1. l: 

/* A dozen vertices evenly spread over a unit sphere. */ 

v(0] (0]•0; 

v(0] [1)•0; 

v(0] [2]•1; 

s=sqrt(S . l; 

for- n~l;i<ll;i++) 


p~pi*i/5; 

v{i] [0]•2*cos(p)/s; 

v i i) [1)-2*!1in(p)/s; 

vliJ [2)• (1. - 1'2*2) /s; 


) 
v(ll] (9}•0; 

v [ 11 J c1 J-0: 

v [ 11) ( 2] --1; 


/* Loop to Phonq shade each pixel. */ 

y max•c+r; 

y-min~2•c-y rna1t1 
f o r (y•y_min:y<•y_max:y++) 


say-c; 

nl•s/r; 

lnl•ll*nl; 

swr*r-s*~; 

x_max•b+a•sqrt(s); 

x min,.2*b-x ma><; 

for- (xsx_mi~;x< ~x_max:x++) 


t • (K-b) /a; 

n0•t/r; 

t • ,.qrt ( s-t *t) ; 

n2=t/r; 

I* Compute dot product and clamp to positive value. */ 

ln•l0*nB+lnl+l2•n2; 

if (ln<0) ln• 0: 

/* cos(e.r)**27 */ 

t•ln*n2; 

t+•t-12; 

t*-t*t; 

t *"'t *t; 

t *-t *t; 

/* Nearest vertex to normal yields max dot product. Get 
its color. */ 

conrinued 



It'sjustyour asic 

q furn eap. 


Microsoft 
QuickBASI C 4.0 is 
no longer your basic 
BASIC. Now, because 
of a revolutionary break
through, you can run, test, 
debug, then continue running 
your program and see the results. 
Instantly. Which is wh~ we call it 
"instant programming~ 

Other compilers make you wait while they 
compile your program at an unimpressive 
rate of 12,000 hnes per minute. But Microsoft 
QuickBASIC 4.0 translates your program 
into executable code at a breathtaking 
150,000 lines per minute. You get all the speed 
you can possibly use right when you need 
it. While you're developing your program. 

And for the first time in BASIC, you'll 
find the most sophisticated debugging tools 
around. Like the freedom to change a run
ning program on the fly. Without restarting. 
And you also get instant syntax checking, 
watch expre$ions, even runtime type 
checking. 

Besides all these 
advances in the environ

ment, Microsoft QuickBASIC 
4.0 gives you a sophisticated 

collection of language extensions: 
records, recursion, huge arrays and 

true functions. There's even interlanguage 
calling that lets you call subroutines from 
other Microsoft languages. 

And if you think all this means you might 
have to give up phenomenal execution 
speed, think again. Microsoft QuickBASIC 
4.0 gives high periormance executable code 
that's the fastest anywhere. 

About the only thing that isn't more 
advanced in Microsoft Quick.BASIC 4.0 is 
the price. 

It's still just $99. And it's still backed with 
a 30-day money back guarantee. Microsoft 
QuickBASIC 4.0. 

To make a quantum leap in your pro
gramming, you need a quantum leap in 
your language. 

Microsoft~QuickBASIC 4.0 

For lhe name of }QUr neares1. Microsofr dealer.cull {8(X)) 5'1H261.Dept.A44. 

Mic n>Soft is ::.t l\:l!UiWt\:'d 1r:ui:cn111'k o i ~·th~ rosoll Corpciral inn .. Urrer· valid In 1lk' 50 Unhl:d S~uu~s ooly. 

Circle }70 on Reader Serv~e Card (DEAI.ERS: 171) 



COPROCESSOR BaITLENECKS 

for (i•0,p•0;1<11;1++) 
if (p<(q•n0*v[i] [0]+nl*v[i] [l)+n2*v[i) [2])) 

P'"'!; 
k•colors[i]; 

/• ~gqregate ambient, diffuse, ' specular intensities ' 

do dither. */ 

i•k-2.5+2.5*ln+t+(random•37*random+l)/65536.; 

I* Clamp values outside range of three color levels to 

black or white. */ 

if ( i<k-2) 1-0; else if ( i>k) 1•151 

draw_dot {); 


} 

stop•cloclt(); 

reg reset(); 

printf (n\t\t\t\tTlme - ll3.2f seconds~, ((double) (stop

sta rt) ) /CL.K TCKJ ; 
while (clock()-stop<S*CLK TCKJ; 
/* Put EGA in 80-colulT\11 m;de. */ 
video_int(0x03); 

Listing 2: Sample ofcompiler ourpur for 1he 80387. 
s-r•r-s~a; 

0214 d9 46 c9 fld dl'ord ptr -56(bp] 
0217 d8 c8 fsqr 
0219 d9 46 c4 fld dword ptr -60[bp] 
02lc dB c8 fsqr 
02le de e9 fsub 
0220 d9 Se c4 fstp dword ptr -60[bp) 

x_max•b+a*sqrt(s); 
0223 d9 46 c4 fld dword ptr -60(bp] 
0226 d9 fa !sqrt 
0228 d8 4e fe fmul dword ptr -4[bp] 
022b dB 46 fB fadd dword ptr -Blbp) 
022e 
0231 

eB 
a3 

----e 
0054r 

call 
mov 

m111trunc 
@FONGB~LL.+84,ax 

Listing 3: Sample ofcompiler ou1pur for the Weitek 1167. 
.s•r* r-s'*'s; 

0388 64:.a.2 07B wload .s fr2, fr25 mov al, fs; (} 
038c 64:a2 08la wmul .s fr2,fr2 mov al, fs =[) 
0390 64:a2 0b'7a 11mul .s fr26, fr26 mo11 al, fs: (] 
0394 64:a2 107a wsub .s fr26, fr2 mo11 al,fs:(] 

x_max•b+a*sqrt(s); 
0398 64 :a2 47la wcvtsd .s fr2, fr26 mov al,fs:(l 
039c 66:64:ff 36 0clB push . s fr2 ; push fs: (] 
03a2 66:64:ff 36 0clc push .s frJ pu.sh fs: [] 
03a8 eB ----e call sqrt 
03ab 64:a2 45al wcvtsd .s fr4, fr13 mov al. fs: [ ] 
03af 64:a2 45a8 wcvtsd .s fr6,frl2 mov a l , f s: [I 
03b3 64.:a2 889a wmul .D fr2,fr6 mo11 a l. fs: [) 
03b1 64:a2 8098 wadd .D fr2, fr4 mov al, f s: Cl 
03bb 64 :a2 bcla wfix .D fr2. fr2 mov a l. f s: {] 
03bf 66:64:al 8cl8 vs tor .D fr2,eax mo11 eax, f s: (] 
03c4 66:0f a4 c2 10 shld edx,eax,16 
03c9 a3 0054r mo11 @FONG1167 +72, a x 

80387 instructions , the program takes 8 
minutes to complete. Adding a 20-MHz 
80387 reduces the execution time to a ht· 
tie more than 28 seconds. Finally, the 
Weitek memory-mapped coprocessor cuts 
execution time by about 3 time , down to 
only 10 seconds. The 200 percent perfor

s = r* r - s *s is translated into the code 
stream in listing 2. 

The same equation is translated into 
l !67 memory moves by the compiler 
when the Weitek coprocessor i_ selected_ 
The Weitek object code shown in listing 3 
makes e.fficient use of coprocessor regis
ters. Th.e equal ion result s ( s = r* r 
s* s) , for example, is not store-Ci back into 
the. 80386 but is left in the coprocessor 
register file and is then used by the in
struction (x.J11ax = b +a~ sqrt ( s)), thus 
minimizing the data transfers between the 
microprocessor and the coprocessor and 
freeing up the system bus. 

Programming for Performance 
When writing high-level language code 
for a memory-mapped coprocessor, some 
simple techniques can lead to significant 
performance improvements in the com
piled code. First, variables used only in 
specific subroutines can be defined as 
local variable.:; . The compiler the.n allo
cates such variables to coprocessor regis· 
ters and will not store them back to main 
memory at the end of each instruction . 

In the case of the 1167. the assembly 
language programmer has access to spe
cial instructfons not otherwise available 
to compiler users . The multiply -accurnu· 
late (wfmac) instruction is an eMmple . 
This instruction , useful in implementing 
matrix multiplications, specifies the mul
tiplication of the two input operands, fol
lowed by the addition to a previously cal
culated partial result. A single me.mory 
move- can then specify two floating -point 
instructions (multiply and add), further 
dec(easing the burden on !he. system bu .. 

Additional assembly-level instructions 
that can improve the system performance 
are block moves-that is. moves of blocks 
of data to or from adjacent memory loca· 
tions. A block. move effectively encodes a 
stream of floating-point instructions. It is 
useful in loading and unloading the entire 
contents of the coprocessor register file , 
as well as in implementing vector adds 
and multiplies. 

Boiling Down 
Accelerating floating-point performance 
boils down to more than just clock rates 
and the size of machine v,·ords. We need 
the hardware assista nee of dedicated 
ALUs and multipliers. But equally im 
portant is the need for efficient way · to 
move <la.ta and instruction between the 
main proce ·sor and the math coprocessor. 

Removing the coproce sor instruction 
stream from the data bus-using the ad
dress bus to transmit np codes-leaves 
more room for passing operands. This 
strategy is one way to increase data bus 
bandwidth and improve proces or/co· 
processor interaction. • 

mance improvement WdS achieved by sim
ply recompiling the source code with no 
hand-coded optimizations. 

Samples of the compiler output for 
both the 80387 and the Weitek 1167 are 
provide.d in listings 2 and 3. When com
piled for the 80387, the code line 
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The Intel 80387 vs. The Weitek 1167 


AS THE OTHER articles in this section 
explain , the new generation 80386 float 
ing-point hardware improves upon the 
math coprocessors previously available. 
To find out if they really deliver oo their 
collective promise to enhance floating
point perfonnaace , I ran several tests to 
determjne how the 80387 and Weitek 
WTL 1l67 stacked up. 

The Compaq 386/20 lets yon use !his 
new generation of math coprocessor. 
While the 80387 is a single chip, !he 
We.itek l 167 is a set of three chips de
signed to work in parallel with the Intel 
80386 and provide floating-point per
formance superior to the 80387. Com
paq supplie.~ this coprocessor on a clev
erl y de s igned Weitek Coprocessor 
Board that also bas an 80387 socket . 
This unique ability to use both coproces
sors within the same computer gave 
BYTE the opportunity to compare the 
floating-point performances of both. 

Compaq's Weitck Coprocessor Board 
comes in a kit costfog $1999 that con 
tains the coprocessor board , a special 
interconnection board, a 38-page instal 
lation guide , and a tool for removing !he 
80387 from its socket . The board has a 
PC-fom1 factor with a standard PC-card 
edge connector for mounting it in the 
computer. The interconnection board 
plugs into the 80387 socket on the Desk
pro's motherboard and attaches to two 
male connectors on the coprocessor 
board. opposite the- PC edge connector. 
This second pair of connectors leis the 
computer communicate with the 80387 
when it' s placed on the coprocessor 
board. Because of the location of the 
motherboard's 80387 socket, you must 
ins ialJ the Coprocessor Board in slot 2 . 

The installation guide uses photos and 
detailed text. to guide you step by step 
through the board installation. How 
ever , the disassembly procedure used is 
complex : You are required to remove the 
Deskpro's entire motherboard just to re
move the 80387 and install the intercon
nection board on iis socket. I used a 
shortcut by removing the reinforcement 
bracket, the RF shield , and the 32-bit 
memory board in slot I . This saved me a 
lot of disassembly work and having to 
run SETUP 10 reconfigure the system. 
(My guess is that Compaq \,l(fil](S you to 
go through tbe elaborate disassembly 
process to avoid stressing the mother-

Tom Thompson 

board when the interconnection board is 
anached.) 

When you have removed the 80387 
from the computer, you then place it in 
the 80387 socket on the coprocessor 
board. Once the 80387 is in place, you 
mount the coprocessor board by very 
carefuUy sliding it (si.nce you have ibree 
connectors to mace instead of one) into 
slot 2 . 

The Tests 
I ran a number of benchmarks (compiled 
with Meta Ware's High C version 1.4) to 
test bolh the Weitek coprocessor and 
80387's handling offloating-point oper
ations , t111nscendental functions, and a 
mix of the two. A compiler switch di
rec ted High C to generate either Weitek 
coprocessor- or 80387-specific instruc
tions . The transcendental run-time li
braries are from Weitek and licensed to 
MetaWare for use with its compiler. I 
used Phar Lap 's version I. It Linker and 
DOS Extender to run the benchmarks in 
the 80386 protected mode. 

The Float and Calcpi benchmarks are 
floating-point intensive . Calcpi com
putes the value of 71' from a Taylor series 
expansion. Although the arctangent is 
used in Calcpi, it is used only once, so 
Lhat bench.mark can safely be said 10 be 
tloati.ng-point intensive. The Whetstone 

and Jolln Walker's Fbench benchmarks 
are representative of a mix of floating
point and transcendental functions. The 
Whetstone has few transcendental func 
tion calls. wltile the ray-tracing algo
rithms in Fbench make heavy use of 
them. Finally, Dr. Dobbs' Savage 
benchmark uses only transcendental 
functions. 

The results are shovm in table I . Af. 
you can see, the Weitek coprocessor eas
ily outperforms the 80387 in noating
point operations . However, only a mod
est gain in perfonnance is seen with the 
transcendental functions, notably with 
the Savage benchmark. This is because 
the WTL 1167 supports these functions 
as run-time libraries, not in silicon . The 
mixed-instruction benchmarks (Fbench 
and Whetstone) are probably more rep
resentative of real-world applications . 

Since the benchmark programs are 
coded in C, all floating-poi.nt values are 
processt:d as double-precision. You can 
obtain better perfonnance using single
precision values. • 

Tom Thompson is a BYTE tech!lical 
editor with a BSEE degree from Mem 
phis State University. He ca11 be co11
tacted at BYTE. One Phoenix Mill 
Lane, Peterborough, NH 03458. or 
on BIX as "tom__1hompson. " 

Table l: The Weitek Coprocessor Boord ran 7 percent to 68 percent faster 
than the 80387processing double-precision numbers in our benchmarks. 

Weltek 1167 Intel 80387 % Improvement 

Fbench 3.35 4.01 16 
Float 0_35 1.03 68 
Savage 2.63 2.84 7 

Calcpl 
Loopt1me 0.14 1.37 
Benchtime 0.99 3.11 68 
KiloFLOPs per sec. 590.99 287.40 

Whetstone 
Execution time 0.35 0.57 38 
Whets per sec. 2906469 1759199 

ACompaq 386/20 with 20-MHz 80386/80387 was used witli Compaq's 

\Neitek Coprocessor Board. One thousand iterations were run for the Fbench test , 

and 125,000 iterations were executed for Calcp1. All times are in seconds. 

" Improvement" indicates the improvement in execution speed compared to 

the 80387. 
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FLOATING-POINT PROCESSING 


Programming 

the 803 87 Coprocessor 


A look at the differences between this FPU and its older cousins 

THE 80387 CHIP is a math coprocessor 
for the 32-bit 80386 microprocessor. The 
80387-aciually called a Numerics Pro
cessor fatensioo (NPX) by its maker. 
Intel Corp.-implements the IEEE 754
1985 Standard for Binary Floating-Point 
Arithmetic and provides numerics capa 
bilities that include support for floating
point , extended-integer , and bi nary · 
coded-decimal (BCD) data types. The 
68-pio 80387 operates independently of 
the real , protected . and virtual-8086 
modes of the 80386. 

While maintaining upward object-code 
compatibility with the 8087 and the, 
R0287, the R0387 contains a variety of 
ocw instructions, including instructions 
to compute sine and cosine functions, and 
it extends the capabilities of many ex.isl
ing instructions. Object-code compatibil
ity ensures that any program running on 
the 8087 or I.he 80287 will run on the 
80387 without recompilation. 

Let's look at the key differences be
tween the 80387 and the earlier 8087 / 
80287 floating-point units (FPUs). For a 
u.escrip1ion of the performance character
istics of the 80387, see Uie text box 
"80387 Perfonnance" on p.age 212. 

Architectural Overvie"· 
The 80287 was designed before Uie final 
IEEE-754 standard was approved , The 
80387 , on the other hand, fully conforms 
to the standard , including automatic nor
malization of denormal operands, sup
port of only the affine interpretat.ion of 
infinity (the 80287 supports both affine 
and projective interpretations). and IEEE 
7 54-compatible unordered and partjal 

Prakash Chandra 

remainder instructions. 
The programmc.r of an 80386/80387 

computer system can view the 80387 as a 
mea.ns to add extra registers , new data 
types, and trigonometric, exponential, 
and arithmetic instructions to those of the 
80386 . 
• Register .fer: As figure I shows, an 
80387 contains a set of eight 80-bit gen· 
eral-purpo.e registers that are. individ
ually addressable. pl us three 16-bit regis· 
ters and two 48-bit registers . The general 
purpose registers are organized in the 
fonn of a stack. The top of the stack is 
designated by the TOP field of the 80387 
status-word register (described later) . 
Numeric instructions address the eight 
general-purpose registers relative 10 the 
top of the stack . In the rest of this article, 
I ' II use ST to indicate the top of the stack 
and ST(/) (with i = 0, ... ,7) to represem 
the ith register from the top of the stack. 

The three 16-bit registers in the 80387 
are known as status-word, control-word, 
and tag-word registers. The overaJI state 
of the 80387 is stored in the status word. 
The control-word register is used to con
trol processing options in the 80387. The 
tag word indicates the contents of each 
register in the general -purpose register 
stack. 

The function of the tag word is to opti
rnjze the 80387's performance and st.ack 
handling by making it possible to distin
guish between empty and nonempty reg
ister locations. It also allows program
mers of exception handlers to ched the 
contents of a stack location without the 
need to perform complex decoding of ac
tual data . 

The 48-bit instruction <ind data-pointer 
registers provide for user-written excep
tion handlers. These regi sters, which arc 
actually localed in the 80386 , can be ref
erenced only by a subset of !!0387 in
structions and are used by the 80386 to 
. ave the instruction addres~. the opemnd 
address (if any) , and the instruction op 
code. whenever the 80386 decodes an 
80387 instruction . 
• Data types: As fjgure 2 shows. the 
80387 supports seven data types in three 
different formats-binary integer. BCD 
inte.ger , and binary real . lnternal.ly, all 
numbers are stored in the extended-preci
sion real format. 
• Special numeric 110/ues: A real number 
in the 80387 has three parts-~ign. signi
ficand, and exponent. The I-bit sign indi 
cates whether the number is positive or 
negative. The.\ number 's significant digits 
are held in the significand field. The ex
ponent field determines the location of 
the "decimal" poinl within the ' ignifi
cant digits . 

The data fonnat of the 80387 also per
mits representation of special numeric 
values. A significand of 00 ... 008 
(8 =binary) and a biased exponent of 
00 ...008 represent the value 0. A 0 
can he positive or negative. lnfiniry i. 
another special numcrit· value, repre 
sented by a significand of I.00 .. .OOB 
and a biased exponent of 11 ... 11 B. The 

cominued 

Prakash Chandra is a iechnical markel
ing engineer at lnrel Corp. He can he 
reached a1 3065 Bower Al'e., Sama 
Clara. CA 95051. 
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80387 nllow~ both positi ve and negat iw 
infinities. A third special case represen15 

80387 Data registers 
Tag 
fie ld 

<lcnormal numeric values that occur in 
computations in volving extremely small 

79 76 64 63 0 0 1 numbers. Use of denorrnal values allows 

RO Sign Exponent Signi licand 
the gr<i<lua l loss of precision in rnmput;i -
1ions on small numb..:rs. 

Al The dass of real numbers represented 
by an exponent of 11 ... 118 and a signif

R2 icand of anything except 1.00 ... OOB is 

R3 
termed a N11N (not a number). The 80387 
uses two da ~ses o f aNs -s ignaling 

R4 NaNs (SNa. 'sJ and quiet NaNs (QNa Ns). 
The 80287, on the other hand , employs 

RS only one type of NaN-the equivalent of 

R6 
QNa N in the 80387 . 

A signaling Na 1 has a 0 In the most 

R7 sig nifica nt bit of its sig nificand . Al 
though the 80387 never generates a sig· 

15 0 47 0 naling Na. itse lf, it recognizes signaling 
NaN operands and causes an in va liu -1lp

Control register Instruction pointer crn1ion exception whenever an arithmetic 

S1a1us reg ister Data pointer 
operation is performed 
Na N operand. 

on a signaling 

Tag word For example. a compiler cou Id use the 
signaling NaN to dctC('t the use of a vari 
;iole in a program before the va riable has 
heen inilialized. This can he done hv ini 

flgu re I: Tht' rt'gista mndd ofthe 8038 7. ti alizing all variables declared in a· pro
gram to be a signaling NaN. If a va ri ahk 

Data 
formats Range Prec ision 

Most sign llican1 byte Highes1addressed byte 

7 o I 7 0 1 7 ol7 o I 7 o I 7 o I 7 o I 7 o I 7 o I 7 0 

Word integer 10• 16 b its I (Two's 

15 0 complement) 

Short integer 102 32bits l (Two's 

31 0 complemeot) 

Long integer 10' 9 64 bi1s 
63 

l 
0 

(Two's 
complement) 

Packed BCD 10•8 18digits SI x I d ,1 , d1 5 d 1~ d,. d n , d ,1 , d 11 , d rn dg ' di d r , d6 , di d, dJ d1 d 1 do 

79 72 0 

S1og1e 
precision 

10 ... Ill 24 bits S !Biased exponent ] Signi licand I 
31 23 0 

Double 
precision 

10 t J(J~ 53bits SI Biased exponent I Sign ilicand 

63 52 

I 

0 

Extended 
precision 

10 ± •9JZ 64 bits S I 

79 
Biased exponent I 

6463J 

Significand -1 
0 

(1) S - Sign bit (0 = positive. 1 = negative) 
(2) d" • Decimal digil (two per type) 
(3) X .. Bits have no significance; 80387 ignores when loading, zeros when storing 
(4) a ,. Posi1ion o! implicit binary point 
(5.) I "' Integer bit of s ignil icand: stored in temporary real , Impl ic it in single and double precision 
(6) Exponent bias (normalized values): single: 127 (7FH); double: 1023 (3FFH); extended real : 16383 (3FFFH) 
(7) Packed BCD: ( - 1)' (D11 .. Do) 
(8) Real: ( - 1 )' (2E·B ') (FoF , .. . ) 

Figure 2: The dma 1_1pes supported by th~ 80387. 
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is used in an arithmetic operation before 
it has been init ialized. ii will cause the 
operation to be performed on a signaling 
. aN. If the invalid operation exception 
were unmasked. an exception would 
uccur IO identifv the offend in« variable. 

A quiet NaN.in the 80387."'which con
tains a I in the mosr significant bir of it> 
significand, behaves the same way as a 
NaN in the 80287. 

New Instructions in the 80387 
The 80387 contains seven new instruc
tions not in the 80287 . Of these. three are 
tran cendental instructions, thre.e arc un
ordered compare instructions. and one is 
an IEEE-754 partial-remainder instruc
tion. Table l summarizes these new in
st ruciions. The 1e.x1 box ··Processor lni
tia lization and Control'" on page 210 
explains another key d.ifference between 
the 80387 and 80287. 
• Trigonometric i11srruc1io11s : The trigo
nometric functions accept a practically 
unrestricted range of operands. The in
muction ?COS computes the cosine of the 
contents of ST and replaces it with 

OS (ST) . The value contained in ST must 
be in radians. and its absolute value mus! 
be less than 2° 3 . If the operand is within 
this range . the C2 bit (the eleventh bil) of 
the status word is cleared . The C2 bit is 
·et to 1 if the operam.I of F S is out~idc 
the range and ST remains unchanged. 
The in structions F?F:E"1 and F?RE:'11 can 
be used to reduce the operand m a speci 
fied range . 

The !'S I N instruction works the same 
way as the FCOS inmuction . It replace. 
the contents of ST , which must be i:x
pressed in radians , with Sl1' (ST ) . The 
operand range restriction for F'GOS also 
applies for FSIN . The FS I NC OS instruc
tion computes both the sine and the co
sine of the contents of ST . First , the con
!ents of ST are replaced by Si . (ST) . and 
1hen COS(ST) is pushed onto the stack. 
The operand range requirements for FCOS 
apply to FST! COS. tuo. 
• Unordered comparr insrructions: In 
addj1ion to all the compare, test. and ex
amine operations of the 80287 , the 80387 
offers three new inslructions-FUC OM. 
Fi CO·l? . and F'UC OMPP-to perform un· 
ordered comparisons . The FUC M in
struction operates like the FC ·'. (comp<uc 
real) instruction in chat il compares lhe 
value on the top of the stack to the source 
operand, where the source operand can 
be in a register or on the stal:k , or a sin
gle- or double-real memory operand . 
This instruction will not, however. ge.n· 
erate an invalid-operation exception if 
one of the operand is a NaN. Table 2 
shows the values of the condition code 
birs in the status word (bits 9. 10. 11. and 
15 ) for various situations. If either oper

and is a NaN. the condition bits of the ~ta
tus word arc ~et to unordered. 

f tJGOMP and FVCOMP? be have I ike 
FUC0~1 and also pop the stack once anJ 
twice. resixcti vely. 
• IEEE 754-compmih.'e remainder i11
srrn crlcm: The IEEE 7 54 - comparible 
partial-remaimkr in structi on in the 
8038 7. F?RE:! l. computes the remainder 
of the division of ST bv ST(l ). The result 
is stored in ST . The i nsl ruction finds a re 
mai nuer rand a quotient q such chat 

r = ST - ST( I) x q , 

where q is the integer nearest to the exact 
\•alue of ST fST( I). FPREMl aIways pro
duces e:'\act results . and therefore the 
80387's rounding control mode ha. no 
effect on the result. 

If the FPREMl instruction is used on 
operands that differ greatly in magnitude. 
it can consume large amounts of lime anJ 
will also increase 1he computer' s inter
rup1 latency. since the 80387 rnn be in
terrupted only between insiructions. The 
instruction. 1herefore. mav terminate be
fore the calculation has b~en completed . 
If this happens, the C2 bit of the status 

The 80387 provides 

the system designer 

with significant 

enhancements in 

features and speed 

over the 80287. 

word 1s set. indicating incomplete calcu 
!aiion. The coments of ST in this case 
contain onl}' the part ia I remainder. 
F?RE": l can redu,·e the exponem of ST by 
up 10 (but not including) 64 in one execu
tion . lf the reduction is complete. the C2 
bit of 1he status bit is set to 0. and C3. Cl. 
and CO contain the least-three significant 
bit s of the quotient generated . The 
fPR :!Ml in stru ction differ~ from 1he 
80871287 instru..:tion F?RE"1in two " 'ays : 

l. Rem<1inder r produceJ by the ins1ru.,;
rion F'?!i.EM is in the range 0 .s; r < 

conrinu~d 

Table 1: Th£' llf'I\ ' i11.l'lructim1.1udded10 1/11:: 8038711Btrncri1111 .1et. 

tnstrucuon FuncUon 

FCOS 
FSI 
FSlt\JCOS Sine and cosine 
FUCOM Unordered cornoare real 
FUCOMP Unordered compare real and oop 
FUCOMPP Unordered compare real ano pop (t wice) 
FPREM 1 IEEE Standard partial rema:nae' 

Table 2: The \'a/ues ofrhe cm1di1ion cud,. bi!S in The 80387 !>lulu~· ll'ordfor 
van·ous conditions. 

80386 
Order 	 CJ (ZF) C2 (PF) CO(CF) Conditional 

(Bit 15) (Bit 11) (Bit9) branch 

ST>ooerana 0 0 1 JA 
ST< ooerana 0 0 1 JB 
ST=ooerand 0 a JE 
Ur1ordered 1 1 JP 

Table 3: The operand ran~es for tht• 80387 compan'J to 1hr 80287. 

80387 80287 
Instruction Function Operand range Operand range 

FPTAN Pamal ~angen\ 'ST{OJ I< 2fj3 IST(O)i < ,,,14 
FPATAN Arctangen1 Unrestr•cted IST(OJ < IST(1) 
F2xM1 2· - 1 - 1.s;ST10l.s: 1 O.s:ST(O),:s;O 5 
FSCALE Scale Unrestricted Undel1nect 1n O< jST{ 1J < 1 
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I STU l! . or -IST( UI < r s 0, depend
ing on the sign of the dividend. FPREMl, 
on the other hand, produces a remainder 
r .such that - JST( I )112 < r < JST(l )1/2. 
~ _ The low-order three bits of the quotient 
as reported in the status word bits C3. 
CI. and CO may differ by I in some cases 
because FPREMl and FPREM choose the 
V<t lue of quotients differently. 

Extended Operand Ra'nge 
The 80387 has C)(lcnded the operand 
ranges of four inst ructions: FPTAN, 
FPATAN, F2XM1. and FSCALE. Table 3 
compares the operand ranges for the 
80387 with those for the 80287 . 

The al lowed operand range for !he 
FPTAN (partial tangent) instruction in !he 
80387. which computes !he function y = 
TAN(ST) (ST is in radians). is IST(O)I < 
2G 3 

. The corresponding range for the 
80287 is JST(O)i < 11"1'1. The FPTAN in
struction reduces the operand internally 
using an internal 7r/4 constam , which is 
more accurate than the value obtained 
using a con tant ins1ruction like FLDPI. 

The F2X~ 1 instruction in the 80387 
computes the function y = 2' - I. - l s 
x ~ 1. This represents an increase in the 
range from 0 :S .:t :S 0. 5 in the 80287 . 

Instrut' tions FPATAN (arctangent) and 
FSCALE in the 80387 have unrestricted 
operand ranges. The arctangent instruc 
tion FP ATAN computes the function fJ = 
ARCTAN (_y/x). where x and y indicate 
the contents of ST(O) and ST( l), respec
tively . Although the range of the upcr· 
and~ i ~ unrestricced. the range of the re· 
suit depends on the relationships between 
che operands. as shown in iable 4. 

FSCALE. which scales the top of the 
mck by che power of 2 given in ST{I), 
hw, no n:striction on the range of value in 
ST<! asthe80287did. lfO< IST(l)i < 
I, the scaling factor is taken to be 0 in the 
80387 . This contrasts with the 80287, 
which produces an undefined result. 

Rounding Control 
Constants 0. l. 'Ir. log~IO , log2e, log,o2. 
and In 2 can be loaded onto the 80387 
stack using FLDZ, FLDl, FLDPI, FLDL2T, 
FL;) 2E. fLDLG2. and FLDLN2 instruc
tions. respectively. These constants have 
full extended-real precision (64 bits) and 
arc accurate to appro)(imately 19 decimal 
digits . The 80387 allows rounding of 
these internal constants according to the 
rounding control (RC) bits (bits 11 and 
12) of the control word. If the RC bit is 
sec to the Nearest rounding mock, !he 
80387 produces the same constant as pro
duced by the 80287. 

Denormal Operations 
The 80387 allows the use of denormal 
operands with FBSTP (packed decimal 

Processor Initialization 
and Control 

D uring initialization of an 80386 the presence l'f a 1.:opr ce~so 1 _ To ll''l 

system. system software must rec for ! he presence of an 8038 7. ho th po~1-
ognize !he presence or absence of an tive and negaci ve infinities art! generated 
FPU and set flags in che 80386 machine and their values compared. Since the 
status word w refle<:! the stale oft he nu· f!0387 differentiate.~ between positive 
meric environment. If an 80387 is pres· and negative infinities. this compari"in 
ent, it musl alsu be milializeJ. indicat.:s th<tl the tl•-'o infinities are J1f· 

fcrcnl. The 80287, however. docs nm 
Recognizing the 80387 differnntiate between the 1wo infinities 
Lisci ng A shows a routine co de1crminc This program sets the word at 
the presence of a coproce~sor (8087. SS: FfFEH to 0 if no FPU is pre~e nl, tu ! 
80287. or 80387). The algorithm first if an 8087 or 80287 is prcst•nt. and 10 2 ii" 
tries to <letennine if a coproces~or is an 803 87 is present. Once th is 1e~t ha~ 

present by examining che status and ('on- been performed and the word al 

1rol words. An affirmative test confirms SS : FFF!:E appropriately set. a prugram 

Listing A: A rmai11e ro ,·heck for rhe presence of" math coprocessor. 

dgroup group data 

cgroup group code 


code segment public 'code' 

assume cs:cgroup,ds:dgroup 


; Look for an 8087, 80287, or 80387 N?X . 
; Note tbat we cannot execu t e WAIT on 8086/88 if no 80~7 is 

present, 
: Set word at SS: FFfEH to 0 far r:o NPX, 1 for 80 a7 or 8028'/, 2 

for 8038 "1 

test npx! 
fn1nit ; Init NPX, mu st use non-wait form! 
mov si,Offfeh ; Set offset of status variable 

SS:FFFEH can be accessed at any time 
sub si,bp ; (BP+SI] points at SS:ffFEH 
)(01'" dX,d)I ; Clear NPX status flag 
mov ..,ord ptr [bp+si],SASAH ; Initialiie temp Lo non-zero 

value 
fnstsw [bp+si] ; Must use non-wait form of fst s w 

It is not necessary to use a WAIT 
instruction 

after fnstsw or fnstcw. Do not use one 
here. 

c mp [bp+si],dl See lf correct status witb zeroes was 
read 

jne set flags Jump if not a valid status word, 
meaning no NPX 

; Now see if ones can be correctly 	written from the control 
word. 

f 1stc.... (bp+si I ; Look at the control word do not use 
WI\ I'l' form 

Do not use a WlllT instruction here! 

BCD store and pop). FDIV (divide real). invaliu-operation C)(ception when ilenor
FIST (integer store). fIST P (i nteger store m a I operands are pal'.sed to these 
and pop) , FPREM (partial remainder). and instructions. 
FSQRT (square root) instructions. This Exceptions occur whenever the 80387 
differs from the 80287. which raises an receives an inval id operand or produt:es a 
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needs \0 ju_ exam inc 1he value al 
SS; FFFEH to Lletermine which FPU is 
prcse.nL Thi~ can also be used to execute 
different code. depending on whether an 
80287 or an 80:l87 is prcsem. 

80387 Initialization 
There is a difference in FPU initializa
tinn between 1hc 80287 and the 80387. 
Eitber the FIN IT or fNIN!T inscruction 
ini tializes lhe 80387 to a state rnmpat
ible with 1he state of the 80287 after 
Fl:; lTor a hard ware RESET. A hardw-Jre 
?.ESET of the 80387. however. leaves it 
in a ~ tate that i~ nor the same as its ~rate 

art..:r a FI;>;IT or rn;Nn in 1ruc1ion. 
The two st11le~ have the>c differences: 

l . The mask bl! for !he inval i<l -opernl ion 
exception is rcscl. 
2. The inv.ili<l-operniion exceplion flag 
oft he status word is reset. 
3. The except ion-summary bit of the sta
tus word is set. 

These settings cause !he FPU to assen 
the Er1 .OR# output to indicate that an 
80387 is pre ·em. It is . therefore. neces
sary to execute an FN!NIT instruction 
after a hardware reset of 1he 80387. 

rnov ax, (bp+s i l See if ones can be written by NPX 

and ax, 103 fh See if selected parts of control word 


look OK 

cmp ax, 3fh Check that ones and zeroes were 


correctly read 

jne set_flags Jump if no npx is installed 


Some numerics chip is installed. NPX instructions and W~IT 
are now safe. 


See if the NPX is an 8087/287 or 80387. 

This code is necessary if a denormal exception handler is 


used or the 
: new 8038 7 instruct ions 'lo'i 11 be U!led. 

inc d:>e Indicate 87/287 by default status~l 
fldl Must use default control word from fNINIT 
fld2:. Form infinity 
fdiv 8087/287 says +inf = -inf 
fld st Form negative infinity 
fchs 80387 says +inf <> -inf 
fcompp ; See if they are the same and remove 

them 

fstsw [bp+si] ; Look at status from fCOMPP 

mov ax, [bp+s i] 


sahf See if the infinities matched 

je set flags Jump if 8087/287 is present 


; An 80387 is present . If denormal e xceptions are used for an 
8087/287, 

; they must be masked. The 80387 w111 automatically norma 1 i ze 
denormal 

; oper,ands faster than an CKception handler can. 

inc dx ; Set status variable to 2 

set flaqs : 
mov [bp+si] .dK 

rcsu lt that cannot be. represented_ When ing the default exception handler. This 
an exception occurs. the 80387 does one happens when the exception is masked 
of the following: (i_e _. the corresponding mask bi1 in the 

control word is set lo I)_ 
I. Handles the eJ1ception itself by invok- 2. Signals the host (80386) 1hat an excep

lion ha occurred and invokes a user-sup

plied exception handler. This is the case 

when the except ion is unmasked-that is . 

the mask bi1 in the control word is set 

coo. 


Types of Exceptions 

The 80387 rei..:ognize six cype of excep

tions: (I) invalid operat ion: 12} dividc

by-zero; (3) denormaI operand : (4) nu 

meric overflow; (5) numeric underflow; 

and (6) inexact result. These six types are 

desc ribed in detail below. 

• /n m/id operation: An invalid-operation 
except ion occur. in two situation s: An 
arithmetic instruction encou nters an in
valid operand . or a stack operation results 
in a stac k o erflO\ or underflow . As de 
scribed earlier. the 80387 recognizes cwo 
kinds of aNs-signaling and quie1. An 
in va lid -operation exception is usua lly 
raised only upon encountering a signal
ing NaN. The instructions f COM, FIST . 
and F'BSTP, however. flag an invalid 
operacion exception on quiec ·aNs. The 
80287. on the other hand . signals an in
va lid-operation exception upon encoun
lcri ng uny kind of aN, ·i nee it does not 
differentiate between two NaNs. 

While the 80287 defines and ·uppons 
special handling for pscudozero . pseudo· 
NaN . pseudoinfinity. and unnormal for
mats. the 80387 neither generates nor 
su ppons these formats and raises an 
inval id -operation exception whe never 
i! e nco unters 1hem in an a rithmet ic 
oper:.it ion. 
• Di1·ide-by-:::em : A zero-div ide exce.p· 
cion is reported whenever an attempt is 
mude to divide a finite number by 0 . This 
can happen in instructions like FDIV, 
H "V? . =- rniV . FD VR. F IVR?. and 
F Di R tha! do explici t divides or in in
structions tha1 do div ides internally. such 
as FYL2X (y x log2-x) or FX~RACT (ex1ract 
exponcm and significand) . lfthc zero-di
vide excepcion is masked. the 80387 re
sponds by return ing infinity signed with 
th'· ex.elusive-OR of the signs of the oper
ands in the case of divide (fDI V. etc. ) anJ 
FY" 2X instructions. For FXTRACT . ST(l) 
is sel to negative infini ty and ST is set IO 0 
wi1h the same sign as the original oper
and. In the event of an unmasked divide
by-ze ro excep1ion. che operands remain 
unchanged_ 
• Denormal operand: The 80387 reports 
a denormal -operand exception whenever 
an attempt is made to operate an arith
mecic instruccion on a denormal operand. 
The masked response for the instruction 
is to set the DE-bit (bit 2) of the statu 
word and to then proceed with the 
instruction. 

The 80387 does not raise an inva\id
operatioo exception when it encounters a 

nmlinm.'d 
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80387 Performance 
T he 80387 provides a considerable 

speed improvcmcnl over its prcdc
cc sor. the 80287. This has bee.n accom
plished by using a higher dock speed, 
an optimized core. 1ha1 lakes fewer 
clocks per instruction than the 80287. 
and new transcendental in5lrui.:tions . 
Benchmark rcsulls on a sys1em using a 
20-MHz 80386 and 80387 show tha1 the 
Dnuhlc-Precis ion Whelstonc Perfor
mance Index for the 80387 is 1.8 mcga
Whemoncs. Whetstone is a measure of 
the number of floa1ing-poin1 wmpula
lions that can be compuled by the pro
cessor per unit lime. 

Using an 80387 in a Compaq Deskpro 
386/20 Model 30 reduces the time 10 re
move hidden lines from a sample draw-

ing of the space shuulc using the Autn
CA D version 2.62 HID.:. command by a 
fac.tor of 2.6 over the 80287 used in a 
Compaq Dcskpro 286 Model 40 . 
(Source: Compaq Deskpro 386120 Per
sonal Computer Fca1urcs/Specifica
1ions). 

For results of performance tests 
performed at BYTE on the 80387. sec 
table I in "The Imel 80387 vs . the 
Weitek 1167" by Tum Thompson on 
page 205. 

Compilers available for !he 80386 
from Green Hills. MetaWare. Silicon 
Valley Software, Language Processors. 
and Austec provide a switch for the 
80387 lhat allows che compiler to gener
ate in-line 8038 7 instructions. 

Table 4: The result nmge ofoperands depends mi the relationship between 
1he opera11ds. 

Sign{y) Sign(x) ly l < lx l? Final result 

+ + Yes O < atan(ylx) < 11:14 
+ + No ir l4 <: 81Elrl(yl ~ ) < :r/2 

+ No .,.12 < atan(ylx) < 3 x .-14 
+ Yes 3 x ;1' 14 < atan(yl x) <,,. 

+ Yes - w/4 < atan(ylx) < O 
+ No - " ' 2 < aian(yl x) < - rr/4 

No - 3 JC ,.-/4 < atan(ylx) < - 'lf/2 
Yes - ir < alan(yi x) < - 3 x "'d 

Table 5: Th e rmmding modes ofthe 80387. 

Rounding Sign of 
mode true result 

To nearest + 

Toward - oc + 

Toward +oo + 

Toward 0 + 

Result 

+oo 
-oo 

Largest 11rnte pos111ve number 

-"' 
+oo 

Largest finite negative number 

Largest f1n1te pos1t1ve oumber 
Largest !1n1te negative number 

denormal operand in FS RT . FDIV. 1)r 
FPREM. or upon conversio n lo BCD or to 
integer. The opera1ion proceeds by first 
normalizing the value. The 80287 will 
raise an invalid operation in such 1.:ascs. 
Funhermorc. the 80387. in contras! with 
the 80287, reports a denorma\ exception 
if a denormal operand is found in mm
scendemal instructions and in FXTRACT. 

• Numeric 11t'l'lflmr am/ 1111daflmL Nu
rne.ric overflow and unde r flow excep
t ions occur when the exponent of a nu
meric rcsu lt is too large or too small. 
rcspcciively. to be represented in the Jes
t inai ion format. 

The masked response to the numeril· 
ove rflow exception depends on the 

nm1iuued 
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roundi ng mode. Table 5 shows !he result 
of the comput<lt ion fo r various rounding 
modes. The masked response in the cuse 
of rounding moue se! to chop (i .e .. to
ward 0) is to produce the mos! positive or 
ihe most neg<ltive number. The 80287 
wi ll not report an overflow exception in a 
si mi Iar situ at ion. II w i 11 . in fact. signal 
ove rflow only when the rounding control 
mode is 1101 set to round to 0. 

If the overflow exception is not masked 
in the 80387 . ic mises the precision ex
ception (inexac! result). When the result 
is stored on th ~ srnck. 1he signi t'ic<lnd is 
rounded accord ing to the precision con
1rol (PC) bits !bits 9 and 10) of the control 
word. or according !o !he op code. Jn the 
80287. on the other hand. the precision 
exception is not reporteu . nor is the signi 
ficand rounded. 

The underflow exception is flagged by 
the 80387 if the true result is so small that 
it cannot be represented in the destination 
format. When the lmderflow exception is 
masked. it is signaled when there is a loss 
of accuracv in ihe resu lt. The 80287 will 
report the underflow exception on under
fl ow if rounding is toward 0. regardless of 
loss of accu rat')' . 

If the underflow exception is un
masked and the resu lt is to be stored on 
the stack . the significand i$ rounded ac
cording to the precision control bi t of the 
control word in the 80387. The 80287 
does not round the significand on !he 
stack . 
• /11exat1 result: If an operation produces 
a re.suit 1ha1 cannot be represented exac!ly 
in the destination format , the inexact-re
sult exception is reported . The inexact ex
ception is abo rnisc:d in the event of an 
underfl ow exceptio n with a loss of 
accuracv . 

The S0387 does not give precedence to 

the denormalized exception. whether it i· 
masked or not. In the 80287. the un
masked denornrnl exception rnkes precc
llencc over a11 other except ions. 

Programming Example.s 
Lis!ing l shows an example of 80387 
code w compute y =e' . 101e 1ha1 e' = 
1"'"' •' . The program first checks to find 
ou1 whether an 80387 or an 80287 is 
present. Thi ~ is done by examining the 
value stored at SS : fffEH. If an 80387 is 
present. 1he code takes advantage of the 
fact that the instruction f2XM1 accepts 
operands in the range - l < =:: < = l . 
Firs!. the larges! integer X that satisfies 
ihe condition · x log,e = x + y i~ found. 
Note that <lll values of y satisfying the 
abov\'.' condition must lie in the range 
- I < = _,. < = J _The expression 2"'"••• i ~ 

computed by 1.·omputing the expression 
2' x l(2'' - l ) + l [. Slightly different code 
is used to r.:ompute c' if an 80287 i pre 
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Ll!;ling I: A cmle sample illus/rating the use of80387 in.~truc1ion1·. 

: compute ez, assume Z is in ST 
FLDl 
CMP SS:BYTE PTR 0FFFEH,l ; 80287 or 80387? 
JE USF. 287 

; 803B7 found 
FLDL2E ; load log2e 
fMUL ST, ST(2J : ST "' Z "" loq2e 
FST ST(2) 
FPREM ; reduce ST between -1 and l F2XM1 
!"ADD 
FSCALE 
FSTP ST (1) 
RET 
USE_287: 80287 found 
FCHS 
fLDL2E 
FMUL ST, ST(2) 
FST ST (2) 
FTST 
JB NEG VAL 
FPREM 
FSCA,LE ; postitive value 
F2XM1 
FSUBR 
FMUL ST , ST(0) 
FSCALE 
FSTP ST (l) 
RET 
NEG VAL: negative value 
FPREM 
FCHS 
FSCALE 
F2XM1 
FSUB ST , ST(l) 
fMUL ST,ST(0) 
FDIV 
FCHS 
FSCALE 
FSTP ST(l) 
RET 

Listing 2: Sample code il/11srra1ing the use ofbuilt-in transcendemal 
functions. 

; compute ARCSIN(Z), ~ssume Z in ST 
FST S'l'(l) ; ST(l) •ST• Z 
FMUL ST, ST(0) : ST = Z2 
FLDl 
FSUBR ; ST - l-Z2 
FSORT ; ST = SQR'l'(l-Z2) 
FPATAN ; ST = AACTAN (3/SQRT (l-Z2)) 
RET 

sem. since the F2XM1 in truction in the 
802 87 supports onl y operands in the 
rnnge 0 < =z < =0.5. 

An e,·~arnple of hCNI to compute ihc func
tion ,i\ RCSfN(z) is illustrated in listing 2. 
11 make use of the relaiionship ARC 
SI N(z) = ARCTAN{z/SQRT( l - z')). 

New Look 
The 80387 provides the system designer 
with significant enhancement in feature s 

and peed ver the 80287. ll fully con· 
forms to the IEEE 754-1985 Standard fo r' 
Binary Floating-Point Arithmetic. While 
maintaining object·l evcl compatibility 
with the 8087 and the 80287 , i1 provides 
the 80287 set of fl oating-po int instrul' 
tions with additional trigonometric, un
ordered compari on. and part ial-remain
der instructions, The operand ranges fix 
ome 80287 instruction have been ex

panded in the 80387. • 

. 
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FLOATING-POINT PROCESSING 


Floating-Point 

Survival Kit 


An insider's look at number-crunching fundamentals, 
standards, benchmarks, and high-performance designs 

i\llCROCOMPUTERS HAVE NEVER 
been better at number crunch me . In com
putation-bound applications. ~high - em! 
microprocc sors actuall y can outstrip 
some minicomputers. And they·re get
ting hctter . 

The performance of tJ1c new 32 -b11 ma 
c:hine:. i.'i an on..ler of maunitude ureater 
than the old 80286-famil~ de.vices. ow 
every vendor (of microp.rocessor~. per
sona! computer- . and work tat ions) is in
creasingl y l'luiming magnificent p<!rfi.1r
man1.:c level · nn ·undry benchmark~ . 

While this 1s fun for the vendors. it can 
be confusing 10 purcha8ers. How clln you 
judge how good a de sign might be for 
number crunching? What. if anything. do 
1he vari0us benchmarks mean? To help 
provide ~ome answers. I'll review the 
fundamental s of floating-point arit h
metic. examine some issues in huilding 
floating-point system ~ . skim over !iome 
benchmarks, look at how machine de
~ igners gel high-pcrfornrnncc floating 
point. <ind then wr<1p it all up with some 
won.ls of advice. 

What ls Floating Point'! 
1nk•ger arithmetic i u ·eful tor many ap· 
pl ications. However . when an application 
need to deal with a ve ry wide dynamic 
range of values. integer fall short. A 32· 
hit processor. Joing integer arithmetic , 
mn deal imply with a range of value 
where the largest value i no more than 
2" (about 4000 million) larger than the 
mallc st. while a 16-bit machine can han

dle-with the same ea~e-a range of just 
65536 to I. 

The ne.ed for wider ranges arise~ in ·it

....- Circfe 312 on Reader Sef1'ice Card 

Pete Wilson 

uations <i:. disparnte a ~ quantum co~mol
ogy (mix ing ·ubatomiC' dimensions with 
<IStTOnOmica] distances in the same pro · 
gram) and CAD (where the smallcsc c1)1ll 

pnnen1s have 1olcrances in mi<.:ron.• hut 
the comp!et(' project covers some clty 
bh1cb) . 

We could deal with the ·e :-,i tuations tw 
doing multi word (i::.g .. 96-bit l intege"r 
::iriihmetic with our processors . hut it is 
usually more convenieni to use fl oating 
p11int arithmetic . Floating point huys
for a given bit hudgel-a vastly wider dy
namic range in value s. The price paid is 
that the answers have less resolution and 
the execution time or hardware cost is 
greater than if we had been able to stick 
wich word -length integer arithmetic . 

A J2-bit processor d('ing integer work 
rcpre enb each Integer as a word: all 32 
bit~ of the word are use.ti to rcpr~ent th<" 
size of the variable , A 32-hit processor 
doing floating ·pl)int work breaks each 
32-hit word up into two ~cp;1rate field, ; 
une fielJ i~ ;1 number. while tlw other is a 
scaling. fa1.:wr for that number. Many 
choices arc po si blc for the meanings of 
these two field : For example. th<" value 
field t·ould rcprc em an amount in 1hc 
ra nge 0.25 lO 0. 5. while the scaling factor 
rcpre-ents the number of pla1.:e~ to shift 
the value field left (positi ve factor J or 
right rnegative factor) to compute the 
value of the number. 

Dt>ing arichmetic in floating point has 
a number of pitfall s; things don't always 
work the way you might expect. To illu. 
trate some of these iss ue .. . I' 11 work 
through some simple examples . FirsL 
let's adopt a floating-point format which 

pal~ k ~ an u nsigncd 2..)-bit v1;1) ue f'idd (the 
mantissa . al so known as the significand) 
and a signed 8-bit scale field (the expo· 
nent) imo a 32-bil value . The man~issa 
represents numbers in the range 0. 25 to 
(near! ) 0 .5 (So the most significant bit of 
the mant issa me.an:. 0.25. and the lea:.t 
significant bit means 2·'4 

) and is un
signed to keep the examples si mple . This 
format can deal with numbers in the 
rangeofabout0 .25 x 2-•ato0 .5 x 2'". 
or abou1 Io-·~ to 1o• 0

. 

Using thi~ representation. let' s look .:it 
l·onverting the values from fixed-porn! 
binary 10 floating poi nt. Fixed -po im 
binary reprc:-.ems numbers as !mega· 
. frac1io11. where Integer is a \pOS ibly 
mulliword) hit pattern representing the 
integer port inn of a numbt"r. and Fm1.·rio11 
is a lpo ib! y multiword) bit panern rcp 
re,ent ing the fractional part; the rno-.t 
sign?ficant bit of the fract ional part ha 
value 0.5. and the kast ~ignificant bit of 
l111e •er h;1~ v; ilul' I , \\/1: i-hifl the brn;iry 
point in /Im·~'''" Fn1criu11 until its v;ilue 
lies in the rnnge 0. 25 to 0. 5: that value be
comes the mantissa. The numher of shift ~ 
required hecornes the exponent of the 
t'loating-p()int number If the original 
number\ as larger th<LJ10.5. we shifted ii 
down. so the e,>; ponent is a negat ive num
ber: if the value was smal lcr than 0 . 25. 
we ~hifted the binary fixed point up. and 

t·1mi1n11ni 

Pete Wilson, a comp111er architec111re t'l! 

ginea at Prisma Inc. , cm1 be reached a/ 
5465A Mark Dahling Rd.. Culurado 
Springs, CO 80918. When this article 
was wriue11, he worked for INMOS Corp. 
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Implementing Floating Point 

I mplementing IEEE f10<1Ling point in 

hardware or software is not easy. 
First. the standard iiself calls for some 
complell operations . Second. it ma!ters 
to some customers that the resul!s are 
correct. (You wouldn·1 wam an air 1raf
fic control syste111 to have error.) in the 
floating-poim hardware u ed in the ra
dar system. lo track the planes.) The 
('Ombination is a nuisance because it is 
too complex IO 1es1-there are mo man 
possible combinations to look at (sup
pose yon w-antcd to 1c.s1 the double-length 
operation ; then there arc four opera1ions 
( +, - ,*,/) lo be done on pairs of 64-bit 
numbers; this corresponds to 2'· •.,.. · t» i or 
about 10'0 Al a nanosecond per opera• 

1ion this cakes about 10·"' seconds. 
which is too long to wait to bring some 
1hing to market. even if we had some 
means of gelling the correct <mswers fast 
~-nough to do the comparisons. ) 

Because of this. when INMOS de
cided to build 1heT800- a microproces
sor combining a 32-bil integer CP . an 
IEEE floating -point unit (FP ). 4 kilo
bytes of memory. an eight-channel di
rect memory access (DMA) driving 
interprocessor communications chan
nels plu other facilities- it was neces
sary to take a different approach. 

•Tbe approach was ·imple; if it's im· 
possible to show by testing that the de· 
sign is correct, then it is necessary to 
create a design whit•h i~ provably cor· 
rcct. The situation is much the same
but noticeably more complex-as the 
exercises wed id at school in geometry to 
prove reh1tiol\ships (e.g ., the Pythago
rean theorem). The basis is to have a lan 
guage of ·ome form (Pythagoras used 
1he language of geometry) in whjch you 
can describe the si tuation and which has 
appropriate rules that allow you 10 dem 
onstrate tba1 1wo statemenLS in the lan
guage either do or don't mean the ame 
tbing. Then you write a description of 
IEEE arithmetic and a description of 
your design and show that 1hcy .are 
equivalent. Then your design is correcl. 

In practice, more Lhan one language 
w·.is needed. It 1.1."dS done like this: First. 
a description of IEEE arithmetic was 
written in a language l.'.alled Z. which 
W'.!S created by Jean-Raymond Abrial 
and has been developed and used exten
ively by member of the Oxford Uni · 

versity Programming Research Group 
{PRG) . with whom INMOS worked 
very closely in this project. Z was de

a) Floating check integer range module 

signed to Lackie the pmblems of specify
ing real systems. You specify things in Z 
quite straightforwardly; the example in 
figure A shows a Z specification of the 
range checking that needs to be done in
side IEEE arithmeiic. 

The specification is labeled with its 
name and consist. of abox with an upper 
and a lower portion. The upper portion 
i equivalent to the declaration section of 

a programming language: here it sar 
that there is omething called Areg that 
is a Floating]oint_Regis t er, and 
something called Enor_Fleg that i a 
Boolean. Both have values associated 
with Lhern: 1he name are the values 
prior to the operation. and the primed 
names are the values after the operation. 

The lowc r portion of the box contains 
constraints on the value.s that the things 

Error_na.g, Error_F~&g' : bool 

fVt Z 
11:-eg' = A:·eg 
fv Areg e [!>!ln:n·., Ha:it'.r.t] - Er:-or_F;.ag' = Errc.r_ f'.a!l; 
tv Areg l [I! tn l n t, l!a:.r int] -. Erro1•_Fla5' = true 

b) High-level Occam representation 

Areg.Exp < LargestI~TExp 


Si<IP 

(Arcg.Sign a NSGATTVF.) AND (Areq.Exp -

LargestTNTExp) AND 
/Arcg,frac • MS9it~ 

SK ti' 
Tl~UE 

SntError(ErrorFlag) 

c) Low-level Occam representation 

SEQ 
Ar~gsignN8GATIVE :• (Areg . Sign = NRGATlVE) 
ExpZbus : • (Areg.Exp - Larqest!NTExp) 
Expzbus :• ExpZbus < a 
ff 

l.RegS ignNEGATTVE 
/* ... do the negative case ~1 

NOT AregSlgnNf.GATTVF. 
IF 

E>:pZBusNP,g 
Sl<.lP 

NOT ExpZbusNeg 
SetError(ErrorFlag) 

Figure A: Er:ample ofthe specification language Zand irs equivalents i11 Occam 
and microcode. 
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in the upper port ion t'an have. Here fv is 
a functim1 that returns the value of a 
floating-poi m register (Z is the set of 
floating-point values). We see tha1 1he 
values of Areg before an<l after the oper
ation are the same: and we see that 
whenever the value in Are g (looked 
upon as a floating-point number) is in 
!.he range (Min nt to Haxin..], the value 
of the Error_Flag after lhe operation is 

whatever it W"ds before. amJ that if the 
value in Areg isn't in thal range. then 
Error_ flag tcontains the value true 
after the operation. 

The fir:st step in the exercise w-,is to 

create pecifications for all the opera
tions needed for IEEE arithmetic in th is 
form to provide a formal specification of 
just what IEEE arithmetic is . The ne.xt 
tep is to create an equivalem descrip

d) Mlcrocode·l ike Occam 

IN':' t!e x t :::ns t ~ 

SEQ 
Nextln5t := floatingPalntCheckI~ t eqerRange 

K~ILE Next!ns~ <> NOWHERE 
IF 

Ne xtl n st ~ FloatingPoi~tCheckI~teqer~ange 
SEQ 

Areg s1gnNSGATIVS := ( Arcg . S~gn ~ NEGAT I VE) 
Ex pZbus : ~ (Areg . Ex p - LargescI~~E xp) 

Expzbus : • ExpZbus < 2 
If 

ARegsiqnNEGA!lVE
/ • ... co the negative case T/ 

NOT AregSignN£GAT I VE 
IF 

Ex pZBusNeg 
Nextln s t : ~ NOWHERE 

NO'!" ExpZbusNe g 
Nextlnst : = OutofRango 

Nextlnst~OutOfRanqe /• new sett ing error has 
its own microi nstruct i on I 

SEQ 
SetErro r( Error~lag J 

Next!n~t . - NOWHERE 
/' ... other microinstructions •/ 

e) Microcode version 

Plo a ti n gP o i n tC hec k l ntegerR a n ge : 
Constant. f.,1 r gest i NTE·:xp 
ExpKbusFrcmA rog Exp~busfromconstanc 

E x pZb u sf" romXbu s M i nu s Yb\J s 

GOTO Cond l frowA regS ign - > ( Cond0fro~£x pZbusNeg -> 
( . - " ... ) ' 
Cond~f r omExpZbu sN~g -> 
( NO WHERE , OutOfRa r.g e ) 

cion in another language- one chat will 
be more useful in describing an imple
mentation with its microcode, registers. 
and ocher dccailed na·st.ies-and to prove 
that the Z description an<l the new de
cription are 1he same. 

The language Occam was chosen for 
this ; Occam has a formal semantics 
(i.e. , every legal Occam . tatemeni has 
an unambiguous meaning) and so it is 
possible to demonstrate the equivalence 
of an Occam program to a Z specifica
tion. The Occam specification of the 
range-checking operation is shown; it is 
as close as prnctical to the Z specifica
tion. Proving chat chis is correct means 
proving two assertions-first. that there 
is an exponent (Largest TExp) such 
that every register with a smaller e.xpo
nent has a value in the range [Min nt
..Max lntj : second. that a register with 
a negati ve exponent sign bit. an expo
nent of Largest!NTExp. and a mantissa 
with only the implied most significant 
bi t set has a value of Min Int. 

The Occam description is then moved 
a step closer to a real implememation by 
involving facilicies and operacions that 
are available from the microcode . This 
description is then itself taken and tr.ms· 
formed yet ~gain to use a microcode in
s1ruc1 ion poinier . Finally. th is lase 
Occam representation is taken and con
verted into real microcode . 

To ensure chat these successive trans
formations are all correct, two methods 
are used . One is to use the formal se
mamics of Occam; you can demonstrate 
that two programs in Occam do or do not 
have the same effect (if they have the 
same effecc. if one is correct then the 
other one must be) . The other is to use 
automatic translators-for example, get
1ing microcode from Occam le:>:t can be 
done by a program which is analogous to 
a C compiler's preprocessor: It is a pat
tern-matching and textual -substitution 
program. 

Being able to do something .. in prin
ciple" isn ·1 quice good enough in prac
tice. and the design work wasn't done in 
the sequence outlined here. Rather , 
what happened was that the Z specifica· 
tion of the arithmetic was done first. and 
then an Occam implementation of the 
IEEE paclrnge chat already ex.isted it 
implemented the floating point for the 
INMOS T414) was shown to be equiva· 
lem: this involved two transfonnations. 

w ntinued 
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To do this. <111 Occam source transforma 
tion system (written in the ML program
ming lang uage and implemented by the 
PRG) was used. The transformation of 
the (now dcmonstrnbly correct) Occam 
into microcode was then done semiauto
matically using the 1e11tual-1ranslation 
programs mentioned above. 

Because the translation programs 
weren"t themselves proven correct. it is 
possible that the transformations they 
did were not correct. and so the aim of 
hav ing a formally prnven correct imple
mentation as itself not met. Nonethe
less using the formal methods paid off 
very well. The first T800 appeared last 
February. and by that time it had already 
been decided to improve the perfor

mancc of the production nmchinc by 
speeding up the floating-point multiply: 
Olhcr than that. though. there were never 
any floating-JX)int errors discovered in 
the Rev A design . 

The first silicon of the faster design 
appeared in May. and it turned out a fow 
idiosyncracies had slipped through the 
net. The.se errors were fixed in the cur
rent Rev C . which is now shipping in 
volume; one flaw still ex ists in the Rev 
C- if you divide infinity by infinity you 
get infinity rather than NaN, but this is 
taken care of by compiler · and won' t be 
visible to customers . From start of de 
sign to volume production took INMOS 
just 18 months: this is much quicker 
than most des ign cycles tor just co-

processors. and so seems to justify the 
approach taken. 

The other half of correcmes. is per
formance: doing the design in this style 
didn "t damage the T800" s performance 
at all. To indicate how well it ha suc
ceeded, here· s the ~ct of bt:nchmark re 
sults obtained using a Logica l Systems C 
compiler on a CSA PART . I board . 
(Logical Systems offers a transputer C 
compiler/assembler/linker package ; it is 
written in C. and the price includes the 
source to thi: complete compiler: CSA is 
one of a number of companies making 
add-in cards: the PART. I provides four 
T800s each with a megabyte to plug into 
an IBM PC or1:ompatible.) 

Since the compiler is a beta release 

Table A: Standard BYTE benchmark results , showing diffenmt 
compilers produce signifimm differences 011 the same TBOO-based 
PART. 1 machine (the PC AT results are includedfor comparison 
purposes only). 

PART.1 IBMPC AT 
LSC 3LC 8·MHz 8027 

Whetstone (single) 4.002,400 NIA. NIA 
Whetstone {double) NIA " 2.016,510 NIA 
Dhrystone 8634 .13 5667 34 1590 00 
Fibonacci (sec ) 15 07 22 54 126.22 
Float (sec.) 0. 16' 0.27 10.98 
Savage (sec.) 02.67" 5.88 37.30 
Sieve (sec.) 639 6 .14 24.60 
Sort (sec.) 4.55 4 64 43 17 

' IEEE s1ngle-prec1s1on The version of the Logical Systems C comp1!er tested 
supports single-precision anthmehc only 

Table 8: Comple.r FFT benchmark results (1w1 amilable for PC Al). 

Points Forward (ms) Inverse (ms) 

64 3.072 3.392 
128 6.592 7 168 
256 14.336 15 552 
512 31 104 33 600 

1024 67.520 72 512 

Table C: Ri!sulrs ofrhe FLOPS test. lmtg-e.\pre.uimr tim~'s are fa.1·rer 
because FPUICPU 011erlopping i.~ possible. 

(LSC) (:JLC) 
slngle double

precislon precision 

Short expression 1.095.415 733.602 

Long expression 1,552.872 1.038.551 
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and the people doing the measurement 
arc the people who built the boards. th is 
doc.sn"t co unt as an official BYTE 
benchmark: nonetheless. the source 
code of the programs as used and the 
ge nerated transputer ass embler arc 
a11ailable on BIX. in print. and on disk . 

Benchmark Results 
The benchmarks were run on CSA 's 
PART. I with 20-MHz T800C. using the 
Logical Sys tems C compiler 87 .8 0 (LS 
C) and the Lattin: Logic Ltd . C com
piler I.3 <3L CL The timings in tahles 
A. B. and C we re obtained using the 
transputer"s low-priority timer. 

The figures 111 table A arc in seconds 
except for the Dhrystoni: and Whet · 
stone, which arc in units of Dhrys tones 
per second and Whetstones per second. 

Table B shows the results of the com
plex fast Fourie r tran sfo rm (FFT) 
benchmark using IEEE single-precision 
arithmetic. Timt·s arc in mi II iscconds. 
Tests were run on the PART. l system 
(LS CJ. The Lattice Logit• C (]L C) 
compiler would not compile the FIT 
benchmark . 

Table C presents results of a FLOPS 
benchmark. The following co<le se 
quences were executed iteratively with 
the loop overhead subtracted to show the 
T800' s sustained FLOPS capability: 

(a) 	 c =e.+b; c =a-b; c ~ a*b; c = 
8/b; 

(h) 	 f-.. {{{(({((a-+-b) - c)-11d)ieh 
b)-c)•d)/e); 

Both C compilers show a drnrnatic in
ncasc in FLOPS when executing (h) as 
rnn1pared to (a) . Gi ven the long exprc ·
sion, the compiler make~ use of the 
transputcr·s ability to overlap FPU and 
CPU processing time. 



SURVIVAL KIT 

o the expork'nt is positive_ 
Shifting occurs a great deal in floating

point work; any processor that wants to 
get reasonable performance without a rn
processor will normally provide a spe
cialized instruction set for the operation. 
The instruct ion-11or111al iu-exarn ines 
the number to be convened , starting at 
the most significant bit. It moves d{)wn 
the word until it finds tv.'O adjacent bi1s of 
different value; suppose bit. 11 ;-md n - I 
are found to be 0 and I. The mantissa is 
then simply obtained by shifting the 
whole word left by (word length - 11) hits 
and sening the exponent to 11. 

Grainy Numbers 
Given this picture, a numhcr of facets of 
doing arithmeiic in floating point can 
now be illuminated. First , note that it is 
nOl possible to represent exactly all num 
bers usi ng floating-point format. For our 
32-bii format. tor e.xample. it is possible 
Ill represent every integer between 0 and 
2'' (8.388,608). But we cannot exactly 
represent all the fractions. nor can we 
represent all the integers larger than 22

'; 

22
' is repre.sented as 0.5 x 220 

: !he small
est value we can add to that is 2" x the 
least , ignificant bit of the mantissa , 
which is 0. 5 X 2"", with a value of0 .5 x 
2'. This is 2. So the "next"" number after 
8.388,608 is 8,388.610. This example 
show that !here are gaps in the numbers 
that can be exactly representeu. 

This phenomenon ! often referred to 
as the: .. graininess" of floating-point 
numbers: just as high-s!ked photograph
ic film can obscure fine detail by its large 
grain size, so can each floating-point 
numbe.r represenc a range of numbers in 
the real world up to a certain limit on 
detail. 

This grainines~ has two important . ide 
effects: first, 1f you try to add a very small 
number to a very large number. the result 
can be that the large number is un
changed. So don·r try to write program 
loops that say FOR i == 0 TO 100000000 
::iTEP 1 unless you"re sure th11t adding the 
siep size actually changes the number. 
And if you subtract two large values. the 
result c<in be inexact , so be careful when 
using the result of such subtractions. A 
related problem is that si nce che numbers 
aren ·t exact. it i:. n(it unusual 10 find that 
the program that says IF a= b THEN ... 
doesn ' 1 work re Iiably. 

How is- the number 0 to be represent
ed? looking al the situ11tion simply, any 
floating-point number with a 0 mantissa 
has a value of U. But the rules say that 
manti ss ae have to be in the range 
0.5 .. 0.25. so properly speaking we can
not have a f!oating-poim 0 in the number 
scheme_ Instead. most schemes have a 
spec ial representation for 0. This might 

be manti ssa=O, exponent== -127, ti.1r 
ex.ample. Such "special case·· represen
tation is useful because it give.-; us access 
to lots of bit pnucrns that rue not legal 
floatin g-poim numbers that we can u~e to 
indicuie ~pecial ,·ircumstanccs. Now. for 
example. we can choose <mother of the bit 
patterns to mean infinity so rather than 
_just complaining ··ovcrf101 ·· when we 
divide tho: largest possible number by the 
smallest. we ca n set the result to infinitv. 

Sometimes it is useful to relax the n;lc 
that says the mantissa must be in the nor 
malized range . For example. try dividing 
0. 25 by the largest possible number . The 
result is a quarter of the smallest possihle 
numher. which we ..:ould represent sim
ply enough if we allow the 1mmtissa co 
have a value outside 1 he 0. 25 .. 0. 5 rang!! . 

Numbers like this . whose mant is ac 
are too smal I . are cal led .. de nl)rm a
l izeu. ·· Their only real problem is that 
1hey are even less accurate th<in the nor
malized numbers .. evertheless. they are 
still useful- provided the programmer 
has been rnreful with the organiwtion of 
the arithmetic-in that they provide some 
indication of the answer even when the 
exact value is unre.presen1abk. 

The Need for Standards 

Suppose we change our floating -point 

format from 24-bit mantissa and 8-hit ex

ponent to have a wider dynamic range

sav 22 bits of m:rntissa and 10 bits of cx.

p~nent. Then we'll find that running ex

actly the same program with this scheme 

will. in gcncrnl. give us 4uite diflerent 

answers from our initial ·cheme. 


Thi:; is whac used to happen when pco· 
ple moved programs from one computer 
to <mother. The variou~ computers all had 
slightly di rferent fl oating-point schemes. 
and programmers had to be highly corn · 
petent numerical <.1nalysts to design pro 
grams that were robust enough to provide 
useful 11nswcrs when they were moveu be
tween fl oating-point scheme . Thi w11s ;1 

real nuisance: it was a si tuation cryi ng 
out for a standard. 

Such a standard now exists: the IE EE 
standard 7 54-1985. The documem speci
fie s a standard for the representation of 
binary floating-point numbers and for the 
rules governing rounding, trunc<.1ting, 
and accuracy. All the major manufac
ture rs of microprocessors support the 
.tandard (e.g .. Intel' s 8087. 80287, and 
80387 ; Motorol;i 's 68881 am.I 68882: 
INMos· T800 and T414 )_ 

The standaru specifies three tormats
for single length, uouble length. and 
extended-format floatin g-point values . 
Single length fits in 32 bit.s and comprises 
24 bits of mantissa and 8 bits of exponent: 
double length puts 5.3 bi!~ or mantissa <11\u 
I I bits of exponent into 64 bits. and 

cxtendeu uses 80 bits for a 64-bit man
ti~sa ;:mJ l 6-bit e:i::ponem. 

Accuracy and Loops 
Why use the double format instead of the 
single? Often. single-length operations 
go fostl'r (.:specially multiply and diviuc) 
and need le s memory. The prnhlern is 
!hat , loosely speaking, every time you 
t·ornbine a pair of number~ you lose up to 
a bit of accuracy. Suppose you multiply 
two single-length floating-point num
bers . The result ~hnulu have 48 bits of 
manti ss<i. bll! it onl y has 24 hits: if 
renormalization was necessary. some bits 
that mattered will have been lost. The 
ame things happen-even worse- with 

di vision. 
So if you write a program that docs lots 

of operations repeatedly on a set of num
bers. they slowly lose accuracy as low
order bits slip off the bottom. The simple 
~·urc is 10 u ·e as many bits of mantissa a.s 
possible-thus the attrac1io11 of double· 
length <.1nd extended format s. 

·I-he eftC~· ts of thi s accumulating round
off error ure worst in programs that keep 
crunching on numbers: big loops that 
compute stuff on one iteration and use the 
re s ult~ in the next. which produces results 
for the next iteration (and so on), are ob· 
vious danger . . 

Measuring Performance 
Now suppose that you have a numerically 
demanding application and you need to 
choo.~e a sys1e1n <m which to run it . With 
the more or lcs · universal adoption of the 
IEEE standard. you can be reasonably 
.~ urc (barring implementation errors-see 
the text box ··implementing Floating 
Point" on page 218) thlll all the <ilterna
tivcs will give you the sa me ihnpefully 
comc>ct) answer. But they'll take arying 
amount. of cime to do it. If you need very 
high pe rformance. then it can matter 
which m<.1chine .. ou huy_ 

There arc two classical answers to the 
problem. One 1s the not very helpful sug· 
gest1on that you 1ry . our application ou1 
on every machine and thcn buy the fast
est: the problem with this is tha! the rost 
can be very high (even if you can find a 
machine nearby) and that. in any case. 
your application i~ likely tl; change_ So 
then you"d have to do the whole exercise 
over again. What's needed is some pro
gram whose performance on a range of 
m<ic:hines is a good predic-cor of how well 
<lt.her program. will run on those ma
chines , All you need to do i~ to find a 
good predictor program. run it on 1he 
.;and it.late. mac hi ncs . and choose the 
fr1stes1. 

This is the scconu cbssical an~wer: the 
predictor program' ar~· callcu hcnchm;irk 

nmrin.,ed 
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program s . and the whok pnKess <JI 

benchmarking is fraught with pitfoils . 
While in practice the only realistic way to 
gel some hint of comparative pe.rfor 
rnance is to use benchmark programs. it 
1s important to understand both the needs 
of yo ur own application and the strength~ 
and weaknesses of the benchmark s them
se Ives . 

As an example. consider the hench
marks that have become accepted as indi
cators of integer pc rfo rmanl:e: The Sieve 
uf Enitu~thene$ 11nd the Dhrystone are 
both widelv used, Trouble is. neither of 
these is any good lit predicting the perfor
mance ofa real program on the machines . 
The Sieve i - a very small program. so it 
fit s ,-omplctel y ins ide the instruction 
cache of many modern microprocessors 
when real applications generally won't: 
the result i~ that 1he Sieve is an optimistic 
predictor of performance for machine 
wi th an in~truction cac he . (Examples of 
microprocessors with instruction caches 
i1re Fairchild's Clipper chip set. Intel's 
80386-cquipped Above-Board. INMos· 
TSOO , and Motorola· s 68020. I 

And the Dhrystone spends far too 
much time doing st ring manipulations. 
Not only do real applications spend less 
time manipulating scrings than the Dhry
~wne does. buc strings are dealt with 
quite differently between languages. As a 
re.~ uh. P.asca l Dhrystones for a computer 
can be quite different from C Dhrystnncs . 

Thi s difference arises because in Pas
ca l «ind Ada, the origin<il Ohr. stone im
plementation language) the length of a 
string is always known-it· attached as a 
byte count to the front of the string. In C. 
che length isn't known. but the last char
a<.: ter is foll.owed by a zero. So to copy a 
~tring from one place 10 another in Pas
cal. you can use a block move (on a ma· 
chine 1hat ha~ the instruction). while: in C 
you have to generate co<le th<it fiN finds 
the end of the string. 

So it is important to u11<lers1and ju~t 

what a bcnchm;irk is trying to measure a!> 
well a. knowing how well it doc:; it, and it 
is unlikely that comparing even nominal 
ly equivalem programs in difforent lan
guages can be relied upon. 

Floating-Point Benchmarks 
The usual floating-poinc bench.marks are 
the Whetstone. Unpack , Savage. and the 
Livermore Loops. Each cake~ a differen1 
view of what is interesting. 

The Whet.Ho11e originated in England 
at !he Nat ion al Physic a 1 Laborntoric 
lNPL) in the 1960s. Originally wriuen in 
Algol 60. it was intended to represent a 
typical medium-size sciemific computa
tion mix. The idea was that if you were a 
scientist or an engineer. the performance 
of a computer wi1h the Whetstone bench
mark would be a reasonable indicator of 
how well the machine would do with a 
wide range of prog rams of interest to you. 
Such programs do a lot of floating -point. 
array. and trigonometr ic work. The 
henchm:irk consists of a set of little task : 
the time for each task is noted. and the 
machine ·s performance is measured as a 
weighted sum of the individual times. 

As an aside. today· s compilers can to
tally destroy the usefulness of a ben('h
mark program if it isn 't written properly 
(by noticing. for example. chm a result 
computed in.~ide a loop is never used , a 
compiler can decide not to generate code 
for that piece t)f program: then it 1 ill no
tice that che loop isn·l controlling any 
·ode. and remove that . Pretty soon you 
have a null program). The Whetstone was 
carefully wriuen, and seems ro be proof 
against optimizing eornpil e rs. Th e 
Dhrystone . whQ ·e whimsical name is a 
pun on Whe1 s1one. regrenabl y is not 
proof again~ ! op!im1zing compilers. 

Linpack is a different kettle of fish. 
Owners of supercomputers lend lo have . 
Lhem spend much of the ir time solvmg 
partial differential equations numerical
ly. and the Linpacl\ benchmark is simpl y 

a ~tandard program with a st<rndard ·et of 
data that doe j us1 that. Unlike the Whet
stone-which is a contrived prog,ram in
tended to exhibit balanced beha ior
Linpack is a real program used for real 
work. However. it dues have the major 
weakness ms a benchmark) of being a 
very poor predictor of general perfor
mance for the very reason that it doe, just 
one job. 

Further , a computer's per!ormance on 
the Linpack benchmark is mostly an indi
~:ator of how quickly the machine can run 
a single inner loop of the program. This 
loop can be vectorized quire nicely. so ma
t hines like the Cray run it ve ry quickly_ 

The Sa vagt' benchmark isn't about 
speed at all. It was designed to indicate 
how reliable-in the sense of accurate
the trigonometric routines in a fl oating
poim implementation are. 

At first glance. 1his seems strange; 
surely all IEEE-standard packages will 
produce exactly the same accuracy? Not 
o: even ~tandards have .. gotcha~ ... The 

IEEE standan.I ~pee i fies three ways of 
doing sums-lhe single length (32 bits: 
24 manti ssa, 8 exponent). double length 
(64 bits; 48 mantis~<J . 16 exponent). and 
extendeJ (80 bits : 64 1rntntissa. I 6 expo· 
ne nt) . I mplementuc ionh have some fre e
dom about just hm they us!!' these. 

For example. assume that you' re a 
fl oating-point coprocessor and have been 
gi ve n three single-length numbers and 
a ~ked to Jn some sums with them. Be
caU St' you·re feeling kind toward the 
world , vou converc the numbers to ex
tended format. work on them in thar for
mal. and ~·n nve r! hack to single length . 
This use of cxtcndcll format provides ex
tra preci sion tn the answer. ~urel y s0me
1hinc that the world wil l he !.?raceful for. 

This approach ls used hy lhe Ince! fam· 
ily of floating-point pnxe~so rs . and on 
th\.' surface it sounds like a good idea: 
~ince the FPU~ J.lway~ work in 80-bit for-

n•r11i1111nl 
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mac. you get the best po i_bk an~wer. 
(without any speed peni!hy. since thl! 
prtKessors arc bu ilt around ml 80-bit 
ALU), <ind tht.> approach is allowed by the 
tandard . 

But the arrroach can lead to some bi
zarre . ide eftects_Suppose you· ve wri lien 
<i program that needs to compute the 
value of (a/b ) ~ c . Being a liuk unsure uf 
yourself. you do it step b. step a. a se
4uence of operation.: First you calculate 
11. /b (and ·tore thc result somewhere. say 
x) . and then you multipl, the re!;'ult hy c . 
So your program might say 

float sum{ a, b, c) 
~1.ost a, b,c; 

! 
float x; 
x =ab; 
return x • c; 
l 

Testing it. you find that the steady :ip
proach h;.is paid off and that it works. so 
now-flu sh with succe~s-y\>U get rid of 
lhe temporary v:iriablc x: 

float sum( a, b, c) 
float. a, b, c; 

I 
return (a b)*c; 
l 

Runn ing it again. you get a different 
answer. Of course. whai happened wa5 
that in the first c;.;ample, the program 
computed a lb in ex te nded preci s io n. 
shrank the result down to single- length . 
and used that for the division. In the sec
ond case. the sum was Jone in extended 
pre-=ision all the way through . and so the 
answer cu ulJ be difrerent since the 
rounding done could be diffcrcnc. 

The ~arne sort 1 f thing can happen if 
your conipiler-writer wa~n "t too ca reful 
ahout the code generateJ. If vou wrote x 
= c * ( a 'b )- d* ( a1b ) . the compiler 
>houl<l notice that a1b is used 1wice. work 
11 out JUSl one.:. anJ reuse the result. Op· 
rimizing compilers will also note rcu ·e uf 
an expression ;1 cros~ several lines of pro~ 
gram and try to do the same thing (thi s is 
cu Iled common subexpression eIi rn in<i 
tion) tu speeJ up execution. 

If the compiler generate~ code that 
cause. the FPU to ave the result of cvalu
~lling a subexpression in memm·y . then it 
is important that the re ult be ·avcd as un 
extende.d-precision number: 1his take up 
10 bytes of memory an<l lots of store 
cycles. Sloppy coding might ~ave it as a 
single-length result. so that if you com
piled with optimization off you"d get no 
subexpre ss ion elimination and one 
answe.r. while compiling with optimiza
tion on would give the elimination an<l 
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yield a difthcnt :inswcr. 
To return to the Savage benchmark: As 

indicated. it is intended to provide you 
with an indirntion of 1hc accura,~y of the 
trigonometr ic rout in 'Sin your implerncn
lati 111. and it docs th<tl by computing the 
value of an express ion who. e value i. 
known exact Iy ( from trig ide nl itie s , 
rnther than by Joing the cakulation to 
exat·t accuracy). 

Finally. the livamore Loops arc. in a 
sense. an up-lo-date version of the Whet
stone. Like the Whetstone . they actcmpt 
to indicate how well a machine will work 
on a range of s1.:ientific applications by 
providing a se4uence of subtescs. Unlike 
the Whetstone. though. the performance 
fig ure isn ·1 a ingle figure formed as a 
wc ic:hred avera~e of the individual times. 
Rather. the "'official"" benchmark results 
indicate performunce in MFLOPS (mil
lion floating-point operations per sec
ond) in term; like the ave rage. the fa stest. 
the slowe 1. and the standard de iation. 
So you gel an idea of the spread of c<1 p;1
bili1y of your machine r!llher than just a 
single· poi n1 figure : im mediately. chis 
makes the Loops a better predictor th <t ri 
the other benchmarks for scientifically 
oriented work. 

The Loops the.mse l ve~ (so-called be
cuusc they consist of a number of pro
gram loops representing the vital por
cion ~ of many interes ting problems in 
phy ics and math) only have one <lraw
t>ack (for our purposes); they're 1 riucn 
in FORTRAN while most persnnal com
puter system analysts and tester use C . 

High-Performance Floating Point 
'ext we look at how tn de ign a computer 

to get it to give a high fl oating-point per
fo rmance. As with everything. we need 
fi rst to iucntify what the probkm is be
fore trying to fix it: from the earlier d1 ·
cu :.~ ion ~. it seems th<11 the Livermore 
Loop~ give a useful indi,:ator of what 
needs to be done in number crunc-hin~. so 
we· 11 use tha1 1s a gu idc. l.nnking at the 
Loops. we quickly .:nmc to these conclu 
sions: Most f1 011 ting-p< int sums invol ve 
complex .:-xpressions and array access . 

As an c,,_ampk. here i~ the ~·o<le for 
Li vermore Loop 7: 

LJO?k = 1,ti 
X(k) = U(k) + R*( Z(k) + R * 
Y(k)) + T*(U(k+J) + R*(U(k+2) 
+ R * U(k + 1)) + T*(U(k+6) + 
R* (U(k + 5} + R * U(k + t.) ) ) 

7 CONTINUE 

Thi~ is FORTRAN for "exec ute that loop 
11 times with k vurying from I ton.·· Look 
at what the code is doing; for example, 
look at what needs to be <lone to do some 
of the work. like computing R*U(k + 4 ) 

First. we need to compute the addr~s of 
!he array element. This involves gelling 
the address of the base of the array (this is 
FORTRAN , anJ COM.10 ~ al th;it , so it' s in 
a fixed location in memory), adding 
( k +:. ) times the word-length of a flout · 
ing-point numher to th<tt <t<ldress , reading 
that local inn frnm memory. then gett111g 
the value of R(in a register. say. since ir\ 
going to he used a lot) and multiplying 
them together. And that' s if our i.:om· 
piler-writer had been naughty: really. we 
shoulJ check that the element we 're ac 
ce~sing actually i:. in side the array. 

The. fir~t thing that' s obvious i ~ that 
having a pmccs or with an infinitely fast 
t'loating·poim muhiply isn"t a complete 
cure; all that l!Cc.:cssing takes time . in
·trucr i{rn . anJ memory !IC(e sses. In fact , 
it look s like the hig.ge sl problem is gening 
data to an FPU . So two routes are taken to 
minimize the louding times. 

First, clever compilers can look at the 
cot!e and S<ive some time . In this exum
ple. we look at quite dosely hunched ele 
ments in an array: the elemcncs we look at 
next time .irnunJ are dose to the previous 
time 's clements . So a compiler would 
take advantage of this by using a pointer 
(nnd slorc the pointer in a register. if the 
nrnchine has regi sters): uccessing (}; + 
L. ) comes down to reuding the contents of 
memory at location 4 x 8 + \reg ister 
4)-rhac b. 32 byte s beyo nd where regis
ter 4 is poi nting (assuming 64-bit values) . 
Then the register is incremented ar the: 
hottom of the luop by 4 bytes. and around 
we go again. Thi s also leis the bound
d1ei.: king he done once per lo<ip iterution. 
rather than on every acecs~ . 

The result of t,his tr<in ~formution i that 
ea~·h array ac~·ess is now j ust an indexed 
load. which is a lot quicker. But it will 
still t<ike the miKhim: <1t lcas1 I0 (one ti.1r 
t'ach read plus a write) memory cycles to 
compute the value for X(k ) . plus the time 
fo r an add (lo increment the pointer). plus 
whatever rn<lc i ~ needed to ched: the loop 
..:nd condit ions: typically. th is will total at 
least 25 integer instructions_ Tht• prn
,::rarn runs faster. hut even with infinitel v 
thst fl oat ing-point work. it still takes 25 
integer-instruction time~ per loop itera
lion, And it' prt'tlY difficult to gt'\ infi
nitel y fast FPU ·. 

Or is it'.' Look at the code again. II is a 
sequence l)f tetching things from mem
ory. operating on them. fetching other 
things from memory. operating on those. 
and then combininl! the results. To do 
H*( ( k+ 2 ) ) + R;( U(k+ l ) . we need 
10 get U( k + l ) . multiply it by R. then get 
U( k+2 ) and udd that in, and then multi
ply by R. If we design the FPU/processor 
interface properly , we can get ( k + 1) 
from memory. give it IO 1he FPU. give R 
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SURVIVAL KIT 

to the FPU. and tell it to multiply them 
together. While i1 ·s doing that, we go and 
read IJ ( k +- 2) from memory. hand it to 
the FPU. and tell h to add 

0

il in. By the 
time we tell the FPU to do the addi1ion. 
we'll have had ·everal instruction times 
for the FPU to have finished the multipl y_ 

This approach of letting the FPU •m.d 
the CP · run in parallel is th~ other halfof 
gening floating-point performance out of 
normal machines, and hu~ been adopted 
by all the microprocessor vendor Th<:' 
cttect. given a sufficiently fast FPU ~one 
that can do a floating-point add in about 
the lime the CPU can Lio a memory reud 
and an insc ruction nr so), is to get the 
computational power of an infinitely fast 
FPU for a wide range of real programs. 

The Supercomputer Advantage 
That sort of approach. with computers 
typical of today 's workstat ions and high
end personal computers. can resull in 
svstems which can do a sustained I or 2 
MFLOPS: you can get thi s from a T800. 
or from an lntel/Weite k 8038611167 
combination , fo r example . The limit is 
the variable accessing and control , rather 
than the FPU time ·. How does a Cray go 
~o much fa~ter'. 

Well . there arc some obvious di ffer
ences. Firsc. the memory i ~ quicker (and 
so 1s the machine that fetches operands). 
But. perhaps surprisingly , for many com 
putations. the Cray isn't so very much 
fa ster . For example , a TS00-20 can hit 
2 .5 million (64-bit) Whetstont:s per sec 
ond. whik a Cray X-MP-l hit 26.6 mil
lion . Then supercomputer~ are only 10 
timl': as fa st as a microprocessor . But on 
Linpiu.:k, where the T800 will offer per
haps a little below I MFLOP. the X-MP
1 will be a hundred times fa ster. Why the 
di fforence·' 

Consider domg a vector multiplirn
tion. To do thi ~ . you take em,:h eh:rnent in 
a ro\l.1 of a matrix. each element in a col
umn , multiply the i.:om:sponding el e

rm:nls pairwi~e. and add up the an~wer,, 
Then you repeal the operation lots of 
limes. 

NO\ a·~ume vou h<1 ve iln FPU with 
two inpms. and ·that you have a clever 
block-move in ~truction in vnur CPU. 
You l·ould mnvc the r<,iw de~cn!s inc by 
one into one input and the column el~
mcnts one by on· into the other. Then you 
tell 1he FPU 10 multiply together i1s in
puts. and you ·11 get a . equence of ouc
put~ . If you then auach another FPU 10 

the output of rhe first FPU. and tdl it to 
add what it secs on its input to what it ' s 
alrcaJ y got, you i:an get the complete 
{mw x ('olunm) ~·amputation done in no 
more 1im1: tlmn it takes w blast the values 
frnm memory. 

The hloc k moves have 10 he d ever (the 
dcments are not side by . ide ), so succes
sive values arc some distance apart . This 
ort of extra hardware resource lets 

Crays gu faster than nnrmal processors. 
hut only on the right sort of problem . 

Suppose th.it 100 MFLOPS or so isn't 
enough . How do we go much faster? 
Brute strength helps: foster technologies 
squeeze down rhe cycle times or machine£ 
so that they go ever faster . Today ' limit 
fo r traditional supercomputer seems w 
be around 1000 MFLOPS; if we wa nt to 

go faster . another approach is needed. 
The only approach that seems to have 

the right sort of promise is the obvious 
one-dn more things at once. There are a 
couple of different approacht s to this: 
one connects ur foidy small numbers of 
horr ibl y quick computer s . anJ th e 
other-more relevant here-connects up 
large numbers of microprocessors. 

Ty pical examples o f the laner are 
Inte l· s iPSC Hypcrcuhl'!-. (w h il·h use 
bucket loads of 80386s) . F!ualing Point 
Systems T-Ser ic ~ and Meiko '> Comput 
ing Surface (whkh both use IN.MOS 
tran~putcr ), .~ ystems from Ametek and 
BB N (w hi ch use 68000-famil y ma 
chine>) . plus NCube (whkh use~ a cu~

tom microprocessor). These machines all 
offer the prom ise of going faster as you 
,~idd processors to them ; being micropro
cessor-based gives them excellem price/ 
performance. 

But unlike Crays, which have com
pilers that can take care of the clever 
hardware dficiently. these machines 
don· t have compilers which can take. a 
"normal'" program and massage it aum
matically so that the. awesome power of a 
collection of 1024 T800s can be brought 
to bear . But w11h the price/performance 
offered by the approach (Flo<iting Point 
Systems· lop machine is quoted at 18 
giga -FLOPS. for example) , it is becom
ing increasingly attrac1ive to rewrite code 
especially for the e machines. This has 
rekv;rncc. ·ince you can buy mul!ipro
eessor add- in cards for per. onal com · 
puters. so this extra performance is there 
tor many personal computer owners ( fo r 
instance. the CSA PC add-in card de
scribed on page 220). 

Not Written in Stone 
We' ve seen some nf fl oating po1n1' s 
quirks and pitfall ~ . had a look al bench
marks. seen how supercomputer do even 
bener . and finished by seeing how the or
cl inary m icro proce s~o r i i; tu m ing th e 
table> on the supe1'l· omputer~. 

In the cour. e of the discussion . I hit on 
the Livermnre L1)1)ps as the be t all · 
around benchmark . spoiled only hy the 
fal' t that they 're in FORTRAN : this 
le<1ves the WhetslOne benchmark a. the 
mos t widel y useful micro processo r 
benchmark for the moment . Do bear in 
mind . though . thut bem:hmark re sults 
should not be wri1ten in stone : A better 
L" mnpikr , a faster clock speed. a bigger 
cache. and faster memory can all over
wrn the k·<J gue cable$ . Remember that the 
fin;il choice of a machine should IX'. made 
by using knowledge of the complete 
nccus . nol by i, lmply referring lo i.ome 
publi~hed table . • 
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DUPLICATED READERS. 


Other computer magazines have been raising 
rheir rates way out of proportion to rheir circu
lation growth (costs up 30 or 40 percent). 
We1ve raised ours amodest 7%. 

While other magazines are breaking 
the $30.$40.$50,and even $100 B&W CPM 
barriers, ours remains an atrractive $25.28. 

While other PC books are scrambling 
to 8gure out how to juggle the PC and Mac. 
we're already de! ivering. Wi rh acornbined 
95% PC and 38% Mac penetration. 

Whil~ othL:r magazines fight head to 
head for the same readership....;~ % i..{'ur I;,1U 
ri:i1dcrs de' lfL1/ J"Ci:li Idll\ · ,__'t/1-:1·!lld/~'r PC-Sfl_-1/~
bL\1h. 

11\nd. when they're not reading BYTE. 
they're busy buying product. In fact. 90% of 
our subscribers direcclv influence cl1eir com 
pan:.,·s 1rdcrocon1puti:,r ~·urchasing decisions. 

You'd like to find a\vay to keep your 
media budget in line. We· re it. Call Dennis 
Riley at (603) 924-9281 for more facts. 
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FLOATING-POINT PROCESSING 


How to Get Better 

Floating-Point Results 

With or without an FPU, careful program design is the only sure way 

to guarantee the validity of floating-point computations 

FLOATING-POINT COPROCESSOR 
units (FPUs) are the key co getting good 
number-crunching performance out of 
personal computers. and yet they are usu
ally extra-cost options . To be fair co users 
who hoven"t added one to their com
puters, a software designer has to write 
software that will use an FPU if one is 
present or perform the necessary opera· 
tions using the main processor otherwise . 
In a compiler system. the componeni that 
rnkescare of this is called a floating-point 
emulator . 

Unfortunatdy. ull emulators are not 
alike. They do not behave identically nor 
always emulate the hardware exactly. 
This means that a given program may 
pmduce different results. depending on 
whether an FPU is present. and, if not. 
depending on which emulator is used . 

But you can solve or at least control che 
problem by designing the high· level algo
rithm carefully. bascu on a kw principles 
that derive from an elementary under· 
st;rnding of the emulation process and 
floating-point re.prescntat ion systems. 

This article discu sses some of the 
trade-offs involved in emulating floating 
point hardware and explains the implica
tions for programmers. All the specific 
examples in this article apply to the Ryan
McFarland RM/ FORTRAN version 2.4 
8087 emulator. whil:h I helped design 
and implement. Previous ver. ions of the 
compiler had used the emulator provided 
hy Intel. We (the compiler design team 
knew we could significantly speed up the 
emulation by writing a new emulator with 
a different set of design goal s. The Intel 
emulator was de. igned to produce an ex· 

Carl Byington 

act emulation of the 8087 chip . lt caku· 
late.s re ults more precisely (and chereforc 
more slow lyl lh<tn ) ~ n!4u i reu hy lhc 
RM/FORTRAN compiler . Tne Intel em
ulator also foils to cake full advantage of 
the 8086 instruction set. For instance , 
munv incernal variables <1re mainwined in 
men1ory, rather than in regi sters. 

The 8087 chip can work with numbers 
in three basic formats: the 32-bil (24-bit 
significand) single preci sion : 64 -bit (53 
bit significand) double precision: and 80
bit l64-bit significand) temporary. I will 
refer to these arious forrmtts by the m1111 
berof ·ignific<1nd bits (24, 53 , and 64) . 

The version 2 .4 emulator was designed 
tu produce results accurate to 60 bits. The 
primary design goal was to mcreasc the 
~peeJ of floating-point computations 
subject to the 60-bil predsion reqoirc
mem. A secondary goal was lo increase 
the precision beyond 60 hits whenever 
possible so long as the speed was not re
duced. A third e.oal w::ts to make the emu
h1.tor as small aspossible. but this wa not 
allowed 10 intertere with the first 1w1i 
goals. The speed objective is easily un
derst<rndable. but why choose 60-bit pre
cision when both the 8087 hardwdre ;.md 
the Intel emulacor calculaie result to 64
bit prcci ~ ioo? We did this because it 
doesn't affect the preci 'ion of the results 
produced by a FORTRAN program. 

Precision and How tu Keep It 

Three factor concrol the preciskm o the 

resul lS produced hy a FORTRA · pro· 

grnm: the algorithm (sequence of opera

tions) and input data the program uses. 

the order of those operations after the 


c11111pilcr has optim!Zt:.d ;ind rcarrangcu 
the L:Odt:. and the precision of iru.li idual 
op<.·ration ~ within the FPll or cmulatur 

The entire FORTRAN system (com
piler and emulator) has nn rnntrol over 
the first factor: that is left up to tht' pro 
grammer . The second <1 nd chi rd factor> 
are related in that the <.:ho icc or pn:cision 
in che emul;itor needs only to match the 
precision rcqu iremencs oft he cornpili:r. 

RM/FORTRAN as.~umes that interme
diate resuhs need tn be calcuiatcd to only 
24 (REAL) or 5:1 (DOUBLE E l iO 'J 
bits. lntcnm~diate re~ults will be cal cu
lated to a greater precision if there is no 
performance penalty . The ernu I a tor cal
culates the standard add. subtract. multi 
ply. and divide funct ions to 64-bit pn:ci· 
sion; and it calculates the squ<1re root. 
tangent , <1rL:langcn1, exponenti<JI. and 
logarithm function s to 60-bic predsion. 

Only two thing~ can be done with the 
result of an arithmetic operat ion : It can he 
~tored in l FORTRAN \'ariable or used a~ 
an operand of another arithmetic opcrn· 
tion. In the former case. the result's pre
cision will be reduced 10 .SJ bics. In the 
latter case. two further pos:>ibilitics ap· 
ply. The resuh may he used dire<.·tly wich 
11s full preci ion. or thi: compiler opti
m i ler may choose to store it in a l'Olll 

p i kr-gcnc rated tt·mporary v:1riahlc• l'ur 
later reuse. in which case the temporary 

rm11i111""/ 
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BETTER fLOATING-POINT RESULTS 

\;iriable \\ill have :i 1mu1mum prccisinn 
of 53 bit~. 

Consider the FORTRAN sta1ement~ 

OOUBLE PRECISION A.X,Y .z 
A~ X+(Y+Z) 

One r•issiblc 80x87 FPU cm.le ~equcncc 
w calculate A is 

FL:i X ; floating point :oad X 
FADD Y ; floating point add Y 
fA::J::J Z ; fl.::: atin& point add Z 
FST? A ; floating poi n't stiore A 

The reg ister operand for che seconu 
FA.DD c<m huvc up to 64 significant bits. 
since it was calculaced by the first FADD. 

ow con~ idcr c1 ·econd code ~equcncc 
that might be gencnued if the subexpre~ 
10n Y+Z appeared in more than one ex
pr~ ~ion in the FORTRAN program: 

F:.:::> Y ; f:oat ing point lead Y 
::-A.Dr:: Z ; floating po in: add Z 
FST T ; save subexpression in temp T 

FLD T ; floating point load T 
FA.JD X ; floating point add X 
FSTP A ; floating po int sto:-e A 

Herc the prc_. b ion of T i~ only 53 bits (a 
double-precision te.mporary generated by 
the compil<:r) . ;mu the result~ may nut be 
tl!cnt ical to chnsc produced hy the fir 1 

code sequence . 
Thl· rnmpikr and cnrnlator guarantee 

1hm each elementary arithmetic opera· 
tion i~ accurnte to at least SJ bit~. You can 
<;t ill write FORTRAN rnde that is exact in 
the mathenrntical sense and yet produces 
w~ry imprecise results . Two common 
cau .'>C~ for this lo~s Qf prcci!lion are ·ub
traction 1if t\\O numhers that ;ire ;limo -1 
1Jemical <mu addition of two number. of 
widely Jiffcrem magnitudes. As an c,.;

ampk of the fir t sirnation. consider the 
problem of finding the roots of the qua
Jratic equation x' + 2bx -t c = 0. 

The standard formula gi ves us 

x, = -h + ..J(b' - c). 
.t, = -b - ..j(o1 - c). 

If th.ese were implemented with infinitel y 
precise arithmetic and the coefficients b 
and <' were known exaccl y. they would 
produce the cl\act roots of the ql1adratic 
equ;uion. But when they <ire used in a 
FORTRAN program, severaJ things hap
pen. Herc are che FORTRAN ' tacements: 

xl = -b-+ Sqrt(b**2- c) 
x2.., -b -Sqrt(b**2 - c). 

First. che coefficiems tan bi! kn1)wn ex
actly buc represented onl y lmpreci ely in 
FORTRAN variables wirh 53-bit prcci
~ton. Second, the individual arithmetic 
operations are implemented with only 
:"~·b i t precision. Let us see what cfli.:ct 
thi s has on the precision of the re sult 
when b is approximately -2" and c i~ 
approximately 1. The result xl will have 
53 btts of precision: x2 will have only a 
tc.w bit · of precision (note that we 're now 
using FORTRA rather chan algebraic 
v;iriubles). Why did this happen·) 

Consider the computation of :-.2 . The 
expression b**2 w\11 he calculated to 53 
bits and I approxinmcely 26

' . The value 
of b**2- is calculated to 53 bits . hut 
only a few high ·orucr bit of take part in 
thi ~ calcul a tion . The cxpre s~io n 
'qrt(bH 2 - ) is calculaccd to 53 hit ~ 

and is almost exactly the amc :1s - · . The 
final step in the calculation of ):2 is a suh
tracrion invol vi ng operands that arc al
mo ·t i<lcntic;il: tht: re~ult of rhi ~ubtrac
tion has only<• few bits uf precision. 

Look at the FORTRAN numbers A. 13, 
C, <rnd D in ta hie Ia. A and B share 50 

Table I: Re.rn/1.1 of c·ompwarions im·o/l.·i11g (a) .~ubrracrion ofm•arly t'C/IWI 
n11mbt>r_1 and (b) mldi1im111f11w11h1·rs '!fll'idel_1-.iiffere111 mai:nitmlt·.1·_ 

a) c= A - ~ and :: ,, c(normalized). 

n = Q .(X)C)(X X .<. .<. .' X )() )( .( )( )( X )( X 'X ~)(,(X)( XX )( X XX;( X )()(XX)( X>' )()(XX XX X )()( YY Y X 2" 
:, = 0 XX XX XX X Xi< XXX X X.<.XXX.<. ~ XXXXXX X.<.XX XX! XX XX XXXXXX)(X XXXXX'MW." X 2" 
c- O OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOz7Z x 2" 
.. - 0 zzzOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOODOOOOOOOOOOOOOO x 2·" 

b) ;. and ~ are to be added. L. = :o (normalized), : =A ... ~· 

.; = Oxx x x.x x xx x x ~ xxx>"xx xxx xxxxxxxxxxx x xxxxxx xxxxxxxxxxxxxx x 2' 
:, - 0 YYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYY K 2·,. 
c = 0 00000000000000000000000000000000000000000000000000000 x 2' 
D"' 0 xxxxxxxx v .< x .<. x xxxn:xx ;;)( <XX~X XX )( • •xxxxx:o x ~ _; xx uxx xxxxx x 2' 

high-order bit . A- B is C, which ha 'iO 
high-order 0 . Di the re. ul! of normaliz
ing C. so the high-order bit of D is l . Bui 
the low-orda Os in are an artifact of the 
floating-point arithmetic , am.i they have 
no significance. Db really known to only 
three bits of prncision , even though its 
representation in a FORTRAN variable 
will have 53 sigaificamJ bits. 

Thi s is essentially whac has happened 
in the final subtraction in the cakulacion 
of x.2 above. An alternate formula is 
x2~ c 1 :-:1. which tan be calcuhueJ to 53 
bits of true precisioa . The _· ad program 
in li sting I demon trates the different re
sults obtained u ing these cwo approach
e~. Note that the compucation of the error 
rn x1 is i l elf an ill-posc<l Cornput<itilJn 
with no sigaificant bits. The compiler ha 
calculated that error (variable ;:J) twu:e 
with cwo different results . 

Now we'll look at an example where 
you lose precision by adding numbers 
cl:lac are ery far apart . Con idcr the num
bers in table 1b. The magnitude of P. is 
very differem from thtl magnitude of 8. · 
i~ B modified su chat the exponent will 
rnacch the exponent of A. Note thm in 
order co make the e:<.ponents match. all 
the bits of El have been Inst. D is A+C. 
which is the Mmlc as A. In rh 1s ca~c. vou 
hcivc not lost llny preci ion. in l:e the ;um 
i~ still correcc to 53 bits. 

·m consider the problem o ca lculm
ing the sum of the power M:ric ~ 1 + r + 
r ) + rl + r• + .. . . where r is in th1;~ 

111tervaJ (0.1 ). If r is .99. then the. ~um I 
!he infinite ~erie~ i~ 100. Ir the fir~ t 2000 
elements arc added in !he order indicated. 
starting wich the first anu largest ele 
ment, the part ial um will cvenwally be
come 111 uch I a rger tlw n subsequent ~ t't· ies. 

derncnts. producing a probkm similar to 
char illustrated in t:.ible lb. 

This problem can be parti:ill y sol cd 
by -umming the ·eric staning 11. ith the 
smallest ck·mcms firs1. Th.: los~ of preti · 
s11rn is then nm ~o severe. ahh1lugh ii 'till 
nccu r~. The 11nl y way to diminate chi-. 
problem i~ to use an array of accumula· 
tor · and au<l the next · crie~ clement into 
the appropriate accumul:nor . A far bener 
algorithm in this rnsc is to throw av.r.1y tht' 
'erie' expansion and 1.·alculate the mache
matically t'qui vaknt e.xpressi ll1 ] /( l -rJ. 

The se r i e :; program in listing 2 dcm
instratcs the "C k•chniqucs The do 15 

loop initialize. the sumx array. The in
de :-i: statcrncnt fun1.,tion <.:ilkulalc ~ a 'uh
,1.·ript for the s mx array. The array ele
ment m that po,ition shoulu either be 0 11r 
have a value dose to the value c)f the 
~cries element r**i. The do 16 loop 
chccb for array clements that have be
come too large and dkctively propagate~ 
the carry . The do 25 loop final I y aud~ I he 

<Olllilll1<'<f 
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New "lub Class. It changes chc face or busmcss travel w11h amen ities like gourmet nnsmc. tine wine and a 
uprcmcly comfortable ea t , in addirion co thl' full complement orcouncsics ou sec above. ·o 1hac you cnocrg'· 

from your Oig ht not only feeling re r1:.~hcd. buc looking that \ ay. Club Cln s. It's a most attraciivc way 10 111 . 

Cirtlt 297 on Reader Servin Card 

WE PROVIDE 

THE TOOLS 


FORA 

SUCCESSFUL 


PRESENTATION. 


CLUB 

BRITISH Al RWAYS 
The worlds favourite airline.' / 

MARCH 1988 • BYTE 231 



••• 

A MESSAGE 


To OuR 

SUBSCRIBERS 


F ROM TIME TO TIME 
wt· make the BYTE sub

scriber I ist <lV<I i l<1ble to other 
1..ompanie · who wish ro send 
our sub cri ber nrnteri.il abour 
their products. We t<tke grear 
cue ro screen rhese companies, 
choosing only those who are 
reputable, and whose products 1 

services, or infornnrion \Ve feel 
would be of interest to )'OU. 

Di recr mail is <lll efficient 
medium for preseming rhe laresr 
personal compurer goods and 
services to our subscribers. 

i\fany BYTE subscribers ap
prec iare th is comrolled use of 
our mailing list, and look for· 
ward to finding information of 
interest to them in the mail. 
Used are our subscribers' nam~ 
and addresses only (no other 
inform.it ion \Ve may h<lve is ever 
given). 

While we believe the distribu
tion of this in format ion is of 
benefit to our ·ubscribers, \Ve 

firmly respect rhe \vish · of ;111y 

<>ubscriber who does nm wam 
to receive such promotional 
literature. Should )'OU wish to 

re~trict the use of your name, 
simply send your request m the 
following ;1ddre~<;. 

-
El\llE MAGAZINE 


ATTN: Su BSCJu Bt::R S1: RV!C£ 


P.O. l3ox 7643 
Ti:ANl'.CK, NJ '17666-9866 

~~.•Ir. 
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Listing I: (a) A FORTRAN progrmn ill11srra1i11g ilf~formt'd anti Wi!ll-jimned 
calculations o_fthe q11admticfi1rm11/aJo/!mved /.1_r (b) a sample nm ofthe 
program. 

' (a) 

program quad 
double precision b, c, xl, x2, x3, x4 

10 wnte (6, 1) 
write {6, "l 'Enter c:ae ff icients b and c sep;u:-ated by 

spaces: 
read {5, *) b, c 
if (c .eq. 
write {6, 
1o1rite (6, 

c 
write (6, 
xl = -b + 
x2 ~ -b 
x3 = xl**2 
x4 = x2**2 
write {6, 

c 
write (6, 
xl ~ -b + 
x2 • c/xl 
x3 ~ x1**2 
x4 • x2**2 
write (6, 

c 
goto HI 

c 
l format (lx) 

2 format (' 
s ' 
s 
$ ' 

3 format (' 
$ 

end 

0.0) stop 
1) 
3) b, c 

*) 'Method one.' 
sqrt(b**2-c) 
sqrt(b*•2-c) 

+ 2*b*xl + c 
+ 2*b*x2 + c 

2) xl. x2, x3, x4 

*) •Method two.' 
sqrt(b* 0 2-c) 

+ 2*b*x1 + c 
+ 2*bwx2 + c 

2) xl, x2, x.3, x4 

xl solution D.25 .10 I 
x2 solution 025.10 I 
error in xl 025.19 I 
error in x2 025 . 18) 
b 025.18 I 
c 025.10) 

(b) 

Enter coefficients b and c separated by spaces: -.3e7 1 

b 
c 
Method one. 
xl solution 
x2 solution 
error in xl 
error in ><2 
Method t1o10. 
J<l solution 
x2 solution 
error in 1tl 
error in x2 

-0.300000000000000000D+0S 
0.100000000000000000D+01 

0.5999999999999985100+08 
0.149011611938476563D-06 

-0.8000244140625000000+01 
-0.79406967l630857155D+01 

0.5999999999999985100+08 
0.16666666666666 70670-0? 

-0.794067392812500000D+91 
-3.2205809319921758770-14 

Enter coefficients b and c separated by spaces: -)e8 1 

b -0.300000000000000000D+09 
c 0.100000000000000000D+01 
Method one. 
xl solution 0.600000000000000000 D+09 
x2 solution 0.0000000000000000000+00 
error in xl 0.0000000000000000000 +00 
error in x2 0.100000000000000000D +01 

http:Ti:ANl'.CK
http:inform.it
http:nrnteri.il


FUJITSU'S DX2000 SERIES PRINTERS 


~tchil)gfrom computer p~er 

to letterliead is as simple as 1...2...3. 


ln ..'ltnlctions: 

2. Pull \1. Pu.ti 

Push a button. Pull a lever. Push a button. 
!ts that e~l'i~· 10 S\\·itch from computer p:iper to letterhead 

using a Fujitsu DX2000 Series 9 -\\~re clot matrix printer. 
Theres no wrestling with continuous forms or 

optional tractors. . ·a wasting time loading and unloading 
paper. And automatic feeding of cut-sheet paper is 
faster with the optional,single-bin sheet feeder. 
More Efficient. More Productive. 

The DX2000 Series printers are available in either 
80- or 1%-character colunm widths and both produce 
up to L~) lines of copy per minute. Or an average-size 
memo in draft quality in just 11 seconds. 

Print speeds range from '14 characters per second 
in near-letter-qual i~·mode to 324 cps in draft qua! ity 

Each printer can create letters. spreadsheets. descrip
tive charts and professional graphs. Forbri lliant -color 
printing. you can get an optionaleasy-to-install color kit. 
Quiet, Reliable, Compatible. 

Listen. The DX2000 printers are quiet. 
\X hats more, the~ can give you yea rs of trouble-free 

printing \\~thout taking time off 
And thats not all. Each printer is compatible with the 

most popular software packages. using Epson 1< FX80.JX80. 
rBM"Graphics Printer3 or IBM Proprinter' commands. 

For pricing and more information on the DX2000 
series or anv of our complete line of daisywhee!. 
dot matrix. band or laser printers. call 800-626-4686. 

~lake the easy switch to Fujitsu printers. 

- 911111 

I 

- -

DX2400 
DX2300 

A COMPANY WITH CHARACTER AND DRIVE 

FUJ I T SU 

FUJITSU AMERICA. 
Computer Products Group 

FOR MORE INFORMATION ON THE DX2000 SERIES PRINTERS, CALL 800-626-4686 
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Your BYTE subscription brings 
you a complere menu of the latest 
in microcomputer technology every 
30 days. The kind of hroad-based 
objecrive coverage you read in 
every issue. In addition, your 
subscription carries a \vealth of 
other benefits. Check the check 
list; 

BONUSES 

..i1 Annual Separate Issues: In 
addition to BYTE's 12 monthly 
issues, subscribers also receive 
our annual IBM PC issue free 
of charge, as well as any other 
annual issues BYTE may 
produce. 

!l1 BYTE Deck: Subscribers 
receive five BYTE postcard 
deck mailings each year-a 
direct response system for you 
to obrain information on 
advertised products through 
return mail. 

~	 Reader Service: For 
information on producrs adver
tised in BYTE, circle the 
numbers oo rhe Reader Service 
card enclosed in each issue that 
correspond to the numbers for 
the advertisers you select. Drop 
the post-paid card in the mail 
and we'll get your inquiries ro 
the advertisers. 

ll} TIPS: BYTE's Telephone 
Inquiry Sysrem is available to 
subscribers who need fast 
response from advertisers. After 
obraining your Subscriber l.D. 
Card, dial TIPS and enrer your 
inquiries. You'IJ save as much 
as ren days over the response to 

Reader Service cards. 

[})	 Free Programs Via BYTEnct: 
You get access to the BYTEnet 
Bulletin Board Service, which 
allows you to download, via 

m 


!;C\ :!\\j 

"'!.'J IJ~ID 


~Z-41' ~tl$0.l .l.T 


~l~.~~· 
it.:.ii\Qn wqo. c 1n 
'h:wclCtwv:N I 

modem, valuable program 
listings. There is no connec[ 
charge for this service. 

Subsaiptio11 Service: If you 
have a problem with, or a 
question about your subscrip 
tion , you may call our service 
department toll-free ar 
800-423-8272 (in New Jersey 
call 800-367-0218 ) during 
regular business hours (Eastern 
Time) . You can also use 
Subscription Service to obtain . 
back issues. Should you care ro 
correspond, use rhe following 
address: P.O. Box 6821, 
Piscataway, NJ 08855. 

ll'.)' Editorial Indices: Available 
through our cuscomer service 
department P.O. Box 328, 
Hancock, New Hampshire 
03449. 

PAID SERVICES 

r.tf BIX: BYTE's Information 
Exchange puts you on-line 24 
hours a day with your peers 
via compurer conferencing and 
electronic mail. All you need co 

sign up is a microcompurcr, a 
modem, and telecomm soft
ware. For further information 
and cost, call 1-800-227-BYTE. 

Program Listings: Listings of 
programs that accompany 
BYTE articles are now avail
able on BIX, on disks or in 
quanerly printed supplemenrs 
(see reply cards in this issue for 
cosr information ), or call 
1-800-258-5485. 

l!:1 Microform: BYTE is available 
in microform from University 
Microfilm International in the 
U.S. and Eu rope. See Coments 
page for cost information . 

DISCOUNTS 

l!1 	One-year subscription at $22.95 

!'.f 	T1,vo-year subscription at $39.95 

E Three-year subscription ac 
$55.95 

!if One-year group subscription for 
ten or more ac $18.95 each. 
(Call or write for details.) 

TOLL-FREE NUMBERS FOR 
YOUR CONVENIENCE: 

Subscriptions & Back Issues: 
1-800-4 23-8272 
(in 	N.]., I-800-367-0218) 

BIX: 1-800-227-BYTE 

.Program Listings Orders: 
1-800-258-5485 
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BETTER FLOATING-POINT RESULTS 

UPS SMpMale'• Manlfe.sl 
Method two. 
Kl solution 0.6000000000000000000+09 

S295 
~mce 19&1 

112 solution 
error in xl 
err:or in x2 

0.1666666666666666700-08 
0.1000000000000000000+0 1 
0.2818925648462311S3D-17 

Enter coefficients b and c separated by spaces: -3e9 1 

PRINTERS • LASERS • SCANNERS 

.... "" •.... ...115'1 

1111 
lllt 

.... --· • 13i'S 
>••I• llll 

' ' ""'...... 

M ., 
J>•O 

w•••O 
~r> 
!!M 

,.,.., oa . ,._ ,l".8) Y'"l 
' " 

Ulll ,,1n 1 .. 
ll9 

.. f!M 

'"' '"'... 
''"..-b 

c 
Method one. 

-0.3000000000000000000 +10 
0.1000000000000000000~0 1 

Stit 

.... 1'8 
,,, a19,.. 

1111 
II 11111 

lnG 

""'.,....-.. xl solution 0.6000000000000000000+10 •Hlll 

1<2 solution 0.0000000000000000000+00 
ei:ror in xl 0.1000000000000000000+01 
error in 1<2 0.1000000000000000000+01 
Method two. 
xl solution 0.6000000000000000000 +10 
x2 solution 0.1666666666666666600-09 l ~ • M.:11 

&r..,, .. ,_ ..••..... t.a 
error in xl 0.1000000000000000000+01 llllCM.Jtlh ' • 

.tfJHnfnt Pl.ti & X.I 
Ml!f 
tall 

error in 112 0.0000000000000000000+00 iM'4!flll ••••••••• i;..11
Ii.-.... Ul.J'i~• Qill 
W, U.,l.1 C..N 

Enter coefficients b and c separated by spaces: l 0 
SOFTWARE 

Listing 2: (a) A FORTRAN program illustrating various approache.1· to the 
calculatioti ofa pm1er series.fol/owed by (b) a sample run ofthe progmm. 

(a) 

progran series 
double precision r. sum. sumup. sumdown, x 
doub l e precision sumx(30), s u mw 
index(x} = 4 + i nt(-logl0(xl) 

c sum1<(il < 10**(4-ll 
c 

km = 30 
c 
HJ write (6, ll 

write (6, •) 'Enter r and n separated by spaces: • 
read (5, •) r, n 
1f ( r .eq. 0) stop 

c 
sum (1-r**n) I (1-rl 
sumup 0 
sumdown 0 
do 15 j l,km 

sumx(j) - 0 
l S continue 

c 
~do 20 i 0, n-1 


sumup • sumup + r**i 

sumdown • sumdown + r*•(n-1-iJ 

j = index (r••i) 

sumx(j) ~ sumx(j) + r**i 

do 16 k • j, 2. -1 


if (sumx (k) < 10.,. (4-k)) goto ?0 
sumx(k-1) sumx{k-1) + sumx!k) 
sumx ()<.) 0 

16 continue 
2a continue 
c 

sum\oi a e 

do 25 j = km, 1, -1 


sumw s sumw + sumx { j) 

25 continue 
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BETTER FLOATING-POINT RESULTS 

1o1rite (6, 2) r, sum, sumw, sumup, :>u!T'r!own 
goto 10 

c 
1 format (lx) 

2 format (' r d25.1S I.5 COI"Eect p<Hticil sum d2 5. 18 I 
s . calculated with array . d25.1B I 
$ .;dded from largest ci2 5 .18 I 
$ ' added from smallest d25.18) 
end 

{bl 

Enter r and n separated by spaces: .99 ~0 
r 0.9899999999999999910+00 
correct partial sum 0.331028241430319~540+02 

calculated with array 0.331028241430319q5~D+02 

cidded from largest 0.3310262414323193l2D+02 
added from smallest 0.3310282414J0Jl9~54D+02 

Enter r and n separated by spaces; .99 2000 
r 0.9899999999999999910100 
correct partial sum 0.999999998136242~670+02 

calculated with array 0.9999999981362425670+02 
added from largest 0.99999999B1362412aqo+02 
added from small~st 0.9999999981362419570+02 

Enter r and n separated by spaces: 2 1 

sumx array elements tn arrive at sumw. 
Note that this algorithm wMks only when 
all !he series elements have the same 
ign. ror an alternating serle . you need 

separate :irr<Jys for the positive anJ nega
ti ve elements: merging the two arrnys 
produces the final answer. 

·ore that the calculation using the 
am1y of accumulators matches the accu
racy of the exact solution . If an exact 

solutirm is n.ot known. then this method 
can be u ed tn avoid loss of precbion. al
though it is very slow. 

The design goal s for an emulator arc 
influenced by the data types avuilable in 
1hc language. the code sequences gener· 
mcJ by the ..:ompiler . and the t·ornpilcr 
and run-time ystem · s assumptions re
garding preclsilJn . The 80x87 emulator 
we designed t(.ir RM /FORTRA achieved 

our design goals of dramatic speed im
provement (approximatel y a facwr of 5) 
wirh no Ins ~ of precision at t.he FOR
TRA level. Although the emulator pro· 
duce~ results different from tho e pro
duced by rhe 8087 h<miware. they are nu 
kss precise. 

To analyze a FORTRAN program to 
determine the preci ion of lts output. you 
need to know the size of the input num
bers. As the quadratic-roots problem 
de1111..>i:i.stra1ed . the standard formula 
\ orl\s fine for some argument range. but 
is terrible for others. You must then an<t· 
lyze each subtraction operation (or addi
tion of numbers with opposite signs) to 
determine if the. operands of that subtrac
tion might ever be almost identical: if o. 
you should find another way to solve the 
problem, or at least be aw11re of the re
sulting loss of precision . In general. the 
addition of 1wo numbers that are far apart 
doesn't result in precision loss. unJe ·s 
you calculate a ~cric~ of such additions . 

If your FORTRAN program produces 
significantly different results on the 8087 
hardware versus the emulator. then vou 
ure using an alg~>rithrn thut depends. on 
6..\-bit precision arithmetic:. Any small 
change to that progrnm may cause the 
compiler optimizer to reorder the objec1 
l'ode su\.'h that the pret:i~ion will drop to 
53 bits, eve11 on the 8087 hardware . This 
b a simple though incomplete:- test for im
prc~·i se results. 

As the quadrat ic-ro~>t and series-sum 
problem~ showed. changing the numeri
cal algori thm at the FORTRAN level can 
have a larger effect on the precision. than 
any compiler or emulator change . There 
i-. no ~ubstitute for analyzing the numeri· 
,-.ti accuracy of the FORTRAN code . • 

UNIVERSAL E(E)PROM PROGRAMMERS 


l[lM PC Software Pada1,1c inchukd nr RS:! 2 <lm·er.• to any cnmputer (Apple. CPM. ctcl. 

•Programs 27xx 10 IMBit. 2.5xx. Mlxx. CMOS. EEPmms. l!74x. l!7105x. ZPRams &. mor<.'. 

·~knu-.Jri en d..-vicc 'elcnion; No Pc~onality MoJul.:.s. Quick Pulse Programming. 

$495 •Rcatls & W riles ln1cl-. Mnturnla-. Stn11Kht- Hex & Himtr)' file.,, Split.• fi!cs(oodlcven ). 

•Technical Suppon hy phnnc: Xam-.'ipm voice, .5pm-lfam Bullc1in Bonni IPT). 

•Huill· Hl Ernscrf['imcr option. Full docum.-n1..11on. fmnv.·ar.- upgrndes av;iilable, 

•I year warranty. Muncy hac~ j!UHr;mtcc. Mn'! unil' ""11C d<iy ~hipmem. 

•110-11.51220-2-IOVAC. Visa & MC accepted.$395 
Call today for datasheets! 

Kits from 

$95 $295 


B&CMlCROSYSTEMS 
355 Wesc 0 .live vc. unn ale. A 94086 

PH:(40~ 730-55 11 FA X:408·7 0-5-2 t TLX:%4l85 
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UNLEASH 'lOUR 80386! 

Your 80386-based PC should run two to 
three limes as fast as your old AT. This 
speed-up is primarily due to the doubl
ing of the clock speed from 8 to 16 MHz. 
The new MicroWay products discussed 
below take advantage of the real power 
of your 80386, which is actually 4 to 16 
times that of the old ATI These new pro
ducts take advantage of the 32 bit regis
ters and data bus of the 80386 and the 
Weitek 1167 numeric coprocessor chip 
set They include a family of MicroWay 

mW1167 Nuf'nltric 
Copl'OOKSO< Board 

80386 compilers that n.m in protected 
mode and numeric coprocessor cards 
that utilize !he Weitek technology. 

The benefits of our new technol
ogies include: 
•An increase in addressable memory 
from 640K to 4 gigabytes usin_g MS
DOS or Unix. 
•A 12 fold increase in the speed of 32 bit. 
integer arithmetic. 
•A 4 to 16 fold increase in floating point 

MicroWay® 
80386 Support 

MicroWay 80386 Compilers 
NOP Fortran-386 and NOP C·386 are globally 
optimizing 80386 native code compilers that 
support a number ot Numeric Data Processors, 
including the 80287, 80387 and mW1167.They 
generate mainframe quality optimized code and 
are syntactically arnJ QPe1'3tionally compatible to 
the ~etey 4.2 Un i~ 177 and PCC compliers. 
MS·DOS specific extensions have been added 
where neces..ary to make it easy to port pro
grams written with M icrosoft C Of For1ran and 
R/M Fortran. 

The compilers are presently available rn two 
formats: Microport Unix 5.3 or MS-DOS as ex
tended by the Phar Lap Tools.MicroWay will por1 
them to ottier 80386 operating systems such as 
OS/2 as the need arises and as 80386 versions 
becoo1e availabje. 

The key to addressing more lhan 640 kbytes 
s the use of 32·bit integers to address arrays. 
NOP Fonran-386 generates 32·blt code which 
executes 3 to 8 times faster than the curTent 
generation of 16·bit compilers. There are three 
elements each of which contrilxrtes a factor of 2 
to thfs speed increase: very efficient use of 
80386 registers to store 32·blt enttties. ihe use of 
1nllne 32-blt arilhmetic instead of libraJY calls, 
and a doubling rn the effective utilization of the 
system data bus. 

AA exampleof the benelil of excellent code is a 
32·bit matrix multiply. In this benchmark an NDP 
Fortran-386 program is run agalnst the same 
program compiled with a 16-bit Fonran. Both 
programs were run on the same 80386 system 
However, the 32·bit code ran 7.5 times faster 
than tl1e 16·bil code. and 58.5 limes faster ttian 
the 16·bit code executing on an IBM PC. 
NOP FORTRAN-386'~ ...............S595 
NOP C·386'" ...... . . . ...... . . . ......$595 

MicroWay NumericS 
The mW11 s1 •• is a MicroWay ~gned high 
speed numeric coprocessor that w0f1<.s with the 
80386. It plugs into a 121 pin "Weitek" socket 
lhat is actually asuper set of l/'le 80387.This soc
ket is available on a number ol motherboards 
and accelerators Including the AT&T 6386, 
Tandy 400>, Compaq 386/20. Hewlett Packard 
RS/20 and MicroWay Number SmaSller 386, It 
combines the 64·bit Weitef.; 1163/64 floating 
point multiplier/adder with a We!tek/tnt~ de
signed "glue ch fp" . The mw1167'""' runs at 3.6 
MegaWhelstones (compiled with NDP F0<1ran· 
386) which Is a factor of 16 laster ~h3n an AT and 
2 to 4 times faster than an 80387. 
mW1167 16 MHz .. .. ..............$1495 

mW1167 20 MHz . . .. .. . .. . ...... . . $1995 


Monoputw"' - The INMOS TSOJ-20 Trans
puter is a 32-bil computer on a Chip that features 
a bui!Hn ftoating point coprocessor. The T8(X) 
can be used to build arbitrarily large parallel pro
ces.<;ing machines. The Monopuler comes with 
either the 20 MHz T800 or the T414 (a T800 
wtthout the NOP) and includes 2 megaby1es of 
processor memory Transputer language sup
Port from MicroWay includeS Occe.m.C. Fortran, 
Pascal and Prolog. 
Monoputer T414·20 with 2 meg' ... S1495 
f,'lonoputer T800- 20 with 2 meg' . ..S1995 

Quadputer'" can be purchased with 2, 3 0< 4 
transputers each of which has 1 or 4 megabytes 
of memory. Ouadputers can be cabled together 
lo build arbitrarily fast parallel p rC>CeS$ing 
s~1ems that are as fast or faster than today's 
mainframes. A single T800 ls as fast as an 
80386/mW1167 combination! 
Biputer'" T600fT414 with 2 meg 1 

•••• S3495 
Ql&adputer 4 T414-20 with 4 meg' ...$6000 

'lrdude<, Occam 

speed over the 80387/80287 numeric 
coprocessors. 

Equally importan~ whichever Micro
Way product you choose, you can be 
assured of the same excellent pre- and 
post-sales support that has made Micro
Way the world leader in PC numerics 
and high pertonnance PC upgrades. 
For more informalion, please call the 
Technical Support Department al 

617·746·7341 
After July 1988 call 508-746·7 341 

80386 Multi·User Solutions 
ATS"' - This intelligent serial contrdler series is 
designed to handle 4 to 16 users in a Xenix or 
Unix environment with as llrtle as 3% degrada· 
tlon in speed.It has been tested and approved by 
Compaq, Intel.NCR. Zenith. a11d the Depa_r1rnent 
ot Defense for use in high perlormance 80296 
and 80386 Xenix or Unix based mutti·user 
systems. 
AT4- 4 users . .. .. . . .... .. . . . . . .... .$795 
ATS - a users ... ........ ... .... ... . . $995 
AT16 - 16 ui;en; •••• ••.•• ••. •••.... $1295 

Phar Lap'" created the first tools that maJ<e rt 
pasaible to develop 80386 applications which 
f\m under MS-DOS yet take aovantage of the full 
pawer of the 80388. These include an 80386 
monrtor/loader that runs the 80386 in protected 
linear address mode. an assembler. linker and 
debugger. These tools are required for the MS
DOS version of the MicroWay NOP Compliers. 
Phar Lap Tools • .. ..• ••. ..• • ••..• . . . . $495 

PC/AT ACCELERATORS 
287Turbo-1010MHz . . .. . ...........$450 
287Turbo-12 12 MHz....... _. .. ... . . $550 
287TurboPluS· 12 12 MHz •... ' ' • •• •. $629 
FASTCACHE·286 9 MHz •..... • •... . $299 
FASTCACHE·28612 MHz ••....• . ... 5399 
SUPERCACHE·286 . ... . ...... . .....$499 

MATH COPROCESSORS 

80387·20 20 MHz .. . ................$895 

80387·16 16 MHz ............... . .. .$495 

80287-1010MHz ............. . .....5349 

80287-8 8 MHz .. _.... .... . .........$259 

80287-6 6 MHz .....................$179 

8087-28MHz . . . ................ ...$154 

8087 5 MHz .........................S99 


The World Leader in PC NumericsMicro 
P.O. Box 79, Kingston, Mass. 02364 USA (617) 7 46-7341 

32 High St., Kingston-Upon-Thames, U.K.. 01-541-5466 
St. LeonaJds, NSW, Australia 02-439-8400 

I/Vay 
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The new Diconix 300desktop plain paper printer. 

So quiet, so small, so fast, you could mistake it for the Diconix 150. 


Before you decide on a PC printer, reflect on this. 


IDlOO~I~~< 

A Kodak Company 

3100 Research Bouh.-vard 
Daywn, Ohio 45420 
1-800-DICONlX 

• Semi-aucomatic paper handling 
• 308 chara.:ters per second 
• IBM & Epson emulation 

Circle 311 on /Uadtr Service Card 



• 	 The .lirst and only" hardware boarct that fully 
supports EMS, EMS 4 .0 and EEMS 

• 	 Fully populated w1th 2 or 4 MB of M1cron·s own 
dynarruc RAl\11 memory components 

• 	 Purchase 2 MB mothercard and 2 MB daughter
card sepcrra e!y or iogether to flt in a single slot I 

• 	 Designed to work w h 80286 and 80386 based 
systems 

• 	 Prov1des expanded and/or extended memory 
operation 

• 	 Automatically configures around bad memory 
• 	 Compatible with DOS. OS/ 2. UNIX and XENIX 

operating systems 

• 	 Operating speeds up to 8 MHz zero wait-state and 
12 MHz with one wait-state 

• 	 Backfills conventional memory to 640KB 
• 	 Data LS p:mty protected 
• 	 Easy-to-use installaUon and configuratlon soft

ware-no switches to se ! 
• 	 RAM diagnostics . RAM disk and pnnt spooler 

sottware included 
• 	 Warranted for 2 years to registered users 
• 	 Each bxrrd is tested under a wide rcmge of en

vironmenta cond1t.10ns to msure hlgh rellabihty 
and quality 

• 	 Made in the USA 

Operating Speeds Order Number 
2MB 4MB 

Up to 6 MHz with zero wait-state 
Up to IO MHz wtth I wait-state MB-26-DH MB-46-DH 

Daughtercard for MB-26-DH MB-26-DD 

Up to 8 Wiz with zero wait-state 
Up to 12 MHz with l wait-state MB-28-DH MB-48-DH 

Daughtercard for MB-28-DH MB-28-DD 

M1cronTechnology . lncSys ems Group 1'4ICl=ICN
2805 East Co umb1a Rood 
Bose. Idaho 83706 
1-800-MICRON-l 
(208) 386-3800 	 TECHNOLOGY, INC. 

l:f!M PC Al ar..a OS 2 me :E"f.:[".s:e1ed ~rm:::terr::a..a::s. ol t::-.:w~:-.cr.;:::no..i Bi......ii; .....~P"O.."ii Mc:::h..:.:'l.e"S Ccn:c;o~cr. 
·,>,; :,,.,,., c! publ:::>:rt:or. Circle 166 on Reader Service Con/ \JNlX IS a ,.,....1:ere<:1 uoo.;.rr,ru~ o: AT&T XENIX" a '"9"""''ea m:roe:nar~ OI M.l:IO"JO:l Corp:xtr.JO:l 
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Multicolumn Paged Text 
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HypertExpert Systems 

.. •something totally new from Knowledge Garden 

access informalion in anon-linear fashion by follow
ing a train of thought. Hypertext lets the reader 
control the level of detail and the type of Information 
displayed. But that 's just one side of the coin. 

cation take place between teacher and pupil,author 
and reader. expert and novice. It lets each side 
REACT to what the other says. 

I 

HVPE.ATEXT 
Hypertext lets you link related concepts. logic 
or procedures. It adds a whole new dimension to 
written material like training manuals.help systems 
and relerence works. Hypertext allows users to 

EXPERT SYSTEMS 
The other key Ingredient to real exchange of knowl
edge via the c-0mputer is control by the author. 
That's why integration of hypertext and expert 
systems is such a breakthrough - it lets communl· 

A LANOUAQ FOR 
XPEA1'S 

KnowledgePro is for experts because It 
provides a wide variety of structures to 
work with. It has many advanced features, 
like inference, list processing, topics. 
procedural control and Inheritance. You 
can write new procedures in other tang
uages and interface to other programs. 
You can read DBASE Ill and LOTUS 123 
data directly into the knowledge base. 

0 

KNOWLEDGEPAO 
KnowledgePro is a totally new development envi· 
ronment created by Bev and Biii Thompson. It costs 
$495 plus $5 shipping and handling and runs 
on IBM PC, XT, AT or PS/2 with 512k memory. 
KnowledgePro is not copy-protected and there are 
no run·time fees. Aworking demonstration disk is 
available for $30 with full credit towards purchase 
of KnowledgePro. Call tod copy. 

A TOOL FOR 
BEGINNERS 
KnowtedgePro let's you communicate 
knowle!lr,e, easily and without spending 
weeks on the details. KnowledgePro 
handles the details for you. It provides 
easy access to colors. windows and 
mouse cootrol. It's ooeo called Ule BASIC 
of the 80's because anyone can get 
results Quiekly - anll then grow Into more 
sophisticated features at their own pace. 

Published by 

Another lntelllgent 
tool In the

Kn=i:ge Knowledge Garden 
GARDENInc. family of products. 

1BM Is a 11J1J1sterro 1rade1ru!!k ol 1n1ernati111a1 BIJ s100Sli Machines Inc. llllovrleilQePro 1s a traOOl!lalt; 01 lllKWll eage Garoeo Inc;. 
DBASE Ill is a trademark 01 ASl'lloo race. LOTUS T23 ts a roolstsre(J tiaoomar. ot Lot~ llMl~t COIJl 
f'Tlolo. T Cllere'fllll 11 C 

TO ORDER 
Call 518·766-3000 (American Express, 
Visa, M/ C accepted) or mall yo · 
today. 

Knowledge Ga;wr c.en 
473A Malden B Rd. 
Nassau, NY 23 

The run·time v ion of KnowledgePro 
is free on t electronic lletworks or 
$15 lrom owledge Garden complete 
with u ul example applications. 
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CIARCIA 'S CIRCUIT CELLAR 


Steve Ciarcia Part 3: Memory Management 
and Windowing 

The BCC180 

Multitasking Controller 


The BCC180's multitasking BASIC 

compiler can operate on a variety 

of hardware-even on an IBM PC 

For the past two months, I've been djscussing a 
64180-based multitasking computer. the 
BCC 180 (see photo I). In common with most of 
my projects. it is hardware, but because of its 
unique multitasking capabilities, I have made 
much of the presentation a tutorial on multitask

ing. This month, I'll conclude with a discussion of the memory 
management and w indowi.ng capabilities of BASIC-180. 

Memory and the 64180 
The 64180 processor has two great advantages over the ZBO. 
First , it contains a wide variety of on-board peripherals , includ
ing timers and universal asyn
chronous receiver/transmit
ters (UARTs). Se.cond-and 
more important- it ha.s an on
board memory management 
unit (MMU). 

The MMU leis the 64180 
directly address up to I mega
byte of memory . The memory 
connected to the 64180 is 
caJJed physical memory ; it is 
the entire "universe" of mem
ory available to lhe processor. 
The memory that cao be ad
dressed with any one map, or 
configuration, of the MMU is 
called the logical address 
space. Every address gener
ate.d by a user 's program is a 
logical address . 

The MM U 's role is to 
transla.te logical addresses 
inro physical addre-sses. If, for 

Photo l: The BCCJBO (tall 
board in the rear) shown here 
in a 1ypical process-control 
configur<Uion. In addition to 
the BCC180 's own 
f unctions . this system has 32 
channels of 12-bit AID and 
16 channels ofoproisolated 
AC TIO. 
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example. a program tries to reference location 0. this is a refer
ence to logical address 0. The actual physical address will be a 
function of the mapping of the M MU. It may indeed use physi
cal address 0 (on power-up, the MMU translates every logical 
address to exactly the same physical address). Or , if the pro
gram had set the MMU , it could use physical address 10000 
hexadecimal. (For the remainder of the article , all addresses 
will be in he11adecimaJ unless otherwise specified. ) 

The 64180's MMU lets programs segment the memory on 
any one map into three different areas. For instance , references 
to logical addresses 0 to 3FFF could access physical addresses 0 
to 3FFF, references to logical addresses 4000 to 7FFF could 
access physical addresses 10000 to 13FFF, and the last half of 
the logical pace could access physical addresses 40000 to 
47FFF. Virtually any combination is possible. 

Using AU Available Memory 
Although the MMU provides a fairly convenient way 10 handle 
large amounts of memory while still maintaining Z80 compati· 

bil ity , it is not magic. The 
MMU is useless unless appli
cations programs are specifi· 
cally written to use it. None of 
the thousands of existing 
CP/M programs can truce ad 
vantage of the power of the 
MM Li; even running on a 
64180 , they are still limjtcd to 
64K bytes of memory . Han
dling the MMU is not trivial. 
Only a handful of programs 
have been wrincn to tak.e ad
vantage of trus powerful fea
rure. Fortunately , BASIC-180 
is one of these. 

Writing a compiler that 
generates code to automati
cally remap the MMU is a 

continued 
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pretty tough ca k. How would you do it? One approach is 10 start 
compiling code from address 0 until FFFF is encountered, then 
(or shortly before) drop in code to remap the MMU o the nexr 
64K-byte region is available , and so on. This approach can be 
made to work. but you pay a high price in temis of performance. 
Every FOR •.. NEXT. GOTO, and GOSUB may require MMU re
mapping. Worse, every time a program calls built-in run-time 
routi nes (of which there are always many), software may have to 
remap the MMU . 

Interestingly enough , the IBM PCs famous lack of perfor
mance is partially due 10 rhi s. Although the PC does not use a 
..:1 nventional MMU , addresses arc pretty much limited to 16 
bits. Addre refe rences outside a 64K -byte region must involve 
manipulation of the 8088's segment registers , hampering the 
machine's performance . 

BASIC- IRO Hikes a unique approach. In all operational 
modes ex.cept MAPCOMPILE (which I'll describe later), when a 
BASIC- I80 progrnm is running it ignores !he MMU. (Of 
course. BASJC-180 does initially configure the MMU. but this 
occurs only at the program 's start.) This ensures that BASIC
180 is compatible wilh all Z80 systems. You can compile pro
grams of any size 10 disk, even though the compiler uses only 
around 48K bytes. If you compile a program using the MAPCOM
PI LE command , BASIC-180 uses the memory map shown in 
figure I . 

BASIC-180 compiles the "run-time package" -or library of 
support code required by a program-at logical address 0 to 
3FFF. The compiler maps thc.se logical addresses to the same 
physical addresses (0 10 3FFF). 

The variable area consists of both variables defined in the 
program and temporaries required by the run-time routines. 
This area must reside in RAM , whereas all the compiled codi:: 
typically is in EPROM . The temporary area is compiled from 
the top of logical memory (64K) down for as far as is required . 
If !6K bytes of RAM is needed, it is compiled to logical address 
COOO to FFF F. Th is area is mapped to physical addresses start· 
ing at 7FFFF and down . 

Finally , BASIC-1 80 compiles the user' s program into logical 
addresses between the run-t ime and RAM areas. Every task is 

80000 

RAM ,,,. 

FFFF /~ ~ 

~ 

RAM 
etc. 

Task 2 
Task 
area Task 1 

TaskO 
4000 04000 

Run-time Run-time 
' PEICkage package 

0000 00000 

Logical memory Physical memory 

Figure l: Memory map for programs compiled using the 
MAPCOMPILE command, showing the relationship between 
logical memory and physical memory. 
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compiled 10 the same range of logical addresses. Thus, the lead 
task starts at add.ress 4000, as docs rask 1, task 2, and so on. 
Although these tasks have the same logica l address. they reside 
in memory al different physical addresses. The upshot is that, 
since a given task '"sees' ' only iL~ own logical space. multiple 
tasks executing on the same sy tern arc largely unaware of one 
another. 

Context Switching 
The tric k to the success of this approach is context sw itching. In 
a rnuhita king environment, only one task can b·~ executing at 
any specific moment. BASIC-180 takes advantage of this fa ct b_ 
having the context switcher remap the MM U whenever a tick 
interrupt is received. The currently executing task ' s context is 
saved. and this task is mapped 1Jut ( .. into the ozone." " as the 
experts say) and the next task mapped in. Now. the new cask i~ at 
the same logical address space as the last one was and can ·tart 
running . 

On the BCC 180, a hardware interrupt <lri ves the softW'dr c 

context switcher to sequence multitasking. The interrupt is pro
vided by the 64 ! 80's internal timer number 0, which BASIC
180 configures to generate. 60 interrupts per second . The inter· 
rupts from the timer invoke BASJC- l 80's context switcher. 
which must then suspend execulion of the current task and de
cide which task to execute next. 

The cootext switcher is structured around a table called, the 
task control hlock (TCB). Each TCB entry includes the task 's 
current state (e.g., active and suspended), its reschedule inter
val (spe.cified on the task's RUN statement), how many ticks are 
left until the inlervul eh1p es , the task's priority, the task"s 
memory management map (so the context switcher knows 
where the task exists in physical memory). an<l the task's cur
rent stack pointer . 

Each time the context switcher i!I invoked , it ex.am ines every 
entry in the table to determine which task must run next, search
ing in orde.r of priority. The switcher checks tasks· states to find 
those that are either suspended (whose execution w.is stopped in 
midstream by an interrupt) or ready (they 've never been exe
cuted but are now ready fur execution ). It examines tasks of 
equal priority in a round-robin fashfon. giving them all an equal 
chance to execute.. 

The switcher starts a ready task at that task 's first executable 
location, and a suspended task at the location it left off when last 
interrupted. If no task currently requires processor time, the 
comext switcher idles. wajting for the next interrupt. (See table 
I for a further breakdown of task states.) 

Context switching is a complex procedure . requiring a 'Ub
stantial number of instructions. The TCB is arranged in a dou
bly sorted order (by round-robin and by task priority) w speed 
TCB searches. At 60 ticks per econd , less than 5 percent of ihe 
processor's tjme is consumed by context switching . 

The process of remapping the MMU occupies a tiny percent
age of the context-switching time, . o little processing overhead 
is added. The system can therefore manage large multitasking 
programs with numerous tasks that sprawl across a megabyte of 
memory at Iinfo expi:nse of processor time. 

The 64180's MMU has a minimum mapping resolutfon of 4K 
bytes. Therefore, each task compiled by BASIC- l80 wil.l take at 
least 4K bytes , since each task must reside in a separate map. 

The rev ision I mask of the 641 80 in a plastic lead less chip 
carrier (Pl.CC) package supports 20-bit address spaces or l 
megabyte of RAM. BASIC-180 has a somewhat arbitrary limit 
of 32 tasks per program. In a I-megabyte address space, each 
task can therefore take up to 32K bytes (since 32K bytes x 32 
tasks = I me.gabyte). This is quite reasonable, since the run
time package uses 16K hytes. If l6K bytes of RAM is re4uired 
for variables and temporaries, 32K by tes is left for tasks in the 
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lugical <icldn:~s space I 16K run time + 16K vari:.1b!cs/tcmpo
raries + 32K program = 64K. the logical address space of the 
64180). 

As you can see , in BASIC- l 80 large programs are intrinsi
cally tied to multitasking. Nonmultit:isking programs are re
stricted to 64K bytes of total memory use. This encourages pro
gramme.rs to think in terms of segmenting a program into 
separate, :i ~ynchrunous a..:ti vities. A future Circuit Cellar will 
cover a multiprocessor system, in which lhi .~ progrnmming styk 
becomes very import:.rnL · 

Interactive Compilation 
I clon 't have the patience to use most high-level languages. The 
scenario usually goes like thi. : You invoke an editor. enter the 
program, caU up the compiler, which im:vitably points out a kw 
misplacecl semicolons (I thought the computer was supposed to 
relieve me of trivia . .. ) , SQ you have to go hack to the editor. fix 
the ode. and recompile. b_ now hoping desperately that some 
other silly ·yntactical mi stake isn' t still lurking . 

After the compiler is finally happy, you repeat the same pro
.:ess with the linker. (Oh, no! The linker look al only seven 
characters of a symbol, but my language rccogni;r...cs eight! Back 
lO the euitor. boys .) FinaUy' you. re ready lO test the program. If 
it doesn't work , you 'II often edit lots of print ·tatemcm · into the 
rnde to try ancl localize the problem. No wonder programmer 
get only l 0 lines of good code a day. 

BASIC-180 supports two very difforent development envi
ronments . YQu can write und test code on the BCC 180 itself, or 
you can write and at least partially test code on a host computer 
like tht: SB 180. This kind of crnss-Jevelopmem en iromnent is 
nice becau c you can use all the resources of the operating 
system . 

The most important of these is the di sk system. (I 'm seriously 
eonsir.lering adding a floppy disk drive and small computer sys
tem interface [SCSI] h<ird disk interfoc.: b<>arcl to the BCC bus 
erv soon . Circuit Cellar Ink wiU contain news l)fthat coastruc

t io~ pn)Je<:L) You can save various versions of the source and 
com piled code. adapt portions of old programs for use in a new 
one, and lake advantage of opera! ing-system ulil itie.s to ease the 
development process. 

The downside of developing code on a host ys1em is 1he lack 
of compatible 1/0 . In aay process-control system, the BCC I 80 
will no doubt be connected to unusual 1/0 devices not available 
to the host development system (e .g. , parallel 1/0 lines con
nected to contact closures, relays , and so forth) . fo( tbe present, 
this involves a trade-off. 

Most systems use limited access to 110. If speed is not the 
overriding consideration. you should use well-designed modu
lar code to egment the 1/0 drivers into driver routines. When 
operaring in <i cross-developmem mode. you can replace these 
drivers with code that simulates the behavior of the physical de
vices. Perhaps only limited simulation is practical. but you can 
still test mu.:h of the code. 

BASIC-180 will run on the SB 180 just as it docs on the 
BCCl80. The BASIC source code is 100 percent compatible. 
BASIC-180 will even run on an IBM PC under a CP/ M simula
tor- like ZSIM from Z-World. 

On a cross-development ystern. ynu can compile and te~t 
BASIC code in one of three ways: interactively, using the DISK
OM.PT L.E command, or usi ng the MAPCO/- PI LE command. 

When wmpiling interactively, BASIC-180 appears to operate 
jus1 like an interpreter. You sign on to the BASIC am.l edit , run, 
test. and mod.ify prngrams, all under the. control of BASIC- l 80. 
BASIC -180 includes a line editor for easy entry and alt~ration of 
programs. Using the SAVE and LOAD commands. you can save 
code to and load it from disk. 

The RUN command starts a BASIC program executing. as in 

Table I: Tt.isk states. 

~live: The task 1s actually exocuting. Only one task can be ac· 
tive at any lime. 

Ready: Tne task has as yet not been executed but is ready for 
execution as soon as CPU time becomes available 

Suspended· The te1sk was e~ecuted but was preempted by a 
ciock tick. It is ready to resume execution from where 1t left off as 
soon as CPU time becomes available 

Waiting: Tne \ask was execl1lmg bul pul itself man idle mode 
The CPU will restart tne task after a specified amount of time 
measured m clock ticks 

Dormant: The task nas not b!!1'ln made available tar execution It 
requires no CPU time. 

<in intcrprct i:r. Hvwcvi::r, when you issue RUN, BASIC- 180 com
piles the program into true natj e machine code, then executes 
it. The program-being compiled instead of interpreted-runs 
fa ster. Funhermore, the RUN command ~· au sc s BASIC- 180 to 
compile the program to RAM-not disk-so compilation is also 
speedy . (On the SB 180, compilation i. over 150 BASIC state
ments per seco nd .) Best of all , you can test, modify . and retest 
the. program in seconds , just as in an interpreter. As far as I'm 
concerned, this is the only way to develop code . Only a few 
other languages now use thi s approach. 

Once you have your program working the way you want it to, 
you can compile it to an efficient disk file using the DISKCOM
PILE command. BASIC-180 reads the BASIC sour1.-.e code from 
a clisk file, converts it to native 64180 object code , and saves it 
to a stand-aJone executable file. just like any other CP/M 
program. 

You can use DISKCOMPI LE to create program fil es that you 
ultimately converr to Intel hexadecimal format and burn into 
EPROMs for suind-alone execution on the BCC180. BASIC
180 always generates ROMable code. This means that programs 
created with BASIC-I 80 require only limited operating-system 
support , if any, a.nd the code and data areas of a llASIC-180 
program are kept sepanne . BASIC- 180 lets you define where 
RAM should be, so you can support the segmented memory 
typical of ROM -based systems. 

To c11:ate large multitasking programs, you use BASIC- l80 's 
MAPCOMPI LE command. MAPCOMP I LE produces a root .COM 
file that contains a loade.r and the run-time routines. IL then i?en
erates a file tor each task. These files have the extension . fxx , 
where. xx is 1he task number. When you invoke the root program 
(by typing its name, just as you would for any other .COM fil e) , 
the built-in loader reads each of the task files from disk into the 
proper area of physical memory. remapping the MMU as 
required . 

Plug and Go 
A truly unique foature of the BCC\80 version of BASIC-180 is 
that the compiler itself, and not just the compiled code. can op
erate from ROM on lhe BCCl80. Most languages ni::ed a great 
deal of operjting-system support. A few interpreted BASICs op
erate from ROM (like the ROM BASIC for the IBM PC). but 
you'll find few ROM-resident BASIC compilers. 

BAS IC-180 supports its mtcrncti ve development cnvironim:nt 
even i.n ROM. You 'II find nearly all the features available on 
t.lisk-based systems int.he ROM version, including a line editor. 

nmtmued 
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The ROM version of BASIC-180 requires just the BCC 180 
board, a terminaJ, and a power supply (you 'II need the optional 
BCC!80 EPROM programmer board to generate ROM-based 
programs). When powered up, the BASIC or a system monitor 
is available immediately. You can enter, edit, and test pro
grams. just as if you were using an interpreter. 

The great adV""dntage of developing code on lhe BCC 180 is 
that you have all !he BCC l80's resources available. There is no 
need to write 110 simulat ion routines· you can develop critical 
1/0 handlers interactively. Without disks, however, there would 
seem to be no way to save BASIC source or compiled code. For· 
lunately, past e;r;perience suggested a solutfon to thi problem. 

One of the better features of my 8052-based .BCC52 is its on
board EPROM programmer that functions like write-once mass 
storage. I can't stand to rekey programs, so when Softaid 's peo
ple designed this BASIC-180, I had them add the ability to save 
programs directly to EPROM in the same manner as !he 
BCC52 . When you conrn:i..:t the BCC\80's auxiliary EPROM 
burner, you can use ROMSA VE and ROMLOAD lo save and retrieve 
programs IO and from an EPROM (27256). BASIC- l 80 bums a 
1okenized (compressed form of the BASIC source program into 
theEPROM. 

Of c-0urse, BASIC-180 doesn't create any sort of file siruc
ture on the EPROM. ROMSAVE simply bums each program into 
the next unused spol in the EPROM. assigning that program a 

. -- --------·-·-···------------- 
•~rt• 
)11',;'I 
Le~.... 
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Photos 2a and 2b: BASIC-JBO's multitasking windows are 
sophisticated enough to simulate a Macintosh environment on 
a serial tem1frial, as shown in (a) and (b) above. 

~uential number that ranges from I to the number of programs 
in the EPROM. You load a program from an EPROM using 
ROMLOAD, which requires as an input argument the ROMSAVE
generated number of 1he program . 

You can also use MAPCOMPILE to compile programs into the 
EPROM. ln this case, MAPCOMPILE bums the programs into the 
EPROM at Lhe compiled physical addresses, so lhat you can 
create a program that ex.ecutes on power-up by placing the 
EPROM in lhe appropriate BCC.180 ROM soc.ket(s). 

Windowing 

When I first ran into multjtasking, J was confused as to how 

diffcrenl tasks wou.ld handle tenninal display 1/0. What hap

pens when I program three tasks to simultaneously display re

sults? Do I end up with a jumbled mess of asynchronous PRINT 

statements going to a common display? Of course nm. 


BASIC-180 gives you a complete set of window control state
menis. A window is a subsection of the CRT display terminal 
with a definable size and position. A window can be any size (up 
to 24 liaes by 80 characters), and you can have up to 10 windows 
in use al once. When your program selects a window, all output 
will go to that window until the program selects another. The 
window's borders act as barriers lo PRINT starements (see 
photos 2a and 2b). 

BASIC-180 lets you assign windows to tasks, so that you 
might assign window I to task 4 and window 2 to task 12 . AIJ 
output from task 4 will then go to window l, and all output from 
task 12 wiJJ go to window 2. 

The following BASIC-180 statements control windowing: 

WINDOW defines a window's size and location. 

\/SELECT selects a window for output . 

\./FRAME draws an outline around a wi.ndow. 

\./CLEAR erases a window. 

\./SAVE saves the contents of a window to an array . 

\./UPDATE restores to the screen a window that has been saved 

with WSAVE. 


The following program defines a square window I0 charac
ters wide and high, whose upper left corner is at column 10, row 
JO , on the CRT. It is defined as window number I. A box is 
drawn around it using the"-" and "I" characters: 

lOWSELECT l 
20 WINDOW 10,10,20,20 
JO IJFRAME "-"'Pl I" 
All sub ·equent FRINT statements will send their output 10 th is 
window. 

The WSAVE and WUPDATE statements let you write programs 
with pop-up or pop-down windows, so you can create programs 
with a Macintosh-like user interface. WSAVE saves on-screen 
data Joca.ted bchi nd !he pop-up/pop-down window. and WUP
DATE restores !he screen after the window has been removed. 

The fullowing program draws three windows side by side on 
the screen and assigns a task to each one. All three tasks then 
run concurrently, each one writing to the window assigned to it: 

5 INTEGER Tl, T.2, TJ,A,B,C,D, I 
10 ERASE. 
100 DATA 1, 1, 10, 10 
105 DATA 1, 12, 10, 22 
110 DATA 1,26, 10,J5 
200 FOR I=O TO 15 STEP 4 
210 ..SELECT I I i. 
220 READ A,B,C,D 

cominued 
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Select the points you want to remove from your ... Then press F6 to refit the model and 
regression model . .. recalculate the statistics. 

Because "Statistical Graphics" 
Is Better Than Just Statistics and Graphics ..., 

Most of today's PC statistical 
packages give you all the statistics 
you'll ever need. Some even give 
you a few graphics. But only 
STATGRAPHICS from STSC gives 
you integrated statistical graphics 
in an environment you control. 

Unique "What If" Interactivity 

STATGRAPHICS lets you explore 
data relationships fully, producing 
higher quality, more timely 
solutions. Define your data and 
assumptions, run the procedure 
and review the results, modify 
data and assumptions repeatedly 
and take another look - and 
another. A.II without leaving the 
procedure or making permanent 
changes to your data. 

lnteg,ated Slatistical GTaphics 

Coupled with STATGRAPHICS' 
interactive environment are over 50 
types of graphs - traditional pie 
and bar charts, histograms, 3·0 line 
and surface plots, quality control 
charts, and more. All are integrated 
with the procedures so that they 
can be displayed instantly and 
modified repeatedly. 

Query data points, do on-screen 
forecasting and model fitting, 
overlay graphs, or zoom-in on any 
area for a closer look. With 
flexibility like that, you can spot 
and investigate visual trends in 
your data-trends you may have 
missed if you looked only at the 
numbers. 

OveT 250 Slatitstical ProceduTes 

• Direct Lotu~ and dBASE 
interfaces 

• ANOVA and regression analysis 
• Experimental design 
• Quality control procedures 
• 	Multivariate techniques 

• Nonparametric methods 
• Exploratory data analysis 
• 	Forecasting, time series analysis, 

and more. 

STATGRAPHICS-
The s..t Way to Do StatistlcsJ 

Put the power of STATGRAPHICS 
to work for you today-all for only 
$895*. For our free convincer kit or 
the name of a dealer near you, call 

(800) 592-0050 ext. 400 
In Maryland, (301) 984-5123; 
Internationally, (301) 984-5412. 
Telex 898085 STSC ROVE 

STSC. Inc_ 
2115 East Jefferaon Street 
Rock'! Ille. Maryl and 20652STSC 

·Suggested re1a1I p11ce in U.S. and Canada. International 
prices vary. Available 1hrough deale<s and dislributors 
worldwlcle. STATGRAPHICS. PLVS•WJ\AE. Lotus. and 
dBASE are registered ttademarks of Slalis11ca1 Graphocs 
Corporalion, STSC, Inc.. Lotus Development Corporal ion. 
and .l\sh!on-Tate, re-specttvely_ 

A wide variety of graphs supported on over 100 displays, printers and 
plotters, including the new IBM PSJ21M Series. A PLUS*WARE PRODUa 
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2JD IJINDOIJ A, B, C,D 
240 \IFRAME"- "'" Iti 

250 T,;rINDO\.I A+ 1,B + 1,C - 1,D - 1 
260 NEXT I 
JOO RUN 1,JO 
J01RUN2,50 
302 RUN J,70 
)10 GOTO )10 

1000 TASK 1 
1010 WSELECT 0 
1020 \./CLEAR 
10)0 FOR Tl=! T09: 

PRINT "TASK 1": WAIT 5: 

NEXT Tl 


1040 EXIT 
1100 TASK 2 
1110 WSELECT 1 
1120 WCLEAR 
11JO FOR r2.. 1 TO 9: 

PRINT "TASK2": WAIT 5: 
NEXT T2 

1140 EXIT 
1200 TASK] 
1210 \./SELECT 2 
1220 \./CLEAR 
1230 FOR TJ=l TO 9: 

PRINT "TASK J": WAIT 5: 
NEXTTJ 

1240 EXIT 

Windowing makes extensive use of the cursor-positioning 
commands of the 1erminaJ you 're using but, s inc.e no sumdard 
exists for terminal cursor positioning. the disk-based version of 
BASIC-180 ~omes bundled wir.h an installation program that 
lets you configure it for your terminal or terminal emulator (the 
ROM-based version has patch points). BASJC-180 can support 
virtually any terminal' s format. 

In Conclusion 
Finally. I am the quintessential nonprogrammer. I even design 
hardware to get around programming . The HCC 180 an.d 
BASIC-180 do serve my purpose, and I hope you find them use
ful as well. Indeed. Lhe.y let you work in an easy language. and 
they support the multitasking that has hernme so es ·ential as 
applil:ations become more complex. But. toremost. they misc 
personal computing perfonnance to a level you would expect 
o nly in more expensive microcomputer systems. 

Next Month 
The Circuit Cellar SmartSpooler. a 

/ "d lih' 10 m·k11owledge 1111d penonally thank Ken Da 1·idso11 wul 
Jack Ganssle for their efforrs on the BCC/80 project. Ke11 
Davidson's extensive knowledge of rhe HD64180 helped us 
c1vo id the omnipresent hardware tfesign pitfi1lls, and Jack 
Gmrssle 's superb .wf1ware talents helped explain mu1titosking 
in a way rhat can really be understood. 

Editor's Note: Sieve often refoP.> to previous Circuit Cellar anides. 
Mos! uf these past articles are available in book fonn from BYTE 
Books, McGraw-Hill Book Co .. P.O. Box 400, Highlstown, NJ 08250, 

Ciarcia 's Circ11ir Cellar. Volume I coven articles in BYTE from Sep
1~mbcr 1977 through November 1978, Vo/um.: II covers December 
1978 through June 1980. Volume Ill CO'l/ers July 1980 through Decem
ber 198 L Vo/w11e IV coven; Junuary J982 through June 1983 . Volume V 
..:overs July 1983 1hrough December 1984. V,,/w11e VI cover~ January 
1985 through June 1986. 

le' ' v1nually impossible to provide all !he pcrtinerll Jetail ~ of u pruJ<x-1 
or cover all the design. J"d like to in the pages of BYTE. For that rl'ason. 
I have started a bimomhly supplemental publication (wnh no advertis 
ing) called Circuit Cellar Ink. which presents ;idditional infomrntion on 
projects publishc<l in BYTE, new projects. and supplemental applica
tions-oriented materials. For a one-year suh "cription (6 is>uei. l. ~end 
S14.95 w Cin:ui1 Cellar Ink. P .0, Bol'\ 3378. Wallingford. CT <l6494. 
Crcdi1 card orders can call ('.!031 875-2199. ~ 

For more information on MTBASIC lor Z80, 64180, ur MS-DOS ma
chines. contact Sofia id Inc., 8930 Route 108, Columbia. MD 21045. 
(301) 964-8455. 

The following items are available from 

Micromim Inc 
4 Park SL 
Vernon. CT 06066 
For order!i: (800) 635-3355 
For infurmatiun: (203) 871-6170 
Tele.~ : 643.B l. Fax : 2038722'.!04 
Inquiry 932. 

I. A 9-MH1, assembled and lully ·ocketed BCC I 80 ~omputer/rn n 


troller board wich 32K bytes ot smile R1\M. ROM monnor. HASIC · 180 

development sofcw.ire (same a~ item 3) . and use.r 's manuals. 

BCC 180· I ·20 . . . . ... .. . .. .. $395: for addition, I 256K DRAM. add S 100 

2. BCCJ80 PAK evaluation system. Concains a 9-MHz BCCl80 board 

with 32K-by!c static RAM , ROM monitor , BASIC-180 development 

software, MB08 eight-slot backplane. CCU! JO-inch card cage. PS I 0 

35-v.-au switching power supply. and user"s nrnnuals . 

BCC 180-PAK . ... . .. , . . . .. $595: roraddit ional 2S6K DR t\ M. add .S 100 

3. BASIC-180 multitasking BASIC compiler for ROM· or di ~k·ba c cd 


development. Co111ai11s hnth BASIC-180 EPROM for direet use on 

BCC 180 board and BASIC.180 disk for direct use or software develop

ment on SB 180. Includes 100-page user 's manual. Compiled code may 

be freely used without further lit·ense. BASIC -180 DcV ....... .. . $~50 


4 , An :;u~iliar. 27256 EPROM programmer board for the BCC t80. 

BCCl80PROG5 . . . .. . , .. . . . .. ,, .. . , ..... . .. . . ... . ,, .. . , . , ... , . . , . .. ... $89 


The following items are available from 

CCI 
P.O. Box 428 

Tolland, CT 06084 

(203) 875-2751 

Inquiry 933. 


1. A 9-1'·..!Hz BCCl 80 cnmputcr/enmrollcr complete kic wi1h 32K byte;, 
of static RAM, ROM monitor, RASIC· 180 development soft wuc. and 
user'• manual. BCC 180-KIT-20 ..... _...... _..... . .... _. __ .... __ . . ,_. _ S29:' 
2. BCC 180 auxiliary 27256 EPROM programmer board full kit. 
BCCl80PROG5K .... ... ........... ..... .. .... .... . .. ... .. ..... ... .... .. ... S74 

For either source above. all payments should he made in .S dolla r by 
check. money order. MasterCard. Visii. or American Express _Surface 
delivery ( U _s_ and Canada only): add $5 for U.S_. SB for Canada. For 
delivery to Europe via U.S. airmail. adtl $ 14. Three-Jay air freight de 
livery: add $10 fur u_s_ {UPS Blue), $:25 for Ciurnda (Purolator over
night). $45 fur Europe (Federal Expres~J, or $60 for Asia and else· 
where in the world (Federal Express). Shipping cost5 are the same for 
one or two units. 

There is a multiline Circuu Cellar bulletin board ~ysiern (running TBBS 
2.0IM) that suppor1s pat and presem projects in BYTE and Ink . Yo ti 
are inviced to call and exchange ideas and comments wi.1h other Circuit 
Cellar supporters_ The 300/ J,00/24(X)-bps BBS is on-line 24 hours a 
day at (203) 87 l- J988_ 

To receive information about the Circuit Cellar Ink publication for 
harrl \llll re designers and developers, please c i rcle I 00 on thc Reader 
Service inquiry card al the back of lhe magazine. 
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Jerry R. Van Aken and Carrell R. Killebrew Jr. 

Better Bit-Mapped Lines 

Bresenham's Line Algorithm 

provides a quick way to approximate 

lines on a bit-mapped display 

D 
rawing a line i a fundamental operation in a 
computer graphics system. but representing a 
line on a bit-mapped display is not as simple as 
it seems . The problem is that computers cannot 
represent a straight line exactly. Since few 

pix.els are likely to lie exactly nn the line. a line algorithm must 
choose a connected set of pixels that follows the path of the line 
as closely as possible . 

Early computer graphics systems used a digital differential 
analyzer (DOA) algorithm 10 choose the pixels for drawing a 
line . ODA line gc.m:ration suffers because the algorithm use.s 
floating-point arithmetic . which is slow in a typical computer 
system. A line algorithm using .simple integer arithmetic would 
be much foster. 

In 1965, Jack Bresenham of IBM published a fast line-draw
ing algorithm that uses only integer addition and subtraction. 
This article derives Bresenham's Line Algorithm from basic 
principles and provides source program listings in Pascal. (Edi
tor· s note: Source code lis1i11gsfor rhis arricle are available on 
B/X, 011 BYTEnet, mi disk, and i11 the Q1wrterly Listings Supple
lllt!nt. Set' "Program lisrings" in tht! table ofcolllel//s.) 

Drawing a Line Faster 
Figure 1 illustrates the basic principle of Bresenham's algo
rithm. A line segment extends from the origin to a point (a.b), 
and the equation that must be satisfied by al I points on this line is 

f(x,y) = b x x - a x y = 0. 

Points thal do not satisfy this equation lie to one side or the other 
of the line. As Bresenh<im's algorithm tracks the line from be
ginning to end, it measures 1he value of f(x,y) at regular inter
vals in order to choose pixels along the way to represent the line. 
At a point (x,y) located below the line , f(.x,y) i positive (i.e .. b 
x x - a x y > 0). Above the line, f (x ,y) is negative. By .moni
wring the sign of the function at or near the current pixel. the 
algorithm can tell whether it is moving too far above or below 
the line, and make a course correction when choosing the next 

Jerrv R. Van Aken is a membt!r ofthe development ream for rhe 
JMS34010 graphics system processor. Carrell R. Killebrew Jr. 
i1· respo1L~ible for engi11eaing and marketing for the TMS340l0 
ill personal comp111ers and commercial applicu.riorrs. Borll ca11 
be cmzracted ar Texas lnsrrumems , P. 0. Box 1443, Mail Station 
712. Stafford , TX 77251 . 

pixel. This is a powerful 1echnique that has been extended to 
computer drawing of more complex curves such as circles, el
lipses. and other conic sections. 

Figure 2 i~ a line drawn by the algorithm. The line segmcat 
starts at (0,0) . ends at ( 10,4). and is defined by the equation 

f(x,y) = 4 xx - IO x y =0. 

The algorithm selects the pix.els in figure 2 that lie as close as 
possible to the actual line. As the line is drawn from left to right. 
each new pixel is sele.cted to be either t.hc pixel directly to the 
right of the previous pixel (a horizontal move) , or the pix.el 
above and to the right of the previous pixel (a diagonal move). 

The algorithm chooses between these two pixels by deten11i.a
con1/nued 

Points on the hne 
satisfy the equation 

y ~K,y): bx-aymO , 

b I (a,b)
Points above the line 

sat isfy !he relation 

l{x. y) =bx-ay<O. 

Points below the line 
satisfy the relation 
f(x,y) =bx- ay> 0. 

" ... (0.0) a 

Figure 1: Basic principles ofthe algori1hm. 

y 

5 

4 

3 

2 

(10,4) 

0 2 3 4 5 6 7 8 9 10 11 

Figure 2: Pi.J:ef approximations ofline from origin to ( 10,4). 
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(4,2) 	 (8.4) 

o/Mldpolot 

(3,1) (4,1) 

• 

Figure 3: Eramples ofthe decision process. 

Listing I: A line algorithm nmricred /0 lh~ first 
ocram. 

procedure draw_line (a, b: integer); 
! a is the endpoint x 

coordinate. 
b is the endpoint y 

coordinate.) 

var 	x, current x coordinate ) 
y, current y coordinate ) 
d, decision variable I 
i: 	 loop index I 

integer; 

begin ( draw_line 
x :• 0; line !!tarts at (0, 0) ) 
y :- 9; 
for i :• 0 to a do Draw the a+l pixels 

in 	the line. ) 
beqin 

draw_pixel(x,y); 
d :• b • (x + x + 2) ( Evaluate line 

formula at 
midpoint. ) 

- a. • (y + y + 1) ; 
if d < 0 then ( Is midpoint above 

the line? 
11 := x + l; Yes, step 

hocizontally. 
el.se 

begin Midpoint ie below the 
line, ) 

x ·- x + 1; so step diagonally. J 
y ·- y + 1 

end { else J 
end I for I 

end; { draw- line I 

step. The problem now is to choose between the pixels at (4 , I) 
and (4,2) . To ma.ke lhis decision. the algorithm evaluates the 
function f(x ,y) = 4 Xx - 10 x y at a point lying at (4, 1.5), 
halfway between the two pixels under consideration. At the mid
point, the function evaluates to 4 x 4 - 10 x 1.5 = I. Since 
this is a positive value. the midpoint must lie below the line . The 
pixel at (4,2) therefore lies closer to the line , and is selected . 

Figure 3b is an example where the algorithm selects the lower 
of the two pixels it considered . This figure illustrates the selec 
tion oft.he pixel at (8,3) in figure 2. The algorithm chooses the 
pixel at (8,3) over the one at (8.4) by observing that the function 
f(x.y) evaluated at the midpoint (8.3 .5) is 4 x 8 - 10 x 3 .5 = 
- 3. The negative value indicates that the midpoint is located 
above the line . The pixel at (8,3) therefore is closer to the line 
than the one at (8 ,4) and is selected . 

The Basic Algorithm 
Listing I is a rud imentary fom1 of the algorithm capable of 
drawing the line shown in figure 2. It takes as ils input argu
ments the endpoint coordinates a and b. For the sake of simplic
ity, assume that the srarting point is always (0,0) and that the 
endpoint coordinates (a,b) satisfy the relation 0 :Sb :Sa, where 
a and b are integers . (In other words, point (a,b) lies in the first 
octant of Cartesian coordinate space .) The algorithm is easily 
extended to overcome these restrictions , as we will sh0\11 later. 

A drawback to this fom1 of the algorithm is that each iteration 
of the inner loop requires two multiplications, which are more 
time-consuming than simple operations such as addition. A 
later version of the algorithm will replace the multiplications 
with simpler operations in order to speed up line drawing . The 
line drawn by the algorithm in listing I is described by the equa
tion /(x.y) =b x x - a x y = 0. At the start of iteration i of the 
fo r loop , a single pixel is drawn at the current location (xii L 
y[ i]) by the function draw_p i xe1. A~ illustrated in the examples 
of figure 2. the two candidate- pixels for the next point to be 
drawnarelocatedat(x{i] + l.y(i])and(x[i] + l.yli] +I). and 
the midpoim of these two pixels is at (xii] + I ,y[i) + Vi) . The 
algorithm chooses between the two candidate pixels based on 
the sign of/() evaluated at the midpoint, which is b x (x( i] + I) 
- a X ( y[i] + 1h). The algorithm in listing I , in fact, assigns 
twice this value to variable d, called the decision variable : 

d[i] 	=2 x/(x[iJ + l,y[i] +Yi) 
= b x (2 x A"(i] + 2) - a x (2 x y(i] + I). 

Multiplying/() by 2 ensures that dis an integer for all values of 

ing which is closer to the actual line. It does so by cheeking 
whether the point exactly halfway between the two pixels lies 
above or below the line. If the line passes below the midpoint , it 
chooses the lower pixel; otherwise, it chooses the upper pixel. 

Figure 3a shows where the algorithm chooses the upper pixel. 
It illustrates the decision process performed by Bresenham's al 
gorithm in selecting the pixel at (4,2) in figure 2. The pixel at 
(3, I) is already tu med on, having been selected in the previous 
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ll; the factor of 2 has no other effect. since the sign of d will dli + 11 = 2 X b X .t[i] + 4 X b - Z X a X y(i] - a 
always be the same as that of/() evaluated at the midpoint. 

Speeding Up the Algorithm 
You can make the algorithm in listing I faster by reducing the 
calculations required to evaluate d during each iteration of the 
loop. In general, ti increases by 2 X /J - 2 x a for a diagonal 
step, and by 2 x b for a horizontaJ step. A little algebra shows 
that this is always true. In stepping diagonally from a point 

(x[i J,y[i J) 
to 

(.rli I + I ,yli I + I), 

the value of d changes from 

d[i) = 2 X b X x[i) + 2 X b - 2 X ax y[i) - a 
lo 

dli + IJ = 2 X b X xii/ + 4 >< b - 2 X a X y[i I - ) X a 

(a change of Z x b - Z x a). When a horizontal step is taken 
from a point 

(x[i] .y[i]) 
to 

(x[i J + I, y[i]), 

che value of d changes from 

dJi] = 2 x bx x[iJ + 2 x b - 2 x Ylil - a 
lo 

(a change of 2 x b). By calculating these two values prior to 
entering the drawing loop. you can improve line-drawing per
fonnance. Thi way. you reduce updating d during each itera
tion to simply incrementing d by the appropriate loop constant. 

Listing 2 is an improved version of the algorithm in listing I. 
It eliminates the two muhiplies per loop, and updates decision 
vuiable d incrementally. It calculates the initial value of d in 
terms of the initial values of x and y as follows: 

d[O] = b x (2 x x[O] + 2) - a x (2 x y[O] + I) = 2 x b - a 

where x[Oj = y[OJ = 0. Two new variables, nondiag_inc 
(which equals 2 x b) and diag_inc (which equals 2 x b - 2 
>< a) are created to increment d during each iteration. 

A Fast Unrestricted Algorithm 
The algorithm in listing 2 is still subject to the restrictions that 
the starling point must lie at (0,0) (the origin), and the endpoint 
coordinates must satisfy 0 ~ b ~ a (which restricts the ending 
point to the first octant of Cartesian coordinate space). In listing 
3. both restrict ions have been removed by using symmetry and 
translation . Thi~ is the final form of Bresenham's algorithm. 

Figure 4 illustrates how you can use symmetry to draw lines 
in any of the eight octants. Although each of the eight lines is in 
a different octant, the lines all have the same shape because they 
follow identical sequences of diagonal and noodiagonal steps io 
m<Ning from the starting point to the ending point. The symmetry 
of the eight lines in figure 4 re ulls from the fact that the algo

comi1111ed 
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Listing 2: A faster line algorithm, bur still restricted to 
rhe first oc1w11. 

procedure draw line (a, b: integer); 
{ a is the endpoint x coordinate. ) 
{ b is the endpoint y coordinate. ) 
var 11., ! cur rent K coordinate 

y, { current y coordinate 
d, { decision variable 
diag_inc, I d's increment 

for diagonal steps ) 
nondiag inc: ( d's incr. for 

- non-diagonal steps ) 
integer; 

begin { draw line ) 
x := 0; - y :=0; { stact at (0, 0) 
d := b t b - a; { initial value for d 
nondiag_ inc :~ b + b; 

{ Evaluate the d increment values. 
diag_inc :- b + b - a - a; 
for i :- 0 to a do ( Draw the 

a+l pixels in the line. J 
begin 


draw_pixel(x,y); 

if d < e then { ls midpoint 


above the line? ! 
begin Yes, step horizontally. 

x . - x + l; 

d ·~ d + nondiag inc ( Update the 


- decision variable. 

end if-then J 


else 

begin Midpoint is below the line, 

x :- x + 1 ; ( so step diagonally. 
y :• y + l; 
d := d + diag inc { Update the 

- decision variable. 
end { else 

end ( for ) 
end; ( draw line } 

Listing 3: Final form of Bresenham's Line Algorithm. 

procedure draw_line (xstart, ystart, xend, 
yend: integer) ; 

var x, Y1 (current x and y coordinates) 
d, (decis i on variable) 
a, b, {l i ne displacements in x and y) 
dx_diag, {diagonal x step for next pixel} 
dy diag, (diagonal y step for next pixel) 
dx::::nondiag, (nondiagonal K step for next 

pixel) 
dy_nondiag, {nondiagonal y step for next 

pixel) 
diag_inc, {d's incr. for diagonal steps) 
nondiag_inc, {d's incr. for nondiagonal 

steps f 
swap: !temporary variable for swaps) 

integer; 

begin(draw_line) 
x :- xstart; {line starting point) 
y :• ystart; 

{Determine drawing direction and step to the 
next pixe 1.) 

a := xend - xstart; (Calculate difference 
in x) 

b ·- yend - ystart; (Calculate difference 
in y) 

{Determine whether ending point lies to riqht 
or left of start point.) 
if a < 0 then {Drawing towards smaller 

x-values'?J 
begin (Yes, because a is negative.) 

a :a -a; (Make a positive ) 
dx_diag ·- -1 (and set x-movement 

accordingly.) 
end 


else {Draw is towards larger x

va~ues.) 

dx_diag := l; (Set x-movement towards 
larger x.) 

!Determine whether ending point lies above or 
below starting point.) 
if b < 0 then (Drawing towards smaller y

values?) 
begin {Yes, because bis negative.) 

b :- -b; (Make b positive and) 
dy_diag . -1 {set y-movement 

accordingly.) 
end 

else (Draw is towards larger y
values.} 

dy_diag :• l; (Set y-movement towards 
larger y.) 

\Identify octant containing ending point. ) 
if a< b then {Is y-diff. larger than 

x-diff.?) 
begin (Yes, so swap a and b f 

s\.lap •• a; 
a :- b; 
b :• s wap: 
dx_ nond1ag :- 0; (Since y difference is 

larger, x) 
dy_nondiag :- dy_diag {doesn't change on 

nondiagonal) 
end ( if-thf!n J (seeps, but y changes 

every step. ) 
else !When x-diff. is larger than l 
begin {y-diff., x changes every 

seep,) 
dx_nondiag ·~ dx_diag; (and y changes 

only on the) 
dy nondiag := a {diagonal steps.) 
end{else) 

d := b ;. b - a; (Initial value for d is 
2*b-a.} 

nondiag_inc ·- b + b; (Set initial d 
increment values} 

diag_ inc ·~ b + b - a - a; 

for i ;= 0 to a do !Draw the atl pixels.) 

begin 

draw_pixel(x,y); 
if d < 0 then {Is midpoint above che 

llne?) 
begin {Yes, seep nondiagona lly. ) 


x :- x + dx nondiag; 

y ·~ y t dy-nondiag; 

d •z d + nondiag inc (Update the 


decision variable.) 

endlif-then) 


else (Midpoint is below the line,} 

begin (so step diagonally.} 


x :• x + dx diag; 

y i= y + dy-diag; 

d := d + diag_inc (Update the decision 

variable.) 
end(else) 
end( for) 

end;(draw_line) 
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Octant 3; 
dx_ nondiag '" O 
dy_ nondiag= +1 
dx_diag ~ -1 
dy_ diag= +1 

y 

Octant 2: 
dx_.nondiag = 0 
dy_ nondiag ~ +1 
dx_diag-= +1 
dy_ diag= +1 

Octant 4: 
dx_ nondiag = -1 
dy_ nondiag = O 
dx_ diag= +1 
dy_ dlag = -1 

10 

/ 
/ 

/ 
/ 

/ 

/•1
+ 

J 

Octant 1: 
dx_nondiag = +1 
dy_nondiag = 0 
dx_diag= +1 
dy_diag= +1 

(10,4) 

- 10 10 

Octant 5; 
dx_ nondiag =-1 
dy_ nond!ag = 0 
dx_diag = - 1 
dy_diag= -1 

/ 
/ 

/ 
/ 

/ Octant 8: 
dx_nondiag = + 1 
dy_ nondlag = 0 
dx_diag = +1 
dy_diag= -1 

Octant 6: Octant 7: 
dx_nondiag = O dx_ nondiag " 0 
dy_nondiag = -1 dy_nondiag = -1 
d diag= - 1 dx_ diag= +1 
dy_ diag= -1 dy_ diag= -1 

Figure 4: Eiglzt-1vay symmetry usedfor 11!e general algorithm. 

rithm uses the same values of a and b (for this example ." = 10, 
b = 4) for each of the lines. The only difterence between draw 
ing in one octant and another is the direction of diagonal and 
nondiagonaJ steps. The algorithm in listing 3 tests the endpoints 
to determine in which octant the line lies. After the target octant 
is determined. 1he x and y increments for diagonal and nondiag 
onal steps ;ire adjusted to draw the line in the proper direction. 

In listing 3, nondiagonal steps cause x and y to increment by 
dx_nondiag and dy_nondiag; diagonal steps cause x and y to 
increment by dx._d ia g and dy_d iag. Figure 4 shows the values 
of these increments in each of the eight octants. 

The final step in achieving the gener.il form of the algorithm 
in listing 3 is to allow the line to be.gin at points other than the 
origin. Whereas variables a and b represented the coordinates of 
the endpoint in listings l and 2, in listing 3 they represent the 
distances in x and y from the starting point to the ending point : a 
is set to the larger of these distances. and b to the srnaJler. 

Desc ribed in geometric tem1s, when the algorithm initially 
assigns values to parameters a and b. it effectively translates the 
starting point of the line to the origin. 

At thi s point in the algorithm , the ending point of the trans
lated line is at (a .b). and variables a and b contain information 

regarding both the shape of the line and the octant of the trans
lated ending point. In the three subsetiuent tests of the values of 
a and b (Is a < O? Is b < O? Is a < b?) the octant information is 
stripped away from a and b. leaving only the shape information . 
Meanwhile, aJI information regarding the octant of the ending 
point is transferred to lhe x and y increments dx._d iag. dy_d i ag. 
dx.__nond iag and dy_nond iag. All this takes place prior to en
tering the for loop in listing J. 

Practical Implementations 
In a real graphics system. you should encode the algorithm in 
listing 3 in assembly language to make it run as fast as possible. 
For instance. a typical CAD diagram might contain hundreds of 
lines. and the user waits whiJe the computer draws the Jiagram 
on the screen. The programmer should put the must effort into 
speeding up the for loop, since this is executed once for each 
pixel drawn. and one line may contain hundreds of pixel s. 

By comparison, the code that precedes the for loop executes 
only once per line. The call to the dra11_pixel procedure 
should be replaced by in-line code for the draw_ pixel opera
tion in order to remove the subroutine call overhead from the 
inner loop. • 
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Screen stars vvith TheVisible Edge. 


What gives Princeton's new generation of screen stars the Visible Edge is a screen 
image of incomparable clarity and resolution. Where brilliant colors and infinite 
shades of gray, with striking contrast and dimension, are commonplace. 
The versatility of the Princeton family of monitors gives the new generation (and 
present generation) of computers, the greatest autosynchronous horizontal/verti
cal scan range combination available (ULTRASYNC and MAX-15). The clarity of .28mm 
dot pitch (ULTRASYNC and PSC-28). 1024x750 display resolUlion (MAX-15). And the 
entire spectrum of color, with the ease and comfort that can only accompany an 
ergonomicaUy designed monitor. 
Experience a world of unlimited vision. And the technology that's made our high 
level of quaUty, service, value and performance, second nature. Experience the Visible 
Edge. And see what we do best. For more information call (609) 683-1660x100. 

MAX-15ULTRASYNC PSC-28 PSM-03 
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Dick Pountain 

Multicolumn Paged Text 

Use this program to lay out text 

in columns and to explore desktop

publishing software technology 

m 
Until recently , multiple-column te/\t was some
thing you found on newspaper and magazine 
pages , but not on the output from computers. The 
two main output devices used by computers- the 
CRT monitor and the llne printer-were physi
cally designed to produce single columns of text . 

Then, graphic displays and desktop publishing arrived , and 
the market is now flooded with programs th.at organize text into 
pages, using multiple columns, typefaces, and type sizes. ln 
cre.asingly , persona] computer word-processing software is be
ginning to offer multiple columns for printed output (e.g .. 
Microsoft Word), on the screen , or for both (e .g .• Word
Perfect). 

The reason for wanting multiple columns is largely one of 
readability. The smal l poi.nt sizes used to cram more words into 
newspapers and magazi.nes make for far too many words across 
a whole page width for comfortable reading. This would be par
ticularly true in the case of broadside-size newspapers, where a 
line wo!lld hold more than 50 words; the human eye has a 1en
dency to lose its horizontal tracking accuracy if asked to scan 
across too many words on a single line. 

Breaking the text up into multiple columns ensures that each 
line contains a more readable number of words-typically , 6 10 
12. Using m!lltiple narrow columns also allows the layout de
igner greater fle1\ibility in fitting several articles on the same 

page, particularly importam in newspaper work. Books tend to 
employ larger point sizes and wide margins , yielding around 12 
words across the page, and are rarely set in. columns. 

In th.e good old days of 9-pin dot-matrix printers with cobby 
typefaces multiple-column output from a personal computer 
was neither necessary nor pllrticuJarly desirable. A low-cost 
printer gelS only about 13 words on an 80-column line anyway, 
and those are.composed of fil\ed-width characters, possihly jus
tified by crude insertion of full character spaces. Now that laser 
printers are common- and even dot-matrix printer.; can manage 
proportional spacing and near-lener-quaHty (NLQ) typefaces
columns start to make sense . 

Apart from page layout and readability, another valuable !.!SC 

for multiple columns is the economical generation oflists. Ifyou 
have to print 2000 short items. it is both wasteful and unsightly 

Dick Pou111ain is a 1edmical author and software cuns11/taT11 
living in London, England. He can be comacted clo BYTE. One 
Phoenix Mill Lane, Peterborough, NH 03458. or on BJX as 
"dickp." 

tl) print them in a single spindly column on 32 sheets when they 
will fit in four columns on 8 sheets. It was precisely this applica
tion that prompted me to write a utility for arranging text into 
multiple columns. I use a text editor that lacks this facility , but I 
have no in1ention of learning a new editor just to get it. 

Before writing such a utility , it 's important to decide exactly 
what you hope to achie.ve. Multiple·column-te.xt programming 
covers a broad specrrum of difficulties. Al the most difficult end 
of the spectrum is the provision of multiple columns on the 
screen, interactively , with automatic reformatting , word wrap, 
and line wrap. This means that new text can be inserted at any 
point on any line, excess words will wrap over onto the next line , 
and excess lines will wrap up to the top of the ne/\t column . 

This is the sort of facil ity the next generation of word proces
sors will offer as a matter of course. To achieve it requires stor 
ing the text in adynamic data structure, something like an array 
of circ!llar lists of circular list . This can make screen updating a 
strenuous chore, cspeciaJly if you ' re using a bit -map~ graphic 
display . It is not something you can retrofit to <i text editor like 

continued 

Figure I: The process ofwriting a two-dimensional array of 
d1aracters up and down, then reading the same array across, 
yields the desired transformation to three-column text . 

Write xxxx xxxx xx xx 
xx xx xxxx xx xx 

xxxx xxxxxxxx 
xxxx xxxxxx xx 
xx xx xxxxxx xx 

xx xx xxxxxxxx 
xx xx xx xx xxxx 

xxxx xx xx xx xx 
xx xx xxxx 

Read xx xx xx xx xxxx 

xxxx 

xx xx xxxx xxxx 
xx xx xxxx xxxx 
xx xx xxxx xxxx 
xx xx xxxx xx xx 
xxxx xxxx - XXXX 
xx xx xxxx . xxxx 
xx xx xxxx xx xx 
xx xx xxxx xx xx 
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(WITH REVIEWS LIKE THESE, 

WHO NEEDS CLEVER HEADLINES?) 


Find out why magazines like DEC Professional 
and PC Week and over 60,000 PC users appreciate 
the convenient yet powerful features of VTERM/ 
220, VTERM ITJ and VTERM/4010. 

Send in this coupon to see for yourself the most 
functionally complete emulation 
of DEC VT220, VTIOO, VT52 VTERM* 
or Tektronix 4010 terminals. 

,-----------------,

I would like to find out why magazines like DEC Professional, II PC Week and others rate VTERM/220 so highly. 

I 0 Please send me the DEC Professional and re Week reviews. I 
I D Please send me information on your free 30-day evaluation I
I of VTERM/220. VTERM Ill Jnd VTERM/4010 . I 
I NAME TITLE I 
I COMPANY I 
I ADDRESS I 
I CITY STATE __ZIP I 
: PHONE NUMBER : 

Write: Coefficient Systems Corporation I
I 611 Broadway, New York, N.Y.10012 L________ _ ______ _ _ ~ 

or call (212) 777-6707 ext 414 

FAX: (212) 228-3137 TELEX: 6503156498


' Jib•.·· ·· l'J' '.' lt i M/"710, rntM • Of"tj 'fl11'.N'O:Ul1 j , c •• M '!r,.~c~~' 

FOCUS ON ALGORITHMS 

mine. unless you have the source code and a lot of spare time on 
your hands. 

At the opposite end of the difficulty spectrum we have a ~im
ple DOS utility that takes a plain ASCU te.xt file and outpu1s 
another file with the. text paged in a specified number of col
umns with a specified number of lines per page. This was my 
own coward's preforcncc. 

The root prinl·iplc in implementing multiple-column output 
is delay. Both video display units and printers are physicall y ca
pable of printing only single l i ne~ of 1ext. ended hy a carriage 
return. But if we are printing in , say, three columns. each physi
cal 0utput line will actually consist of three short logical linco 
from different places In 1he text. 

The first tv.'O logical lines. therefore. need 10 be held back 
until the third one is reached before printing them all. If we re
gard output a. a cont.inuous data flow , we need a data structure 
thllt acts as a delay line. holding back logical text segments until 
the structure collects a full physical line. 

However. in the case of my simple program , there is no need 
to re.gard output as a continuous data flow. Instead. you can 
think of output as a batch process, in which whole p<iges are 
collated and then output as units. In this case , we can build a 
data structure to act as a mold or template for the desi red page ; 
words "pour" into the mold u11til it is full . and then the "cast 
ing " is sent to the output file. complete with a page number. 

Since this is a batch process whose dimension arc ti x.ed from 
the start. a tv.o-d[mensional array of strings will be a perfectly 
good data structure to represent the page. This would not be a 
good choice if we wen~ trying to implement interactive word 
wrap and line wrap, as we would h;ive to move <1long many <1rray 

('('1 111ir1ued 

Listing I: Ps11uducode for the 111ord-wrap algorithm. 

Program Page r 
PageNumber <- 1 
WHILE not at end of input text 

FOR Column FROM l TO ColumnsPerPage 
-- Fill the page template 

FOR Line FROM 1 TO PageLength 
IP not at end of input text 
THEN read a line from input -> 

Page[Column, Linel 
ELSE till with blanks-> Page[Column, 

Line] 
END ff 

El'lDFOR. 
ENDFOR 

PhysicalLine <- empty string 
Write physical lines to output 
file 

FOR Line FROM 1 TO PageLength 
FOR Column fROM 1 TO ColumnsPerPage 

APPEND Page[Column,Line] TO 
Physic:alLi n e 

ENDFOR 
APPEND (enough blanks to pad out to 

column width) TO PhysicalLine 
WRITS PhysicalLine -> output file 
WRITE Carriage Return -> output file 

El'IDFOR 
WRITE Pagel'lumber -> output file 
PageNumber <- PageNumber + l 

ENDWHILE 
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Now from NRI comes the first course of its kind . .. anywhere! 

Learn to use, program, and service today's 
digital electronic music equipment as you 

build yo,ur own computer-controlled 
~~ 


Now NRI puts 
you at the heart of 

the most exciting application 
of digital technology to date! With 

NRl 's new at-home training in Electronic 
Music Technology, you get hands-on 
experience with the equjpment that's 
revolutionizing the music industry- Atari 
ST Series computer with built-in MIDI 
ports, Casio CZ101 digital synthesizer w ith 
advanced MIDI capabilities, and ingenious 
MIDI software that links computer key
board to synthesizer keyboard-all yours 
to train w ith and keep. 

ThL~ y1.'i1r. over S I .5 billion worth of digi taJ elec
lrnn ic music in.~trumcnl~-kc;;l"x1arJ.~. i):uil.ar!I. 
Jn1m m~.hincs. and rcbtt'\! ~o.,1uipmcnt-will h.:> 
:<:uld in tho:: U.S. alone. Who's buying this nt'll"kd1 
c...iuipment? N1 •t just pnJW!!ssiw musici;u~ ;u1d pro
lc;;.,'iion.al recon.lin!,! t...i.:hniciillL~. but also lJ 1uu.-;;md.~ 
<Ji people who h;w.: never touchc<l ii musical instr\•· 
111ent b..:!i)n:. And lhc·re's ~xi rc<LSOll wh)'. 

Something cal led 1101 lMll-;ic;il Instrument 
Digital !ntcrfac.:I h<L5 suddenly lmn.<i; >m1e,1 musi ·al 
m~rumenl.. iutn lhi: ullimat ' romputer peripheral~ 
. . . and opened up a whole new wortJ o(opportunity 
lurthe pcr..;011 who h.11uws how to l l.SI::. progr,im. <u1d 
,:,:rvice thi_, extrnrmlinal)' new di,i:(ital equipment. 

NOi" 'IUs brc<lkthrough Ek>ctroni.: Musi~ 
·iechnol~· cour.;(' pubi you at the lofl'frunt olthis 
hooming nL'W kdmol~' with xcill~ive hamLY{)n 

• 	 training bui.lt ilJUllnd a MIDl·equippe.d computer. 
MIDI S\'nthe.-;izcr. ;u1d !\·\!DI sull"'i!n: \'OUkixp. 

Dynamic New Technology Opens Up New 
Career Opportunities for You 

Th.: Qpporb.mitics <ire unlimitc..J ior the pcrvin 
who"s tr.tined to t.ike ;1Jnnt.:lge of today's elcc
lrnnk music phenomenon. Now you cilll prepare 
liir a hijUl-paying cart't:'r a..~;i 5!.uJio tcdrnidan. 

music center 

0 -

lo l<ikC' ;1d1·ant~ uf todi.i{s npportuniti;:.s 
in l'b:trunic mtlsic tcc.hnol~. 

v ilJ·1)'OUr experienced Nm instructor always 

and tcc.h nicJ.! prn;sibilities.' .ynu r- - - - - - - - - - - -...,
aclu.;-JJ ' builJ ,,.,ur rnvn .i-inpul llllf/l# School of Electronics • r ~- I 
audio rn1xerl:implifi~·r. ·.. ;uid you I ~l~Cr;iw- llill c_fJJ1tlnl1ing Education c Ill r ~~! ... I 
t<!St U1e declron1c c1rcu1t.s ~t ll1e 39.l9 IV1SConsin t\1·enue 1.M • 
cnre () ( today·s new-tech eql1ipment I \ ashin>,'lon. IX ~i.IO!tiI 	IB' CHECK ONE FREE CA.TA LOG ONLYv.ith theh;md-held digital multi
meter incluJed in \'OUT rn ur:<R. CJ 

,
n . ..:rrnnk Mu<k Technoh'll,\' 
1''1Vl<l.."'1Auo.lio Scrvi.:i~ 

l) 
0 

l"ump.Jl.t:D .&n<l i'llCfUl'<UU"'"°D 
B.1$io: E11:.:rrunic.• 

No previous experience 
necessary-in ele-ctroniu 
or music! 

No matter what your bac\.;i.:round. 
NRI gi1·\!.~ wu ll1c skills }'OU 1wed 

$OUllU C!lgLJlW I'. ~Wrd lllj,! cngi11 l'er. or nJ<ld 
lt:chnicll\11 ' .. Cl'l'.n start )~lUT fl\\Tl llt'\\'· J!,'c 

b\~'\l!ll'.-S prrJvi<ling •1nt:-slJ.>p ~fo.s and :«:rvice i( or 
mu.."IKian;S. lt.•chnici;1ns. ;ind i:!Cnl'ral consumers 
alike. {)r s.imrly unlea•h your nl•Tl muskal 
cn.-ati1·ity v.1th the breakthrough trainmg and 
.:4uipmcnl mtly NH I !:\ii-cs y1 iu. 

Only NRI Gives You an Atari ST Computer, 
Casio Synthesizer, and Innovative MIDI 
Software You Train With and Keep 

The Ataii ST Series computer incloded in your 
coui;e OC'Cnmcs the heart oi your 0\\11 i:umputn
wntrullt'd music renter. With IL-; l!CmcnJuus 
pov.~r. superi r graphks c<ipabilities. anJ huill-i11 
MIDI interface. the 16132-bit t'\tari ST has almo~t 
uv•cmi~11 he('Orne the compul~r of choice for 
lodiJJ,.S most knowledge.lble electronic: musicians. 

Tht: Cac;lo CZ 101digit.-U ~)'Tl lhesi ~r. all() incl ud~'ll 
Ill your tr.Uniri& is ll1e perfcl't o implement lo ;~.ollr 
Al<iri ST. Th"' pol~11h1111ic.111ultitimhr.J CZIOJ
which >1• m~ up to 3:.! 1·oices internal!;~··co mmu
niLate;" with your ST computer thruugh MIDI. 
bringi n!l 1ile t' ' vi rtu;d ly any svund yo tU c:<m im<JOli n~. 

l'lu..;, you 1,:ct ingeniously designc<l Milli software 
that opens ur amazing new crc<1tivc 

<waiklble to help. you rn~"tcr the bi~it·.s of dl'Cl10nic 
theory step b)' step. g.;ining the fu ll unclen;landing 
uf .:le-.:troni ·s lJ1ah; now S(I C'$Selltial for technicians 
and nlllsici11ns alikc. Ym1 move on to analy1.e round 
),Jcn~ratiun IL'Chni4ue:;, digital logic. mkrupn:x::essor 
funda111c:111;us. and samplin~ and rl'\'.ordini;i k c.h
1lio.,1ue.' ... ultimate!)' getting rirst·hanJ <'.XfX'.riCJK<! 
wilJ1 today's t>xplosive new technology as;~ •u 
l'xplorc MIDI. w;ll'esh;)f'lil'\!l. p;itc.hing. seqUcndng. 
mixing. sp..""Cial dk"t:L'\. anJ much mnre. 

Plus, ~1en if )'tlu've never Ileen im·olved "ith 
mtLsk before, NRI gi1'Cs you enough ba~ic lr.1inincl 
m nHLsir theory ;md musical notation to appreciate 
the creative potential and far-n:achi~ applications 
o(today's c:k.'Clnink music e4uipmenl. 

Send Today for Your FREE Catalog 

For all lJl< Jdails ziboul NRl 's inno,•ativc new train
ing. ~nd the coupon today. You'll receive a com· 
pleh! r ..1talng descrihing NIUs EleclronH:: Musk: 
Technology mu= pl LL~ NR Icour.>t"S in other hi;,(h
lcch. i11-1.icmand rlectrunk.s fie.Ids. 

If th , coupon is mi.<;.•ini.!. 1>1ilt: to NRJ So;h• >01 oi 
Elec lronic.s. McGraw-! lill Continuing EducJ.tiun 
Cent.:r. 3939 Wi."' •nsin A•'Cllllt:. Washin14\nn. IlC 
2l!Ol6. 
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Implementing this algorithm is quite 

straightforward in an interpreted 

language like BAS/CA because such 

languages allow the dimensioning 

of arrays at run time. 

elements every cime a new word was inserced . 
A crude outline algorithm for the paging process is this: First, 

fill lhe templme with words from the input by writing up and 
t.lown t.he wlumns; .second. wri!e an output file by n:.auing the 
template across all the columns at once-. 

For three columns. we could represenl the process in a uia
gram like the one toun.d in figure l . We achieve the required 
transfonnatjon by looking at the same uaia structure from two 
different viewpoints. 

We ne.ed to refine one aspect of the problem before we can 
proceed. I have talked lightly of words "pouring' ' into an array, 
but we actually have more to con.s ider here . If we have prepared 
the input te:d with a !ext cdi!Or , it wilJ already be formatted into 
lines of some length. according to the margin se1tjngs of the text 
editor . 

When we page the teJlt into multiple columns, they will be 
much narrower than the typical margins for a single -column 
document. Hence, the routine that fills the array need to word
wrc1p 1he input teJlt to thi narrower column width . If we are 

talking about a sophisticated paging utility, it should also be 
able to ju. tify the wrapped text and intelligently hyphenate it. 
Hut this means that the Fill wutinc needs to incoi-pwatc much of 
the capability of a good text editor. 

lt ~ec:med ·illy to me !O reinvent the wheel, when I already 
had a tool (my text editor) to hand that could hanule these for
matting chores superbly. The paging program I wrote therefore 
takes text files that have already been formatted 10 the correct 
column width using the tt:xt editor. At the sarnc tirne as you re
duce the margins, you can justify the text, if required, and ar
range features like. column headings to fit properly into the 
paged format , using all the facilities of the text editor. 

The only inconvenience lies in having to write an extra inter 
mediate file of this ''galley" cext, formatted to column width. 
But even on my slow computer, this takes only seconds. On the 
other hand , the construction of the paging utility itself is greatly 
simplified (it needs to know only how to wrap columns), and 
consequently the program goes very fost. 

The algorithm can now be presented more formally in pscu
docode (see listing I). Lmplemtinting this algorithm is quite 
straightforward man interpreted language like BASICA because 
such languages allow the. dimensi!)ning of arrays at run lime. 
The program can decide oo the dimensions of the Page array 
aher it has askeu the user for the number of columns and lines 
per page required . 

Compiled languages like Pascal , C, or compiled BASIC im
pose a slight complication in that arrays can be dimensioned 
only at the time th(' program is compiled : obviously. it is unac
ceptable to have a differen1 version of the program for every 
conceivable page layout. Fortunately. some calculation shows 

~onlinued 

ADVANCING 
HARD 
DISK 

Whili: other R LL (:omrollcl'll require 
drive - ;ipprovcd for R L encoding. 1hc 
PERSTOR 200 Series Controllers allow 
you to upgrade current hard disk sr.;tcrns 
or create new systems with standard 
M FM driHe:. or R LL approved drives_ 

Our competitors offer only a 50% 
increase in capacity wi1h their conuollcrs. 
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If performa nc-e is the is.we. the Pers tor 
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up to a I IOO!r increase in your data 
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Adding Diagrams 

I t 's easy lo adapt the multicolumn-paged-text algorithm to run 

text around diagrams. You can define a "window" area- a 
space to he left hlank for the later addition of a diagram-by the 
column and line numbers ofiL~ top left and bottom right comers. 
If we call these window coordinates XJ. Y 1 and X2, Y2. for 
Xl=l. Y/=4 an<l X2=2, Y2=7, we have the window area 
shown in figure A. 

To modify the program to produce window areas, we need to 
change the test on line 6 of procedure ReadlnPe.ge in listing 2 so 
that it checks whether the line currently under consideration 
tails outside the window. If so, the program reads input into that 
line: otherwise, lhe program should pad the line with blanks (in 
lhe same w.iy that lines arc padded on the last page. after the 
program reads end of file): 

i fnoteof ( InputFile) 
and not ( (Column in [Xl. . X2 ] ) and 

(Line in [ H . . Y2])) 

The only other change to the program text n:quired is some 
way of reading in Xl, 'fl, X2. and Y2. For lhe purpose of ex~ri
ment , you can add them as four e:ima command-line parameler.; 
to be. read in by GetPageParms . 

This crude mechanism will of course make a window in the 
same place on every page, which is seldom what we want. How 
ever. it is nu more difficult conceptually, and takes only a little 
more progrnmming effort. to have a different window on every 
page. You need to store the window coordinates for each page in 
an array llindow [ ], which is indexed by PageNumber and the 
four coordinate types. For pages with no window. set all coordi
nates to 0. The extra declarations needed are 

t ype Wi ndowCoord : (Left.Right, Top,Bottom); 
var \J i ndov: array [1 .. Max:Pages, IJindovCoord) of 

i nteger; 
X1,X2, Yl, Y2; integer; 

The format for a document now consists of a sequence of 
records of the following form : 

<pagenumbt:r>.<Xl >.<Yl > .<X2>.<Y2> 

This infom1ation is kept in a separate ASCII file that gets read 
inco the Wi ndow array when the program starts. 

The next logical refinement is to include the contents of an
other file tu fill the window so created. These files can comain 

xxxxxxxx XXXllXXXX xxxxxxxxx 
XllllXXXXX xxxxxxxx xxxxxxxxx 
xxxxxxxx xxxxxxxx xxxxxxxxx 
1,4 xxxxxxxxx 

xxxxxxxxx 
xxxxxxxxx 

2,7 xxxxxxxxx 
xxxxxxxx xxxxxxxx xxxxxxxxx 
xxxxxxxx xxxxxxxx xxxxxxxxx 
xxxxxxxx xxxxxxxx xxxxxxxxx 
xxxxxxxx xxxxxxxx xxxxKxxxx 
xxxxxxxx xxxxxxxx xxxxxxxxx 

Figure A: Defining a window areafiJr mulrico/w1U1 re:r:r. 

diagrams. bar charts, and tables drawn using block gr.iphics 
characters. Bit-mapped gr..iphics present enormous problems. 
but !he truly dedicated (or crazy) could achieve even chis on 
Epson-style printers using bit-image mode. 

The principle is quite simple. Rather than fi!Jing the window 
area with blank lines, the program fill s the area wilh slices from 
the diagram file . A function called DlagramSl lee reads lines 
from the included diagram file and adjusts them to the proper 
length . The procedure ReadinPage now looks like this: 

procedure Readin?age; 
var Column,Line: Integer; 
begin 

Xl : = ',I indo\.l' [ ?ageNumber. Le ft J : 
Yl : = W 1 ndow [ PageNumber, Top]; 
X2 : =Window [PageNumber,Right]: 
Y2 := \Jindow[PageNumber,Bottom]; 

for Column : = 1 to Co l s?erPage do 
for Line : = 1 to LinesPerPage do 
if not Eof( Input File) 

and not ( (Column in [XL. X2]) 
and (Line in [Yl .. Y2])) 

then readln( InputFile.?age [Column.Line]) 
else Page[Column.Line] :: DiagramSlice: 

end; 

Now the format of a document has an extra element: the name 
of a diagram file. The record structure is < pagenumber > , 
<XI>.< Yl >. <X2 >. < Y2> .<diagramfile name>. Al 
ternatively . you might now prefer to put the X. Y coordinates into 
the diagram file itself. 

I' ve shown a simple version of DiagramSlice in listing A. 
I 'vc left the gruesome details of reading in the format from a file 
and opening the appropriace diagn.m files to you . All of a sud
den, PagcMaker and Ventura Publisher start to look quite cheap 
at the prit'.e . don't they? 

Listing A: A simple version ofthe function to read 

lines from rhe diagram file and aJjus1 them ro rhe 

proper length. 


function DiaqramSlice: Stringtype; 
var TempSlice: Stringtype: 

WlndowWidth: integer; 

begin 
if Eof(IoputFile) 
then DiagramSlice · - Blankline 
else 

begin 
WindowWidth :• CharsPerllne*(X2-Xl+l); 
readln(DiagramFile.TempSl i ce); 

(Crop if long ... pa d if short f 

TempSlice :• Copy(TempSlice, l ,WindowW idt h) 


+ Spacc(Wind owW i d t h 
le ngth (TempS l i c e)); 

i f Co l umn • Xl 
the n Di a gr amSlice .- !empSlice 
else Diagra mS l i ce .- ' . 

end 
end 
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Listing 2: The cofumfl-wmp progrum in Turbo P(lxcaf 
code. 

program Page; 

const 	 MaxColsPerPage ~ 6; 
MaxPageLength ~ 60; 
MaxCharsPerLlne • 40; 
PagelllidLh = 80; 
Blanks ~ • '; 

t.ype Linet.ype ~ 
string(MaxCharsPerLine]; 

v.i1 r Page: 
array{l .. MaxColsPerPage,l •• Max 
PageLength] of Linetype; 

BlankLine: 	 Linet.ype; 
CalsPerPage, PageLength, 

PageNumber, CharsPcrLinc: 
integer; 

InputFile, OutputFile: text; 
InputFileName, OutputFileNamc: 

strinq(127]; 

Procedure InitFile~; 
begin 

if paramCount ~ O 
then begin ~rite('Must specify an input 

file'): 
halt 

end; 
InputFileNarne :~ paramStr{lJ; 
if (pos('.PAG'.paramStr{l)) <> 0) or 

(pos('.pag',paramStr(l)) <> 0) 
then begin 

writeln('Mu9tn''t PAGE a PAGEd 
file!!'); 

h11 It 
end; 

if pos('.',paramstr(l)) ~ 0 
then OutputFileName :• paramStr(l)+' .paq' 
cl~c OutputFilcN~mc •

copy (paramStr (1), 1, po.9 {'.',par 
arnStr (1))) +' pag'; 

Assign(OutputFilc, OutputFileName); 
/Is sign (Input Fi le. Input FileName) ; 
Reset(lnputFile); 
if ioresult <> 0 
then bo::qin 

writeln('File ',InputFileName,• 
not found'> ; 

halt 
end; 

Re~rlte(OutputFile); 

if ioresult <> a 

then begin 


~riteln('Error opening output 

file: is disk full~'); 


halt 

end 


end : 


procedure GetPageParms; 

var error; integer; 

begin 


val(paramStr(2),ColsPer~aqe,error); 

if (error <> ~) or (ColsPerPaqe > 
MaxColsPerPage) 

then begin 
write{'Bad column parameter'); 

halt 
end; 

val(paramStr(3),PageLength,error); 
if (error <> 0) or (PageLength > 

MaxPageLengt h) 
then begin 

write('Bad line parameter'); 
hdt 

end; 

end; 


procedure ReadlnPage; 

var Column, Line: Integer; 

begin 


for Column 	 :~ l to ColsPerPage do 
for Line := 1 to PageLenqth do 

lf not eoflinputFile) 
then 

readln(InputFile,PagelColumn. 
Line]) 

else Page [Column, Line] := BlankLine 
end; 

function Spaces (Num: integer l : Line type; 

begin 


Spaces := Copy(Blanks,l,Num) 

end; 


procedure WriteOutPage; 

var Column, Line: integer; 

begin 


for Linc :~ l to PageLength do 
begin 

for Column :• 1 to ColsPerPaqe do 
write(OuLpuLFile, 

Page[Column,Line+ 
Spaces(CharsPecLine
Lenqth(Page[Column, 

Line]))); 
writeln(OutputFile) 

end; 
wciteln(Outputfile, 

Spaces(38J+'<',PageNumber,'>') 

wrlteln(Outputflle) 
end; 

begin 

Inic: fi lei1; 

GetPageParms; 

PaqeNumher :• 1; 

charsPerLine :~ PageWid~h div 


ColsPerPage; 
BlankLine :• Spaces(CharsPerLinel: 
while not eof(lnputfilel do 
begin 

ReadinPage; 
~rite('.'J; 

WriteOutPage; 
PageNumber :~ PageNurnber + l; 

end; 
Close(InputFile); 
Close(OutputFile) 

end. 
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Listing 3: A 1·ersio11 ofthe GetLine procedure; not 

rery smu rt, this versi<m wraps only whole words. 


con st CR. 113;a 

LF 	 110; 

var 	LlneBuffer: Linetype: 

procedure GetLlne(VAR Infile: text; 
LineLenqth: integer; 
v~ NextL1ne: Llnetypc); 

var 	NextWord: Linetype; 

Full: boolean; 


proc edure GetNextWord; 

var Che : char; 

beqin 


NextWol'd : = '': 
while (Chr <> ' ' ) and not 

eof(InputfileJ do 
begin 


read(InFile,Chr); 

i f Chr <> LF 

then begin 


if Ch r a CR then Chr : = ' • ; 
NextWord -~ NextWord + Chr 

end 
end 

e nd ; 

that the stzc of the probk~m is such that a fudge is possitile . 
My printer (as is the case with most printers) us~s A4 paper , 

which holds 60 1.incs of text with 80 characters per tine . The 
largest number of columns T would ever want on such paper is 
·ix. The ·mallest number of columns I would ever want is two 
(otherwise. why use the program at all?), and two columns on 
my paper means al most a 40-character column width . 

Six. columns of 60 lines with 40 characters comes to aroun.d 
lSK bytes of storage . An array of this size will hold the most 
columns I will ever need. at t.he most characters per line I could 
ever need, 11nd it's well within the memory limits of even mod
est computers. So to hell with elegance. let's waste bytes . We 
declare an array of this size and use as many columns and lines 
of it as are needed . 

The program 's source code in Turbo Pascal 3 .0 is shown in 
listing 2. In thi s simple version, the name of the input file, the 
number of column s, and the number of lines per page must be 
given on the commanJ line from which the program is invoked. 
For space reasons, I've kept the error checking quite rudimen
tary. A sampl.:: command line could be 

C: >page byte40. doc J 60 

Befo re. you can use thi~ line, though, you'll need lo formal 
byte40 . doc to a right margin of 26 (80/3). and ju. tify it if de
si red. using your regular text editor. The program automatically 
renames the output file. in this case to by-i;e40.pag. 

In the version of the progrum I use in real llfe, I've added a 
ystem of template files. like a very poor man's Ventura Pub

lisher. A template file specifies a page style. including the num
ber of columns , page length, left- and right-page margins, 
header te.\t. and rules. I keep a se.parate template file for each 
format I use regularly . aod the template filename is given as the 
econd parameter to Page i.n place of the numeric paramelers 

used here . 
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begin 
l"u J J 	 : ~ fa l se: 
~hile not Full and not eof(InFile) do 

beqin 
Get Next Word; 
if Next Word <:> 
then 	if Lenqth(NextWord)tLengtb{Line 

Buffer) > LineLenqth 
then Full := true 
else 	begin 

LineBuffer :- LineBuffer 
+ 	 NeKtWord; 

Full·= false 
end 

end; 
NextLine :- LineBuffer; { Flush 

out result) 
LineBuffer :~ NextWord; { Save 

leftover ~ord for next time) 
end; 

To make Page into a stand-alone program (i .e ., one that can 
accepr an input file in any format and perform its own word 
wrapping) . it's necessary only to write one new prncedure
let · ·call it Get Li ne-and substitute a call t<J it for the statement 

Readln(InputFile,Page[Column,Line]) 

at line 7 of ReadlnPa~e. 
The snag, as I've already sugge ·1ed . is 1ha1 GetL ii e will need 

lo be quite. a large procedure if you want it to be as smart a~ your 
averdge text editor; for example, doing intelligent hyphenation is 
in itself a suitable subject for several articles. To get you · tarted , 
listing 3 contain a very low. dumb version of GetLi ne. which 
can wrap only whole words. You could improve the speed by 
buffering more text in memory rather than reading single char
acters. as I have done here. The call in Readi nPage now takes 
the form 

GetLine(InputFile,CharsPerLine,Page[Column,Line)) 

When you get as far as writing a Get Li ne procedure that 
word-wraps, hyphenates, and can perform justification with 
proportionally spaced fonts , you are well on your w<1y to ha ing 
a real desktop-publi shing program. The next logical step is to 
d¢al with running columns around holes for pictures. 

Batch methods of page layout like the one I have described 
here are far from ideal in applications where text run~ around 
complex picture layouts. In such cases, it'.s more appropriate to 
use an interactive or WYSIWYG (what you sc.e is what you get) 
design program that shows you the layout on the screen . o that 
you can position the pictures. However, the program can be 
adapted, as described in the text box "Adding Diagrams·· on 
page 260, to serve in the simple case of one diagram per page. 
where the diagrams an~ character-based (e.g .. using [BM block 
graphics characters), • 
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Unl't'loucheJ Photo 

BuyThe One On The Left And You'll Have 

To Put It Where The·Sun Don't Shine. 


The monitor on the right, 
however, can be placed anywhere 
you like.Even in direct sunlight. It's 
the new Flat Technology Monitor from 
Zenith Data Systems-winner of PC 

Magazine's coveted "TechnicalExcellence Award" in the 
hardware category for 1987. 

You Have To See Zenith To Believe It 
So clear So precise. So lifelike. It's the only monitor 

with acompletely flat screen. Abreakthrough that has 
redefined monitor quality forever. Jnduslr)' expens are 
already convinced. And once you see it in person, you'll 
be a believer, too. 

Bigger,Brighter, Glare-Free 
Our FlatTechnology Monitor has an impressive 

!4- inch display. And even though it's bigge~ it's 50% 
brighter thanconventional CRT's and it has 700/o 
greater contrast. So you get colors with greater depth 
and definition that make your reports, charts and graphs 
come alive like never before. 

The Flat Technology Monitor is vinually glare-free. 
So you can work longerwithout the usual headaches 

o 1988. Zen ith Data Systems 

Circle 290 011 Reader Senict Canl 

and eyestrain.And that means greater productivity.But 
to get the whole picture, you have to see it witl1 your 
own eyes. 
Backward And Forward Compatibility 

You also get full compatibility with the high 
resolution VGA Video generated by IBM's new PS/2 
computers.And with Zenith's Z-449 or other VGA-class 
video cards, you can enjoy CGA, MDA, Hercules and 
EGA graphics as well. 
Experience Zenith's Latest Technology Breakthrough 

Obviously, amere picture can't do ju tice to our 
new Flat Technology Monitor. It demandsaface-to-face 
evaluation. For ahands-ondemon tration, call today 
for the name of your nearest authorized Zeniih Data 
Systems dealer-the Flat Technology Monitor is available 
in quantities right now. 

1-800-553-0305 

data 
systems 

THE QUAU1Y GOES IN BEFORE THE NAME GOES ON• 
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Electronics ... The Magazine 
That Gives You Technology 
With Perspective. 

'• 
There1s simply no other magazine like Electronics! 

It brings to your desk the comprehensive coverage 

and perspective you need, no matter what your jot 

or responsibilities are. Electronics provides you with 

technica I information on computers, data proces

sors, peripheral equipment, office and business 

machines, communications equipment and semi

conductors. Information that keeps you abreast of 

industry breakthroughs, trends and business d irec

tions. It gives you the savvy needed to compete. 


Each issue focuses in on the meaningful techno

logical developments and concerns driving the 

electronics industry 


Why Is Electronics Free to Professionals Like You? 
By controlling circulation, we make our readership fit 
our editorial. Editorial for important people, like you, 
who need the important information only Electronics 
provides. 

And it's yours, FREE .. . if you qualify Simply fill out and 
return the adjacent card. If you qualify, we'll start your 
subscription with the very next issue of Electronics. 

1.nri~~!~ Electronics 




Merrill Cornish 

It's All in the Symbols 

Numbers aren't everything; in fact, 

the "things" that they can represent 

might be in the minority. 

11
t:'vc alway,s haJ symbol~ as name~. now we're 
inve~tigming symbols as numbers. We tend 10 
relate what we hear to what we already koow . 
Nu mbcrs are what we al ready know. so. we tenJ 
to think of symbols as number ". or as repre

senti ng numhers; but symbols aren't numbers. AnJ symbolic 
proce ·s ing i~ nw ju~t another w1:1y of s::1ying numcrk 
prrn:cssing. 

Symbol s are not truly symbols when they are used as variable 
names. Conventional programming languages use the term sym
hol 10 mean !he name of a program variable . Lisp has variables 
mm1ed by symbols , but they aren't the same as the sy mbol s we 
are di scussing. 

What makes symbolic pro<.:e,ssing symbolic is that the values a 
variable i ~ allowed to assume now include other symbols as well 
as the traditional numbers . For example, 

(setfal) : assignment of a number value 

(setf b 'a) : assignment of a symbol value 

II=:) 1 ; valu~ of a is the number 1 

b :>a ; valu' oft is the symbol a 


One. common misconception is that symboli<.: processing is 
artificial intdligcnce. Whjlc Al would probably be impossible 
without it. symbolic processing is also useful for thin.gs unre
laccJ to Al. A not.her rnis<.:0ncep1ion is that you use symbolic 
proces ing so you don't have to explicitly declare the types of 
your numbers. If you need type checking for your nl.lmbers, you 
mjght want 10 use Lisp. bu1 you don '1 necessarily nce.d symbolic 
processing. 

.'\third misconception is that symbolic processing means you 
do garbage collection . Not true; garbage collect.ion can benefit 
<iny bnguagt:-numeric or symbolic-that allows you to allocate 
run-time data. Its usefulness is not restricted to symbolic 
processing. 

Nnw you knOYI what symbolic processing i~ llot. but what is 
it '! In ret11ity , symboli.c proce.ssing means proce. sing nonnu 
meric ''things·· that we 1:ao't reasonably repn:sc.nt as numbt:rs. 
Thus. we represent these things as symbols. Symbolic process
ing is the natural complemcn! of numeric processing. First, 
however, we must accept that there is something other than 
numbers. 

With COBOL. FORTRAN. P..:iscal. C, t1nd soon. we ' ve been 
quietly indoctrinated co believe that <lam is numbers . While 
there' s nothing wrong with that premise in context-that is, 

within the limits of procedural l.anguages- the power of comput, 
ing extends a lot further. This art.icle Jes<.:ribcs how symbols 
d.i ffer from nu mbcrs, why we can ' t use n_umbers where we need 
symbol. · . 11n<l how the things we need symbols for are unique 
and valuable. 

What Is Num~ric Proces.o;ing'! 

Venerable FORTRAN ll supported only numeric data types . 

FORTRAN IV added logical data types. COBOL added more 

numeric types. such a~ packed decimal and an almost nonnu

meric data type. characters . Characters were invented to record 

nonnumeric things. but we. all knew that they were re.ally small 

integers that always fit into 8 bits. 


Since FORTRAN, most language designers have accepted 
the implied dictum: Data is numbers. Aod yet , tbe question 
" Are numbers enough?" always existed . As a partial response. 
Pascal's designers included sets . and C's developers recently 
added cnumeratJon types. 

But these l wo concessions to nonnumcric processing still 
have conveniently numeric internal representations . A set is 
really a one-dimensional array of I-bit imegers , while an t:nu
meration resembles the as5embly language practice of equating 
name to uccessivc intcge,rs. 

Numeric processing is a definite success story . The problem 
lies in our <issumption that since it has been used for everything 
we ·ve thought of so for. it should be used for everything we can 
think of. 

It's All in the Data Types 
1f, as an experienced programmer. you are given a choice of any 
implementation language you wish to use for an application. 
your choice wnuld probably be fairly predictable. For vector 
nun1ber-crunching applications. you would probably use FOR
TRAN; for business data processing. COBOL; for text panern 
matching. SNOBOL; for ys tem programming. C: and so on. 
These choices have nothing to do with which language is best'. 
they are purely pragmatic. Each particular language offers the 
data types and data ·tructures needed to cle.arly and concisely 
describe a specific type of problem, plus the library functions to 
manipulate those structures. 

For example. let's suppose you need to read a text file and 
produce a sorted list of words. the number of times e.ach word 
c>ccurs, their average length. and so on. How v•ould you imple
ment this program in FORTRAN 66, which has neither a char
acter data type nor a string data SITUCture" 

Nothiog·s Lmpossible. You could use FORTRAN'S Al for
mat to read characters into an array. You could mimic string 

comimud 
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Texa.r Inst rumems (P. U. Bo.x 2909, Mail Station 220 J, Aus1in. 
TX 78769-2909) and is working on Lisp system software. 
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storage by maintaining p<1ir~ of start /end inJexcs into that array. 
one pair per string. You could make the dimensions of the vari
ous fixed-.~ ize arrays larger than you'll ever need. You could 
write FORTRAN functions to access these pseudostrings . com
pare them for equality, order them , prim them, 0:md so on. You 
could make it work. but would you want to? You would have 
already wriuen a significant amount of FORTRAN code before 
you even considered the original application. 

However, there is a better solution. Con~ider the. relative case 
with which you could implement this application in C. C al
ready understands that characters are characters and not stunted 
integers. C already knows how to store characters in str ings. 
The standard C libraries already contain the necessary charac
ter-manipulation functions, such as stl:'len, Stl:'cmp, Stl:'cpy, 
and so on , 

In short, C has the data types and data structures w support 
the application, and FORTRAN 66 doesn't. With C, you start 
programming the application immediately . With FORTRAN , 
you .start by creating a virtual language within which you rnn 
then implement the application. When you do finally get to cod
mg !he application itself, the i.n-line FORTRAN housekeepi.ng 
needed to make arrays of integers look like tr ings of character~ 
constantly intrudes on the logic of the application. FORTRAN 
doesn't provide the ahsm1ctin11 we need for this pmhlcm : C 
does. 

Symbol Data Types 
ln high-school English, many of us had to diagram semences by 
breaking them into clau es. phrases . subjcl~t s, verbs. and so on. 
What if you had to implement such an analysis in a pro2ram? 
Remember , we aren't talking about understanding : we don 't 

~\ 

~ 
Keyboard Protector 

Finally/ A Keyboard Protector That: 
• 	PROl"ECTS CONTINUOUSLY· 24 HOURS A DAY· 

Agairuot computer downtime due to liquid spill>; , du.s1. a• hP,.t; , 
staplea, paper clip5 and other environmental hazards. 

• 	llEMAlNS lN PLACE during the operation ul your keyboard. 
Saf<!'Skin i~ precision molded to flt earh key · like," ''S<'cond ~kin."' 

• 	EXCEUENT FEEL - The unique design ellminate6 any in· 
tuferenc.e IM!lwe.e.n adjacenl keys, allowing smooth natural 
operation of your keyl><><1rd. 

• 	S.feSkin IS VIRTUALLY TRANSPARENT • Keytop• and 
side markings are clearly vi•ible. In fact. SaleSkln i& so dear. 
sometime5 you may not know it's there! 

• 	DURABLE - LONG LA.STING - SaleSkin i$ not a " throw· 
away" item. Many of our protectorti have la!ftcd over 3 years 
unde.r continuou~ dail11 uw, without f11ilure . 

SafeSkin i• available for mMt popul.o.r PC's and portables Including: 
IBM, APPLE, AT&T , COMPAQ, DEC, EPSON, KEY· 
THONICS, NEC, TANDY, TOSHlBA, WANG, WYSE, 
ZENITH. Specify compute.r mal<e and model. Send $29.95. Che k 
or M.O., VISA & MC include exp. date. Oe11ler inquirieJi invited. 
Freoi broc.hure available. 

Merritt Comp11ter Prod11cls, lrac. 
4561 S. WHtmoreland / Dall.M, Texas 752.37 I 214/339-0753 

care what the scnlcm:cs meon-wc just v.-am to classify the 
words in them. 

While Chas c:-;1,:ellcnt string-hanJling capabilities, Lhis is not 
a string problem; it' s a symbol problem. C' s string-handling fa
cility is mainly interested in the physical aspects of string repre
sentation. Given the v.·ord. is . 11·<1.i· , and were, C's strlen func
1ion could tell you that they arc 2, J. and 4 charactc.rs long, 
respectively. But we need to know that they are all verbs, not 
nouns, adjectives, or adverbs ; that is and was are singular while 
were is plural: and that is is present 1ense while was and were 
arc past tense. Also. given the words are and ARE, C's strcrnp 
ru nction would tell you that they are di fterem. although they are 
the same word. 

C is doing what it is supposed to do. C is interested in !he 
characters in a string. but we are intere sted in the word repre.
semed by !he string and in its grammatical properties. C sees t.hc 
word as a collection of im!ividual characters and is unay..-are of 
any higher meaning to that collection . In other words. thi s time 
C doesn't provide the p<irticular abstraction that we. need. 

Why Strings Won't Do 
So far, we've seen how a true symbol data type woulJ simplify 
our implementation . But, even ifa string-based implementation 
i~n '1 our fi r~ I choice. shouldn't it still he an acceptable second 
choice'? 

The real question is: How accepwble is !he. extra code you 
have to write to get C 10 see the big picture and stop dealing with 
words as bags of characters'! 

For e;i;amplc, C programmers sometimes use strings as sym
bolic mnemonic . such as the string argument r telJing fopen to 
open a file for reading. It 's not always ilppropriate. however. to 
try to dist inguish symbols by their primed representation. Con
sider the sentence: "BILL PAID HIS REPAIR BILL.,. I. the 
first BI'LL equal to the second BILL? C' s strcmp function 
would think so. 

Once your amilysis determines that the subject is BILL and 
the object ls BILL. then a C program would claim the scn1cn1,:c 's 
subject and ohje1,:t are the same . But they aren't. The subject is a 
man. and the object is a piece of paper . The fact that this partic 
ular subject and object hapren to have the same printed repre
sentation is merely coincidence. 

The no1ion of symbolic data types introduces distinctions tha1 
neve r seemed import1.1m with numeric data types. For ex.ample. 
the Lisp prcd i~:ate eq compares two ·ymbols to see if they repre
sc.nt the same object. the same piece of memory . Therefore , ( e q 
subject obj ect ) would return fal.-;e since BILL, the subject 
·tring. is physically u different data structure from BILL. the 
object siring . They arc two difforc:nt objects that just happen 10 

be represented by the same characters . 
The Li~p predicate eq1Jal compares the contents of two ob· 

jccts rather than the objects lhcmselves. As a rule, if two objects 
print the same., equB l will say they arc the same. So in Lisp, 

(eq subject object)=> false 
(eq subJeet subject) =>true 
(equal subject object) =>true 

The point is that when you deal with symbolic data types, you 
need more than the plain bit-pattern comparisons that number 
cruncher.; use. 

The Power in Abstraction 
Programmers have a vestc:{) interest in abstraction. Alan Turing 
showed us that even a very rudimentary machine can compute 
almost anything imaginable. But the process of programming a 
Turing Machine is tedious (see "The Turing Machine" by Isaac 
Maliu in the November 1987 BYTE) . Abstraction is one of the 
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thing.. that rnakes prognunming be.arable. 
At the binary level , underneath the abstraction. the code 

breaks down to all one and zeros. But the. poi11l of a program
ming language is to provide an abstraction that suppresses the 
thing we don't care about while leaving the features we con
sider important out in the open and available. Furchern1orc. as 
we go from one application to another. our nm ion of what' s im
portant can shift radically . 

FORTRAN provided us with at least three major abstraction· 
that have appeared in virtually all languages since: DO loops, 
f10<1ting-poin1 numbers, <1nd 1/0 statements. While there are 
many ways of writing a loop. FORTRAN programmers are 
more interested in what's inside the DO loop than in the mechan
ics of indexing: so FORTRAN included a DO loop abstraction. 
Floating-point representations are a whole field of study , but 
FORTRAN programmers needed to use floating-point num
bers. nol study them : so FORTRAN indudcd a fl oating-point 
abstraction, 

And everyone needs 10 do 110, but few want to write yet an
other ASCII-co-integer conversion. So FORTRAN included a 
FORMAT statement. (You might well argue Lhat a FORTRAN 
FORMAT statement is nor the best of all possible worlds. but that's 
not the point. Even FORMAT'S arcane syntax still lets you think 
more in terms of what you .,,,.ant printed than how w output each 
char..1ctcr.) 

Despite FORTRAN' s successes. its array abstniction doe. n't 
do too well on the word-counting application. The meaning of 
any number in a FORTRAN arn1y is independent of any other 
number in thm nrray . ln contrast , a character in a C string has 
little meaning by itself. ln. tead, all the ,·haracter in the sering 
taken together have a meaning. This distinction of individual 

meaning versu s group meaning isn '1 just a pedantic n_iccty: It 
underlies why C does better than FORTRAN at itcmi z.ing word~ 
in a file. 

However, when we try to parse a sentence, C' s abstraction of 
strings as a collection of related characters doesn't help much. 
We don't want to spell the words: we don'! even care what the 
words arc; we just want to identify their respective parts of 
speech. C's abstraction isn't wrong; it just isn't the one we 
need. 

VerbositJ and Fragility 
Working without the abstraction> you nee<l exat·L~ a definite rnst 
in verbosity and fragility . The verbosity is due to the additional 
source code you mu. t add tO do the things that a language with a 
more appropriate <1bstraction would have done for you. You can 
hide. much of this source code inside function calls , but too 
much of it usua11y ends up in 1he fom1 of manual programming 
conventions. 

For ex.ample, a complex number is made up of a pai r of ordi 
nary numbers called its real and imaginary parts . Since FOR
TRAN w.is designed with abstractions for numerical analysis, it 
had complex numbers from the start. lfyou have declared A. 5, 
and C as complex numbers. theu the si mple statement A = B x C 
is sufficient to cause the. real and imaginary parts of aand Cto be 
multiplied , recombined . and stored into the real and imaginary 
part~ of A. 

However, if FORTRAN didn't have complex number.;, we 
would have to handJe the process oursel ves. First. to represent a 
complex number . we could use a one-dimensional array of two 
elcrnenL~ for its real and imaginary parts. What would a implc 
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multiplication of two complex numbers, A " B x c, look like'I The Next Slep 

A(l) : B( 1) XC(l) - B(2) XC(2) 
A(2) = B(l) XC(2) + B(2) XC(l) 

The best abstraction that we could devise in FORTRAN would 
probably be a complex multiply function, such as CMU LT 
(A.u, C) . which is an improvement, but the fact Lhat you don't 
have a true complex-number data type still shows. 

Gi ven the Statement ;,. : B X C in FORTRAN JV, where vari
able names beginning with A have been declared to be implicit 
C\lmplex numbers , the language'. automatic memory-allocation 
abt>traction would have allocated A for you. But before you use.cl 
l11e C!·:ULT( A.B.C) function above, you would have had to de
dare A youri;elf as DIMENSION A(2). Custom functions (and 
mucros) can make do-it-yourself abstraction-building less pain
ful, but the pretender still isn ' t as good as the real thing. 

The actual load/add /store sequences executed by the hard
ware in t.hese examples are identical . The difference is the level 
of abstraction available to the programme.r. The lack of an ap
propriate abstraction is a definite programming liability. 

1.n addition to being more. verbose, your code also becomes 
more fragile, bc.cau.se the verbosity exposes more of the lan
guage·s housekeeping as source code . The extra code. prov ides 
more opportunity for errors, which can be inlrodut:c.d by any
thing from typographical errors to overlooking a special pro
gramming convention (i.e., when you did this , you forgot 10 do 
tlwl} . The code is all.o subject to errors due to its lack of intu
itiveness. You could mistake it for a fragment of matrix multi
plication ; if you can't fathom its purpose , you can't be sure if it 
need fixing , 

This discussion of abstractions leads us 10 three real poims: 

• Each prob km has its own preferred set of abstractions. If the 
programming language you are using doesn't provide the rele
vani abstractions, you will have to code them yourself. 
• Conventional languages almost universally provide abstrac
tions of numeric things and can perform numeric processing. 
Languages thilt provide abstractions of nonnumeric things can 
pcrfonn symbolic processing. 
• The histor ical progress of computing is closely tied to the 
<.1vailable Clbstraction~-that is, the avail able programming lan
guages. Symbolic processing is the ncxc evolutionary seep. 

Of all the things That cxi t in the world and in our minds. we 
need to be able to ab tract them before we tan represent them in 
the ones and zeros of a computer . At present, abstractions have 
not wande.re.d too far from the concept that data is numbers. 
Now , we arc beginning to suspect that the things in this universe 
that numbers c.an represent may be in the minority . 

Our progress beyond the oounds of numbers ha~ come in stages. 
Rest, we. found that symbolic operanus couldn't alwJy be repre
scnt.ed in a32-bit memory word, so we set up pointer.; as a gencr.U 
data representation. Next . we found that there were relationships 
100 complicated tl) bede,<ieribed in a multidimensional array, so we 
devised trees. Then. we tound that memory us.age wus too sophis
ticated for static allocation, so we created dynamic run-time allo
cation and dc-all.ocation. Now, we an: finding a need to pn.x:cs~ 
symlx>ls that don't represent numbers. The idea of symlx>lic pro· 
ce.ssing began whc:n we first realized that data needn't be numbers: 
we have yet to see all the possibilities of that idea. • 

------v IN-HOUSE DATA TRANSMISSION MARATHON u------
Ouf olbreath al 50 leel1 


Nowgo the distance. 

Are your 
RS~232 data 
lines out of 
breath before 
they cross the finish line? Are you restricted 
from placing your computers and peripherals 
where you need them due to the 50 foot limit 
imposed by the RS-232 standard? 
Now you can extend your serial data commu
nication lines up to 5000 feet without even 

~~==~~ 

breathing hard. Using sta.ndard, inexpensive 
twisted pair telephone wiring and our easy
connect LD series long line drivers, you can 
achieve data rates in excess of 56 kilobits per 
second. Contact us today and we'll rush to 
get you more 
information ... 
FAST. 

i 
/n n n f'=1 0 Western 
~D 0 Telematic Inc. 

· 5 Sterling, lmne, C.1 lifom•1 9271 11 
(?t-1) 86· 99~0 
·(80o) 8~4-72:jl.6 (OLJ L&ide ' ali omi") 
f:u (7 1 •I) 583-95 !•I 

- ., 
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CHAOS MANOR MAIL 

conti1111nl from page 36 

to stay late or work over lunch to learn 
sornc!hing for their own sake- and the 
corollary is that management somehow 
can only rarely spare anyone long enough 
to send them 10 school or do training on 
company time. 

There i a vicious cycle of ignorance 
and excuses for not learning and for not 
training at work in companies where 
management still perceives that the com
pany is too small to support an active 
!raining program , in-house or out. 

The company buys hardware and soft
ware because they are tools to use in pro
cessing data that is relevant to the com
pany's business. That data is the property 
of the company , even when people move 
on or arc replaced or promoted . 

From personal experie-nce. I know how 
hard it is to have the personnel depart
ment call the week after the director 
leaves, asking if anyone can help the new 
guy with this Visifile application that is 
running on a PC that had an oddball ac
celerator card. and what does "General 
FaiJure reading drive C" mean . anyway? 
And no, no one can find any backups or 
program disks or manuals, but we have to 
use ii to get the time cards out. so since 
you're a programmer. why don't you fix 
it right now? 

The now ex -director was a fairly 
knowledgeable PC user who had avail
able the Lotus 1-2-3 , dBASE, and Word
Star that we could support , and he had 
gotteD an IBM PC XT despite a request 
for an AT because he couldn' t justify 1he 
more expeusive machine. So, since he 
wanted to save himself the trouble of 
learning programs new to him , he 
brought from home (or bought without 
telling anyone) Yisifile. PFS:Profes 
sional Write , Multiplan, ProKey , and 
several truly off-1he·wc1.ll programs and 
some hardware to make himself feel that 
even though he dida 't get an AT. he is still 
belier equipped than the average guys 
who don't know how to work the angles 
and get what they want. Time cards, re
ports. and sensitive personnel records are 
now tied up in files and formats that are 
accessible only through programs no one 
else knows anything about . It appears that 
the hard disk drive is failing sporadically, 
with no backups in sigh1. 

Your arguments boil down to encour
aging personal creativity and initiative; 
mioe boil down to being able to pick up 
and go on, even when that creative person 
has picked up and moved on, leaving 
someone else to clean up behind him. As 
in so many other things, there is a balance 
to be struck. In my mind , the critical fac
tor in determining that balance is the de
gree 10 which disruption of company 
business will take place if a customized 

and personalized hardware/software set
up is left for a new person to take over. 

Standards serve the imerests of the 
company mostly from a standpoint of 
rnntinuity , and I have grown to appreci
ate continuity of service, and a predict
able level of quality of service and prod 
uct, as absolutely key ingredients in !he 
success of any business. 

At the very le-ast , I will forever more 
make one demand: No matter what el se 
goes on. no ma!lcr whal hardware or soft
ware is used , I set a minimum standard 
and procedures for at lea st a weekly 

backup. This includes all users backing 
up alJ data files and 1urning those back
ups over to the DP department for off-site 
or fire-safe storage. 

The DP mentality has more than tradi
tion and bureaucratic mindset as its mo
tive torce. There are real \:Oncern that 
can be addressed only by the implementa
tion of standards at some level . 

Charles Hahn 
Orange, CA 

Thank you. Yim dv a gmx.i job vftelling 
the MIS sidt' ofthe story. -Jerry • 
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Actually, you don't have to make theACIDR choice. Once C was ideal for all PC pro' 'To C gramming. But i1 has been complicated by
O windowing and graphical interfaces. Now 

windows development with C is difficult. 
time-consuming and error-prone. You 
need a new language that simplifies win

or not 
D 
~ 

to c...'' dows programming . Introducing ActortE 

Actor is the first interactive object-oriented language made for commercial development. 
Its powerful browsers . inspectors and debuggers give you more insight into a windowing 
environment than Cever will. But your Cwo rk is not lost. Clibraries can be linked to Actor. 
Plus , its procedural syntax is easy for C programmers to learn . 

Actor comes with windowing classes bui lt in . Customize Actor's classes to create stand
alone windowing applications. And objects give you another layer of independence for a 
smooth transition to OS/2 and Presentation Manager. It 's the quickest and easiest way to write 
a windowing program . 
1'ou 0011 write Wi11doms programs m11d1 faster with A~tor I/um witlt C or assm11tl:y /a11guuge. " 

-Pr: Maga::im:, jmre 9, 1987 

• Window st le : Lilcd, 1)\•crlap

anrl 386. Extended memory unde r 2.0 ph1g, popup. cihUd. die, dialogs. 

and 386. - C-Onuols: list box<· .• !>(toll bar~. 


• 	Pure, s111gle-inhe ri1.ance objc t-m-ic111e<I h1111011 s. check buxu . 

l;111gu<1ge. i11 r ·mcnla!I omplt..:d. • Oa1a ~11 uC' tlll'I' ·: -~ • a• k • arra '• '1u 'lll'S:, 


• llynamiC' linking IO ;, Pascal. Ass<:mblcr. lislli, dil"Liunarics, sc1s, 'Q~ting , has~1ing, 


or Formm librarks. Pa.% d ata i11 C intt'r.<als. 

~u-uc; 111 res. 	 • Al support: frarn"s, 111l>0ls. 

• l'aS<:<t l and C: likc ~1"'""· 	 di<, 1 io 11adc~ . li~1s. $}'ntbol k prngram
• 	Programminl! l(n>I<: l~1ow.<er. luspec' tm. mill8, hmc'lio11al mg111111<nl~. l'ars111g 


Debugger. Vik 1£rlitor. ;md k11ic.1I anal ·' is YACC ~001pa1iblr , 


• Full ac ,ess 1u MS-Wimlf> Wi. ' •stem~ alb, • Sui11g manipulati n: subsu-ing , con<.al, 

11111hh:i-~kiug , a nd ODIL append, lnse.n., r«mcwc, search. 


• 	Fa.~c dc;;vi <:t'-i1-1tkpc mlc11t t;riipliic ~: Hm·~. • fi/13-pagc maoual ir1t' ludcs tntoifal mul 

$IU;tpu~, i1:011N, n1rsori., hi1111aps. I .. f(1r flf'C. 


met;dile , TuH'lc gr:aphics. s,,implc • o license lut:S . Gcnenues •wnd..,1lo11c 

Cl'>nlJ'<>! la11g1111gc ltsiiig ~ CC.. app!ica1io11 ·, 


• mo classes, [. 00 function~. • Fastest imeractive OOL 3\"ailablc;. 

full • «Xtcnsibl '. • Fast inc n:numtal garbage cnllcc1<)1 _ 


Actol" $495 • Ac-ndemic price $99 • Academic ·ltc license $99 • Manuals fol" site 

license $35 • Nrw Language Extension $99 • ShippiJ1g $5 US, $25 l.nt'l 


The Whitewater Group
Technology Innovation Center 

906 Univel"Sitv Place, Evanston, Illinois 60201 
' (312) 491-2370 

Acwr l• u r~gi•Wn•d [fUdc11mr~ ofThe Wl1itt·w•1t n Group. Jnc. 
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'' 
un•lim 'i·ted, a. [L. limitus]: The ability to expand your 

personal computer's storage capacity beyond your wild

est imagination. 


Up until now, the concept of unbmited day, your entire informa
PC storage c.apacity was about as practi tion base can be simply 
cal as cramming all your office files into locked away where only 
your briefcase. Storage capacity could you can get at it. 
only be stretched as far as the fixed If you want to share your 
capacity of your hard disk. Or to software and data with 
the Hmit of your patience for others, the Tandon Personal 
shuffling through stacks of Data Pac offers you the 
floppies. cheapest and most reliable 

But imagine instead that you "network" possible. Simply 
could insert and remove hard disks as easily 
as a VCR cassette-your PC's storage capac
ity would then be virtually limitless. 

That's exactly the idea behind the Tandon 
Personal Data Pac, the world's first and 
only portable, Win

chester hard disk. 

~. \ ':. I 
Just attach a low
cost Ad-PAC drive 

" I (" ( . receptacle to your 
PC, and its powers 

, I of memory are 
totally trans
formed. You can 
choose from a 

number of self-contained, 
portable Personal Data Pacs that can 
be inserted and removed as easy as a floppy. 
Now a whole business worth of software 
and data can fit neatly into your 
briefcase. Ready to go any
where your business 
will take you. 

transfer what you need from one 
Pac to another, and turn a shared PC into . 
a dedicated workstation, just for you. 

If your travels with the Data Pac take you 
on a bumpy road, don't worry. Your software 
and files will be safe and secure inside the 
Pac's rugged housing. It 
can even take a trip in the 
mail or an occasional 
fall off your desk. 

See your Tandon 
Dealer today or call us 
at 1-800-556-1234, 
ext.171 (in California 
1-800-441-2345, 
ext.171) and learn 
the new definition for 
personal computing. 

The possibilities are limitless. 

We're redefining 
personal computing. 

lan'ClanAnd when you 
are done for the 
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The Quantu1 Turbo AT 
• Monochrome monitor 
• Hall-height 40Mb hard drive 
• 80286 running at 6- 1OMHz 
• lMb RAM 
• 8 expansion slots 
• Text/graphics card 
• Speaker 
• 1 2Mb Hoppy dnv 
• 101-key enhanced eyboard 
• 200 watt power supply 
• 3 year 1tm1ted warranty 

$1495 
CO MPLETE 

The Quantus MT3B6 
• Monoctirome monitor 
• Full-t1e1ght 80Mb hard drive 
• 80386 running al 4_77/6/ 8/ 10116MHz 
• 2Mb RAM 
• 8 expansion slots 
• Text/grapt11cs c.ard 
• Speaker 
• 1 2Mb floppy drrve 
• I0 I -key enhanced keyboard 
• 200 watt power supply 
• 3 year limited warranty 

$2995 

I I I I I I I I I 
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l I I 

The Quantus Turbo XT 
• Monochrome monnor 
• Hal1-he1ght 20Mb hard drive 
• 8088 runrnng at 4 77-SMHz 
• 640K RAM 
• 8 expansion slots 
• Text/graphics card 
• Speaker 
• 360K floppy drive 
• 84 -key keyboard 
• 150 wan power supply 
• 2 year l1m1ted warranty 

$795 
COMPLETE 

l/r 

COMP LET 
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Quantus MK:fQSf.llems 
One BuntJrf1eld Park 
Spottord. NH 03462 

(800)255·0125 (6031363-4564 
(800) 356-9001 (603) 886-3220 
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, I ' 

~ 

Spec1hcahons ilOd pr~ suqect 10 change Cirdr. 122 on Reader Strr1ict Card 



Richard Rankin 

System Calls in Modula-2 

Here's how to use Modula·2 

to interact with your computer 

at the BIOS and DOS level 

iklaus Wirth created Pascal 10 help teach prn-

N 
gramming, but people discovered they had 
problems using it in real-world siwations. For 
example, Pascal cannot access the compute.r's 
hardware at a low level Wirth re.solved this 

problem when he designed Modula-2. a successor to Pascal that 
wa.~ meant to be used in the real world. 

It's easy to use Modula-2 tu program an IBM PC or PS/2 at a 
lower level than you might normally use in another high-level 
language . The source code llsting accompanying this article ii· 
lustrates programming at the ROM BIOS level and the DOS 
level through Modula-2 . I've tried to annotate it as much as pos
sible for e.asy reading. [Euitor's note: The program MODOOS. MOD 
is available 011 BIX. on B YTEnet , on disk, and in the Quarterly 
Ustings Supplement. Sec "Program Ustings" in the table of 
conrems. To ''find" source code in the listings areas on BIX 
and BITEnet, search by article title , author, or issue date. 
Some archived files may contain numerous listings for a single 
article. A description ofthe ji"/c also accompanies each emry.] 

MODDOS. MOD gets, sorts, and prints directory entries matching 
a filename pattern; gets and prints the amount of available space 
on a specified disk; rename.~ files; clears the screen; and locates 
the cursor in a specific place on lhe screen. I compiled and 
linked the source code with the Modula-2/86 package from 
Logitech, Because other Modula-2 implementations may pro
vide a slightly different set of library modLLles from those of 
Logitech, you may need to change some of the identifiers in the 
source code listing. 

You should watch out for several identifiers. SWI generates a 
sofrware interrupt and is used for ROM BIOS calls. DOSCALL is 
used to call DOS routines and functions. ADDRESS is a data type 
for variables that can simultaneously be considered a pointer 
to a word or a record containing rhe segment and offset address 
of a variable. ADR is a functjon that returns the addres~ of a 
variable. 

FROM ... ito(PORT <module names>: Tfthe names of the mod
ules to be imported are different from Logitech's, you will have 
to change t.he reforences to them here. The implementation and 
defini1ion modules for both the Yes and Vidserv files are avail
able at the rail end of MODDOS. MOD. You should extract these 
files, compile them separately, and import them as hown in !he 
IMPORT section. Each IMPORT declaration names t.he module to 
be referenced and must also include the names of each variable, 
type. or procedure to be included in the final product. The ones 
used here, except as mentione.d above, are supplied with the 

Modula-2/86 package as parts of rhe standard library. 
In practice. MODDOS.MOD cou.ld have been writte.n in distinct 

modules, compiled, and !hen merely called by a main driver 
program. To make the program more readable. however, I have 
combined the necessary parts into one module. 

Getting the Directory 
To use DOS to get the directory entries , I use the Modula-2 pro
cedure OOSCALL to perform various DOS functions. If your 
Modula doesn't have a similar proeedure. you can accomplish 
the same thing by issuing interrupt 21 H with the DOS function 
number in the AH register (more on how to do th.al later). 

The procedure FindMa.tch (see listing l) locates lhc disk 
transfer area (DTA) and finds the first file that ma1che.s the wild
card pattern given in the global variable filename. The proce
dure. gets the address of the current DTA by executing DOS call 
2F hexadecimal (decimal 47) : the DOS call returns the address 
in the variable DiskTrar.sferArea, which was earlier declared. 
as an ADDRESS. We will use the value of DiskTransferArea in 
this and olher procedures to locate other useful infonnation. 
When we call DOS with the value 4E hexadecimal (decimal 78) 
to start searching, we must provide it with !he addre,ss of the 
pauem we want to match (FileNamePattern) and a CARDINAL 
number describing which files to look for (attribute, a global 
variable). The value of attribute is the sum of any or all of the 
following values: 

I read-only files 
2 hidden files 
4 regular files 

16 subdirectories 

For example, if you wanted to find all the regular and hidden 
files matching the pattern, you would set attribute to 6. There 
are also attribute values for getting the volume label (value of8). 
and only files marked for archiving (value of 32). but these file 
types are of Iimited use. 

When you e.xecute DOS calJ 4E heit.adccimal, DOS returns 
the first filename that matches the given wild-card pattern and 
attribute type . The name is an ASCilZ string (an ASCII file
name ended by a zero or null character), and it is located 30 
bytes past the beginning of the DTA. Both AsciizFi.leName and 
Charac ter?ointer poim to this location. and they are both in
creme.nted in the process of filling the characier array diI"ec
tory with the filename to which both pointers point. 

The beauty of Modula-2 over Pascal in this instance is that the 
use of pointers (Chs.rs.cterPointer is defined as being of type 

comim1ed 

Richard Rankin is finishing his M. S. in eompurer science at the 
Universiry of Arkansas. You can reach him at P.O. Box 3036, 
Fayette1•i/le, AR 72702. 
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SYSTEM CALLS IN MODULA-2 

byteptr , which is a POIN'TER TO CHAR) allows us to circumvent 
Modula-2's type checking . This means that Character
Po int er or any other variable of type byteptr can be used to 
locate integers, characters, or any other basic type, although 
characters are the only byte-size infonnabon we would probably 
need to access. Variables declared as POINTER TO WORD are also 
useful for transferring 16-bit words into program variables. If 
you're familiar with Pascal, notice that there is no need to de
clare au ARRAYas PACKED. All characters are stored in a byte. 
instead of a word, so packing is effectively done all the time . 

The next step is to detenniue the file.' s size, a 4-byte quantity 
that starts at DiskTransferArea+26. The variable ce.rdine.l 
points to thjs word, wh.ich is the low-word portion of the file-size 
returned by DOS. (The high-word portion is located 28 byte-s 
into the OTA.) Ifyou were programming in 8086 assembly lan
guage, you would have to remember that the 8086 (and other 
members of its family) saves WQrcls as low eyte/high byte. In 
ModuJa-2 , however, since cardinal is a POINTER TO CARDI
Nll..L, assigning the dereferenced pointer to a variable of type 
CARD INAL (tbe statement Card i nal Slze :=cardinar ;) causes 
the language to convert the memory locations properly . 

Tbe final result for this value has to be in a variable of rype 
REAL, since the file size may take on values larger than the 
65,535-byte limit of a CARDINAL variable. I first convert it to a 
string, then to a real because both these procedures aJready exist 
(and no such cardinal-to-real procedure does); the end result is 
the REAL variable s i zel ow . 

When a program calls DOS function 4E hexadecimal , DOS 
also saves the information needed to find the rest of the match
ing files that meet my criteria. The FindNext procedure (not 
I isted here , but part of file MODDOS . MOD) wilJ cycle through the 

directory until no more matches are found, using this informa
tion DOS has stored. You also have access to an error coJe and 
other file-related data; the attribute byte is at Disk'I'r ansfer
Ar ea+21, a 2-byte time stamp is al DiskTr ansferArea+22. and 
a 2-byte elate stamp is at DiskTransferArea+24 . 

The final procedure, GetDir, uses FindMat ch, FindNe xt , 
and several other procedures to prompt the user for a wild-card 
pattern ; then it gets, formats, and prints the fil es that match it. 

Overall, this solution has the best of both worlds- the speed 
and implicity of predefined DOS function s and the fonnaujng 
and arithmetic conveniences of a high-leve-1language . Note that 
the code to read in a filename and get its size involves duplica 
tion in the FindFirs t and FlndNext procedures. These blocks 
of code could have been modularized into shorter , more effi 
cient procedures. 

Free Space on a Disk 
My next example uses DOS to help locate and print the available 
free spac.e on a disk. A simple DOS call to function 36 hexadeci
mal (54 decimal) in procedure FreeSpace returns the number of 
avail.able disk clusters, the total number of clusters, and the 
bytes per sector. If an error occurs , the DOS function returns 
FFFF hexadecimal or 65535 decimaJ in the variable error. If 
there. is no error , it returns lbe number of sectors per cluster . As 
before, we convert certain cardinal numbers to string , then to 
real variables so that the variable real freebytes i.s big enough 
to hold any values given to it. 

Renaming Files 
The procedure for renaming a file , Rename Files (see I isting 2) , 
is even simpler. The two input parameters to this procedure are 
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the current filename (o l dname) and the desired new filename 
(newname}. This procedure uses the ADR function to get the-file
names ' addresses to pass to DOS, then calls on DOS function 56 
hexadecimal (86 decimal) to do the work of renaming the file. 
Since this DOS function actually changes the file's directory 
entry. you can use it w move a fil e among subdirectories on the 
. ame disk. but you can't use it to rename a file from one drive to 
anot.her . 

Using ROM BIOS Calls 
For examples of using the IBM PC or PS/2 ROM BIOS calls in 
Modula-2. I've added two functions 10 the library , Cls (clear 
the video screen) and GotoXY (go to a specified row and col
umn); see listing 3. The ROM BIOS calls in this Logitech ver
sion are done through a Modula-2 proce-Oure ca.lied SWI, which 
stands for software interrupt. 

Logitech recommends that you push Lhe 8086 base pointer 
before an SWI call and pop it immediately after. You can use the 
CODE procedure. which merely inserts its parameters directly 
into the final program, to ere-ate short assembly language se
quences . CODE(55h) means to push the base pointer onto the 
stack , and CODE( 5Dh) means to pop it. The. SETREG procedure 
<loes exactly what it sounds like-it lets you set the value of a 
register directly . 

Both ROM BIOS procedures use the interrupt value of 10 
hexadecimal (16 decimal) to request video services. The call 
format is SWI ( lOh, parameter) . By changing the parameter, 
this interrupt can activate such item as disk services, printer 
services, time and date services, and communications-port se.r
vices. In general, anything that is available to an assembly lan
guage program is available to Modula-2 through the DOSCALL, 

SW!, and CODE procedures. 
The DOSCALL and SWI procedures differ in that the former 

takes place at a much higher language level . The DOSCALL func
tions are similar to any Modula·2 procedure in that they use pa
rameters specified in the heading of the procedure being called. 
The DOSCALL procedures then set the proper register values , 
generate the interrupt , and return the proper values. 

When you use the SWI procedure , on the other hand, you 
must set the register values yourself. These values are passed 
"as is" when the software interrupt occurs. The values re
turned, if any, are placed in the proper return registers, and you 
use the GETREG procedure to return the value to your program 
variables. 

If you don't like dealing wilh system interrupts, Modula-2 
makes it simple to write your own library procedures to do the 
low-level work you w,mt w hide. This means that you can write a 
series of library procedures to handle SWI calls, returning the 
values to your program in variables . From that point on, you can 
l·all your soft'-'>"l!rc-interrupt procedures with the same fom1at as 
the DOSCALL proo·dures instead of recoding them each time and 
worrying about which parameter goes in what register. Modula· 
2's modularity is perfoct for that sort of thing . 

Clearing the Screen 
You can clear the video display in several different ways. One 
quick way is to reset the screen mode to the mode it" s already in; 
this effectively clears the screen on the IBM PC and many com
patibles . A second way is to write blanks through the screen lo
cations yourself. Since screen accesses wrap around if you write 
past the end of the screen (because you specify the screen page 
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Listing I: The Findl'latch procedure finds the firsr file 
that marches the wild-card string in the l'ariable 
filename. This procedure is part ofa larger file. 
MODDOS.MOD (see main texrforderails), and some of 
the variables listed here are declared elsewhere in 
MODDOS. MOD. 

PROCEDURE FindMatch (Vr.R error :CARDINAL: 
VAR NurnberFound 

:CARDINAL); 

(* This procedure uses DOS call 2Fhex to 
locate the disk transfer area, and DOS call 
4Ehex to find the first file that matches our 
directory path and wild-card pattern. When 
this routine is called, DOS also provides the 
information required to find additional files 
matchinq the specifications *) 

VM 	 sizelo\./, sizehiqh :REAL; 
CardinalSi~e :CARDINAL; 
cardinal :cardinalptr; 
StringOfCardinal :string; 
okay :BOOLEAN; 

BEGIN 

fileNamePattern:aADR(filename); 
DOSCALL(2fh,DiskTransferArea); 
DOSCALL(4eh,FileNamePattern, 

attribute, error); 
AsciizFileName:= 

DiskTransferArea+JO; (* filename 
starts 30 bytes into the 

DiskTransferArea *) 
CharacterPointer: =AsciizFileName; 

NurnberFound:al; (~ increment the 
counter for number of 
matchinq files found ") 

counter:31; 
WHILE CharacterPointerA<>nul DO 

( .. ASCIIZ st r inq, so it wi 11 
have a B byte at end *) 

directory[NurnberFound,countet"):• 
CharacterPointerA; 

AsciizFileName:•AsciizfileName+l; 
counter:scounter+l; 
Character~ointer:•AsciizFileName; 

END; 
cardinal:•DiskTransferArea+26; 

( .. set pointer to low 
order word of size *) 

CardinalSize:•cardinalA; 
CardToString(CardinalSize, 

StrlngOfCardinal,12); 
StringToReal(StringOfCardinal, 

sizelow,okay); 
cardinal:=DiskTransferArea+2B; 

(• hiqh order word of size 
located 28 bytes into 

Disk Tr-i!nsfe rA.reil ") 
CardinalSize:•cardinalA; 

Cat"dToString(CardinalSize, 
StringOfCi!rdinill,12); 

StringToReal(StC"ingOfCardinal, 
sizehigh,okayJ; 

sizelow:=sizelow+(sizehigh*6SSJ6.0); 
RealToString(sizelow,0,12, 

sizes[NurnberFound],okay); 

E'1D 	 FindMi!.tch; 

Listing 2: The Rename Files procedure changes the 
dir~ctory entry ofa given file, or it returns an error 
message. 

PROCEDURE RenameFiles(VAR ne~name, oldname 
: f'.ilearray); 

VAR 	 newfile, oldfile :ADDRESS; 

error :CARDINAL; 


BEGIN 
oldf ile: ..ADR (oldname) : ( * the DOS cal ls 

require the 
ADDRESSes of *) 

newf 1le: =ADR (newnameJ ; (* the file names •) 
error:=0; 
DOSCALL(S6h,oldfile,newfile.ert"or); 
CASE error OF 

J: 	WriteString('PATH NOT FOUND'); 
WriteLn I 

5: 	WriteString('ACCESS DENIED'); 
WriteLn I 

17: 	Wr!teString('PATH NOT FOUND'); 
WdteLn 

ELSE ; 
END; {* CASE •) 

END RenameFile.,; 

Listing 3: The GoToXY and Cls procedures. This 
listing contains a complete module, Vidserv, which 
should be compiled separately and brought into 
another program through the IM.PORT statement. GoToXY 
mo~·es the cursor on the video display to a given row 
and column. Cls clears the scrt•en by scrolling it up 24 
lines. 

DEFINITION MODULE Vidset"v; 

FROM SYSTEM IMPORT AX, ax, ex, DX, CODE, 
SETREG, SIU; 

FROM InOut IMPO.RT Write; 

EXPORT QUALIFIED 

GotoXY, Cls, Tab; 


PROCEDURE GotoXY( col, row :CARDINAL); 

PROCEDURE Cls (); 

PROCEDURE Tab(spaces :CARDINAL); 


END 	 Vidserv. 

!Ml'LEMENTATION MODULE Vidserv; 

FROH SYSTEM IMPORT AX, BX, ex, OX, CODE, 
WORD, BYTE, DOSCALL, 

SETREG, SIU; 
FROM InOut IMPORT Write; 

PROCEDURE GotoXY( col, row :CARDINAL); 

VAR rowl, coll :CARDINAL; 

dx :WORD; 


BEGIN 
rowl:•row-1; (* adjust ro~, col back to 

0, 0 ") 

coll:.,col-1: 

dx:•WORD(coll+(rowl*256)); 


cominued 
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CODE(55H); (*push BasePointer *) 
SETREG(AX,200H); (*position cursor 

function *) 
SETREG{DX,dx); (* raw in dh, col in dl *) 
SETREG(BX,0H); (* current page number *) 
SWl (10H); (* ROM call for video 

services *) 
CODE(SDH); (* pop BasePointer *) 

END GotoXY; 

PROCEDURE Cls (); 
VAR bottom :WORD; 

BEGIN 
bottom:-WORD{79+(24*256)); 

(* set bottom to 
c olumn 79 in 
register DL *) 

(* and row 24 in register 
DH *) 

CODE{55H); (*push BasePointer *) 
SETREG (AX, 600H) ; ( * scroll up ~ register 

AH~ 6 *) 

be ing aftected. and the wrap occurs within that page), it doesn' 1 
really matter whether you star! from the first screen location or 
noc. If you don't start from the first screen location , though , 
your cursor will return to the position from which it started. If 
you want the cursor to end up in a certain position (upper left 
corner, for example) after the screen is cleared , you can use the 
Got oXY procedure to move it. 

The procedure Cls clears the screen by sc roll ing up 24 Jin.es. 
I chose to do it this way to provide a base procedure for you to 
change and make more useful . The call to Cls, which appears in 
listing 3, has no parameters. Notice , though , that the CX regis· 
ter contains the upper le.ft coordinates of the window to be 
scrolled .. and the DX register contains the lower right coordi
nates. This information makes it simple to change the procedure 
to a generic window-clearing procedure that clears a specified 
rectangle of text. AlJ you need to do is add parameters to Cls , 
like this : 

Cls(upperX,upperY,lowerX,lowerY) 

and correctly insert the parameters into the CX and DX regis
ters. If you separately compile this as a module, you can use it in 

SETREG (CX, 000H) : (* upper left row and 
column - e,e *) 

SETREG{DX,bottom); (*lower right row in 
dh, col in dl*) 

SETREG (BX, 700H) : ( * blank line video 
attribute *) 

SWI (10H); (* ROM call for video 
services *) 

CODE(SDH); (* pop Ba9ePointer *) 

END Cl.s; 

(* This procedure is not covered in the 

article: *) 


PROCEDURE Tab(spaces : Cl\RDINAL); 

VAR counter :CARDINAL; 


BEGIN 

FOR counter:al TO spaces DO 

Write(' '); 


END; (* FOR .• DO *) 

END Tab; 


END Vidserv. 

all your programs to clear either the whole screen or some por
tion of it. 

Moving the Cursor 
The CotoXY procedure (see listing 3) uses the rc-4uestc.d row and 
column screen coordinates as its parameters. Got oX'f subtracts I 
from each coordinate (allowing users tl) think of rows and col
umns that start numbering at I. nut 0), places the proper values 
into the correct registers , generates a software interrupt , and 
volJa! , your cursor is where you want it to be. This is another 
simple procedure. that can be wricten once , compi.led separately, 
and used by any program you write in the future. 

Access and Control 
Modula-2 is not a perfect programming language. but it offers 
the best foatures of Pascal (block structure and stroog type 
checking) and C (low-level access to hardware). It al so has sev
eral advantages over Pascal itself, most notably its separate 
compilation of modules, its cleaner syntax, additional program
mjng constructs , and an improved I/O interface. Now that af· 
fordable Modula-2 implementations exist for most 16-bit micro
computers , you should consider getting to know it. • 
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FO< 2nd "'*"·add Jl2¢ EA. NV resldfinl$ add sales ta• 
MCNISA. • & Expc dote. 

SPTC 
-<O ~RJi)1 Oft • E; FARM N~U. • fh' • 111" ,:!'IQ 

51&-HJ..OUO 

Inquiry 559. 

IBM PC ACCESSORIES! 
Our FREE C.talog lncludo• hundreds of Swr1':1>H. 
cao!<K. sune<s. Data COIMlt1an. SlQnoJ Bocst•rs. Pl\n! 
Spoolers. PC Tools. Surge P!019C10r& & Mo"' for you< 
IBM PC. LON Dheel Pritea. SAME DAY Shipping & 
Sll1191eCllon GUARANTEEOI 

\'/rile or Call tor 1 FREE CAl'AlOO Todoyl 

TIP,._~ £_o=~~!!,.~cg~~o~!!i'ea 
800-3e"r·S479 or 41M26-4333 

Inquiry 560, 

ACCESSORIES 

POLAR F.11.TER 
• 	Pf\Mlf'll1hoglwo. 111Ckllt 11nd~ cat.l!ii8d .byl.ho 1 '9ftoc · 
"""ci~ lv< "'"'" .,,,W'>'l>On _ 01 .,. · .~~-=""oig!Wll.... fpt<M>d ~ ......, ..... 

• Blod<s OUI I~ o! Ul~a~ !•)la
COMES IN VARIOUS SIZE.S EVEfl fOA 1V o 12" 1• · 1s· 
3!i ' l'2 1 ~W, s.37 .s.t r~1~'gchoc:a..._nU}WtwelM.1 
er COO, -.........,."""°'""! 


UNLIMITED Computer Systems 

11176 Ml. Vi~• Ave ( omo """· CA 923$0 

Ph II (7H) 7N-70n Fu II (714) 796-3031 

Inquiry 561 . 

ARTIFICIAL INTELLIGENCE 

FamllyCare Software 
This ccmpt-nsJ,o mooleill 0iagrio51Jc upen oyoum 
spa,.,. "'pM!lvo. onn """'5.!ry trips IU n physloan o, 
guiding you qulcldy tn rougn l'O"~l~e 9)'1T\j)10m' Olla 
glY1n9 voo ~I •C d r&ollons lor medlclll cat•. l\Ome 
1reatmen1. lll'd medica11ono, lnctuo.s nu-ndr...i-. ol 
symp1om.s. [njurte11 and d1s11ta.s~s o newborn• 
through lffn11g•ro . 

F•mllyC•r•N Sottw•r• 
( urid1.0 a.,,botarori&11 r.nc 

2'1M. ei l GrH:!) ~,..id Fkl S.1~ t1 • ilt6'. ~UOlll>kl~ Ml 480',6 
8001428 ·8•29 o r 3131589~!181 

Inquiry 562. 

YOUR OWN EXPERT SYSTEM 
Mfanb.pejl, on all0<da!Jlo ID.pen S)'Slnm sllcli. llllows 
you (b&gfn9er or prOgrammerJ 10 see IJOIY a syslem 
~as )'00 biJJld Hyoursell.Soltwaro 111cludes tutorial 
for aoslgn ol 1<nowloage Daso ana creation of rutos. 
Source codo provided. 

SM PC: 852109·2 Apple II: 8521 0-6 
$49.95 

McGraw-Hiii Book Com 
~o• 4~"2-~'oaR LWr.o 

Inquiry 563. 

muLISP·~ -87 for MS-DOS 
F~I . co~1pac1 , emc1en1 LISP programmlnq en
vironmenc muLISP programs •ll 2 10 3 li rnas 
fas1er & rake 'I> 10 \IJ 11\8 space of other LISPs 
450 C<l\nrncn LISP 1unc1Jo11S. mu~ vonc:IOW Odrting 
& debugging, ll•llOrS. graplllcs pnm lives. IOS$Ons 
& ~elp, demo prOQrams , comprehensrve anual 

Soft Warehouse, Inc. 
O<l16 f!ill dll)O A~.. 9ull• 506. fJo/IOlillu. flt OOS• G 

(808) 734-S801 

Inquiry 564. 

BAR CODE 

PRINT BAR COD.ES 

AND BIG TE.XT 


On \'O!Jr EPSQlo!nBMIOKl/lasefJet printers. I " tall \ext· 
1ea~e 8150 n. Code 39.2 of 5. UPC/EAN. MIL·STD, 
>UAG Menu·Dri••n iVlY !onm1Vslze. FooJnput. Design 
lllbcl on 1scroonS279. Otnor sfmplo program• for bar 
code• Imm $49. 30 day S baci< guarontee. 

Worthington Data Solutlons 
•lN\riliioto San'..-cnu.,a.t........, 

1...) ... ._.220 In CA: (•DO) •5..113• 
}11nw u. QVt alillm ~~ 

http:Pf\Mlf'll1hoglwo.111Ckllt11nd~cat.l!ii8d.byl.ho
http:C<lpl.lf
http:CONTROLl.ED


--------THE BUY.ER'S MAR"li.:..,__~~~~ 


PRINT BAR CODES/BIG TEXT 

FROM YOUR PROGRAM 


Add be« COOo! IUld big g.1~ lo.tt to}'CKl:I pr~an1 Pn~u
!Tom "'- OI OBASE. ~- C. OIC. 0M ~·UPC, E/\N.
2 ol 5, C- 311 E-Ol<lllOM dol monf• n.-<1 up 10 •;,• 
'--J.t '""'"up"' 2· 11 .. p1aJ. ,.. $1~m 
:io .., 

$.S~ gUAt.lanl• 

Worthln ton Oat"- Solutions 
•U7 ;.. f SI . ~ Ciuz. CA 95060 


(1001 3'~220 In CA; i-) •N-9''11 

~ - aut ~ Dfl i*"9 ol2 


BARCODE BARGAINS 
Buy direct and save. We' ll baa.I any written 
quotes lor compe!lng equi\lalent bar coda 
rfllldani "' bill code label g&ooration softw1110 . 
Call or write fQI' brochure5. Quantity discounts. 
warranty, same day Shlpplng~ Bar cooes are 
alt we do al ITS. 
lnlem1Uon11 Technologfet & Sy11em1 Corp. 


950 Wll<te S<ol !lf ., Olllmood Boo . CA-9175:> 

(71•) HMln r ....~ 265110 ITSCO UA 


BAR CODE 

BAR CODE READERS 
For f'COCTIAT, and ALL PSi2 modelS-aftACha5 
~ 2nd keyboard, reads u ~eyed data. Ex!Mnal 
mounting via velcro 10 olde of monlt"', OR c1111 be 
ohor1 slot moun1ed In PC&. PC-$385. 
PS/2-$399. RS-232 Model-$399 Reads UPC. 
EAN, 2 ot S, Code 39. Mag$1rlpe opiiOn t $100. 
30 day s back. 

Worthington Data Solutions 
-tJ'N~ 1ogi*J SL S.W... Cn.a. C,. ~ 

(IOO) 349-4220 In CA: (-J •~WJI 
~""4Qul.,.oiri"~Q 

lnqulry i:-565. 

BAA CODE MADE EASY 

PERCON 
2100 w 111n St . Eugene, OR 87402 

(503) 344·1189 

Inquiry 566. 

READ & PRINT BAR CODES 
Fast, reliable dllla antry into your programs a.s (I 
from your keyboard. ln1emaJ unit for PC. XT, A"T 
PSl2-M30. RS-232 unit IJr DOS & Non-00$ 
systems (Incl_&II PS/2). Slalnleas a aol wMd a/Id 
LASER 1n1ertaC89. Powerful Bar Code and T&•t 
prln11ng sortwato . 

Seagull Sclentlllc Syslerna 
601 UO>vOfl>tY A•• .sui.e 15(), Sacrsmemo, CA ~2S 

(tie) 386-tne 

BAR CODE READERS 

Amcr<>o '"" -.ieo but llOil ...,.. ""'"'I' .-i """"'°" 
- ·.- .. ....,,.. "-"'Mdo """"""("""" 311, 2 on. 
l/PCIENI. -). conn-__..._., & -· 

..,.,..,_.CMOS  '-r,:o - ...=-'*'" IO
:!!"'..:=-~!.c~....,, ,:=:
!:.:l'..- """"" _..,,.. c.i.Ll. lof ~ '"" 'o.- ro 

Solution• EnglnMrtng Sale• 
8653 Geoigla A•e , Silver Spnng, MO 209 W 

800-635-6533 
Inquiry 568. 

BAR CODE 

DATA INPUT DEVICES 

aar Co6e & 1,1agn111lc Slrlpe Roac!em ror mlcroc>ont

putera & tllfflllr\ars, lncludlng IBM PS/2 $ othe>w_DEC. 

AT&T, CT, W'(M, Waog. All "'~ conl>OCI on Iha 

hi:yboanl cable & 1116 llllllSl>llf&nl IO all JOl!wlllG. Low 


"""' bar oodo prflll progratnt & .,...1c: - "" 

a00 a\'i\!labl<I . GSA approved. 

TPS Electronics 
4047 Transporr, Paro Alto. CA 94303 

415-856-6833 Telex 371 ·9097 TPS PLA 

Inquiry 569. 


BUSINESS OPPORTUNITIES 


FREE LIST 
100 P.C. BUSINESSES 

Pl!fSO!llll C-Omp U!er Owr>ers can eam S1000 10 
$5IXXl JOO<liltll" ..,.,no sim~e~pe,Jormcd by 
lh<!lr computer. Work 111 name m spare IJtne FREE 
oSI ol 100 be5I ..,,V!C.eS lo otter Wnta 

A.l.M.B.X 
P.O. Box 60369, San Diego CA 921(16.3369 

Inquiry 570. 

COMMUNICATIONS 

MULTl·USER BBS (FOR IBM PC An 
TEAMate - a tnalnfreme quollty BBS. A m1of Com
puServe. Full SCll!Oll CUlllOf~trollod lnttrlaCl!I. topic 
oolii-1& :llructure. publle a/Id privale lllflloi, audit 1rail9', 
xmodem, lnlllQIB!ed nWI, content retrieval lllKI more. 
Ms.DOS, XENIX and UNIX verslons. 

MMB Development Corpon1tlon 
I02 t No $epu'<octa&<l •S..te K, ~<llV\ll!WI ~o. CA 90Zli6 

1-800-332-&032 

Inquiry 571 . 

COMPUTER BOOKS 

Booksl Booksl Bookll 
If It's published and about IBM or compat~ 
ble computers, we probably have ii . Books 
about applicalions, programming . 
operating systems, uUlilles. hardware and 
much more. Wrl te us today and we'll send 
you our latest catalog. Send $1 to: 

Book Expreu 
~ 10Q, 651 w_... 0 Souai Oult.ilo G.-. ll llOOl!1i 

Inquiry 572. 

COMPUTER INSURANCE 

COllPlll1!R8 + INlllAANCE "' 8AFEWARE 

Call toll •- for lnfonn1Uon 


• HOME- COMPUTI':RS • BUSINES'l COMF\JlmS 
• CM!~ ro.tl'IJTEAS • l,E.ASEO COMPUTERS 

• COOPl!JTI':RS LEASED TO Olt1ERS 
• COl.<f'UTEFIS fAKEN,0 St-r0WS 
• CWPUTf:RS HE.LO fOQ SA.I.£ 

• OTHERS COMPU rERS IN VOUA CAllEI SAFEWARE, 

The Insurance Agency Inc. 


CALL TOLL FREE 1·800-848·3469 
Inquiry 573. 


CROSS ASSEMBLERS 


CROSS ASSEMBLERS for 

VAX VMS and PC/MS DOS 


Faster Version 2_1 Now Available 

Relocalable Macro Cross Assemblers, 


Linkers, Llbralians 

Targeled lo almos1 alt Microprocessors 


ENERTEC, INC. 
aox 1312. LanlldW... PA 1a«e 

215-362-0966 MCNISA 

Inquiry 57'4. 

CROSS ASSEMBLERS 

CROSS ASSEMBLERS 
Macros, PC Compallbfe, RslocaU!ble, Cond~ 

ll<:mals. Fast Reliable , . . ~from 1150 


also: 0 1511SSGmblarti 

EPROM Programmer Board 


MICROCOMPUTER TOOLS CO. 

Phone (800) 443-0n9 


In CA (416) 825-4200 

912 Hastfngs Or .. Concord, CA ~5t8 


Inquiry 575. 

Inquiry 570. 

ASSEMBLERS & TRANSLATORS°'"' :ao ionQuni«y, !ul\ turict1on, fa!lt rd<>:atot>c nno 
3.ttc.olutG rnactO il.YOmtilOHl' am .., blo i'llmod:JJ10I 
Soot-co Wmgua!JB un-•Nllp ~P,..ogemoer 
tx.t C<J!llot'itlonllool M.'l/!lOS, CPMOO ISlS 

RELMS"' 
P,O Box 6719 


San Jose, Ce.lifornla 95150 

(4081 356-1210 


TWx" 910-379-00 l 4 


Inquiry sn. 

Dlaaaaemble MPU OBJECT CODE on your PC 
Relocotol:llo. sym~ d1s.:isscmb1ofs arc"°"' a~n. bkJ 
1or INl Moror<lll.1111 ,RCA, fl ,~. & l<l\) l'l'lb'OG: 
Aulanauc labal ~enerai1C11. ass«ll'*Y captltioily MO 
mllelt rn0<e Cal end ask lor what yO<J r"""1 

RELMS 
P.O. Box 6719 

San Jose.. California 95160 
(40U 3*1210 

1WX 91Cl-37&-00M (800) 448-48IO 

Inquiry 578. 

DAT A CONVERSION 

llEDIA CONVERSION/DATA TRANSLATION 
Moro rn.11 '""' • Mffirlhl d""JP "' ASCII O.on<iorl 
WM!~, DllMS,Olld~ .._.on l)joQ°' T- lf.Wl«nod air..lly ln•o Al'Plklllon• running on 
-.rr-, Ylnlo, lliofOO, -led Word P--.T- and EIK'lronlc Puhlliilllng ~ IBM PSll? & Mac.ntOOI), """""100 

11 \t>lho~I 

CompuDeta Translators, Inc. 
3325 Wil1lhlle Blvd • Su It t202. Los Al!otJ{es, CA JJOO!O 

(213) 387-4477 

Inquiry 579. 

DAT A/DISK CONVERSION 
I 

Get the Expertlu You Needl 
Dl•klDlak • Tape/Disk • OCR 

ow.. 1,000 tomiattl a•h,s v .. 01 61ncll ~ g ·~ 
111i11J \api), 10 f.18 Be<~ cettn(IQ(! DilUI OOS<>J.loo 
"""d po-ocessor ~anslation Spedalisti; ifJ (3oolern. 
rnenl Sacimty Data Call IOf' fraa cons.JflalrOO 

l 

Computer Conversions, Inc. 
9580 Bird 41ri ~ Slo J, Diogo, Ci< 92 26 

(819) 893·1897 

Inquiry 580. 

MARCH 1988 • B Y T E 281 



-----THE BUYER'S MART------------ 

DATA/DISK CONVERSION 

DISK CONVERSIONS 
Media uansfer 10 oi from: IBM. Xerox, DEC. Wang, 
LanM!r, CPT, MICom, NBI, CT, 4lso WP, WS, 
MSIWRD, DW3, MM, Samna, DEC DX, MAS 11 . 
XerO•-Wmor, ASCII . 

FREE TEST CONVERSION 
CONVERSION SPECl~LISTS 

531 M1ln St. , Ste 835. El S119undo. CA 90245 

(213) 545-6551 (213) 322-8319 

Inquiry 581 . 

DISK & TAPE CONVERSIONS 

AUTOMATICALLY 


SAVE TIME AND MONEY 
~ 1000 fot rnM1 rrotn M!nt, aroo M.untfam•. Wota Pro
c.el.tl0'1 I T~n.. 

TAPE1 Con.,.tefronll u u'2300M8 

OISK Con-vertlD~ a low • • .$i.m OD Piii" Ob& 


c.tl Ot W'ffllli' TOO.AV JOI' .t cot.1 MY.ng quou.tlOft 


CREATIVE DATA SERVICES 
ra10 W Llllm•r A.,. . C.ln'lj)!leN , CA 95008 

(40I)-

Inquiry 582. 

Call Toll Free 1·800-431-2577 
CONVERSIONS 

Tap.,o-OIPIO!ak-t"'T1pe10pllcal 5co~ni<1g 
M ! pa(L(&r 5y, iM"rd 8'' Uoppy d!Sk formal!. 9 tt e.cJ. 
rape a "( tQPt! AJm~ any l<MU or o.&g-e torrnar-eon 
00 ro;: OUf r"ICf'.S 

DCC DATA SERVICE 
1200 181~ 51 NW SI• 704. llWutu~oo. OC 20006 

CT 12a:111~ 

Inquiry 583. 

IBM PC •to• Jft,. 
IBM PC 10 HP Fifi COf1'f allows IBM PC•. PSI:!, com
pJHbl.. IO rMd, wr t• filff wllften by Hewten Pecka1d 
Senos 70. 80, 200, 300, IOOO. !IOOO's We alfer cusl001 
M>i1i: u' lng our tile oopy utif1lliM And pt0gram Iran&· 
1a.tor8' Call 10< 111trma1e, ca1&log, daia slleel 

Oswego Software 3121!154-3567 
507 Nonh Adams St FH 3121554-3573 
Oswego, llllllOls 60543 Telex 858-757 

Inquiry 584. 

CONVERSION SERVICES 
coo,,.n 1lfl)' 9 11aci< magnectc !llpe to Of from cM:r 
1000 fOfTT\31S 1ncludng 3'h", SY•· 8" dl..X formats & 
l>O!O PIPCCSSOIS °'5k IO ~rsions also 
avalable. Ca lo1more 1nlo lo;roduong OCR Scan 

Ser ces 
Plvar Computing Services, Inc. 

165 Arl1nglon Hgls. Rd., Dept ~B 
BuHaJo Gra;.e, IL 60089 312 45S.6010 

Inquiry 585. 


dBASE Ill COMPILERS 


FREE dBASE Ill + 
COMPILl!.R Dl!.MO DISK 

°"'11rur . ,.....,• .,...,....,cuFAE.EollAS£Com 
Die• E-..uon lnclu<leO DEMO DISK IM!h'!l PllGs 
and ,.....,. cl canp/orlQ wolh Cl•QP<>r. 0-~I"'' & FO< 
BASE + AllO t5 b'lnclvn8fk QYTI o "1J\QlU>JW! 

'"""""' llNl - broct>ur.. obOOI 3 oom~ 
FREE o ~ Cd 2• "°"' 1 ~ 
"-t.BASE S,.Claltl.. (415) 152·27'IO 

P.O. 80o "2111'- °""'"""·CA N<lll 

11 

dBASE GRAPHICS 

EASY dBASE GRAPHICS 
W.11)' ol compllc.attHI grl/)ll lng PfO(Jf11ms? 

Announcing dPICT. 

<JPICT ,. <r•proo.sly cles"lgnec!J o bo easy to U!iO 


Typo rwo words ; In llttee mrnu1es you s&e 

lour pro,.,ntallan• ol your dBASE dala 


pjck one, That's all. ,149,95 

Aequlr"" ISM PC ot compa!lblo 


Paragon Tech 
IM-1 ~,:..~ luliWl.C>.92680 

Inquiry 566. 

DEMOS/TUTORIALS 

INSTANT REPLAY Ill 
&.kl ( JeofOCIL f l.(l>' Prcr.,fypea. "'""""'"' . y ._, 
1"""' K0ybourd MGC!OO MCI Mcnll s toms ·~ 
Sci~ n ~' it .,•~, Keytilr eH•rnti E'd1IO• ? ( ., 
~·~l{'!.,. n.nd Arwnat.cp R ·o GroJJ e-••"'~' SolTlp 
ly 1 fl.CSl N COO'! pi~ ""J riav 
SOk..laebOn rncnoc-1 boc;k ouo:r ISM ' rid COT'f'lftfb 
~ t •995USGnkiC• C ro 0. 1:1~00 

NOSTRADAMUS, INC. 
3191 Sooth Valley $1,..,.,t (Siii 252) 

Salt lal<e Clly, Uleh IM109 (801) 487·9tt12 

Inquiry 587. 


DESKTOP PUBLISHING 


ProfM1lon1I Typ• ComDOSttlon 

MP·XL-Harck:ora tl'll091aphy and t ypelonl,.Jor 

Ille HP 1.Ue1Je1 II, Oklda!a l.aHrtmo 6. °' RICoh 

PC 6000 Luer Pnnter1 H&J, Indents , Tabs, 

Graphlee. V• pt)eedl"!l, random m of6WI & '"""· 
8-72 pl loots, MP-XL comp101e wrtn 22 lon11 , Pl 
+ Bllmn &-24 pl $195. 1.1/C VISA 
M4iny lldditlolW ryp. //lees avllilllble 6..;JO pt 


Micro Prlnt·X, In~. 

f'.O. 8o• UI, .,,._, TX 7HZI 

(1111) Hf.1341 

Inquiry 568. 


DISK DRIVES 


PS/2 DRIVES FOR PC's AT'~ 
compatJKlr/PC • .. . • .. .. . . . . na 
ContlMflX/r/A T • "308 

Bu/INn noppy conltolient-no problem 
Suppom mulfip!O drl>os and lotmars Lets your 
computrNuselBM Sl2 l .4Mal$kott1JSptusmorol 
Call fOf lutther l nformetlon or !o plAr.11 an order 

~1$A)1ACiCOOICHF.Cii 

Micro Solutlon• ComDut•r Producll 
13:2 ur.x;'t wy Dill b I\. 6iJ I'S l1 1/7Mo.J.4 1' 

Inquiry 589. 

DISKETTES 

DISKETTES AU BRANDS 

Xidex OS/DD Bulk SV•• wfTyv k .3S 

3t.A OS/OD/RH Boxed 5 • • •70 

Compua1111 0$/00 Boxed S • .40 

Ash!on Tale DegiW4aed' 5 • .25 


~:~~g~:~ ~: ::: 
W1 canv Sony 1 Muell 

1-800- 544-0141 
Co"'putech Products Inc. 

1008t-B s.il1Cl....,.., LI , Ptil1"""1pti • . PA 101 15 

Inquiry 590. 

51/• " DISKS 23. 9C 

MINIMUM QUANTITY 1000 Pc1. 


3V:a.. DISKS $80 per 100 

LO'K i .AdV•r11aeo Pt tee ,n tne Solar Systoml 

• OSltlO P""""J"' w*Y di- n- ..... ...-, 
~~1:1~~WED~ Dcxlbr•• h>- fREE Simple - .00 ,.. 1,000 ....II"°'' p,....... - ·Solo .. t ,000 \nc"'"'

~- .. fohlpplrvchar- Send ,,_.oomon.-,

°"""to 1!.U!.CTRONIC LIQUIDATOR& 
P.O Bil• 13$2, """'°'°· r.IA. 02175 {117) 112·9213 

Inquiry 591 . 

~ 

I 

DUPLICATION SERVICES 

SOFTWARE DUPLICATION 
• One Slap Shoppong • TochnleaJ Suppon 
• Cu!!tom Paci<agrng • Drop Sl\ipplng 
• Copy Protoctron • Fut Tuma.rnund 

• ComJ>O!Utove Pricing 

SATISFACTION GUARANTEED 
800-222-0490 NJ 201-462-7628 

MEGASoft 
PO !lo:o oO - jjj 0!71! 

lnquirf592. 

SOFTWARE PRODUCTION 
• D~ok duplieaUon • Warehouarng 
• 	 All le>rma.ts • Drop shlppl09 
• 	 EVEFILOC copy • Fulhllmunl 

prol<ICltlon • 48-hour dAl1\rl!l'f, 
• 	 Ull<!Ua!Hvo p11ntmg • Consultali<ln & 
• 	 Full pDoCk"ll'"IJ guloane<t 


••rvlces Siar-Byte, Inc. 

7. ' 3 W U1Nn S W 5d.ltle PA 9A4i!S 

2 I~ I :IOO JI00.24:1· 1515 

Inquiry 593. 

FRAMEWORK II USERS 

FRAMEWORK II FRED DICTIONARY 

,i\u1om.nc, /\JnCllon• DIC't.on•rv. 


-•mnMdl.t• ec.c.u lo• lull tcrHn t&irw:hon ref~ 


~nl rods, mo.nus, ..w tlpm, book.• m!o . mor1' 

Oui • t1rom1Uc. Cla!ab&M NtitnnQlmen u 
rom.t di~ • m11nuaf bcdd9l l:JtJi::i M11 

3 ~· oO<! $1 OO, !"fl ' ;f'RAMEWO~~ 1r· 
Nd FW IOJWj I cop,~ SOn<l ctll<!I"' """"oo 

M.FRANKE L! 
169 FRAN~LIN St 

Inquiry 594. 

FLOWCHARTS 

FLOW CHARTING II+ HELPS YOUI 
P,..,_ "'-"°""'II '' i.... and m""' '"''" .._ a-1lnu••·r::rr..: oa• ..a ~ per111:a Cl\afU· bOIO.,,. """"•-. 
2"" tl'l•Pt• - ~ !NZ..t> ' '" lffl''Y ol lftOJtlt. ~,.... ' c.on
rwctorll! Fas i"""' Y,... lih'W'lk ~ dilcirf.' ~n 
chan\ -4-0 tolurnt' 9'ltl terHn k)( ~ woOc . muc.h mott ! 

PATTON r!lr PATTON 
~I •oilL 01v0 ~ VI I U· 

1-too/612·3470, ext. 8D7 ICA re~•dMm) 
1-800/S:JM157, HI. 89'7 (Qua.Ida CA) 

408l629-50-44 IOutsk!e !he U-8 4 ) 

lnqu ry 595. 

HARDWARE 

DISCOUNT CLONES 
•X1' ""'1o - ~I. 
•R NIOUH.t - SML 

: ~~~~:..MIO 61"4 With ~!- S»C. 


·--·2CO~-- ·...• Ew!rN.:t EGA ltlO. -
• ~ s.rlfo 11 ,, 
Automaled 	Bualn•u Solullona 

516-379-3995 

Inqui ry 596. 

DIGITA.L SIGNAL PROCESSOR 
Tne Mo09!'10 Jo< tne lliM PCIXTIMlll bull4 "" tno"ll 

rMSJ2010 on<1 i. .s..1gnec1 "" - - It> ccm
mun~1. !l\5lf'U"*'tai0n· t.pli9Ct'I , ano nu rneoc pm
ceulno /lo 1K complft FFT !Alie• 90 ma. Olf<ll'1><1 ..111t 
12 tiO eo KHt NO ana OIA ana conti"""'" dola IOQUI••
lion & Pllofba<:k oploon S850 nl!d Up. 


DALANCO SPRY 

Sulie 2•1. 2900 CMnectoait A>• w. 


WWirJIQ10!! oc 2ll008 

(202) 2.32·7'898 

Inquiry 597. 
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HARDWARE 

CHIP CHECKER 
: ~~5r.to~MOS : =~~ + 5'g"911C'll 

•,.,_~Pin Chr'58 • 3 .. + 4"' IC ~tn'S: 
T0$tl/l'dlnt:t!M ""* 66() diQul ch;p. ""'1 ANY <)'I>!! 

cJ "'"""' "' _,,. "loo•~ popular RAM cn~lBM 
OQml>!i,ble ....,..lcn 1259 Cl28 • C64 ...Jon SHi9 

DUNE SYSTEMS 
2eoJ W-iJlo Or ,, $1 J-p~. Ml ~-' 

(616) &83·2352 

Inquiry 598. 

INO\JSlllJAL STRENGTH SINGLE BOARll COllPISTEJl 
Hu ophmum faatutlit!J 'Pf mon or t control appl~· 

'"""' 16 Ct111n AID • • RS23</'22 P~ • ~ PrOQ 1/D 
u • 8 Opto JN1 • d HIOrh1e OUTS • 4 Tim.Nl • 
W8.lcil<IOQ '\,1~K Ma(TlOry. 5.25 x 8.0 O!>!fono. RKI· 
deo! FOR_lli OS .,.,In Targo< ~. Edfio..; ......,.. 
bl•r. t AtJIO LOadtlllarl , 5 MHz ll08S • 4 Ch•~ OJ>. • 
Ban.,y Bad<.a<I C1oclclRAM • ~ • PC Suppor1 
f-l'AC 1000'+ U0.00 E·PAC 2000+ 1441.00 

2'1l42 C.'1ld 
EMAC INC. 

:1111 ti 62!!02 (111) 52M$H 

lnquir)' 599. 

FREE CATALOG 
Pf'Olea your computor P'O'ft•< from 011cJc-outs ~ orown

OLJll , aud.oNtdeoJ\&!11.h artd au1g~! Campl~le tine or 

10., cool Eme1p.r.cy P<>WOr SiJPt>/Y vmcs. Lin• C<!n<!iN<>-•arid Suri" Sul)j)l'M.so~ Pf""""' d&""'Qe •nd 
lo~:; ct '/Oluable Gata Pte'li'tfl-i .,,.-ore , n;-1lh.11'ct)On.t and 
ltl!l.o- c;>rlniouat Stnd for mGn8)' aav1n.g cataloQ rCMHy 

INDUS-TOOL 
w l .h.c S• CldC.ftOO' !l 60606. 

Phone 312-648-2191 

Inquiry 600. 

87C51 PROG. $125.00 
Th Ll PA 8iC5 t Pc1ogrd{!lnurig Adao1e<1e1s yoo uS<I 
vo<.rl eoe1al Pill pooe D<OOramme• lo P1<li11am 1ne 
57CSt 6'751 H, AMD675Jt~ . 87C252 wld 675261' 

· 1e4 8 y<loJL)(O(}ramJl •A7C5t 187S . yb 
ofa<J tt-..: 87C5 1 & YutKl<l mraY II~ very s:mt.'4tt anc 

EIW osl cff•clt0<> 

LOGICAL svsm11s CORPORATION 
!H64 'TeiJll S.a•lon. $yf.ite:Uff NY !3217 

/31$) 47~722 T•I•• 1715117 LOGS 

Inquiry 601 . 

NorthStar 
Siln lll'llJ ~ No;u; r.en SoiQlllU'Hl tn HarLlOtl ancJ "" 
<aiil>\)O W..orol-.WouPOOtt U/QHI h.il 
OI ' l'ltMJt0t ot Norrnsr., p(OO\K1 In UnSttd Slautt Wt nl.i 

I.far.kt •., prOdUd.11 llU'l<I pet 

•O()ali !• oWi.t • r..:n &upper\ e/\Q Ir-am 11;:1 • 
~ IC'ft•~- il!CiO. . s.amt d~ .M(~· IFt 

'l't'Atli of CIO!QtlM'r Ult.a.llldt'°'1 

NonhTech Suppon Servlcn, Inc. 
Oberlin Ol"o I Arl i nrJ~on V1 rg10iO 

l -/JfKH21-1BH 211-T1U!S25 

Inquiry 602. 

NEW/USED APPLES & STUFF 

MACINTOSH - Call 

Apple Parts - Call 


Mac accessories-hard drives Call 

We boy, sell & '10f'So1raao - Applo, IBM. 

S,HREVE SYSTEMS 
242J MoJcom St • Snr~veport . LA 71108 

311465-6743 4-9 p.m. • FAX-318-M5-20Ge 
lntoinotJonalJ"G"'"'° welcome C.S. T - YlSAIMC 

Inquiry 603. 

HARDWARE 

SANYO 550/555 USERS 
3 617 ZM11Z TURBO BO lf'/aoa&.2 179.IH 
IOM STYlE CG."t ViOEO BO , $151.1>$ 
18,,. STVlc FlS.2'12 • , , , , , •79 .'6 
SANYO RS4:12 , Mi. ts 
768K MEMICUC/EXPANSl 00. UO.H 
20 ~EG HARO OrSK SYSTEM JS89.$$ 
COMP09flE MONO MONITOFl 1 109.tS 
~50 COMMUN<CATIONS SOFTWARE s.&Q.90 

TAMP.ti BAY DIGITAL 
17SO 0,lfW $1 , ~rwa.t.,r , FL"':k61:i 

• • • FllU CATAUIG • • • 11 :i...u.70ol9 

Inquiry 604. 

Inquiry 605. 

HARDWARE/ ADD-ONS 

Z80"' I HD64180/CP/M"' CO.PROCESSORS 
Plug-In co-proce~sors lor PC. PC/AT. 
Blue Thunder ZBO co-proceuora 

6 ~ H.:_ $20.95 10 MH2 S39!US 
12.-0 MHZ $599.95 

HD&I t IO co-procHaore 12115 
ex>-JY • "('!~ CP -t 001~ 

C!f!'ulate< ZSIM ~ S99.95 
Z-WORLD 916-753·3722 

1772A Plca.~~o A"" . Oa"1s. CA 9S6 l6 
S.. our ac on pag& m . 

lnguiry 606. 

HARDWARE/COPROCESSOR 

BIT O' HUMOR 
JOKES ON DISKETTE 

OWM • ll'l!OUUM gr•l.t )okes1 ~, p ;n~ i:lr)CI JOf · 
tun• coo~• o~ dt11«>1to ro l you1 MS-OOS """""'"'· 
LAN COIT!t>aUtMe R(o. up you r al ,a mad.'ll(le11 C't'""'l'Y 
rt)(lm 1ng With rot{Hti1n9 hurrloO!' l\dV:t.ne.d sottw.are 
'"'"'"' llmln9 delay,,. ou.iomJOko dotitbue •no 

ca:ego<y ••lOC'l•<>n $2,_95 I eludes pr091am Specify 
S.25 " or 3.5' a 1k0110. 

PLEASURE INTERFACE 
P 0 1 Ben l3 J47 1 Mo1.J11 n V•CfW CA 9-'0ltJ 

Inquiry 610. 

. INFORMATION 

The Tables of ERP 
Tt\a. "Economic Re pan o! Ill• Prelldenl" has 
conctSe tables cl Ille major l>COflomlC 1nalcaloro 
(GNP, Employm•nl, lnllallon, Popul911on arnl 
mueh m0<e.) Tllc Tat>los 011110 19511 RePort ore 
nowavallableond1>l< n (CAL, WKS. CSV, orTXT} 
lorma~ 10I (PC a< MAC or mollt CPlll>-1211.115 

Jnqu1ry 611 . 

LAPTOP COMPUTERS 

LAPTOPS SPECIALS 
Zom1h 181 & 183 • TOSll1ba • NEC MuUlspeed E.L 
• Datavue Shorp • AFFOROASLE 5 1!1 •or3\Ai~ ORIYE 
UNITS FOR LAPTOPS 6 OESKlOPS • OICONIX 
PRJNTI:RS • 1200 & 2ol00 SAUD MODEMS (1 

LAPTOPS) • fast d live/)' & t el16/Jla ~ $Mvlc.q 
C/JJI /or low fJf/Clnl} 

COMPUTER OPTIONS UNLIMITED 
201-469-7678 (7 Obyo , &AM-llP~ Eu1_. on'!) 

Inquiry s12 . 

.. 1 

AT/FORCE RISC SYSTEM 
Repl•c•,.Sii-Siie• THhnology 

S.MlPS IBM/AT ooproo"""°' ond oolrworo 1)'$1.,,, 
new'Forco. COi~ rrom Hartl• S<omlCooducta< Forth op. 
11ml<fld RISC Engine Core Se• comprlsn 5 HOMOS 
'1Anclaro °""chlJ>t ' Coie. 1n1errupt Con(roll&r . l -<;vele 
MulCOJ>lfM, and 2 Slnctc Conlrol- Forth -lopmool 
long"•9• l!l<>!Udad, $409!>. 

SILICON COMPOSERS (415132.2·'783 
210 Calilorn a Ave .. Suire I(. Pillo Aho. CA 94306 

Inquiry 6Cf7. 

PC MINI-SUPERCOMPUTER 
Up to 40 Ulf'S In Your f'CI 

Rl'pi PCJY:rfATMh I lo8pciwl~loto'\Qh IP!*l' 
PCll!SC- 1"" l'C<IDJ ,_, tl1o rlC4016RISt ~ 
-~ o.-1M l"i!" - FM~., &Uoon E&mPC4000 II I 

-·""'-~°"""""""r""~~ ntn1 ~ v.> 1 Mlfl'S rangt o.w .1 iOO tm&S r.u:.i~ a PC 
.,_ Full>, C OI ......,.,... Fta!I $129:!;, 

SILICON COMPOSERS (415) 322-8763 
210 CaJ/fomla Ave., Sul!• K. Polo Alto. CA 9<1306 

Inquiry 608. 


HRDWR.fPOWER PROTECT 


C DIA CONVERTER 
16 CHANNEL 1.2 BIT RESOLUTION 

•6hnalog ou1put• oo a short slot CO')ffgurea IBM 
PC llO CM:l£C)\J!plll <ange5; +5, 0 , /-2.S, 5 and 
•OV Accuracy. + /. 2.~ mV 
Price $350 O.hvory Slock 

ULTRALINK 
1> 0 llo• ·~· , .-, 99• 2.1 


t-HG-152-1273 702-7&.2-fHI 


Inquiry 609. 

LAP•LINK 
TN 1&ra •01""'"' lc>"il>krng ...,..., "'"-"""'""\'rot~ 
~.da nr.kttip PC. 1 Ui~ 200 tw.ld 1r B.1'lldlel ra=»-J !!Of 

,....., lny <!Ir,., p<OOUCl °' •t>!o, lolO -
<e\'IO ""°lil!l>t"""'"n~ 1 l¥< 
'""' °"'*'" 'l)"i """"!ICll"'l-~Tnrnell! 
~-==.,;...rx;5,,/:.f:~' ~ s•:i_:rn 

-· - "  il>-O'll)' M9.15 w!O~Travellng Software, Inc. 
19310 No<1h Creel< Pa-rkway, Botl\011 WA 98011 
1 · 800·3•3·11080 (208) 4113·8088 

Inquiry 613. - -LEGAL 

Dl!SIGNl!D FOR LEGAL WORK 
The SoftWars-~ Substantive System. 'This 
col)ld save a Jaw offlce 30% ~ 45% of <fie 
time 10 process pleadings ' Bdef. 9 87 
Vers on 3.3-$159. Frei! brochure, 

TSC 
The Software Company 

P .O. 801< 872687, Wasilla , AK 911687 

(907) 745-6267 

Inquiry 614. 

MAILING LIST PROGRAMS 

DCC DATA SERVICE 
120>1 1& S< ~. w . SI• ;c.. 

Wuh•n91on. QC 2())_)6 

(201) •51·!019 Hl!0-'31·26n 

Inquiry 615. 
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PROGRAMMER"S TOOLSMEMORY CHIPS 

MEMORY CHIPS 
<l2!6-l0-12-lO , " Coll 51000 (I "'°VI Cll.1 
'18'. ! -,--. - --- . e..u 512S& b Compoo f.Q 
0&1·12 ~ - c.I l!I087-3-2 te/U3 
" 1211 pWr Bid< AT U3 ll0287~t0 ,. 155/tt:112n 
"-12 l6'KJ•I 3 . .17 1103117 c.. 
41qse ~j c.11 NEC-V-20-ll , CIJ( 

21&1.2712B~.27S 1 2 Col Mouse ""; 
~.1ub,«1PD~ 

ESSKAY 
Inquiry 616. 

MISCELLANEOUS 

WHY PAY RETAIL PRICES? 
Why !pend your precrous time searching lhe 
etores/c.ato!ogS for ti)& computetlofflce equlp
mooVsuppff«i you want? Through our program you 
can save time and obtain name brill'ld ilems at low 
prices. Free lfl8t m emberahipl For mo10 
lntormatl0!1: 
THE ULTIMATE BUYER' S SOURCE 

:ioe Ctoo:k« f<e94t-A ""' Clem•~'- Ml .ao.te 
1..0o.327-4229 

Inquiry 617. 

NEURAL NETWORKS 

Neural Net + Con:apller 
Neiwurkz Clemos "8\Jral net findlog nearesl match 
of Input word to list of words. PUO e<1mpl!M Not
wu1kz and itself for retarget 10 new CPUs Three 
manuats 10181 150 pages. All souree. Need 
PC/XTIAT w 256KB.)Oc1ober 1987 Issue of BYTE , 
pag<t 46, hos more nfo. 
Jolorwurkz: ?9·95 PUD: 124.95 Both: $154.95 
DAIR Catnputer Sy.•t•m• 

3'4ll K...,..h Or P"'41 AJ\o, Cll. 9-IJIXl 
(41S)4M-70a1 'wt ( 

Inquiry 618. 


OPTICAL SCANNING 


STOP TYPING! 

OCR SER ICE BUREAU - We Scan llYllJIYTillNQ 


Pr~loumy Printed M..eHal
•'"""°'°" •800ile1 • Oocumon11 • P~ Billl 
• Outi>iut to • 3». • ,. S!' . • a• • M,\C • 


1800 BPI • WORlll • CD ROM 

W• Coown ~YTlllllG. 


AM Word Proceoslng o"'1 O&la ~ Su?PO<tod 

1tu.....u a P111antlr Scannlnl! 


PllOI~ a f'rl!lllng • Doy & NI{/'! Sot"°" 


DATA8CAN 

' wooa Trooe Cl•. N"'"Y°' ' NY ·~ (2121138-5727 


Inquiry 619. 


PROGRAMMER'S TOOLS 


Affordable CASE 
A new concept In Computer Aided Engfneer
lng lor developl(l9 PC/DOS applica1lonsJ C 
Olspatohllf generates last, offrcionl C code lor 
command and menu driven applications. 
01111elop, document, and Chango easily. Many 
tealuras. For many compilers . 

Amaryllls Inc. 
563 W"""""""°" Rd , Boiu.\ MA q-)7•0 

(817) 38S-S4SG 

Inquiry 620. 

FINITE STATE COMPILERS 
Soltwato de>ignod as F'n11e Sto1e Programs d<M~ 
ql>CI<"'-, •uol lasler OM ""° IQss mem<>IY ,th en sequoo
tfMY coded PIO{JrtlfllS °'" EilJIO! IOiill$ $Llle 1atlie<, ll)<l
Co:niJJOn ota:e p<OQ<>ill'Vl ADA_BASIC. C,_fQflTJlAN 
& PASCAL 

$100 Ed~or (Wl1n primer) $75 per Compile! 
IBM PC 128K RAM Dos 2.0+ 

AV.ECO 5025 Nassau Cucle. 0!1ando 
INCORPORATED FL 32808 (305) 295-0930 

Inquiry 621. 
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TLIB"' 4.0 Version Control 
The beo;t ~ bo!lt"'1 Th"Y kMld TIJB 3.0:" 'pac:toowilh) 
f11aturas /d063 d6!188/ amazingly la51 . . ox· 
osl/onr"-PC T..:h Journals.pt 87. "has my h'9-'Hw 
'""°"'""""'"'IQ~"-ft . Rleh"1dll<ln, Computor Shop
.,., Aug 97. Now TLIB •.o hu: braqohlng, moro 
ka)""Ol'd•, wlldca.rdo & mo 113,., re¥lslon merg•, LAN 
"'°WORM drMO 5Upport, moro. MS/PC-OOS 2.. 4 3J< 
1119.85 • S3 s&n, ViJSIMC 

BURTON SYSTEMS SOFTWARE 
p_Q. Bo~ 4\s<i, Cory. NC 27519 (9181 46 

lnquiry 622. 

AMADEUS AND MODULA·2 
..,....,. .. , COfllPMt WIO~~Jof~ 
WIG ~~ 111 (l.ogllldl) on Pee- AmildtlJs lndUil*Jln 
~t611)1' .... ~~IA1•Nn-<W"neilUC)p)l1 
~Ol:ie-whicJl ......... ~ISAM-. 
~~ !orevlev-. ~ Cf'Mborl.b.11 Ii()~"" 
lplC9'~dhl-F·V&1n1(bd!D9St , j -.1111fta:bMn 

"'-·-~~ 

__......._'f'1"1--..Y· E-ol,... 
o(d0olc:roof!d--•"!41-N-Ol'*2_.,. ...,____ _o.li'/~!11Fr•..,,., _ 

.,.- ID NOUVELLES SA 
CP 177, 1001 LAUMNMt1 aWJTUIUAHO 

Inquiry 623. 

S3.00 SOFTWARE FOR IBM PC 
Hundreds 10 chOose !rom, wordp(OCessors, 
da1abas11&. 1JP19ad9h99ts, games. Haled, 1ono. 
communications. business , music, bible. nn. 
oducatlon, language and useful ulill\iesJor mak
ing your compu1e1 easier to learn. Most programs 
have documentation on the dl&J<. 

Write lor yO\lr FREe, catalog loday l 
BEST BITS & BYTES 

P 0 Be" B<?<S,_llopt-B, V NUVXI' CA 91•09 
<•1•1 r•1-1H116 

Inquiry 625. 

RENT SOFTWARE $1/DISK 
Ron! f>ullllo Domain nna User Supported Software 
for $1 per dfskfull or we'll copy. IBM (3Y, • afso), 
Appia, C-64, Sanyo SSO and Maa. Sampler $3. 
VISA/MC. 24 hr. lnfo/()(d&f line. (619) 941-3244 or 
send W1 0 SASE (opeclly compu1or) Money Back. 
Guarantael 

FutureSystems 
Box,,3040 {T), Vista, CA 92083 

offtc6: to.f PST llon . .sat. (61911141·9761 

dBASE BUSINESS TOOLS 
• Genor"I Ledger • Purch Or'2/fnvniory 
• Accounts RGCl!bl. · Accounts Payable 
• Order Entry • <.l t>b Costing 
• Sales Analysis • Jt>b Estlmruing 
$99 EA. ~ s&h w/oBASE 2, 3 or~+ SOURCE'COOE 

dATAMAA SYSTEMS  er. Crd/Chk/COO 
4876-B Santa Momca Ave, 
Sen D1"9Q. CA 92!07 (619) 223-3344 

lnqffiry 630. 

SOFTWARE/A.I. 

Learn Al Fast 
11/thon" Is a booic O!ld a disl< ol lolus ~f>ett,._ 

..A marvelous 11/!le Al training package 
you 'fl Ima ~ an e~ce//errt /IJIO<•Bi . 

this product rs a mu5/ " 
Elu1 sn1ptro. 

BYTE. AllQ ·e1. o.28:l 
11/th•n la only 1611 .95 

If/then Solutlon11
'" °" wo , •.;ota Y-. CA ii' 2-l .,_6--SN6 
1.,~ 1-•2-J r~ :_J l"'Q'IJ-•"'1 tl I t:IPfliJ A s.11 

Inquiry 631 . 

SOFTWARE/ ARCHITECTURE 

NAT.URAL 3-D NAVIGATION 
• 3 liamstl]ng Polnto Navigator: Great no1p tor aj1

l!ls A archltectS, t-l•vlgator proYld.,. r41> ld mo,. 
109 r1.1111ura1 ,,,;trNS ond the capablllty rot unusoa 

!~~='~"e~•~a~=s~~~f~ ~~S&li 
{may C!!l!nge 1M11>ou1 notloo -) 

t Require 18"4 PC or compatible (256K up) 
O..m<><li•k $7.00 • $1 00 S&H ('lot ' r 2 .0) 

bo-Codlna Svstems Inc. 
2Lts Univ.,,.l tv Holijhts Kve . Boulder. ~O 80302 

•lllopnono (3031 4-4s-:JB40 • o.c:<lml10 (:lOJ) 442 t El67 

Inquiry 624. 


PUBLIC DOMAIN 


Inquiry 626. 

QUALITY SOFTWARE IBM/COMPATIBUS 
~ a Word Processor. Spreodshoor, Oatal>aso_, 

Money Ma~er and 5 arcade game• plus our 

10.000 p1ogrom ca101og lor ONLY $10.00 ( S!hJ 


800-992-1992 (National) 

800--992·1993 (Ca only) 

819-942-9990 (Foreign) 


VISA, MC, AMEX Accepted (COO + t.90) 

The lnterndonal Software Ubrary 


-51 \ -1().4 £.,nelnitM Blvd E.nclll.11.; CA 9202.t. 

lnqui 627. 

PUBLIC DOMAIN 

FREE SOFTWARE 
Th<! P Bl IC DOMAIN USERS GROUP pr0'4<1M ooo!Jo <!<> 
mliln .Ottw~ fl;)I IBM. CPJM. CM & C-128 compu!ors. 
POUG lt.Ot'lfl o1 U\I ol0Mt(fl'5l tFl82} & llif99$1 (~ 0,000 
memt.n WDfjdW'ldo) u.sat:i; groups 

SPECW: OffEA-sor.ci ,SlO and,~ nol OUI t ·,~111 
memoerohlp UU1 l!.!so ou' rnJW memt>w at~ rf (comarn.s 
2, 9fe..l_Ipeer• 11 QI' ror m0t• 11"1ro wi~o a 51\.SE f.a.pec:r.., 
computo1) io· 

PUBLIC DOMAIN US15R8 GROUP 
P 0 Bo 1•42-SM. Or"° "--Fl J'l<flj/ 

---1~~12 (OADEA llME) 

Inquiry 628. 

SECURITY 

BIT·LOCKef SECURITY 
Piracy SURVIVAL 5 YEARS pro- eMOCllvenes.s 
of powerful muni1avera<1 secunr>j. Rapid decrypllOIJ 
algorithms. Aeliabllll•mall pen transparent s«:llmy 
devlce r PARALLEL or SERIAL por~ Counldown 
'1110 tlmoour options also avwlablo. KEV-LOK" 
.secunty a1 about 112 BIT-LOCK cost 

MICROCOMPUTER APPLICATIONS 
780f> S. W•ndomere Cfrcle. Little Ion. CO 80120 

1303) 1122-1410 or 7111-71113 

Inquiry 629. 


SOFTWARE/ ACCOUNTING 


Inquiry 632 

SOFTWARE/BASIC 

XGRAF DRAWS IN BASIC! 
FINALLY! X,GRAF reptacos Ouick8ASIC's poor 
drawing commands with assembly language cal ls 
lhat work on Hercules. EGA. YGA, CGAan<l EEGA 
scr0<1ns. On'\}i $99 00 + S>i .00 S&H Call us a1 
1-11~23--3400 (9:00 AM to s,oo ~"' ESD 

KOMPUTERWERK, INC. 
851 Parkview Blvd .. Pillsbutgh, PA 15215 

For In fo .. call (4 12} 782-0384 

Inquiry 633. 
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OPTIMIZATION WITH MICRO-DOT 
Mo o-Dot n an ettw:::rren1, ~r , oord{'CJin(..'d OP1 mrz<X 
IOl.,el'I() 1ng dt!sgn Wrnien m FOOTFMi, M""e>Tul 
t'I g1JO.Bral ptJcpose progr~ 1nm ean be useo fniero
1.vo+y or l"'l\Cd Wllh uoer supplic<:I ptOQfilM'l 10 oo!Ve o 

J;;: rd~~=·~:.:5:1~ =~~:!?tl~ 
P<ll . \ifSAJMC/Cn-
Englneertng Design Optimization, Inc. 
1275 no RIO Verde, Sarita Batba1a , CA 93 t l 

(805) 987..0058 

Inquiry 642. 

lllSDlU! 
vloed b 
ENGINEERING TOOL KIT 

P 0 

Inquiry 648. 

SOFTWARE/BUSINESS 

DATA ENTRY SYSTEM 
H!<i>ds-00..n cau. ~f]\'Y v.1ih two-paos VCllfic:ltJon '°' 
it't-e i?CIXTfA. T & conJp.:1!1ble.s loadc~d WJl.h iea;urcs 
l1k~ Auio <Jup &. .i<1p , ve11fy oypass rnnge Cfled(.<, 
& 1oij,, lo0!\.9fl0 Fu lly menu owven only $395 

to: free 30 day rnal pentXI 

COMPUTER KEYES 
2.'1929 Makah Rel. . Woodway WA 98020 

(2otl) 778-8443 

Inquiry 634. 

TSA88-TAANSPOJ'TATION 
r~ (}e0l1ffiii cx~ooGe sySernJ0t £.Otviag 11 talo• 
"5Slgl)l'Nllll ill1d IIBO'.;hi pmMI probkirns SolV~s 
lr•~<ll\ prol>ems wilrtup to 5 \0 ~llf'11t'ltl/Cil 

•.. "' ' . l>y <•DPIV•n(l I i tHf\S!'Xl<1BIJ0(1 Smi~, 
Ngo11thro Meno; dt••eo. ""f 1001ii<es S\(Ollar 10 r P81! 
Roquu 192K S149 Wllh 8087 !illpPQn user 'b 
gu•O<l VISNMC 
EASTERN SOFTWARE PRODUCTS, INC'. 

P.0 ll<l• 15328, AJo..nOrlo , VA 22300 
703 360-7800 

Inquiry 635. 

~~,~~~'~!~n,~!n~ dBASE 
WtJ ree "0011e 

dFELLER JnV<1nlOfY 1150.00 

~.,qoor"'I d BASE 11 or Ill . PC-DOSiCPM 


GFELLER Plus 1200.00 

H•tr1HtttOf'y ana Porcha.H Otder.e 


ii u ro dB.ASE Jll Of d6ASE 111 Pru (~ Of Stoc1<1ooro•l 


Feller A88oclatea 

550 CF! PPA Ro11ro 3 , lshpemlnr:J M l •19849 


(-)4111·8024 

Inquiry 636. 

SOFTWARE/CHURCH 

PowerChurch Plus® 
Fast lr1endly. reliable church adrrnrns1rahon 
system Full fund accounl1rrg, mallmg hsls. 
membership, conlr1bu11ons, atlendancs. 
word processmg. ac:ds payable payrol l, 
mull•·usersuppo11 . and much more · all lnr 
S595 ~p1e1e FREE demo version 

F:I SOFTWARE 

P .O . Bo !3096. Beverly Hills. CA 902 12 


213 854-0865 


Inquiry 637. 

ROMAR CHURCH SYSTEMS"' 

Inquiry 638. 

SOFTWARE/CREDIT 

CREDIT REPAIR SYSTEMS Sottwere 

Now you can clean up your credit ror 

a fraclion ol Iha cos! With no hassles 


or problems from a. credi! repair agency. 


For IBM PC/XT/AT or c-ompatlbles 

For free information write: 

C-SYSTEMS 
PO Bo< 77399. Col moo Sp "II' CO 80907 

Inquiry 639. 

SOFTWARE/DISK LABELING 

SOFTWARE/DISK LABELING 
"Dl1kette Labeler" 


l>Qlo,ot ro1osslcinal 11""'' lot 525• dislt. °" )'OU'

pnn1er "'11h combi nation ol 23 cn•r1G1.er Tulo, 120 Rio 
N1met:.. fO lln.es ol 00 character CommenM. 'IIDd com-
pie!• Sr•ts lllC!ud.,. P'""''""'°' •dheslve. For 1e1.1 6 
compatllllo• with IBMIEpoon compatilll<I dot matrix 
print• • $<19 + $4 1lh 

WeedPatch Producllona, Inc. 
Box 7J!i, Hdc'eSsi. DE 19707 


(BOO) 451..0474 (302) 239-9266 


Inquiry 640. 

SOFTWARE/ENGINEERING 

•
I 

SOFTWARE/ENGINEERING 

HIGH.PERFORMANCE &LOW COST 
Pracllcat engineering analysis sortware 

for IBM PC & compa~b les . 
FtNJ.1ures/Capabllltles; 
Llneai/Nonllnear Slalic ll dynamic onll.fy5i• ror 30 
strucru1os. • 1n1ora.ctlw a/ld Pfll- & poslilfooes51ng 


• nteractlve grephiCOI • 

• EMy l.O use • 


Peas Engineering Consultants Inc. 
P 0 Bo.> 94-121 . 'fo;po!, Tolw'an AOC 

Inquiry 646. 

~I 

~ 

~11 
.. ~ . 

·I 

I' 

I .I 

~ I 

Afford•bl• Engineering Sotttn"' 
FRE E APPLICATION GUIDE & CATALOG 

C" rl /\Tlil s • Root lbcus • hermj)j flJllli)"llS • 
Plocre• Ort>erS • Ervneenng Graphics • Sig<J<ll PrG 
Cess>fl\I • Ac11ve/PaSSfve Filter Dasfg • Tra!IS/e 
flinc,1orJFFT Anal151s • l.£J\jlc S.m...iai rorr • Mreto
S!np Design • PCIMSOOS • Maciniosh • V tSAIMC 
~ed 

BV Engineering • {714) 7''1-0252 
2023 C/IJ03,go M e Uni/ B·I3 Riv« id , CA. 931 ! r 

Inquiry 641. 

FREE. ENGINEEFUNG MAGAZINE 
Pen;onaJ Engj,_rn,g l• a monthly magozloo senl 
free cl charge (USA oniy) 10 sclenll•t&lenglnoorG 
w~o UliO PCs 10( technical appllcatlons'. Topics 
each month 
Acq/Control • Dfflgn Automollon. To 1'8C81ve a 
1ree "'9,mple Issue arid quallricalion fOllTl efiher Cih 
Cle befoW or send request on lenerhead to: 

Personal Engineering Communications 

Include lnetrumenlallon • Dm!JI 

r 1621~ Bn>oillloe1 MA 02U6 

HI-RES GRAPHS & STATS 
JOlf'\ sdenh/lc. eduealional, resaatch & englneenng 

aC1 C1SS Iha counlry a.nal)"l'.irlQ da1a pro· 
oser-lne~dly paeka_ges, 

STATS TOOL KIT 
PROCESS CONTROL CHART TOOL KIT 
BIOMEDICAL RESEARCH CHART TOOL KIT 

l8111'M.elnte>ah S99-S j 29 M. 

SOF-WARE TOOLS 
BOX 8751, BOISE, !DAHO 83707 

208 343-1437 

CIRCUIT -'"ALYSIS FOR WORKSTATIONS 
ECA·2, sn Adv"'1C$d a,natog tjrC1Jil •lmulator. oow 

loblo 10< Apollo w01J<sloliooo, loojude: 

• W0<51 Case, MantlH:a•1o. nonllnear Olmulatlan 
• LIDgor drrults, laster tlmulauons than SPICE 

A.poOo S3,000 Apollo Eva! Xii $M0 
IBM PC/XTIAT 5875 PC EV&! Ki1 $95. 

Call 313-663-8810 for DEMO. 
Tetum Ub•, Inc. 


Um Tw1rn ci. Ann Atllot, MJ ~8 ICIJ 


WOULD YOU LIKE TO KNOW? 
Your I.Q.? Memory level? RMJIOllM Time? 


Coordlrnrtloti? Ylwel Perc.pllon? 

E.cpond )'OU! mind wrth llENTOll~~e \hor l<ru 

you explore your nl<lde!l loJon11 . 58 prycllOIJ\elric ex

orc&eo, Ind. 2:51 .Q . !..U IBM~• ;!5611 


• CGA/f.GIWGA • 549,95 • ViSA.<YC 

No all!pping C!lwge IO 8'JYWIMw• I<] d'>!i - Id 


Heuristic RBSBBrch, Inc. 
3112·A WM! C1"1\boan Ave., Mklond, 1X 79701 

l!0().443-73Ml ~n-TX. 11_w_M.583SJ_.....;..._ _."-

Circuit Analy.•I• - SPICE 
Non-linear QC & Transient; Ll near AC 

•Version 381 with BSIM, OaAB, JFET. 
MOSFJ:T, BJT. diode, e!c. models, screon 
grapnrcs, Improved speed and convorgence . 

• PC Var.ilon 2G6 available ol $95. 
.Call wnte, or checK !nqu1ry ~ for mora Into. 

Northern Valley Software 
21i327 FIOthr<JCI< D<.. RJAC l10 P..ot V""'61 C/'. W2'(' 

12131 541 -3&n 

Inquiry 645. 

______ _____ _ _..

Inquiry 650. 
I 

SOFTWARE/GEOLOGICAL 1- I 

FREE C,ATALOGI 
Goological and i;denliftc""""""' Jor ..~ 
'OG ptotMg, gi!Od~COOIOUMIJ, nydllllOgy, Olgitli· 
ing, 3-0 llClld mcdelling. symhalic ~. fnlc. 
lllre analysts, Imago prooosslng, scoot ticket 
m&nager. owr SO progmms n cnJalog Mecintosn 
1001 

RockWare, Inc. 
7195 W 30lil .Ave.. Denver. CO 8021 5 lJSA 

(303) 238-9113 

nquiry 651 . 

MARCH 1988 • BYTE 285 

PROFESSIONAL SOLUTIONS 
FOR PC• 1nd MS.DOS 

Oil'LECTION OF 8EAMS OF UNlFORU OR VAAIAlll.E 
CROSS SECTION lnol n FE•l"oVflm Sl•ll•ieailt dol0t· 
,-rnn a«• pr~ 4 con,ln UOV<J. btam.1 
SIMPLE OR MULT IPLE SHRlffK·FITS: Slw\nUoo _.,._ 
stJ~"4tL torsb'i tM:t<hn o -a!)JMy otc 
ttEAl"Z. P1 dl:ura bl'h•r..n bcxfos 

MICROMIN! - Software 
Don'S.0..•at PO Bo<:t•• MllA><O. ~7.004' 

"""'°""'M r'llob13:J6.;rl) • 5Jia 

SIMULATION WITH GPSSIPC'" 
GPSS/PC" •• an IBM P"™"'IJ oompolel'lfl!Pll.meiJI• 
don of 1ho f>OPU1"1 malnfrll.IM •1mull!lon l411gu1Q1 
GPSS Grephic s, ontmatiOn and an oxtromoty inf0fnel
1ivlt """"""'"'°"' allow a 10!Alfy """" ol your o/mul.l
1)ono. S lmu l11e oompleX'rao»wo<ld oya11ms wll h the 
most ln11r8CllYe ind • l•uol yo\ economical s)mula1lcn 
software 

voo
• AC. OC, Tranr.lenl, Four!'( • n•IYsf• 

ECA-~ 
ECA·~ 

!4 

Inquiry 649. 

SOFTWARE/GENERAL 

http:cn�r1G1.er


~ APR'o U>o(f!ou<.io0onZ). ~""""""' 
-~· PV, 1'V. _ ....,,....., "'°'\/Eoaow 
~ mo<o rSM-PC/XTIATIPS2 """l'"'<l>lr> &mple i'O' 
~~ lor ~I~ Acdminel:I nllf.On rida .t:JY 

-'CPAUCIJ"11n~""11.~ ~·~. !>$ • '°' 00 
!hp VDMCIAmE.. Ill d.ay MBG 

Electrosonlcs 
J6380 G"1'1>illd fl Cr=' Ml 48026 
11001es11-u.te, 313ne1 -ono. 

Inquiry 663. 

SOFTWARE/MAPS 

PC MAPPING SOFTWARE 
Maplnfo software can: 

• Od91>y <do<,_1,""'52n.rosooom "°"..._ 
I f'f'd :lddJSl.l:M -.W typ@ in 
• 0'"'1oy  d..-..:tty """o!V.SC 111 
• Cciot <Yrudo. l><O;~ 
• Con 0flly $™! IP< o~'" 

Maplnfo Coro. 
200 Broadwa y. Troy, N'/ 12160 

1..aa6-FASTllLt.P In Now Yoo 1511) 214-H 73 

Inquiry 664. 

SOFTWARE/MATHEMATICS 

Whllr? You've n•ver •Hn 
e complex function? 

Try l(z} - The Comple• VHrie.blllf Gr'll p filng 
PaclUlgo IOI PC '• ,, CGAIEGA 

·" Let our animated screens show you what 
the printed page cannot ." 

Lascaux Graphics 
(2t2) 654-7429 

Inquiry 665. 

SOFTWARE MUSIC 

MUSIC SOFlWAAE CATALOG! 
Ju51 publlslledl Our new Mualclan '1 Mu&lo Sohw1re 
C.lalog 4nd ti's be~or rnan ""°' Ove< 80 g•ll<" or 
aet111tcnn1ormauon on tn• teMlng MI011arrware p 
gr1rng,i n1ertate'I, ariO accessorles-ever;inlng lo< thlt 
modern music.an Senti S3 for • 2·year carak>Q 
subsc11pllon rnoludlng SALEJ updates. 

Digits/ Art$ & Technologies 
fr 0 ':so• \I ·~ rbU CfOO<ell 

203-874-90M 

Inquiry 666. 

SOFTWARE/PRINTER 

PR.NTER GENIUS 
Powerful """"°"f r""'18!11 p<lfl18< !)13nll08<1.Ji!"l  C<ln
lr01 p!O ntO! rea1u10& l!Om tnnhu., Or wilhln docul!KlntG 
- Print Sjlool lo disk files- &Cllground priO\  Dir""' 
IOl'f <lo !ll• Drowse  Edi! 1mall teXI -A&direct OUlpul 
- llsei lrfi!Mly pop-up saeens -92 page monu&I 
Prli'Sel fe< all p!inlt!ni  ComplO!e!y r.ex.bM - PC MS. 
DOS  &69 • S4 SIH - YTS.AJMC 

Nor Software Inc 
521 rd A~ Su.to 160 Now Vofk N 

1212) 21J.11111 

Inquiry 667. 

SOFTWARE/SCIENTIFIC 

Inquiry 66B. 

SOFTWARE/GRAPHICS SOFTWAR8LANGUAGES SOFTWARE/LOANS 

Execamon,.. Amonlzer +PC TECHNICAL GRAPHICS 
TEKMAA il a graphics llbta.ry lar 11\1 EGA Of Teanar L.con~~a,,,....._0<4ro"",..,....., 
G.t •ph '-'•51er. Siinll•< 10 PlOT- 10. lnclu<le• WIN· 
DOW, VIEWPOA't Jl)(ls . Support for HP, HI pk>norc 
0u""1 M11119. oornpll!lo plo!!rng progrJ>m. Log, &01Til1og, 
mu~•·""•· 3-0. conlOIJ r~ . Jerry Poumeoe (Aug 116 Byto). 
" A.6 good a• dl'ly I h.sve e...er s.oen. "°' ' Oemo d1g,k.s. 
hter 1uur o av,u~o 

Advanced Systems Consultants 

21 i tSJ>eo;onshlre St.1329. Chatswonh, CA 9131 I 


(818) •07-1059 

Inquiry 652. Inquiry 658. 

POPULAR HGAAPH"' 
SCIENllHG-~D & 30 CJraph1c rQUrrn('r';I tor 18"'4 PC and 
\h \Ji. :Pov. erluf. tr..:&'.:1)' rd u!l6 MU.ti~ root ~ , Ctw~ illld 
J'oilci"ilf.te Jld~ 1"i91\0.• lh;eoJ r r '°"'1191 1 'ii.•; .,.., rP1 
~OOTRit"J P\is.a:JI 1u100 Pas: log lF.Ch ,,' ocJtil.:i<: 
17'9.00 Cusrom JOIJ\V.ars ClovelopmRnr 

Gros>/ll<z odllor aViJ/lobl11 60Qn 

HeanLand Software, Inc. 
23'< s. FranO!ln , Ames1IA 500'1 0 

(6 15) 292-821& 

Inquiry 653. 

FPLOT PEN PLOTTER EMULATOR 
u,., your dot maut~ or laser prln1er as ·8Jl HP pen 
plot1or. Fas! hi-res output. VIJ!Y hne width . Include<; 
\/PLOT v1rtuaJ ploMrulllity 10 cap1u1a pl9fting CQllJ. 
mands. Suppons NEC P5t'P6, IBM Proprinter, Ep
Son LOIMXlf)(. HP Lasret)el . U!WS Ha<cule'S. CGA, 
EGA 0< VGA IOI S<:reon pnwlow $&¢ chocll Of m.o 

HORIZON SOFTWP.RE 
Su•ie 005. 2•·16 Slelnway St. Astorra. NY 11100 

212-4'18·8469 
Inquiry 654. 

GRAPHICS PRINTER SUPPORT 
4 T L~S rr LISJi mo Pn.Sc !fe)' 'o make ou.i11fy ~1.rro 
B!>W , ., cokx r~p;oouctl(>()S al ) OU• d<Sj)J8y a o ~ny 
u mntn • 'n"flil '" 185'11r prmie' GRAFPLUS Su 
fX!tlS 11ll •1'fS()(1$ al PC O( MS DOS w,1/1 IBM /tnd 
f GA VG-11 Tt>ar.,r, ai...>rJ Heraile> gfiJlX'ICS boo•rh 
~9 95 . 

Jewell Technologies, Inc. 
4740 441h Mo. SW, S~olll<> . WA 98 116 

800-628-2828 x 527 206 937-1081 
Inquiry 655. 

FORTRAN PROGRAMMER? 
No~ you ce.n caH ~~o and 3-D gri!t.phlcs rotlt1 n tu1 

wUh lna~F~5!~1~~ ~~~~~:1f'Ou l lnes toe.;. 
l'JC_f..., n Ou tpuL 1135. 

PLOTM,t..TIC; P(ln plouiur d r ive• $13 5. 
F0< tfr<> IBM PC. XT. A ra~d comparlblo• We su 
port o vitrhl~ of cotrftJil",..· QfaP1'1C.~ ti-oard' tu-.a 
pfOf f fHIL 

MICROCOMPATIBLES 
301 Pra lu<1e Orlve, Oep1. B 

Sil•dr Spring, 111 0 20901 
(301) 593..0~3 

Inquiry 656. 

CGA ..... Hercules•• Graphics 
lrlocM-llGA" you to oi<I llul•hffS gr.11111.CS, QMOH. 
WIGA grBjJhics 1111d Olllel OGA iPQOllc ~.,~ >mh )'O'JJ 
~ M<mdvrrne Gmphics ~ O!nd monoclVorM 
mc11ttor Worh wi1h Ill CGA pror, rams . $79.95 I• ~ ii&lr) 
b tne ~-TSR~ JG.6ay roonoy book guarani... Cllil 
or ilTtD~ 

T .B.S.P. Inc. 
Z2'65 W(ll ld'lll'OOI! BJt'tl , SUl !e 793, Lot /.n~las, CA 900&4 

f2 1J> 312-01 ~ 

Inquiry 657. 

286 BYTE • MARCH 198!1 

Inquiry 659. 

DRUMA FORTH-83 
Smet ·n I TAHDAllD. De eloped lor " l)OurM> ""· 
~ &&K ll!fl [IAl lO~. ~K •PH<I"' compectn... 10 320K. 

• IBM PC/XTIA T & eompat1bloo. DOS 2.0 + 
• ROM~ Headerless code, .s.opa.raled varlabre'). 
• Edit0<. ltS58mble1 , me~ OOS 1nt•rfaC8> 
• Many poworlul arld Inn<Nalive roa1ure5 
• Full P~g $ 19. O•mo $10. S&H 11. V~ "4C 

DRUMA FORTH·83, DRUMA INC. 
P 0 . Bo• 6 t0091 Au sltn . T~ 7876 I 


On:te ro: 512-323.o.403 BBo•n:t : 512·323·2•02 


Inquiry 660. 

Prospero SOltware or London, Englan<t ls oow 
'" lh• ll.S to IOrv9 )'001 progromm ng nH<IS To In· 
lroduce our product,, wo have on lntroc1ue1or; otter ror 
lhe follow ng p«Jdocts : 
Pro·fGrTron-n req $390.0Q apeclll Sllt.00 
Pro p ...,..11eg. $390 00 op«l1I S19t.00 
Bo!h produc1s ore ANS I and mlemaUCnalty 'tlBlida!ed 
tor MS-DOS macnlnH. 
To or<!e r_oal l 1 ·f()()-327~730 (VISAlMC) or mall ~our 
check tor $ 199 00 plus $5 00 ohlpping 10 

Pro• pero Softwue, Inc. 
100Comn Ci1P 5' s..tll]l)I) '"" t-•E0.: 10r 

Inquiry 661 _ 

MULTl·USER DEVELOPMENT PLATFOff¥ 
Gatt1 tfKt 80388 oOgo ICJit :fO'J' 1ppljc..t001 ""1111 THEOS C. 
~ ad'4noe<I CA"..if"pllo1 f1>1 lh6 n.~ THE;OS 386 mull/-t.15illr, 
miilhWIW~_,.,1ng ._. MMto "NS1 C ........,.,, pru> 
~tr.. ?O""' "' 21oO ocldf onor 1""""°"' "" vo1 Qnll>hiC>. 
..........,.~..., r.. ....,.,C-UNllf j,-.j DOS
'"'"°" cOdO oompa!b/1 ey. er.>1<1 64~ rtalon - um• 
'"""""' ..+ IW!IC ~u>oo poll~ .i.. .....ltatrla 

For tomf)"«O" m rftfJ·USOf "°'""iiOl'I'· ..., IOd,y. 

THEOS Software Corp.
t' 7. SU!rwlw;i Or Su.! :36 W'.aftu.! Or ~~00 

1•1 51 1>5-11 11 FAX (•1511>5-1177 

Inquiry 662. 

SOFTWARE/LASER FONTS 

LaserJet Fonts 
FASTh>ni oownload• 10 amos faster - EASY! MS-OOS 
program Jo oelo<! (Wtillo) & group roo! ao..nloil<l 1m· 
"1ed!al91Y 0( In Q!O~" Any :;oltfoots -'<·FA.Sllont 
$79. Also 81G!onl ~ 6 fonl5Jn sfaes lrom 10 pts. 10 168 
pt&. (2 lncll!!ll) - print from aITf 'Mlrd P'""""'°' - •"")' 
commends . $159. 30 day $$ bar:I<. 

Worthln ton Data Solutions 
41 7 I S!. ~ Cnu CA 

(80-0) 345--4220 In CA: (408) 4SS:9938 
~OOT.tdon~<12 

http:gr.11111.CS
http:SOFTWP.RE
http:J'oilci"ilf.te
http:llbta.ry


-----=tHE BUYER'S MART------

SOFTWARE/SCIENTIFIC 

NONLINEAR DYNAMICS 
Toas kY ~Nat"""1'l/Jul lhd &ptlrltrwNlll Syst~>J 
' , IRl °""1Y °"""°' f<),g»,.15<""• ' e. 
~cyn_' • 2...- afV1 J ·P P'111r1rig ~1 ~l)!:f'! 
Pol:nca;c- SN:T.oOn!I • N.O.'.IC1 M~ J 0 & Otc-~ Mt) 

' P'tl ~ P " 1 MLA-ple Jn, Con41<>ft' ' $oeGl t"iii 
,ArU.: , h Drl'l'Jdl'16IOl'l t yapr.J(lQ'..<E.:i.PJf"6l!:~ 

OS I S250 00 OS II $350 00 

DYNAMICAL SYSTEMS, INC. 
P_Q_ Bo. 35241 ! Tuca<in , AZ 115740, 602·791 ·78116 

Inquiry 669. 

ORDINARY/PARTIAL 
DIFFERENTIAL EQ 

SOLVER 
FOR THE IBM PC & COMPATIBLES 

MICROCOMPATIBLES INC. 
30 I Prelude Dr •. Sll•er Spri~g. MD 20901 

(301) 593-0683 

Inquiry 670. 

SCI-GRAF and SCI-DATA 
SCI-ORAi' JXCX!uoes ~hHCO llfllpl\S ltjlu easy """"'-' 

~cfJ'~~P:;fPQri"i<lll !ICS!e. "'" " ""''· 

~;;>;T~:~~~ l~~"':~~curv<>r11< 
Prices stan ar S59,95. 


Microcomputer Systems Consultants 

6o1 747, Se1111 8aJ1)&to.. CA 9Jf0? 

(805) 963-3412 

Inquiry 67'1 . 

CONVERT UNITS 
Memory resident Ouiklnlo'" for IBM converts 
engineertng units qulCkly. easHy. Pops up tiom 
any program. Numbers can De lmponed/ex· 
ported to appllcauons. Includes tables or 
phys(cal constants . User may cu1tomtz1 
uni1s/1ables. S-49 + $3 s/h. 

Plies Development 
! JO C H tiDuSIOO rt017 

(713) 49:14178 

Inquiry 672. 

Scientuic/Englneer1ng/Graphlcs Llbnlriet 
Turbo & Llghtapffd Pascal, Modula-2, C 

S<>nd 101 FREE ca11Jogue ol oortwaro 10011 tor Sden· 
llsla an<l EnQ1qoero. lnclud09' Scientific subrouilno 
1bta.rlM , drite:e 1nde9enden! gJaptl lcs Ubra«a-s (ln 
clu<l•nv EG,1,, HP plOnar """ Las<11)<11 ouppo<l). ocion· 

lie cnan•nv ltl>nl1>es. il-0 plo\11'19 lib<"ary, r:1111a acqo111. 
Oon libraries. tnei\u-drN·on ptocen con1rol software 
Ven.ions 1vaJlable for 1 varl•ty ot popular tanguagot . 

Quinn-Curll• 
•9 HIQl>lAnd A••.. -hem, MA Cr.I I.. 

Inquiry 673. 

SOFTWARE/SORT 

OPT-TECH SORT/MERGE 
E:ictrem~y rasi Slltt/Merge/Se4eci u11'1tv Run a~ an 
MS-DOS c'ommand or CALL as a subtounr.e Sup
pon.~ ma;i \""llu~ ond t1k!lyl)e5'1n(jO()ng Btro(Ne 
ana 'aBASE. U""m1tf!d 111esizes, rr" ~pe keys ana 
mUCIJ more' '-45-00S 11411. X.'ENIX 1249. 

(702) 588-3737 


Opt-Tech Date Processing 

p ,0 - 6o• d76 . Z"l'hvr co.... , NV 894"8 

Inquiry 674. 

SOFTWARE/SPORTS 

VARSITY BA TIING STATS 
vARST/IJS So!tllall/BaseOall oottmg :sl8l!SIC Pl<>' 
gram Is & vory convfln lem coac11os· IOOl-iJame 
dale entry from boo!< In 5 mlns. Track tonms up 
lo 18 players x 6Bgnmes. Easy to use. VARSTATS 
renncd by ooacll/programmer aver many seasons 
rc·s. Jr 's. & comp11t1bl11S (DOS 2.10 + . 256K) , 
529, 9S PPd by oil only 

JWM Software Aaaocietea 11-, 
Inquiry 675. 

SOFTWARE/TAX PREP. 

TAX PAK 
Scll..A 8 c o e FA s Frms 1040. 1040A. 2106. 21 19. 
2441, 3468, 3800, 3903. 4562. 46114 , 4W, 4972. 6:/51 , 6252. 
8582, 859il, ll606, 8615, IRS 8PJllYd ponl for IBM PC CPM 
IZBOl CPM86 Kayptc 4Mormw' M3 P~ frldds 8alcb 
l'icicisalr.g &Tail (l(ganr1'1< $185 llell $25) Pllf10nal 01~ 
allt>Md lst ol lonns & oaturos $37; Updl S125 & S27' GA 
CA X $75. 

Candelaria Works 
3955"Club Or,, Allanla , GA 303J9 

(404) 266-2420 

Inquiry 676. 

TexEaae,. System 

Federer a Stalo rotume on oinglo d1tl\'-<>nly SG~-95-
Euy to u1<>. ca1cula1u ou1omatlea11y . per1onn9 ccm

iH> 'WMt 11" ~loo•. prinl'! IRS-<l!lP<OV8d lorms. 1'I,, 

C1'l CO, DC, GA. IL. IN. MA. MO. Ml, MN, MO, NC. 

NJ. NV. OH, OK, PA, VA, WI, Roq'\itre• LOIU• 1·2-3 or 

comp. •pre:adshoat VISA/MC J;l ""'chg MOile-; Dock 
guor1n1... ProfH1ional pacl<age ova :bi.-stt. 

Partc Tec:hnolo le1, Inc:. 
PO&• 1317 o, , tVl N 0206 


S1&J9n.5a11 ot 900/423.3111 outUm NV 


Inquiry 6f7_ 

SOFTWARE/TOOLS 

--X'T 0< AT PEAFOAMAHCE with FlASMBACl<°'"" c.o!>e f].>.SHIW:I("'IO<nal"""1 I roi.lldlS tOOWID)i ..,_ 
c.eDlld c:fllk. dale aod noiQhborlng dal• ' n meffiGl'Y ior 4m• 
11'1.-d!ata accff&... PrOQfamlli ato •~1•1n1ty rotri0Y90 111'\d om 
up to \0 rlmn fa,,.ter ltl.H • 12 SIH, 60 day I b.ac:k' 
ChocW OIV..alMC 

sep de•lgn•, Inc. 
1•~10 N"'} lll POOO!V...,.8.'i(l2l' 

(802) 863-28&1 

Inquiry 678. 

SC~EEN MANAGER 
MENU, WlNOOW. and DATA ENTRY Suppo<I 10< 
lho Prolc"9fonal Programmerl lnlor1sces l'o most 
languages BASIC, c. FORTR AN. COBOl, 
PASCAL ASSEf,1BLER 100 Pago M;nuat Thir· 
ly doy money baci< guarantee. No Royttlll&s 

from 179, Visa/MC 
The West Chester GrouD 

P 0 Box ! JQ Ao , Wo.¥t....Crs6•1Ur, PA 1931MJ 

(215)1144-tZOG 


CALl FOR FREf DEMO 


Inquiry 679. 

STATISTICS 

STATA 
Slatfstlcs and graphlcs 101n 10 ma~e STATA tho 
mo11 powerful package for the PC. No comparllblo 
J»OQrllnl 1!1 as 1111, r11en<11v. al)(I accora1e. $20 
Demo, Ouanlity <Slscoullt evaUable, Call tol•lree 10< 
more inlormallon. Ax'.!VtSAIMC. 

1-800-STATA PC 
Computing Resource Center 

! Ol!llt N""°""' Bou!cr<farlt Loi Anvo'a. CA '\006" 
(113) UQ-4341 

Inquiry 680_ 

STATISTICS 

DISK & TAPE CONVERSIO_NS 

AUTOMATICALLY 


SAVE TIME AND MONEY 
°"1" •000 romu11• from Mini. M1<19 !,!oln~omt. ~9«1 P<e> 

, 4 Typetii!ll!IOfl 
TAPE eon~-uom u aow an. m .oo ~e 

DISK Con"'"''"" °" ta.. • $25 ,00 oor Di 
Call er: "!rife TODAY '°' a cm1 uvino qumadon 

CREATIVE DATA SERVICES 
12J O W Llillmor A.Vlfl , CampCull. CA 0600e. 

408 &ff-OOllO 

Inquiry 681, 

NUMBER CRUNCHER STAT SYS 
Menu·dnven Mull/~c !. sto-pw;se rcgfOSSJDj1. 
ANOVA e oon<>S. dJscomlnanl Clus;or and tacror 
enaly!;.ls pnnorpal compononl"S s.c;1t1 £H plOC5 
nl?:ilogram s. t tests . con.r10Qtincy 1abfes non· 
pammcvics lmp<><t al!pon dma Spr" , · , OOl1_ 
pm_ m.,.-gc S99 MS·DOS Qropl>cs cuogfll'n, 559. 

NCSS-B 
865 Eu1 400 Nonh, Kays•ille, UT 84037 

801 ·546-0445 

lriquiry 682. 

ST A TISTIX"' II 
Compral\e nsive. power1ul and i n<:redibly aaay-1(>< 
U50. Full sero<>n editor. 1ranslormatlons, linear 
mOdals (ANOVA, 1egiesa1on, Jog•t. PCA. oto), 
ARIMA, mosl slan<lllrd 61&1 p1oceaures Clear. well 
or9an rzea aocumenra11on , Sm1ra11c11on 
guerenle<>d, $t69 PC OOS. $99 Apple II. 

NH ANALYTICAL SOFTWARE 
P O So• 1.12().J, flpseQ,ile, M 551 (3 


IS1 2l S3t·2852 


Inquiry 683. 

mllf'l!J 

Higll 

S200-~ 

r. 198 m 
Moie 

conlPl< •S Gel 

RATS! Verelon 2."I 
!le.: S<!11;>Q ec~tncs prognim' 0..,., • 
'°"" OU>, JoQ~. otld 
:?'GLS. ll!obil moc 

FOi ~QI) 'W11ti AR IMA VAR E 'l!poot.V1t1dl wnOtJCrvog 

,Moaol ~mulabon• SuppmJo• do1ty1..,,.,>.1y duJG 


QU~l ~.-agernc10 ocr:;, plooe< , p (in!fll
1
VAR Econometrics, Inc. 

P.0 Box 1818, Evanston, ll 80204· t818 

(312) 864-8772; (BOO) 822-3038 

Inquiry 684. 

StatPac Gold"' 
VOi<.'(! Wodd':S& 'SI Slel!Sl>Cal !. OlecasllllQP 

f>i; PC WL>M M,aoazioo 1eace1s 
rno•t! vptes J th<l,J1bxl closest C0'11oebJOt 

~\~mS.ve & on5'er lo u$e~ra all ol 
toe rac,ts Cs no IOI you• FREE b<Odlure 

1·800--32~907 
Walonlck AHoclate•, Inc. 

8500 Nlcollel ,1,ve. S .. Minneapohs.. MN 5!>123 

{612) 856-9022 

ln9uiry 685. 

ADVERTISE YOUR 
COMPUTER PRODUCTS HERE 

for as li ttle as 5375 In 
THE BUYER'S MAAT 


For more information cell 

Mark Slone at BYTE 


803-924-3754 

Inquiry 686. 
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Subscription Problems? 

We want to help! 


If you have a problem with your BYTE subscription, write 

us with the details. We'll do our best to se t, it right. But we 

must have the name, address, and zip of the subscription 

(new and old address, ii it's a change of address). II the 

problem involves a payment, be sure to include copies 


of the credit card statement, or front and back of 

cancelled checks. include a ''business hours" phone 


number ii possible. 


ll'1TE 


PERSON.AL POP-UP 

Create and access your own mit1mo1yo{Gt1ident 

relorO<>Ce and Mlp fi!M ""lh the Ke)'Nol... R-"'1C<I 

System,.. Open t,,. K"eyNotes ) 'window~ · and return 10 

I.he prfm.ary appficat1on ..vilh ailngle key1trotces... Com· 

pall~• W!!l1 all poj!Ylllo' p<ograms. For IBM PC and com 

pa kb!". Stt.95 + ts .OO •hipping To ora.;r call a< 

wr e

Dlglt•I LHmlng Syatema 
,, em-.,,ryl), p., .,IJPO"Y NJ p105• 
I00·91~.(12M {In NJ :Z01-63H6"10) 

Inquiry 688. 

PEP Your Data to MS-DOSI 
PEP i"Pnnte< EmuJauon Pa.cuge'") 11 a un~ son· 
~-.,.. QrOdUC'f WIUCh mak•• 'fOl.ff M~S ayttem "AP" 
~., 10 be an Jnt<llllgent W•atprlntor. ConvtJ:Jlng yo\Jr 
datDt,ram onotl\el opora11ng syoterr<ls as euy lul p<1n· 
119g 1 ~Dlsk•l1• plus 90 page ry~t manual, '64.95 
U.S (NO! CO!lY pratecred) SJ)9Cl t; SY. or 31); rncn 
d1Skette size: add. SS I POlh I a1s. 

Intelpro 
, l SM atooa °' ..('uld&f'ld , OU.~. Cil'J.lliJ.tl H9H :JJ~ 

514 e94-8M2 

Inquiry 689. 

MATCH SOFTWARE 
s-126 C..ldw 	.... Can~, ,1(111h HOii~, CA 91606-11 ll 

Toll l re<1 # 1 1800) Fl.OPPYO 

Inquiry 690. 

Recover deleted fifes fast! 
0'9< E•pl<)("' now ,ricrucJesaulomal•C hlerecO\'ery You 
typo "1 de!e!OO "6'S IW!lO, D1'i<.fa~I" Jol]ds- 8".11' 
•CS:(l(cs t Orsi< E>plorer a:so ~ wnar"s 1ealy on dtSk 
'Y • cnange or creale lomiars, change a f ~ s S!atUt:. 
cO!ll'lgll data n n S<.'Clar MS·DOS 175 iJ S 
Cnecl</Cr- caro W1llo6me 

QUAID SOFTWARE LIMITED 

45 Chart&s St E. 3rd Fl. 


Toronlo, Ontario, Canada M4Y tS2 

(•18) 9111-12"3 


HANDS OFF THE PA9GAAM~ 
• Locll:I Hard ofu.. • Retn"rictl Floppy UM 

Pr01.cta Sut:IOWedOlllM 
· NormAl UMol 005 Coml'lat>Ol4¥l<I~ Softw11e 
· 10M PC, >CT. AT ond T• uo CoolpaUbln 
· 00$ V2 9 lfOd Hl0"°' Hord OI •• Syatom 
· ~Ou..,.-·· HAt.105 OFF-Vou' S~m 
· Sit.ts vow.IC 

SYSTEM CONSULTING, INC. 
314 Canterbury 01.. F' lnsburgh F'A 15238 

(412) 963-1624 
L-~~~_;..---'~~~~~~~-~ 

Inquiry 692. 

$59.951! 
Buy the AED Ullll!ies nowJ Programs include: 

Disk cache to speed hard disk. Printer spooler:'"' 

Balch file compiler. Path command for dala 

lites, Wiid card excep1lons. Proteci hard disk 

Jrom accidental formatting. Son directories. 

Over 10 more programs. IBM PC. Visa/MC. 

The Wenham Software Company 

5 8ur1cy SI . W~'TI. MA 01934 (617)...774 7006 


Inquiry 693. 

TAXES 

TAXES-RECEIPTS SUMMARIES 
Enter buoJness or 1><1rsonal !Ill( """"Pt. • Get 
lf'5h ngs/summariesieuchlv&d !l • En19r your own 
de<!uc:do" •'11 (op 10 .-0) • Ente1 your o..in account 
names lo< cleductiOO set (up 10 9) • Create Tu AjlOOlp1 
fi t"" UpOatti(e<lll any .,151)ng rue, NCI>~ hies to nop. 
py, L I & Stlmmarlle d•t• by 0000..nVdala/deduct!On . 
ie:.< pd•I•. amount. a.itpd). MS/DOS IBM"' C<lm/)<l/,. 
bl8 Cafl 01 •tile; ~I05) INIS-41115 

J. McCollum Inc. 
I 0 S.• 111110 ()\ "J005 

Inquiry 687. 

UTILITIES 

UTILITIES 

COPY AT TO PC 
Tho I 2mB mlw llM IOng -., ''-" lo AE1'0 OU1 NOT 

't~,=~r=~rir~~~!~~: 
.... IOI' o  hord dfl/< O< i>ockoQ 1- . .. CPYAT2PC" 
(Nol Cooy Prc!K!od) -· ·rho ,._abio SOFTWAAE 
SOLUTION " OOL Y $79 • S4 S/H Vl~COO UPS BIA 

MICROBRIDGE COMPUTEllS 
6St,~~·1~n i~:i:s2~~10 

413.593.a777 (CA) 212·»1·t•H (NY) 
TELEX EZLNK ~73089 Deale< lnQulries l nvited 

Inquiry 691 . 

HEBREW I GREEK I ARABIC 
Ru sian ancf E; urogean Languages Fu 
leatured, mult1·lan<Juage word processo sup
pclllS on-screen foreign Cha(acters With no ha1d· 
wa1e mod16Ca1<011S $3 0 (1101 matrix.) OI S500 
(laserl + $5 s.th. Or send $15 + $4 silJ t 
aemo RIK\ SI 2Klgr11ph1cs 

Gamma Productions, Inc. 
710 Wil1hl1e Bl.a, Su~e 609, Sa~1a ~""lea CA llOolO I 

213 394-8622 
Inquiry 694. 

Inquiry 695. 

DuangJan 1.3 
811inguol word Ptocessor ror Engllsh and OM ol 
thew· Armentan , Bengali, EurOILAlln, Greek. Hin· 
d1, Klimer:U.O. l;lusslan. Trunll, Tol119u , Thal c Vlei, 
... . or croate you r own language with !om &dhor 
$E9 + S4 Siii r+- $'10 lot) L4SerJot ... S49 Demo SS 
IBM compatibles, 

~~c~~ho~ ~'!'f.~?Y~ 
(215) 331·27•8181il8 

Inquiry 696. 

PC-Write"' Shareware Ver. 2.71 
J:asr, lull featured w01d pl0C8380rl1e•r edllor (or 

CompareRlte"' 
CompareR11e saves •d1ttng 11m11 by comparing two 
docu"""'ts on<! gene<ellng o 1n\ra 11111 sh<>,... 1no an. 
le<91lCH I an ave<llQll of"""  per pag.o Com
paroAlte n gntlgnts cnonges the way youwant 10 • ea 
ttrem . Works with "11 majot WO<d Proc:essir>Q p<ogramo 

Pric.. - $129.95 &hlpplng/11111\0I i14 

JURISo , Inc. 
76:1M--~"0 ~0ot>t 110 ! , Comblidgo, Mi\.02.139 

1·800-252-5856 ext. 1101 

Inquiry 697. 

IBM PC. Wltlt 5P911 check, screen ctlp, ma~m&rgo, 
spilt iicreen. ASCII liles. macros, e ... y 10 use. Sup
port$ ~00 prlnlers • LaserJet+ and POtStScnpt. 
Software, User Guido. and Tutorfal on 2 d1w for 
$16 . Try h, then reghner wit~ us !or only $69 ond 
gel User Manu . I year lel&auppor\, n.owslener 
and 2 upgrades. 90-dav guarantee. VISA/MC 

Qulclr•oft1-800-888·8088CALL TOOAVI 
219 Frr.1 N., #224-BVTC, Seatlle, WA 98109 

Subscriber Service, PO. Box 7643, Teaneck, NJ 07666-9866 
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Cirr:lt 59 on ll£aJer Strviu Card 

Compu$ave 

Call Toll Free: 1-800-624-8949 

BOARDS 
~BG:ua~ ... 319 r\rtlsl l S59 
~TlEGA-ti 115 ~TlUP. l6!l 
1.Sl flam~· I 19') VMllMI()?~ 2m 
i\Sl R.Jmp;:ge266 299 BOCA RAM Al 145 
AST llil·ll 559 N[C GB·t 208 
Ge11rt1 EGA Plus zr.; NEC M'#t 1024 1119 
Or,hds nI Turbll 21i5 Paoo1~/<j, t o ll9 
l'lndi" IC.I Pro :isg l'nlflu! 4811 1~9 

lJIUet J·lase.r Al 425 f'lrac.sc l!,;il , 245 
! tret J·AAM AIJ 215 OmdramHPG S.WE 
Vidro 7°*'Ji IC.I m ~gaO!lll2 195 
AOC .IJloy BNW fl'l!ri!X Numill'r9 Or C/1 Ml CALL 
Htfc~le'. STS·T~ \1:!11tQm lr11!:1 CAU 

MONITORS 
Samsuoq m &5 Amde~ 410A !J9 
Mil$lllMl!i1371A 41'9 Arndell 1280 658 
ld1~u!>lsl1199t9 25gs 11tom5'Jll450·~ 14g 
HEC MU/Usyt1e II f>l8 1~ 770 · 519 
ECMut ill: . &89 flGS Lt.!300 qg 

NECl.!tl,t sy rdl 2049 P6SU1tr1 '" ~"5 

Sigmt ll>1.11 1699 Ztn.tn 149() 619 
11?111com2Pl!!< 11'95 rax.anC~t.11 149'J 
NEC Mulbspc GS 182 ~.ell)) m 

SCANNERS 
OJIJCD111 l.looe1 r.io 1145 
PGS LHOO Wiltl OCR Soltwan &Ad.ap4er 919 
Pamsonit fX ·RS 505 g79 
AS ! H SM 

COMPUTERS 
NEC Mul~speed 129':1 .lSllloHllllJ 
NEC Mumspeetl EL • 1~ AST Moilelil 
NEC MulU~e~ HD ' ms AST Modtl TZO 
StlJrp ~5()2 1209 AST Mcd11110 
S~lrP f'C-i'OOlA \:?95 ASTl36 
ShJ1pft-7100 1969 Al&i 6386 
losl1ibU100!2D 2'JO bsmlllllJ 

1'2'lTosn>b:! ll(IJ . Tll~M1J.J200 

~ibi1200 2345 Ze11111i z.1s1 
T~ht!!a5100 lhZ·IS3"~ l 
Acer 8038li: 1511ttl.'11 Wlilt.4Gll Ori" 
Pac.;ir~ &H 286 12 MHz &!OK 12f,' Or 
SP1111 IT: t!UOI Dri'll!KlyOolll!
*•<lffiJllli i6MHl '2 M I 2MQ,,,~ 

~ 266 tO Mll <' ~OKI 1 M011'llJ 

Wrse ml:8MH11512K11.2M DIM 
iJalr 80386. 16MHLOW<il'12MD11¥i: 
Wise 221J 12sMH1owa.t.12Mllr t 
W,V J81i: 16Mlb/111111 ,ZM DIM 
All05.tll Mll>ubilhJ. 5;i111S1Jn~·lanoon 

TERMINALS 
Ln.~ MC I JZS l<i!l!s 1010 
r\JI O\i V 469 'ilrsdl 
L 115 Jli9 W,SC!ill 
~mlrun IITTll PC 359 W,WllO 
Ttlnileo 905 m W,WB5C 
Tel!lideo~ l&9 W,W"6T 
1~11pex Hazelhne<Ul:lt~y1BM Qum r. 

PLOTTERS 
tifmmp !&ti iiTO 10.'i ~r SPfffi 
Calcam, 11M3GT S495 kt~JIOO 

ti.lto1111111M2GT Mi ~4ifJ) 

H011Sl\Jl4t 4Z 20!i lb!!;ru'J':fii. 

Houiton OM P5? Z7'J5 lblsbl 61 
~~L\!!''i?MP J;"li tbzilm li2 
~'») 1199 Ent<sP JM

SM: ftB1J :roJ 5145 filW..;j Bal 
SM 

~la<J!1 '"'5o~Oiriel MOOeis 
SM 

DIGITIZERSSN.'£ 
wrurnp11· 24 J04S ti :nrnn 1~ • 12SAVE 
CJlrom l~ 60 47'J5 G TC01~ • lESA'E 
ICurQ IUSx 11 259 GTCO J6 - ~8IS5 
XwulS 12' 12 )19 Hr~lil i l ·JJ95 
KurU IS 12 x17 57'5 Sr11(JI"

1~ 
C.1rromo3!i • ~B 43!15 Summa !1 :. 11 •2069 
l 11 rrl{)n1CS lO • 20 \145 Summa12 x 183065 

MODEMS149'J 
flllll~hWE 361! Anchor 1100· 

24!15 
17!5 

Mull~h224EC 329 i\'il'lIDJ 
lll'l ~.o-.ara Be~ 1200 9a A.Sl2~006 

Andlar24111 E I~ Ha,e11200 
2sgg 
11t9 

Promell1M 2~003 2 125 llare• 12008 
lg.tS Prolll!1 ~s 2·l~Jl 159 H¥1 2~00 

Racal·~K2400\'P , 3'J5 M1gef11f'oc~zm 
USA Uiu1~1 Z.SOO 322 Hov.lL~ Parr~ 

USR Coo11e1 2JOOE 365 USAHSTm 
~-le1 1400MNP 46:2 'Nt·lfllml 

299 

CAl.L 

A'iiilel!Clse hf1ex UOSrZoom 
m 

-
669 
m 
~ 

3295 
1495 
»3:i 
ii!! 

r.AIJ. 

J89 
21l'J'l 
105 
'55 

SWE 
31i9 
629 

1'9 

RI 

2'J!l 
m 
~ 
415 
155 
8'l 

&55 
949 

cw. 

PRINTERS 
l;Jti.~;i 1100 139 A~ 24 .465 
tilil!nMSP40 295 Al~; j24 Q/S 
Citill:nMSl'l5 . 4:?9 NEC P6liU 4tl 
Crtlllln Pr.,mer JS 455 NEC CP6lrO 519 
Gicoru, DI~ ... , ?95 HECP1&0 592 
Gn!tM IWO 1511 NECCP1lill &al 
lhm1.1J9J 959 Mfl:M al5 
P:-tll.)SOl\JC 11)81)it.l2 169 N£CP9ll 111111 
P,.r>.JSOlll Ill ,Ml 189 NEC l'Z200 3J'.l 
l'l113.M!ni~1524 &49 io&hr!Joj21Sl 495 
Pmwnil; 1595 46Z Tc1hbiMSl iS'l 
St.11 N~IOOJ 178 Tosllll13351 sx um 
0313 Saum llOH 1tsu OTC [)<UPro Tl CNJ 
Su!W I &'.e-:1 ftffl~rs S.v.!ltle$ illtlOl'l SME 

LOW PRICES FOii LASER ~IPITERS 
ASTTuroo? S ' 3G45 AS1 luib<J.L 
HP IA!.!r J!l II 1719 (.;non B- 11 
0 ~1111~ 6 !JliS ~cage 

TronC"i~taU11 2445 P?na 1;4·1:i:l 
Wi~f'i;etz 2545 Ou~J.tr 

DISKDRIYES 
Mini1o1:rlbe 6053 Wi Bemou~ II 
MirnmiW )(JM Card 3!18 CDC 130M 
flllnJ w1b1 li08S m Ptu Coi;u20M 
Se.gale ~Kit m PlusCi1dlflM 
Selgaie ltlM Ktt 285 ~-40• 
T051l:ti.l 3 s· 1 .. 109 Se19RIO!lfi 
.AST 1r\l lo1i£1tte•'Genoo ~rrJ M"•IOI' 
Mounlain.Pu.1mTa[grassTm.-Tecm ac 

171i5 
1Slli 
lm 
SM 
ZJ9!1 

SM 
161'9 
S35 
ng 
J95 
149 

CAU 

CAl.L 


392 
419 

.m 
CALL 

HOURS: MON·FRI 7AM·6PM tSAT 9AM·2PM 
IN ARIZONA CALL (602) 437·4855 

CompuSav!l 4207 S 371h S1 . Phoen11 . AZ 85040 Prices Reflect Cash Discounts And Are 
Subjcc1 To Change Without Nolice. Ma1or Credi! Cards And Selected PD's A1e Accepled . we 
Cannor Guaranlcc Compa!1bilily. CompuSave Is ADivision 01 Adlanko Corporailon . 

lS2 

Belore you spend less (or more) than 39C on adiskette, read this ... 

Everyone loves a bargain . and a 26C 5.25 DSOO diskette sure looks 
hke a gooa one. But after five years 111 the business of selli ng disks. 
we know that 11isn't. 

All diskettes are not created equal 
U S 01ske11e manulaclurers test 1he1r diskettes to assure they meet 
certain qualify spec1f1cat1ons Three lypes of disks emerge from lh1s 
process· !hose that are unusable , lhose 1hai meet "ANSI" standards 
(40% or more at ihecliSk 1s usable) . and those that are "h1gh·Clip" 
(65% or more of the disk 1s usable .) Only the la!1er disks become 
brand name disks And only the latter type of disk can become a 
Super Star .. disk 

No gimmicks, no hidden charges, and 
no insult lo your intelligence 

Super Star diskettes come with a hlet1me guaran leeano packed 1n 
polybags. w1lh Tyvec'" (not papen sleeves. w11te·protec1 tabs . ancr 
user-ID labels We don't think these are " luxuries" and we don 't 
charge more for 111em We don't tack on a "small order " surchargeor 
lhe like We do11 ·1add asurcharge 11you pay with acredit ca rd . The 
price 1s the price we advertise whether you order 50 disks or 500 
And our shipping charges are approximately our sh1pprng costs We 
prol1t by selling lots or disks nol by snipping 101s ot disks It's tho se 
cute 11n1e extra charges !hat can furn a 26C ANSI disk rn to a 36C ANSI 
disk belore you can say ''I've been had ." 

We believe in service. nol lip service 

Over 90 percent ol our business comes trom referred or reordering 

customers That says a lo1 about our disks and our service Our 

order takers are trained to know whether we stock the disks for your 

computer. They havecurrem information on what 1s and isn't In 

stock. When an item 1s available. 1t ships wi lhin 48 hours. bamng 

snowstorms . hurricanes or plagues When something 1s not 

ava1latlle, we tell you when you can realistically expect 1t , We don't 


l<eep our customers by mal<1ng empiy promises . Mos1 important ot 
all. our order lakers are trained to say things like " thank you .. 

We know some people are motivated to buy tJased purely on price. 
After all . 11you 're 1n the market for a really cheap diskette , that's whal 
you ·11 get. But if you' re data 1s wonh more th an the price of the disk , 
give us a try. With our Quality, our llfel ime guaranlee. and our prices . 
we·re the best value going 

Super Siar 5.25 SSDD .39 ea 

Super Star 5.25 DSDO .39 ea 


Super Siar 5.25 SS96TPI .51 ea 

Super Star 5.25 OS96TPI .59 ea 


Super Star 5.25 Hi Density for AT 1.09 ea 

Super Siar 3.5SSDD 1.16 ea 

Super Siar 3.5 DSDO 1.19 ea 


Super Siar 3.5 Hi Dens 4.69 ea 


1°800°255°5874 

8 a.m. to 5 p.m. CST 


(In Illinois, call 312-492·5050) 

Call !or printer ribbons , diskeHes, disk cases 

and other computer supplies 
Order mforma11on Minimum purchase is$25 ,00 Super Star 
d1skenes sold 1n quan1t11es of 50 Sh1pp1ng charges: $3.00 per 
100 dis::ettes or fraclion Weaccepl Visa and Mas1erCard , COO 
orders accepted with a $5 .00 charge. Open accounts (Net 15 ) 
available to qual1fy1ng public ana private organizations. 
lntemat1onat mqu1r 1es welcome. 

Disk World, Inc. 
2200 West Greenleaf Street. Evanston, Ill inois 60202 
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,.,, ....-...::...~r.=::-:t~- -
UPD70108-5 f5MH2) VllO Clllp.. ••.• $ 7.49 
UP070108-8 (a.IH%) Y20 Chlj>..... $ 8.95 
UPD70108-10 (IOMIU) Y20 Chip. .•. $21.95 
UPO70116-8 (OM tuJ V30 a.1p.•... S11 .95 
Uf'D70116-10 t10MHzJ Y30 Cllip••. . $24.95 
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1•0<. "'-' 
7400 39 
?.107 39 
7400_ 35 
7 410. . :: :::: 29 
7""1" ... 
7416 39 
1417 .:P:J. 
7420. :j~ 

7•30 .JO 
7~2.. 3-J 
74311. .311 
74..12_ s' 
744~ 11;1 
7'46 69,.,,,, lfD 
1"44& • 200 
7 '472. 89 
7473 39 
7....... .!l'J 
7475. •9 , .. ,6 An 

7•l.SOO 29 
7•1.Sa2.... :: .20 
l<l.504. 
7'1.SOS . 
7<u;o6. 
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74l.S06 
7 ..LSHl 
74LS14 
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74ls;Q 
74l,S.J:;l 
741..54:1. 
7'<.84"1•• 
74LS73. . 
74LS74 
7•!.'P:\ 
741.$1& 
.,..t.Stl!i 
741..586, 
7•LS90 
7'1.693 
7•LS1:1'3 
7..ul1:il:I. . 
74lS138 .. 
74LSl:IQ . 
7.llilSH~4. 
?1iLS157 
7CLS1!al! 
7-4t..S'~' 
"f.ilL.$164 . 

74500 
74604. ... 
T4SCC . - . 
7-IS 10 . 
7453:> 
?4574 . 
7456S 
7.&$00. 
74.Sl:i!ol. 
7~U.c, 
7-1S17b.. 

7~FOO , 
7-tHM 
74FOB 
7a'IO 
?..a~,.,,..,.._ 
7""F86. . 
7'1F138 

CO-IOQ\ , .. 
C0400El 
CO.il011 
<Xl'Ol3 
Cl).i01 & 
co.ao11 
=-<l18 
004020. 
C04024 
C0""11 
C040:'.lO 
C040"Cl 
C04049 
COIO'.,(l 
CQ4051 , 
Cll4052. 
<'.:04°"3 
CCM003 . 
C0406<i . 
C04007 
COollWt 
C0<070 
C0407 1 
~72. 

35 
35 

, 1.()!I 
, • I.Oil 

211 
.29 
.•a 
.35 
:& 
.35 
.49 
_ll'J 

.. 30 
:I.~ 
39 
55 
.:Kl 
.:is 

·~•9 
.5'J
.•s 
.49 
49 

1($ 
,45..~ 
611 
Ml 

·-·1!0 7"35. .11!1 
Ill .,.....,, 45 
rn ,..,.,_ :>-OS 

.:15 7•~ •9 
~ 7•'l0. ·~:xi 7•121 ., 
2!J -, .. 123 •• 5!l 
19 741~!. 5'5 
39 7412'1 8" 
29 741""':3 J<li!> 
>I) 7'41~ 1.35 
2~ 7"''54 1.J~ 
2~ 7d.,~ 1-&.l 
20 7"4!73. 1l!l 
.2!l 7'417.. "" ·~ 7 41t7S. .SQ 
Oii 7"'176 .9!) 
7 1) 7.:ml81 •• 19!:1 

.79 7'4189. .. I.II!> 

·~ 
,,.,i:ll 79 

79 7"'108 1~ 
:;>.; 742:21 .99 

.6"1.1 1...273 • 1 90 

.:19 1..305. ' 653r, 74007. 6S 

Ill 7"'l.S155 75 11!1 
10 7.. t..E,M. . .99 Jl9 
2~ 741.5173 ~ .10 
:I!, 1"'-5• ,.., ."9 30 
~ 7•LS11S. . .49 :Iii 
.w 7"'LSUt9.. "-"" H9 
111 T..Uii191 • !i!! 49 

- ·~ 7-ll.~H93 79 69 
:19 7•1.5221 tFJ -S!l 
25 7"'-S240. l!l!l .!Q 

1~ 74LS243 •• , i:i;, Di 
2~ 741.-S2••.. .#¥} .S9 
311 1..l.82,S.. .. al .79 
.l!lil 74lS:!Sll. _gg 811 
.20 7.u.s:z73 ea 711 
2!\ 74lS'711 •9 39 
.:19 741..G;l2'2. •OS 395 
45 .,4!.5366 . .•9 ;.)9 
49 74LS366 .•9 39 
2!'> 7•1..<;:)1!17 ,og .)9 
~o 7•LS:l6a . 49 39 
30 74($373, ... .19 &ii 
<49 7•LS:l'"l-4. .1'l 611 
!111 7'4t...::DQ1 . .. .819 711 
.1!> 7•LSri!IO, 6.0'5 5.05 
.19 7'lS62• . 206 !.!16 
.00 74LS629 295 ~.as 
.3S 7•1.S64<l 1.D!I -"" 
"" 14L..$645. 1.Dll "'9 
49 7-4LS670. 1.0Q l~9 
d9 7•LS680. .. 2..'.39 2211 

.l19 '/o4$1B8"" l....9 
21l 74SU!ll .•. . .... 1.511 
.3S 7.t$100 
29 745:'40 
$ll ?4S.24ol 
•S 745253 

17'> 14S21Jr 
•9 745:!\ltl" 

2.75 7•S:l'r".l,., 7d$.J7.o4, 
ro 74&47~ 

211 UF139 
-19 7~F I ~7 
2" 74F193 
21> 14F2'°
2\l :O•f'2...... 
:Ill ., ...F253,. 
:JG 7-tf::J73 
69 74F37" 

. '0 CQ.407e. ... 
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10 C0408.2. .. 
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'.29 G04'51l3, 
25 CD-<~ 
2" CO.""" 
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2.49 
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140 

10 
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59 
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_,_,_RA. 
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"""" 395
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0000. - • .. . 5.115 
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~ •• __ _ 575 
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8\M J.95 
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-- -
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Jameco Solderless 
Breadboard Sockets 

.r
' 

JE20 6'>" ,,. 
JE21 3 ... x 2'• 
JE22 6'> x p, 
JE23 61> x 2... 
JE24 S"r • 3• 
JE25 61> x 4i., 

JE26 6'<i x 5"' 
JE27 7i... 7•1 

Jameeo's 
IBM PCIXT I AT 

Compallble 
Motherboards 
·AwaJd 

BIOSROMs 
1nc!udod 

......... 
200 0 s 2.29 
400 0 $ 4.49 
630 0 $ 5.95 
830 0 s 7.49 

1,360 2 $14.95 
1.660 3 $22.95 
2,390 4 $27.95 
3.220 ~ $37.95 

-

' w 

. - . 
JE1001 

JE1 000 4.77MHr (PCIXT)• •••• $ 84.95 
JE1001 4.n/8MHr (PCIXT) •• .. $ 99.95 
JE1002 4.nl1 0Mtiz (PCIXT) . . . $119.95 
JE1007 618110/ 12Mtiz (An .•.. $349.95 

Jameco 
Computer 
Power 
Protection JE1100 

JE1190 --.... . . ... .. . S29.95 
JE1191 &-Outlml-BlllP ..•• $11 .95 
JE1192 300  lloclHJp.. ••• $269.95 
JE1193 soo--.Up.... $349.95 

ZuclcetboBrd 
TANDY 1000 

Expansion Memory
Half Card 

~ n4 V'l• mtlft'IOry .or ')'Our 
'!iondy 1000 t128K ""'"°"I lo 
N much M 640K, AJ.so lnell.riee. 
OMA contro&i.r iCn•P. 

TE512 - 01 2" ....... .. . ... . ... $119.95 
TAN<: -ao<:k-Cftlol (onlvl ,,,, $39.95 

30U.U Hlltd 0 1111 om.. 8oMd lor T.ooy 1000. 
1000A. l 000S )(. 1 200. 3000 lftd 3-000HL 

:iaMB Hard Diak Dnw 
T30MB Board•••••• • •• •• $599.95 
_ _ ..:..=~@::;:: ,...,- =-~-SJ 

30005 ._ """" - . .... u(M). •..... $111.95 
30DD!I - ..._ _ (17)••• •• •••••• $14.95 
21398 CMOS~ (M)............ $14.95 
210830 ---..-{17). ...... $17.95 
230IW3 - --  a.t jl1).. . . S24 .85 

-

TM50S............. $ 11.85 
Tann IOOudiD!li t.a .se· 1iq ~ cimJ 

SU2.l.1 .............. $11.95 
EG&G Rolron {3 125~ 111Quaro. :l4 c:tm1 

Jameco's 4.77/10MHz Turbo 
IBM PC/XT Compatible Kit 

JE1002 • .n1U)Mll.l 1Uo1>c Moc,__d 
(l'MV-K MM - I ~~ 
_..._~ •..... $119.95 

JE1014 lln n.-PCIXT 
~,._CAM ..... t69.95 

JE1015 )(JIAT Comp.ic.,t.oonl '59.95 
JE'1021 ~'I" DSDDDid">m oo 

- - )..... .. . 189.95 
JE1 031 _ , !SOW llrioo PCIXT 

Comp.  s....,1-; •.• $69.95 
JE1 043 :!80i<l120K11 .2M 

em-.. (Md. ..... 549. 95 
41 e<l-150 !elUIAM (66,53i• 1 l 

(2 Clllpo. 1SOooJ• . ••..• 14.98 
41256-150 5121<"""' !2e"l. 1 .... )

<•a""""- •~J... ,. ~s. :;o 
50464-15 n211 111111 ca5,53a ..> 

!4 "'  l5DnaJ••• • •• $19.BO 

.J ,,.,,Illar U$f $569.98 
r SAll'I!!' S70.03! 

JE1006 IBM PCf XTComp.10MHzTurbo Kit • • $499.95 

12" Amber Monochrome 
TTL lnl)UI, High Resolulk>n (PC/XT/AT) 

AMBER . .... $'ttl9:95 $99.95 

14" RGB Color  CGA Compalob le 
Amber / Green /Color SwtlcMDIO, 640 x m1410 
200 Resolution ll'CIXTIAT) 
TIX1410..•• . . . ... $279.95 

14" EGA ~lor- EGAICGACom~!.. 720 x 3501max.)ra.;olu~on lf'CIXT/AT) 
TE5154.. . . . ...... . . .• ........ •. ... • ... . . $399.95 
14" Uftrascan Color - CGAl'EGAIPGCNGA Compallble. 800 x 560 <max.) 
Re solUlloo !PC/XTIAT) 
4375M.... . .. . . . .. ... . .... . ..... . $519:95 $549.95 

' 
Graphic 
Display 
Cards 

. . . 

L·  '-' l· 
.IE1~ 

JE1050 Mono Graphics Card wlAinW Fl:ln lf'C/XT/Al)• •. • • $59.95 
JE1052 Cola< Grmphics Card wlPnntor Port IPCIXTIAT) • ••••• $49.95 

JE1055 
EGA Gard wHh 2561< lll<IOO RAM 
and Pri n1er Pon (PCIXTIAT)••••••••••• • ••• • $149.95 
Mutt I 1/0 wilh Drive Controller 

JEl 071 ~nd Mono Graphics (PCIXT)•• _ •• •.• ••. •• • .• $119.95 

Multifunction, 110 and Expansion Cards 
110 C.rd with Serial, Game, Paiallel Prinlef 

JE1060 R>o'l and lloal Tirn~ Clock (F'CIXT) • ••• .•• •••••• $59.95 

JE1061 RS232 Se<ial HAii Card !PCIXT/Al)••• , • , , , . , , , • $29.95 

JE1065 
110 Card with Serial, Game and 
Parallel Prl nler FM (AT). . • • • • . • • • . • • • • • • • • $59. 95 

JE1078 
Expand lo 384K llnCI. •e<o-K) MulliftH!Cl1on wlSenal. 
Garna, Parall el Prinler Ftirt & Real Time Clock (PC/JCT] • • $79.95 

Aoppy and Hard Disk Controller Cards 
JE1040 380K8 FlOPP'/ o;s1< Drivo Conlroller C.rd (PC/JCT]• • .. $29.95 
JE1041 20/~0MB Ha<d Oiol< Conlroller C8rd IPCIXT] ••••• •• $79.95 

JE1043 360l<n2QI() !.2MB FloDIJY Di... Cont Card (PC/XTIAT) $49.95 

JE1045 g:~:i1~~;;~~A~~~~~.~~'? ?'.s~ .......... $159.95 

Additional Add-Ons Available! 

ST225 
ST225K 
ST238 
ST238K 
ST251 
ST251XT 
ST251AT 
ST2n 
ST217l( 

Seagate 20, 30, 
40 and 60MB 
Helf Height 
Hard Disk 

Drives 
=5'1(-) 

>OMS 0.0..anl-; (l'<:rl<T/.&t} . • ... $259.95 
i!Otolll w/ Coo""h< ll'Cl){l)..... $289.95 
30118 0.... ""tv iPCllCTl.&T)• .... 5:zgg_95 
JOMB w/Cant. (PCl)l'TIAT), , , , • , $329.95 
..,..9 0rM - l l'ClllT/AT)•••.. $439.95 
40MB w/Cont. c.rd (PCIXT)•...• 1499.\15 
40MB "'Cant_ c... (AT)....... $5M.95 ....... Drivo """ {PCJllT/ .&T) . ••• • $549.95 
OOM9 • /Cont CA.- (AT). . . . $659.95 

Jameco PC/XT 
& AT Compatible 

Disk Drives 
J lf10"2 (Ph ..... '9<1) 

KD302 : 
•~, Silo 1n Nii~ CON'/
ea,. 

· 3" O.oo LCO 
• Auto 01 rnanuaJ r.ang11"(1 
• AU(fft)M CQl'tllnl.lltY 16.~et 
• Ja.aia ACJOC \A:)l.t "VU Rasia· 
l:llnCflll)l'\d~n.o~ 

• Ono 'T\taJ W.tH11nly 
· SUo 4"'l x 2"\V :r .... "li 

KD302 . . $27.95 

..650: 
• 1-t.;i.rl(t'i(."11.!.htgh accta"OCy 
- ~i., O..gir LCD 
• M.ftt"iuQI rllo1\9l n~ wl1n 
O,.C,kt.,)aF'ro~tlor• 

• Aud'•hle C()(1!1n1jrfV IDSh!~ 

• ftiiU. · ACIDC:: \A')!~ . 
Rt1!.1'5U1.ne., Got'iCJAU11'i 
C3(>111C1l.')11Ct' 11n(I F'l(l(l\l("f'ICJ' 

·ON!IY.ta1~rra"rv 
· Snc. 7'\.. s J. <i, W .111 -., 1'1 

M4650 .. $79.95 

JE1020 MOK B*lo B• . (PC/lCT/AT) ••• $ 89.95 
JE1021 ""°""'""' -(PCIXT1'"'J •.• $ 89.95 
JE1022 >.21111- Dll<'"'l- .• • • $109.95 

Datatronics 
2400/1200/300 Modems 

• H:ll'IC$ GO rnm1nd eofftl)M· 
•blO • Seill 10-) !;lt~ C\:Nll· ..... . · ~' 	 uil1!1C>t"' • .liulo~fJ1nU•\JID· 
n1H......01 • Fc.c 1;1 cip,0V'O'CJ-= Ill I ·veor wQlr!;anty • fnclude•....... 

M•s1M1T• Comm.1J,,1c:.er1vn So_,. 

1200H 1200/"JOO 8oud lnlam8' Modom. ••• $ 79.95 
2400$ 2iil00Jt2001300 ln\emal ~1•• • • $174.9!5 
1200C 12001300 lloud E.<t.m•IM-... . , . $1 19.95 
2400E 240011200/JOO f.>:lemal - .... $219.95 

Prometheus 12008 Internal Modem 
PM1200B·2S 1So"'"""''"d >-$-M9:95 $119.95 

Jameco Extended 80-Column 

Card for Apple /le 


• 80 Col, 16"4 K AN.t • Oouble1 
.nno1>nl ol '71Ul )'Out ~ IM 
ct1n d1sp~y M ••tr 011I~ mtrm· 
Of'J' c a P•C1ly ~ ld~al rot 'tMlrd 
proe:ou1ng • Comi:ilo1• '*llh 
11'1.&1WC110nl!I 

JE864 $39.95 
ADD 12 (Dlok °'... II , II +, 11") $99.95 

TEST llQUtPMENT 
Kingdom and Metex 

Digital Multimeters 
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Circlt 129 on hadtr Service Cud (DEA.LB RS: 130) 

Comes with: 

FCC APPROVED! 

Sub-Mini AT! 

The Space Saver 

3-DA. Capability 

a.Expansion Slots! 


• 6-10-12 MHz Speed, I wail state 
• 8 Expansion Slots 
• Award Software BIOS 
• 1 ea . 1.2MB high density floppy drive 
• Floppy & HD controller 
• 512K RAM (Expandable to 1M) 
• 200-watt power supply 
• AT Style keyboard 
• Assembled & Tested 
• Expansion opt ions available 
Order I MAT-1 $965.00 

XT Turt>o Basic System AT Turbo Basic System 
I 4.77/8MHz keyboard • c/10MHz, 011 wail stale 

selectable (6112MHz option) 
• 8 expansion slols • 8 ai1pansion slots 
• Award Software • Award Software BIOS 

BIOS • 512K RAM 
• XT Style slide case (Expandable 10 1M) 
• 256K RAM • 1.2MB high densi1y 
E~pandable floppy drive 
10 6401<) • Floppy &HD conlroller 

• XT Style keytxiard • 200-W pa.ver supply 
• .Assembled &Tested • AT Style keyboard 
• Expansion op1ions • Assembled & Tes1ed 

available • Expansion options 
available 

Qtdet I XT-TU ASO 1 Omer I Af.TUAB0-1 

$290.00 $945.00 

PERIPHERALS 
1. Floppy Disk Controller -.2Dr. $29.00 
2. Floppy Disk Controller - 4Dr. S34.00 
l WDC H.0. Controller $75.00 
4. WOC H.0, Controller • ALL $105.00 
5. Floppy & HD Controller · XTIAT $155.00 
6. WDC Floppy & HD Controller $155.00 
7. 0.384K Multifunction Card $7'9.00 
a Multi 110 (SerlParlGame/Clk) $54.00 
9. Multi 110 Wilh Controller $75.00 

10. Multi 110 For AT (Ser/Par/Game) $52.00 
11. ~OK RAM Card $40.00 
12. 0-2M EMS RAM Card For XT $99.00 
13. 0·2M EMS RAM Card For AT $119.00 
14. Color Graphics Card $45.00 
15. Color Graphics Card W/Printer $55.00 
16. EGA Card (Made in USA) $139.00 
17. Mono Gr. Card W/Printer SS0.00 
18. XT Turoo Motherboard W/BIOS $95.00 
19. 6110 MHz AT Motherooard $370.00 
20. 8112 MHz .AT Motherboard $410.00 
2T 6/12 Mini AT Motherboard $410.00 
22. XT Style Keoyboard $47.00 
23. AT Style Keyboard (AT/XI) 554.00 
24. Enhanced Keyboard (ATIXT) 567.00 
25. 150-watt Power Sypply $49.00 
26 150-watt Power Supply-UL S60.00 
27. 200-watt Power Supply-UL 595.00 
28. XT Flip Top Case 532.00 
2'J. XT Slide Case $34.00 
30 XT Slide Case (AT Style} 547.00 
31 AT Slide Case $63.00 
32. Mini AT Sl ide Case 554.00 

ORDER HOT LINE 1-800-543·5107 
Technical Information (714) 990·2097 

Hours: Mon. - Fri . 9:00 am - 6:00 pm PST 

JAWIN COMPUTER PRODUCTS 
565 W. Lambert Rd., /IC 

Brea, CA 92621 
Terms: Plu5e040$-10 !"' $2.°" ._.. N!l'>O'I P'u• 2'>' 
10' 11<1\SIOOOOCA.-.-- - - .. W. 
~MCIC1$'1 ~ C:l'Hecicl pkdM: dow '2 ~ ioc...11r Ali 
~~ 'fli'illlan18CI lor 1 ye;Dir unlew ~M IWac:I 

2?2 BYTE• MARCH 1988 

51/4'' OS/DD 59~ 

5Y4" OS/HD 1.59 
3%" DS/DD 1.09 

Price hued on quantity ol 300 
lncludea lleevea, labela end laba. 

800-222-0490 
In NJ 201-462-76.28 

e 24 Hour Shipment e 

MEGASoft 
P.O. Box 710, Freehold , NJ 07728 

Easiest IEEE 488(GPIBIHPIBJ 
Interfaces for your PC, PS/2, 
Macintosh, HP and morel 
• Controll"rs 
• Converters 
• Ex1enders 
•Buffers 
•Boards 

Call or send 
for your FREE 

i~. h Technical Guide 

lLI l8C (211) 439-4091 

21811 ~ ..... C1evelllnd. 0111a•1• 
TlllDl tlS02820e&I • FP 218 ~ 

Dealers! 
Network.OS LAN Syrilems · lnclud"5 Boaldo. 
Cabllng, TermfnlilorB and Software. Two-u""r 
hardware nnd software 1o1 under $1 ,000 11stJ 

Cloa...up R.,mot" Communications - Support 
your c;uslomeu W'lthou1 le11.nn9 your olflce. 
Authornd by Cogllai. ror Nonon-Lambertl 

ConlH1 8•n•lllv• Help !0< D.illFl•K. RM/ 
COBOL. ClipptK and dBu• Ill - Put• your 
applh::a.llon'$ documenrarlon "on line-: 

DataRH OAlal:iAN Managemenl · True Mulll· 
UNr dalabue 101 MS/PC-DOS, Unix and X~nlx. 
Site lleenolng a.....il.tHe. 

DumpfRH1are-XT. Sewn ulllHIH""" IM MS/ 
PC·DOS UHr. 

Call or wrtl" today for our cat11log and prl~ln9I 

COGITATE, INCORPORATED 
"AHlghtt Fo1m ol sonware• 

24000 Tel&g raph Rodd 
$oulhfleld, Ml 48034 

(3 13) 352-234S{Telex: 38651!1 
VlujMo.sllHCotd Acaopted 

Circh 56 on RMMllr Snvk1 Carri 

9·TRACI< MAG. TAPE SUBSYSTEM" 
FOR THE IBM PC/Kr/AT AND... 

tarrmrmamn~ t&a!J?ill"lt •~...,._ 

~=:~:~=~ 
• 1811 romia1!0loi3'.200 ...a aoo cpl 

• Sorhffn lor PC·OOS. ,.S-DOS. XJ;NJX. 

AK8y-.tem• 
~1 ...... s.i 
~CA11') 11 

~'-"I IQIH'UJ:l 

FA.'ol.11~.LXU'""-""' 

Cirek 8 011 Rltlikr S.rviu Carri 

PAUEPROM PROGRAMMER CARO 
For PCJ XY/ A'T s.,.....l"ft. 
NEW • VERSION 1 OF !IOn-lllARE AND HAROWAAE 

~~~~~. 
ALfE Jll. . C~ 
R!WI., PA/II.rec 
~Al.S ~£I'll). 
_ , _RA,WllWrod 

_r.:;:.1F~~SRHd. 
Wr1tt, lJ t~ . ~OC1. 

~-- ........ ana Ir"" al DtOQflffl 
..i£0£C

. t lfdWtO 

lOOMHZ LOGIC ANALYZER CARO 

I ~ I • 

_,,,,.; 

2.1 ~II 290u-2!Mhr 
-6 c.NrNlt 11 100 ~ 
- CJoO. .... OD Hiii !...4 -u-cax...., .. aw. 
n..-J<'<I v- 11L ECL 
O/' V~ kDTI )0illll olD'll 

c.,,s..;_ c ""

~· - -
Circl~ 142 on Rladtr S1rvic~ Card 



Circle 190 on R£ader Service Card 

Multi Line BBS 

Information Host System 


InfoQuest has announced the 
first reasonably priced professional 
Bulletin Board/ E-Mail System that 
instantly transforms any IBM or 
compatible computer into a secure, 
reliable Information Host System. 

Multi-User 
On-Line Database 
A flexible database feature pro

vides the virtually unlimited organi
zation of either structured or un
structured databases, eacli with its 
ovm "Key-Word Search" capabilities. 

Features like these, combined 
with a fully integrated Electronic 
Mail System, make this com

plete and comprehensive package 
the only choice for any serious 
business application. 

9600 Baud & Beyond 
Modem Support 
There's no reason to limit your

self to "snail's paced speeds." Now 
a simple software setup allows you 
to configure various modems at 
different baud rates on up to 16 
dial-up telephone lines at speeds 
from 300 to 19,200 BPS. 

A list of hundreds of systems 
presentJy on-line include several ma
jor corporations along with many 
successful new start-up firms. F..ach 

report their complete satisfaction 
with this unique product. 

Extensive upload options allow the 
organization and presentation of 
data, graphics, text and program files 
into an easy-to-use download library 
available to users so authorized. 

Priced 
at Only $395. 

This revolutionary software sys 
tem installs in minutes out of its 
professionally documented package 
and is available with a money-back 
guarantee. To order, or for addi
tional information, contact Info
Quest, (818) 991-5112. 

Science & E"ngimierlng Software Co. is ltle • No tftl oflt•• yH llltl'e n •l•ty. SCIENTIFIC TEXT PROCESSING 

only sourc~w lth all t.N! soltware~O<Jneed to ,._ . ial .-... 

wl.c your spffcialized problem s: Statist.Jcsl 1 If you daft r.ee 6 ti..... we 11 50ec """''it. 


FORTRAN LANGUAGEdaca analysis. circu it design, d.uta acQu1 s1· •II you don 't know the publisher. we'll find It. 
Dtff-.1 · 0 , MICf'OCOm(IDtlOIU s 449

t lon and 61gnal anelyslG. solving com pl ax 1 Dwr 300 programs availacle 119...- .~o.......... .. ',., .. '.- .. 

equatton~. 30 CADIC~M . h1gh-tl!ch graph· Grlt__.. •' Plit-.ale, M.l'cm~:omp.lrLltJJn 119 
lcs. t echnicel ward processing and mo re . •We ofter• 30·doy. rroney-back Qu&r111tee.' ....... , POllTJllUl., .•. , , , CJl.ll 


CIRCUIT DESIGN SCHEMATIC CAPTURE 
-Rl,Y n ... \~ .... 
Ml'C"O•tlAP U, S~i:tn.nn SottwlfNt. •... 
- · Orl!I, t:.AO Soll................ ,., .... , . , 
Miii Pel. CAO Sol <"""1 
MDI ...... CAO Sott.,111"•.... 
Pl111lea,.M~Son\. 

c1111.. °"'
11c..... 11,om1111W1n... . ·-·, ..9 
..aaTWOH, Yhi«I Coro 849 EQUATION SOLVERS 
T-PCI. ACCEl Tot~ .. 49 5 , _ _, ho I•-·BOl"llll>d .. s 

as
STATISTICS Ulooy -- fOllTH.li ..3 ,4~111-. s,,."'°' S)"'IWJ>a. 
u...-..~ 8eL __ t 315 2fl!j1111<,.Mlt fORT•Alll ll!CHtV I... c... s..i.Sar. . . 469 ~a...t:yal, M8U'J:!i 2~S 
lillern.... Eenott _ _ 19 llM/fOllTAAli. Ryon·M<f°Nllrwt . , ..... 11.,S 
-ITltf"'-ll. N<>r\l">wu .... 7•9 ~~ !Ar...,, L.filKrlLQry LID--. 13, 
P..ITAT OS 2791aPfP C, L1t.t1e&-...... . ···- "··-·~--· 
I .Pa&/ PC• .. . . ?• 9 
ltOlhc lloW, ~ Al60CA1a!L. S!l9 GAUSS 
1Tllll'W.,S'""'5ol< .. 135 s lll!l
.Vlttf . ,. • 99 339 

109 ADDITIONAL S&E PROO UCTS MODULA 2 
1- '""""· <>Cea Tam._ M-AO LO, M•ll>Sol~..... 279 .rlil'GHPlllCI, 5 l 6C s 339 

..aiurrM, M 1CfD50fL . . . . . 105 At.... 0t:?ut r~cM Solt 23OlllAACOUISITION SIGNAL ANALYSIS a.1--.11i , St.nJ~ri Sc:1.ntU'W S.01L'W1lr'f!. 79 ~.. Aliff. Eng Proo ConceO<I ti4B 
hf't:Mlt "'" • , MacrnlllM.~ __ ~ I 849 79 

495 

··-Q·sooc.... "' ..... . ···-· . ' LAICAUX 1000 C.IO\!loW :;s PASCAL
n:tt:elww ,.._1 Uwv9rs.tL Tecti SfL. .... - ...... '.395 pc;.-..... fli• MOUI-. 659...,....... -"" .............-- 4.BS Ill--D.A. THlo., .... .. .. , . . ...... ~ 89


c...u.I . ... f.nl l ....... 375 
 - - P.....i AOD-G.lil. ............_.." CALl
J75 '-'-11-.l, OnilQUrl Sort ttar 329 
-huh, oy • vtOCAO. l 65 ~79 TwM hMM, BartllnO . 89 

MYPIUIGNAI., '"""""""""""-· - 009 Spt:£rd E.n t~ Vtr l.o'\.. ···-· ·---···- -· 7'9 
JM 111...taHIHAI WilHI, 0 1 Int 89 o ......,..... TM91.k.... -- - 289 

~!;~~=~~;~;~-~~~ ill ..:~.:.=(I! ~,t_ 
l.UTICN A.o.,tn. loll T..:h, t:ori>. Gf,ll hoSci...llk-t OIMlnc. 139 
LAnlCN CHllOM. llO TO<,, Ca-o 709 Uak.1, C...C.ui fitct111ic:a! Solt.. ....... , ... 25DH. CAD . AIT'~~N'I Sm~tl Sim. Cnmr :? 19 - ;eol-NMTtolHL ... .. , 115 

LAITICll Ii--. Ldob T•c~ . Cot!>.•. , .. , 7:111 D...it.. 1 Plo1, Rn•IV• , ·-· - . .. 239 ,... PQa& I I.I· , ..... Ownn-CUl"lm. ·-' E9 

LAIT!CN ..., r- ,,,,..... L•b Toch, eo.,, 269 Dnlb S.D -If•. """"'V" ' 169 
~........,.. ' ' ...................... 44.S XtA.l'fCA.O, f\.o)ution C-O'T!plltH'l 13S 'i2!!\i!:!!1iti .. ------· .........I st Mic-·ASMS .hi 

SIMULATORS 
.., u... .,,,
0..1.0 . D.& . ... tNtnl, HM1. Stient1r.c. _ 799 ECAD. Oertoo EnQ-nOCr'f'ln9-•.. , 430 f IAllC. fr..,.e,,, Co<o 445 - . , CALL 

INAJl.CAl.C, HEM Oot• C0<P 350 ~TC:•D 1 E-Jo/\J t.ll:m l'::ompullr; lil , , ·-· ; _9.,.9 
a-n. CMIO...., es - IAllC. 8-d. -- -·-· . 69IN&l'-"fT, HEJ.I Oota !:Do,, 295 ~ aAllC THlkI1'I. ... c:Ail 
- ~·D lo!ill MoMl'"t.. 1S 9 Call tvr your F'REE c.c.tlog today! SliAPINOl ITOU.111 8'0Pl 495 s.o .._.......... . 118 
u.bfk..• ~... Unblil ScllwinL...... 109 C COMPILERS In the U.S. CALLta•A.'VlliM1 fACr(tgt•rA- . ...... .... , , 4!)..9Uabtlc... Uwj 1, U;il11J SofL'Wanl. 315 Laou.. c ...... . .. -... -.- $ 2 7S
L-.rCAD, DSL Uni.. ._.. ,_ .•.. . ~·--··-·-···--~ 89u•tSc• L.twl i?•, Un~:.i St1Pt....... "1S9 ....,.....c.. ' ... .. 289

:tZ':._cM§i1~~?;er.Mnl~~----· 3~~ - c. Moc'°"'' ·-·-·-· ..... " GS rnt!~~;,~e~:~3~~0~56GRAPHICS LI BA ARIES • 69 -c. ~'"'o 

HM.D, M ..IOC>-"<'> S 21~ AUTOCAD ADO·DNS er ng In ormat on ....... iU>«;a Soll-win! ..........~~ .... - ... 3 S 

A><.till. Syat..,.1 Vt>l lmlt<!d ol CA.. _! ?79Gr.,WC . s ..... ~llo EJ\doaY!>'O S19 'N!i ta:lll'!~~,,..L. ~ViGJ!E}l~OH O.opllk1 o... _ _lt J 75 -.ewu11, s,......, Unllfn.. --··· 189 DlftKli r-.. .. ..,~im~~-r:.n a "'  S.::•enr:e B

'i'lln.:!il.lll.l~-..:.-111111 .... cu ~..., ......... , 
fllMptll(, 61t<•rn• Ulll"" , , - 8!I...,."" VJ-. SLlbloql<: c..,._. __ ,_.... Splt<ll 439 S:l.l!i .............. _..,..,. • ......,.

PLOlTING AND GRAPHING 

.£ 
. ~.,.....,...., ..1Q1ll ..~~ 

· ~#!II!..... l"Q.Cl'IGIU..~~., lni.rcrw"t SOltw~ Eng•neer•n. u..i...1.~~...- 1.:r~,....0-G<..... M n~ .... .......... _....
,...~. ,, 5 SOf'TWARE CO . o-.-.. &c.-t..flc End.a-~ •iliiJifa-.,._~,...~-~~~'\uo209 
79kan'.. C<lu1i 1,,.;...,.1 Sol<. .. 5;; Soulil Broadwa¥, Tarrytown. NY 10591~·-- ... ~ltCH'GflAPN'•D. o......, """""""Y 
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,,,,PRIHE Pc.l'BIJJIE

BB 2866.lfJK 8 !tlHz 
10 ,ffBz Optlaaa.I O!+il:: .tl.E6Abfllf' 10 .tfUz 

12 ,tlHz / ..fr· H ·a11 tJptlonal O.\·E .t1Et-6Abfll•• 16 .HHz 
-o··H·..uT 

'650 $J~l00 

""' 

......,, 

Network/Multi-User PcPRIME 288 Syiitems . . . $1,600 

Installations W / 40 MB Seagate ST-251, 40 MS 


PcPRIME 88 W/2D Ml Ir I floppy 
8111118'11 ST 22S. 65 MS ... ...$900 
PcPRIME 88 w/30 Ml• I Floppy 
Seagate ST 238, 65 MS '. ' ... sseo 

AU l'cl'lll•E SYSTUU FUTURl: 
PcPRIME 386 Systems . S2.800 
w / 40 MB Seagate ST-251 , .tO MS 

• 	IEfllal~ 9:in l " l(r~ 
• lliOM'·• 

• kl•• loo tCty 11!«11 

: ~~.,~~i!c 
• T!lfCICI SC-0LIQ'\SW.a!Ot 
• l-f.aj ~lltFMMNl<OO•""<l""°' (7'Clol'o.) Du 
~~~~al 

• ~°'' 01nml~ t7Y'W1l :rt4 
I 1~9J'"O 

• -..o'Pb~ll la.5 
• 15CM'Ot~Pl1·•-S.i~f 
• t rir•H~·~l'IC OcfYeS.i:JU 
• 1\1"1.J:dr'td .\kl . F1 i01 
• IUi:i~ ....,filiOH; 
• Os,•1 1¢./lAl)~ f'Cdo! S,.'1•'"" 

l'cl'Rlllll(. PortMI• 11.000 
c-llfurllll 8"!I • ~Ml 811 
W/?O llB Suglll IT·m. ~Ill\. ON f""" &1.300 

I'd•• - ""1r1*tt . . ....., 
~r.r S- • l'all!llE lie 
W/ olll 111 !MQN ST·~ I . .Ill MS 112. Ulll 

h.Plllllf 318 Por111H 1.1111111 
Cen!11Mnl bu • MRIM£ le 
'l!l l ilD n SOlll* sr.zu «1 •s '1~ 
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P~Q
.... ~·-
A Numerical Analysis & 

Equation Handling Progrom 
•• . rfuS is a wonderful ptOgtam." 
Mothema1/cs lnstmcrot• 

. i f IN.,$ ,0 //fo !;.lhlCf , • ~ # 


Srsrlscics Pfl>fessor. 

• 	E.n tor &quatk>ns oaiJUy, edit end .solve. 

I t 's 1he1 !1imple. 

• EaUl!Hlons ruade blo fron1 or1v ASCII [C;CI Ide. 

• Symbollc manipulation. 
• Up to 1000 non·Hncar eauat lonis 
• Rc<1urrc5 IBM PC, 266&o. or moriL 
• $40 academic. $90 commerc1.el. 

See Nov. 'B 7 llVIE 
·wHAT'S NEW.. pogo 94I 	 l 

Unrve.rs ity of Wkscorlsrn~M tiid1son 
1025 Wo•t Johnoop Street 

Mo<lloon. WI 63706 
8001262·6243. WI 8001362·3020 

PC488 $145 
LOW COST l'C/X1/ AT INTEUAct: 

~-0 11. IEl': F.-188 (l;PIP/HPIBJ 
1• MORT CARO FOM P<:IXTIA T" COMP TlRLES 

• l OF r"J IN'l'P..RRUPT LEVEl."il
• • or1 l D~A 0-IANNEL..S 
• r TQ • HOARDS PEI< CC>l>ll'UTEll 
• CO.'<TROLl.ER I TALJC.ER I USICN!ffi 
• IMO.IJDi'.S SOt'TWARJ! lllllVEl!S 
• UJ~'TOM :H)fTWARE SU PPORT AYAll.A8.U: 
• 	COMl'ATIUU! V.'lTH MOST IF.E.l!Ai;5 ovrw~RI' 


rACXAGllS FOR Tll E mM re 

• 0 	 At-'TITV OISC'OUl'n 


~~ '"" dJ.if.Wh<dl! 


Set up acomplete
gpaphics workstation 

on your PC 
tor under SlOO! 

PC·PLOT·lll graphics terminal emulator sollware 
pack;ige enables IBMPC's and compatibles 10 

appear to ama1nlrarne as DEC VT-10lll200,VT-52. 
Relrographics VT-640 or Tek1romx 4010/4014 and 

4027 lerr111nals. The program a.lso provides l'dluable 
t001munication commands and more 

An ennanced version. PC·PlOT·IV. lurther allows 
complete Tektronix 41051erm1nal emu lal10n 
For more information r.J 11 614/882·4786 

659-H Park Meadow Rd. Westerville. OH 430!1 

(<,<>~" EPROM 
~~ PROGRAMMER 

APflOTEK 1000 
ONLY 

$225.00 
COM~EWrrt< 

PERSONAUTY 

MOOULE 


1 17 AC POWER·Rs.232 CONNECT 

-6 BAUD RATES · HANDSHAKE TO HOST 


AUOWS llEAD, WRITE, V!RIFY •COPY 

Corneo compl"'• Wil~ IBM·PC, Applo lie, or CPM 
($.-;Ii.,. Camputer) D ~•"' Progrem on OlllC. 

Plogtama tho lollowlng 6 Vo.ft 24 0t 28 pin 
dovic9s: 2718 - ~ 27612, 25M -· 88784 plus 01hat1. Please Spedly Porsonality 
ModlM dosirod wlm Ofder. A~ Paniotlliity 
Modulet only • r5.00 oa. F.- l v- w....,ty. 
fll tl14UH< I J\ll 1 800 9bl !J80Q Liii \'\di!H 

f\PRUT£K 

•11;1 ~ ~VE.t.Jr1r..,,\1 1\~'1 A.rd 

f ~\~AR'lU) r .... ~'11l1I \l)IJS1tq1pr1111ll'SA 

111~ \ I >ill', ~11- .'I'•: Vl~i\ ll Ml. Jlild J 

\\'1• i°• • •I'' {, ~ l ~· 1,.io,1 >, I l"l' I "ti' P {) 

PC~+MIDI 


==~IUSIC 

l!'o a • lrnpl• eq.,anon To plug )'Our PC or PC
c:ompat1bre tnlo ltla modem wo1ld ol mu:i.:;1C· 
ono~1ng. uS<t 1he complote /one 01 "4101 soil wa•e 
and ~ardwi<<e r,om VOY ETRA TEC HNOl• .OCllES. 

D SEOlJENCER PLUS: 6~·"1• c• 1or ~ 1 MIDI 
re cord'PJtlecs1101 

0 CONVERSION PLUS: 111e runw,<I•• lo r 111u ~ 1 <1 
1101a.11on Pf'OQr-.1.ms 

D PATCH MASTER: ne1....,ri\ o rgan1ie • •M 
~undllbmuan 

D OP-4001 : PCI MIOl onlcrlacc card 

·1 ·~ n-.-a""""-'IJ/ ea•y·IO-use 
mus-c ""'1~ t,.cllllll Dug-1/ff 

iPC COUPJ.NION/ 

For more 1nlormat1on con,ac1 VOVETRA 
TECHNOLOGIES. O..pt PC. 426 Ml ~l~oMnl 
Jwenue. ~tamaroneck NY 105~3 or coll 
19••1 698-:i:Jn 

Cirrlr 216 on R.ader s.mc. C4nl 

9TRACK 
TAPE SYSTEM 

• ,,.a 1o lr ame 10 PC Oil~ lr>n~fe• 
• H;gh Spo•d Sao•up 
• All So!lwaro , Comp IOI• Simm 
• Seivlet ano Suppor1, e•sy 

ln.tallatlon 

call (818) 3'3·8505 or wnte 10 
L'aM8Cil '-!•• c..... 
P.O. Oo• 153 Tamna , Call! . 91J5S 

CONTECH 

Clrdt: 67 Oii R#l/ttr ~t: Cant 

Cirt:le &I 011 Reodtr Strviet C:anf 

100% certified and tested.. Error free 
llfe time warranty. All disks Include 
generic white box, TVVek sleeves. 
labels, write protect tabs, shrink 
wrapped 
s.2s Slack Disks, OS/DD . . . . ... .36 ea. 
5.25 Color Disks, 8 Colors 

Available, OS/DD . . . . . . . . . . . .116 ea. 
5.25 Black Disks, OS/HD .. . .... .86 ea. 
5.25 color Disks. a Color; 

Avallable, OS/HD . . . . . . . . . . . .94 ea. 
3.5 Slue or Gray DlskS, 

OS/DD . ... .. ' '.. . .......... . .98 ea. 
3.5 color OlskS. 7 color; 

Available, OS/DD ........... 1.10 ea. 

BULK MEDIA AVAILABLE 
5.25 DS/DD . . . ' . . '.' .. .- . . . . .32 ea. 
5.25 DS/DD colors. . . . . . . . . . .42 ea. 
5.25 DS/HD... ' . . ' . . . . . . . . . . .82 ea. 
5.25 OS/HD colors .. .... . . . . .90 ea. 
3.5DS/HDBlueorGrav . ... . . .95ea. 
3.5 OS/DD colors ... _•. _.... 1.01 ea. 
5.25 ryvele Sleeves . . .. .. ... . . 0275 ea. 
5.25 Paper Sleeves ....•••...0175 ea. 
5.25 Label Sheet . . . . . . . . . . . .OB ea. 
3.5 Label sheet. . . ..... . .. _. .20 ea. 
5.25 White Box ......... . ... .15 ea. 
3.5 White Box .. ... ... .. .... .1 4 ea. 

CONTINUOUS FORM LABELS 
Box Pnce

Size Across Otl/ . ~r/1000 

2... x 7/16 1 across 10,000 S1 .9S 

214 x 7/16 4 across 20,000 S1 .95 

2'h x15/16 1 across 5,000 S2.18 

211'> x 15/16 3 across 15,000 S1.98 

3x15/16 4 across 20.000 S2.00 

3.3 x 15/16 4 acros.s 20.000 $2.05 

31/1 x 1 S/16 1 across 5,000 S1.90 

3 '11x15/16 2 across 10,000 $1 .90 

3 1/1 x15/16 3 across 15.000 S1.90 

3 1/i x15/16 4 across 20,000 S1 .90 

4x15/16 1 across 5,000 S3.21 

4x15/ 16 3 across 15,000 S3.21 

4x1·7/16 1 across s.ooo S3.25 

4 x 1·7/16 3 across 15,000 U.25 

Prices auoted for full boxes onty. All orciers 
F.O.B. westvllle. NJ. coo orders - add S1.90. 

1040 Broadway 
westvllle, NJ 08093 

&09·45&·&996 
FAX# 609-456· 7172 

All orders F.O.B. Westville, NJ. 

coo orders add St .90. Visa & MC accepted. 


All orders shipped same dav. 
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RS-422/232 

CURRENT LOOP 

: 	 II .. .. 
' u 

.. " 
, 

• . ' . .- 1 
= 

DS-225 
• 	Slngle channel async communl· 

cotton board for IBM PC/ XT/ AT 
• Software selectable to be fl.S/ 

422/485, 232 or Current loop 
• 	Selectable Addren & Interrupt 

1·800-553-1170 

475 c. Excllange s 1 .. AkrOn. OH 44304 
(~8) 434-315'4 TlX: 5101012728 

72 Digital 1/0 

. . -. ·-... _.._ . . ·~ . 

PXB-721 
Parallel Expansion Board 

• For IBM·PC & Compatibles 
• 72 Digital 1/0 Lines 
• Simple Programming 
• Uses One Expansion Slot 
• Fast Delivery 

$195 
1-800-553-1170 

Cirrk lls011 ll..., ~nfu (4n/ 

RS·232 

Communications Board 

·-· 	 ' 
C.11 . " ....~ I•' 

'' 'I I --; . • -~ I .•.· •

l t:"' ·~·.......~ ' 

l ".9- ..... •' ..-= ,, ....,.. h -

• For IBM-PC/XT/AT & comp. 
• Dual AS·232C Interface 
• Optional software supports 

COM1. COM2, COM3. COM4 
• Jumper select.able interrupts 

Fast Delivery 
1-800-553-1170 

1:j1 CIU~ TECH 

475 C. E.<cnange St. Al<mO. Ul1 44;l04 
(216) ~-31 54 TUC : 510101Zl26 

owerContro 
110/220 AC by your IBM-PC 

The boards allow you to Con
trol/Monitor high vol tage AC/DC 
power l ines wit h your IBM-PC/ 
XT/AT or compat ible whi le pro
viding optical Isola t ion. 

1·800-553-1170 

• FOR IBM & Compatlbles 
• Flexible and Inexpensive 
• Money Back Guarantee 
• Free Technical Support 

Fast Delivery 
1·800-553-1170 

U!iadere In Com munica1io11 Teuiu10klgy 

~78 E. Ela: h"!'9'1 SL, Akron, OH 44304 
(216) 434-3154 n.x. 5101012126 

WAVEFORM 
SYNTHESIZER 

• For IBM PCIXT/AT and compa!lbles 
• Generates user-definable signal 
• Up to 2000 points per eflll91ope 

$795.00 
1-800-553-1170 

47S E ExcllBllQO SL, Akron. OH 44304 
218 434-3154 TU<: 5101012720 

RS·422 

Communications Board .. , .• 111 I I 

c:lj• 
~' 

• 
·~ 

i: 
I . o. 

-.11~ ·
I. ,I. • 

11111 Ill 111111 

• For IBM PCIXT/AT/PS/2 j 
• Dual channel RS-422/RS-485 
• Selectablelshareable interrupts 
• Ditterent1al drivers to 4000 ft. 
• Immediate delivery 

1-800-553-1170 

LT;@Jll

Ula<1or.1 i11 £ n1Clllloo Tecnnology 
478 e E.xchan9$ SL. Allron. OH 44304 
(21 8) 434-3154 TUC; 5101012ne 

Citelt 214 011 ,_.,Slmu ~ 

IEEE-488 


• 	 GPIB controller board tor IBM 
PC/ X'l/ AT 

• Contro l up to 14 Devices 
• 	 User friendly Software Commands 
• 	 OMA Transfer lo 200k byte/ sec. 

$345.00 including software 

4711 e. eio::h1111gv SI ., AAron. OH 44304 
(216) 434-3154 TU(· 5101012726 

800-553-lf11l 

Old. 211911 /Walllr Sima Clllfl 

R5·422 

Communications Board 

FOR 

PS/2 

MODELS 50. 60. 80 


" DUAL CHANNEL 

" ADDRESS SELECTABLE 

• BAUD RATE TO 256 K 
• INTERRUPT SELECTABLE 

1-800-553-1170 

L_,. In Communication !0o<:l>J\OIOQY 

•78 E EXCHANGE ST 
A.II.RON . OH 44304 


(21il) ~-3154 TLX· 5 101012.726 

FAX· (216) 434-1409 




MASTER TH.E "NEW ELECTRONICS" WITH McGRAW-HILLS 


Contemuom Electronics Series 


The fast, 
easy and low cost way to meet 

the challenges of today1selectronic 
innovations. Aunique learning eries 
that'sB.B innovative as the circuitry it 
explains, as fascinating as the 
experiments )OU build and explore 

From digital logic ro thelatest 32·bit 
microprocessor, you master onesubject at 
a time with the McGraw·Hill Contem· 
porary Electronics Series.Fifteen 
uniqueConcept Mod.ules, sent ro 
you one every 4-6 weeks,give you 
a handle on subjects like opt.o
electronics, transistors, integrated 
circuits, logic circuits,and more. 

Each Concept Modulegoes 
right to the heart of the matter. 
You waste no time on extraneous 
mat~rial or outdated history. It's a 
fast,efficient, and lively learning 
experience . . . a non-traditional 
approach to themost modem of 
subject matter. 

UniqueInteractive ln trudlon 
Your learning experience is 

reinforced through the integration 
of vividly illustrated text with 
actual electronic experiments. 

changes in 
electronics. Use the Series to 

start from scratchor upd~te yourWith each module, 
knowledge.you alro receive a McGraw·Hill 

Action AudioCassette. Each tape is a Perform experiments in oontemporery 
dynamicdiscussion that drives home the electroniai. 
key facts about the subject. Indexed Throughout your series, laboratory 
binders preservebackup material, notes experiments reinforce every significant 
and tapes for convenient referral. point. This essential experience . .. 

dynamic, hands-on demonstrations of Understand digjtal logic . .. theory in practice ... will help you mastermicroproces ors ... and more. principles that applyall the way up to
McGraw-Hill's Contemporary tomorrow s latest VLSI (very large scale 

Electronics Series is an extraordinary integrated)circuitry. 
opportunity to update your unders~ding 

of today's most unporLa.nt technologtcal See other side for more details __. 


SEND THIS CARD TODAY! 

YES ' I rn inla'e5 t.ed mlearningcontemporary eloctromcs andwouldliketo exanunelhe first mcxlule 

• in the seriffi. If I decide to keep it, Iwill payjust $19.95 plusS2.25 shipping and handling. I will 
then receive future mcrlules aut.omat.icaUy,one every 4t.o 6wreks.Each of the 15 modules in the series is S19.95 
plus82.25 shipping and handling, and comes on the same 15-day Free Examination basis. Tbere is no mini.mum 
number of modules that Imust buy, and I may canrel at any timesimply by notifying you. 

If I do oot choose t.o kft1l the first mcrlule, Iwill return all materials in good condition end pay nothing.Future 
mcxlules will be canceled. wxi I will be wider no further obligatio!l 

:\ddms ---- ------ ---- --------- -

Cicy _ ___ _ ______St.at.e ______Zip _ _ ___ 

Phone No. 

2080-038 

http:unporLa.nt


With your first module, youYour adventure begins with Module 1 	 Iget easy-to-follow text and 

With your first module, you'll use 
the latest digital integrated circuits to 
build an oscillator circuit that demon· 
strates digital signals-verified \~su· 
ally by the flash of light emitting \ 
dicxies (LEDs). 

You'll learn concepts applicable 
to all electronic circuits. With the first 
module, you will be able to identify Che 
major passive components like resistors, 
capacitors, inductors, diodes and trans· 
formers, and active components such as 
transistors and integrated circuits. 

E ch odnle add mure to so 
e. pandin ·nowledge f th new 
e troni . You'll cover \·er r impor aut 
~ub ' t in cont<' lp rary ele troni : 
• Digital logic 
•Digital gates (TIL. CMOS, ECL, 

NMOS) 
• Flip-flops, counters, and registers 
• Op-amps and applications 
• Power supplies (plus IC and switching 

regulations) 

Working with 
actual electron!c 
components, 
you discover 
first-hand the 
operation ol the 
circuitry found In 
contemporary 
electronic 
devices. 

interactive audio lnstruc· 
lion. Plus you build 
this solderless bread·flllE•• boaroing system, 
which you'll use 
throughout the 
Series to conslNCI 
electronic circuits 

and bring con
cepts to Ille. 

• Combinational logic 
circuits (ROMs, PLAs, 
decoders, etc.) 

•Circuit analysis, AC -:::::==~!!!!!'!II-..___._.___.__ 
theory, LCR networks~ ~ 

• Transist-Ors (bipolar and FETs,diodes, 
thyristorsI 

• Integrated circuits (linear and digital) 
• Oscillators and function generators 
• Modulation and demodulation 
• Optoelectronics 
• Digititl multi.meters and scopes 
• Microprocessors 
• Electronic troubleshooting 
• Data communications 
• R{)botics and industrial controls 
•and morel 
For nn.vone intcrc ted in el ctroni 

The Contemporary Electronic Series 
is designed for anyone from hobbyist to 
professional. It's for you if you're looking 
for new fields of interest .. . if you 're a 
teacher who wants an update in contem· 
porary circuits . .. an industrial mana~r 

SEND CARD TODAY FOR YOUR FIRST MODULE! 


NO POSTAGE 

NECESSARY 


IF MAILED 

IN THE 


UNITED STATES
BUSINESS REPLY MAIL 
FIRST CLASS MAIL PERMIT NO 10008 WASHINGTON DC 

POSTAGF WILL 8F PAID BY ADDRESSEE 

McGraw-Hill Continuing 

Education Center 


39:39 Wisconsin Avenue 

Washington. DC 20077-9265 


1.. I1III 1 I I JI , I , J , .. I I 111 I I , I 111 I 1.1. 11. I ' I1I1.. 1. 11 

or supervisor . . e. doctor, an engineer, a 
chemist. or anyone who finds electronics 
playing an increasingly important role in 
their work. It's even for electronics engi· 
neers, trehnicians and scientist.5 who feel 
their training needs freshening up. It'sthe 
quickest, most convenient, and probably the 
least expensive way to do it. And the only 
one that gives you hands-<Jn experience. 

15 day ao-ri k trfo.l 
We invite you to prove to yourself 

that the D:mtemporary 81ectronics Series 
is all we say it is .. . without risk and 
without committing yourseli in any way. 
Return the reply card and we'll send you 
the first module for a free , 15-dayexamina
tion. If you 're not absolutely certain that 
this is an enjoyable as well as highly effec· 

tive way to learn, simply return 
the module to us. 

If you want to continue. 
we'll ship the remaining modules-----------------, automatically, about once a 
month, for only $19.95 plus $2.25 

I 	 for shipping and handling. 
Return the postage-_paid replyl card today. And let McGraw·Hill 


guide you into the fascinating
I world of Contemporary Ele<:tron

ics. If the card has bren used,writeI us for ordering information. 

I 

I ., r. 
~! McGraw-HillI 	 •• n • Coallnuing Education Ceola' 

3939 Wisconsin AvenueI 	 Washington, D.C. 20016 

I 	 Send c.ard today for your 

first module!
) 

I 



BYTE 
LISTINGS 
~WAY! 

It's easy. Now there are 
three ways to ge! source
code listings that go with 
BYTE articles- on disk, 
in print or on line. 

LISTINGS ON 
DISK BYTE listings on 
disk are right for you if 
you want to compile or 
run programs quickly. 
Disks are now ava ilable 
by annual subscription as 
well as 1nd1v1c!ual orders . 
BYTE offers listings in 11 
popular disk formats . 

LISTINGS IN 
PRINT This print sup 
plement contains source
code listings described in 
the issues of BY T E. 

LISTINGS FROM 

BIX !BYTE Information 
Exchange) By joining 
BIX, you can download 
BYTE source -code 
listings at standard BIX 
rates . See BIX informa 
tional ad listed in Reader 
Service index in this 
issue. 

FOR DIRECT 
ORDERING CALL 
TOLL FREE: 
800-258-5485 

Call: M- F, 8:30 a.m. to 
4:30 p.m. Eastern Time 

(603-924-9281 for New 
Hampshire residents) 

For credit card 
orders only. 

ON DISK 

P1MM -"' 1n11 111ngk1 di.lea in 
!he klmwl checUd for the 

faa.-tng 1987 · 
0 Ja1"111ary 0 August 

0 	 February 0 Septl!mber 

0 March D October 

0 Arml 0 Nowmber 

0 May D December 

D June 0 18M PC lss11e 

D J11ly 

Diab of ll9ting8 tor December 
1!11115 and ... 19811 -... 
evalW>le lit the pricn llt8tad et 
the right. ..._ ......... 
appropriate format end note 
1hll •- date below, 

Momh -------

Year -------- 

1987 Annual 
Supplement 
Subscription Rates 

IN USA: 
onl y $18 00 
!Savo $9 I 

OUTSIDE USA; 
onl\• $2 100 
!Save S10 801 

IN 

Sln9le 
Month 

(one dlskl 

USA: 

Ann11al 
Subacripllon 

[13 dltksl 

OUTSI

Slngle 
Month 

(one dlskl 

DE USA: 

Annual 
Subacriptlon 

(13 dltk•l 

5Y• Inch: 
0 IBM PC 
0 Apple II 
D KBypro 2 CP / M 

0 Tandy Mod 4 
0 MS-DOS 8 Sec1or 

0 Tl Professional 

0 $8.95 D $69.95 
!Saw S46.401 

D $10_95 0 $89.95 
(Saw 552.401 

3)1. Inch: 

0 Apple Macintosh 

0 Atari ST 
D Arnrga 

0 HP 150 
0 IBM PS/ 2 

0 $9.96 D $79_96 
!Saw S49.40) 

0 $11.95 D $99.95 
(SIM! s55.40l 

8 Inch: 
0 CPIM 

D $9.95 D $79.95 
!Saw $49.401 

D $11.!li 0 $99.95 
(Saw$55401 

1987 Supplement Issues 
IN USA: 

0 	January through March 1987 for 
on~ 56.96 

D April through J11ne l!ll7 for on 
Iv S6_S£i 

D Jutv th ro11gh September 1007 
for on~ S6 96. 

0 	Oc1ober 1hrough Decernooo 
1007 for only $6.95. 

OUTSIDE USA: 

D January through March 1967 for 
only $7.95 

0 Aj)r1I 1hro l1Qh June 1987 for on 
ly $7.16. 

D June thro11gh Se-ptomber 1~7 
1or only $7 95 

0 	 October 1hrough Dea!mbe1 
1007 lor only $7 .~ 

1986 Supplement Issues FC: 

IN USA: t1E_ 

0 January through June I986 foi 
only 58.lli 

D July through Septemt>e< 1966 
for only S6. S£i. 

D October through December 
1986 lor only S6.S£i 

D 	1986 Annual Subscropl10n lor 
only $18.00 ! Save S4 .8fil 

OUTSIDE USA: 

D Januarv throu9h Ju rte ftir o n!y 
$9.l!i 

D June 1hrough Septembef for 
only $7.95 

0 	October lhn:iugh Oecembei lor 
onlv SH~ . 

0 	 1006 Annu!I Su~ropuon lor 
only ~21.00 !SIM! ~.851 

FC 

HI 

COMBINED DISK 
AND PRINT 
SUBSCRIPTION 
Bundled together, 
giving you the 
convenience of disk
based source-code plus 
the ease of reference of 
print. 

5 )(. Inch: 
0 IBM PC 
0 Apple II 
0 Kaypro 2 CP / M 
D Tandy Mod 4 
0 MS-DOS 8 Sector 
D Tl Professional 

3% Inch: 
D Apple Mac1n1osh 
0 Arari ST 
0 Amoga 
0 HP 150 
0 IBM PS / 2 

e Inch: 
0 CP/ M 

IN USA: 

Annu.i Subscription 


(13 dlsk:I a 4 Issues) 


0 S84 .95 
ISIMl $59.201 

0 $94 .95 
(Save $62 .201 

0 $94 .95 
($~ $62.201 

L l<rings card 

MARCH 

OUTSIDE USA : 
Annu• Sub..:,_lon 

(13 dilb & 4 luues} 

0 $104.!:b 
!S<r.o $69.201 

D S114 95 
ISave 572.201 

0 Sll4 95 
!Save $72_2()1 

Namt~ --------- 
D M.a'5.H?tCatd 

0 VISA 

St~le --~ Z-tp ::: US. Funds encl"wd 111 o r<Je1 1n9 

from ou ~de 1he U S please 1E1T11 t 1n 
Coun1y or Pi!<•sh ---- --- Coun1ry U S. 1unds drawn on a U S bank 

Thank vou .I 

Cre<i11 Cmd t 

hp Date S1gna1i.re Da1e____ 

1-'l-sase al!cw.· 4-8 1M3eks lor OO•-Y 

0 Ctieck en~losed 

http:S1gna1i.re


NO POSTAGE 

NECESSARY 

IF MAILED 


IN THE 

UNITED STATES 

BUSINESS REPLY MAIL 
FIRST CLASS M1\ ll PERMIT NO. 10 PETERBOROUGH, NH 

POSTAGE Will BE PAID BY ADDRESSEE 

~ '1JE Listings 
One Phoenix Mill Lane 

Peterborough. NH 03458-9990 
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EPROM 

PROGRAMMER 

From 
$250.00 

PC BASED O R --..-.-1 
TAND-ALONE / R 232 

From A Name You Can Trust 

LOGICAL DEVICES INC. 
UOI N.W. 651h Place 


F1. Lauderdal!!, FL 33309 


1-800-331-7766 (30}) 974.0961 
Telex 38 3142 Fax ( ~O ~) 974-85 31 

Circle 143 on Reader Service Cord 
(DEALERS: 144) 

Ciralt 286 on IUadtr Service Ca.rd 

ala~ 
===~ 
j=LP~· ~ - --- 

•Multi-user Da[abase! 
•Powerful! 
• Multiple Operating 

System Compat1b1lity1 
•Amactive Dealer 

Pricing! 
• Full Dealer Support! 

Dealer lnqumes lnvl[ed 

/40QQ rt·l··LfPL1j th (,,\ 1.iLi 

).IJ11jl1fw!cl .'v1 1Cl 11tjAt 1 4thJV\ U~~ 

1! 1.ll l'•·'·.IH5 

Circle 55' 011 llladtr Service Card 

PAL''1/EPLD 
PROGRAMMER 

From 

$689.00 
 -

~ t .u1d Alorw!' H.S-2 ~d Progr.1n1s. .H1J \ \·rdll'' 
.20 -' ~.\ p 111 Pl. Lh Iron. 1'1\11. Tl. Njtw n.11 

Cl')"'"·'" 1.u urc. AMD. Alt<·r.1 

From A Name You Can Trust 

LOGICAL DEVICES INC. 
1201 N.W. 651h Plate 


Ft. Lauderdale, FL 33309 


l-800-3 31-7766 (\0'1) 97. -Q%7 
Tel~x :Hl3142 F.1x (305) 974 · 8~31 

Circle 145 on &ader Servi.ce Card 
(DEALERS: 146) 

fh 5.25 DSDD 
\1 DISKETTES 

100% CERTIF'IED 
100% GUARANTEED 

NAME BRANO QUALJTY AT DISCOU T PRICES 
96 TPI DISWiES ~ 9¢ 

COLORED VINYLS AND CUS'fOM lMlEl,S 
WRAP- IT Sllll!NK WRAPPING KIT 
CAIJ.. roR QUANTITY DISCOUNTS 

DISKf'.TIE PACKAGING MACl!IN!:RY 

3.~J & 5.25 SLEEVING 
UTI!:!J.MG . Pll!J!Tl]jC, BULK PAOOGlllG 

VACUUVJljG. Ul!.CAUSSl"G 

lf£:SCOJ?P lf'OJ(f,/J J'l?A!JE 
t- (aoo)  338- 1805 1-(.200)-7:¥.l- 779! 

JL'/lf;I 

Circle Z19 on Rl.adtr Service Card 

Share Your Printers! 

Thi" 8uff.,,..d Automat ic Prlnt 
ConlrolJQr h"" 4 p.,r.,11.,1 lnpul-'1, 
and 2 Para11.. 1 Oulput-'1 1 PC "nd 
L.&~lliil Compeliblli!'I Simult.i!lngou~ 
o,,l., p.,\h, MulUpl,. Copl":s "nd 
Num12r ic 0i'5pl"!:J' 641' 13uffQr l:s 
E•P""d.,bl" lo 25GK• Autom.,tic 
or Maiu.,J~I Opi1m1r8l lan1 Thg Bg~l 

4 to 2 PronlQr- Sn.,ring Cnolc<> '" 

64K Model Onl!:J $279' 

maxTech Computer Products 
D Call (918) '1:37-2600 E 
c.~ 11 tor Bost Pi"CQ C~blr;:; t Svv1tc.h..;s 1 

No M1n•mufl'I, GDD' f: arid N,AJ;11r:J "lf .acci11ip••d 
StiLp~1"C: • H~ndhnl: i1dd1:d. l"' furcn.•irc• 
01'\ MCIV•••· Poe li ~CS'&• Tu~llllill. OK 741 i9 

Circle 154 on Rxo.der Ser1iu Cord 

MUST LIQUIDATE 
AT HUGE SAVINGS TO YOU! 

INTERNAL COMPUTER 

TELEPHONE MODEM 


Your TelecommunlcaHons Unk! Use 
1l1 is Intelligen t 30011200 baud Card 
Modem for a wealth of information. Access 
large data banks on topics lrom finance 
to agriculture. Check the stock market and 
more It incorporates LSI microprocessors 
designed for the IBM PC, AT. PC-XT and 
compatibles. Plugs into any card sloti 
Expand your applications, order th is 
closeout item nowi 

•Hayes Command Set Compatibility 
• Auto-Answer and Auto Dial. 

• Programmable Dialing. Aulo Redial. 

• Bell 212A/103 Compatib le. 
• Accessible Time Base. Help Commands. 
•Touch Tone/ Pulse Dialing. Can Access 

Long Distance Services. 

• On-Board Speaker with Volume Control. 

• Diagnostics Help Identity Problems. 

One-Year Umited Factor} 

WarTanty on Parts and Labor. 


Ust ... 
5199.99 s79 

Uquldation Price . ... . . 
Item H-3159-7340-953 S / H: SS.00 ea. 

IBM PC, AT, PC·XT are registered trademaoo of 
lnlemaUonol Buoln... Machlnet Co<v· 

Cre<IH card customers can order by 
phone, 24 hours a day, 7 days a week. 

Toll-free: 1-800-328-0609 

SEND TO: 

~Authorized Uquldalor 
1405 Xenlum Lane Nt Mlnneaµone. MN 55441 -4494 

Sena Card Modom{1) llcrn H·J I !"19 · 73-,0-953 .ar $.i9 
ouct1. µlus S5 oacn r~r 1nsuroo r.n.pp1ng, h..lf'ICllng 
/Mmneo'iora res•cJents &d(I 6% :Wits 1dx So• . ,,o C 0 0 
1.'HciC1a~ 

0 	M~ cti11< k O< ""'""Y 0tder •• enclQ- I"" d•l<IY" '" 
piocesaa ng 0<daro PGJd bl' c~ocl< I 

PLEASE - .-.,--.,, ........ 

CHECK D ~ D !;:;': D 'iOilllll D 

Aica '*'---------E1.P_L_ 
P1..E"1SE PRINT Cl.EARLY 

N..,.... _____________ 

Addteu -------- Apt•-

C•'l'------------- 
ST.B!e ------ i1p_____ 

Pl>o<wo~--~-------~ 

SognH«e ----------

L------------..1
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PC-LabCard sER1Es 
l..i!b, Industrial and Engineering 110 Cards 

fo1 IBM PCIXT!AT 

PCL-714 Super-Lah 
S powerful !unctions ln one _.. 

• AlD Converter : 14 bits, 16 d1Heren!l1I channels 
• DIA Converter : 14 bite, 2 channels 
• Dlgftal lnpu! : 18 channels, bulfortd 
• Digital Output : 16 channels , but!orvd 
• Count•r/Tlmer : 3 ch1nnels 

Sollware &. D a ughter Hoards 
• PC-UbOAS : Menu drl\'ln ctota ~cqullllion 

5ol1Wlr1! 
• Unk•l&ope 	: O.Ctllo1topeJ" 1YOform 1ralylls 

.oftworo 
• Sc'" lerml1111I board, relay oul?UI boaro and oplo

1$olmd 0,1 board evallablo. 

_dSlET 

LASERJET PREVIEW SOFTWARE 

High 1pccd >\lfl,.•;trc >imulatwn ol the 111' 
l.J><:rJ,·1 • la.l(r printer. "ifiJET all'"'' ae1:ura1e. 
un-"rccn pre• j~"' m~ ol' oul put frn m an} 

Jppli''"' i<Hl\>l: indudins,. M~ pr0<-e'"'n Jnd 1n1 
l11rn1uncr' Can ho: run mcmu1 ~ rt">1dcnt or ;tJnd 
~lone. ,.\II rn. C<•mmand> are \Upportcd 
indudin~ ,.,fl font\, graph1("\, rub pall~TTI\ and 

macro,. hr th<- IBM PC and PS 2 1\ith CGJ\. 
[(j ·\. VGA ur Hm:ub ~ro~hi~'\. 

z s120.oo • 
(604) 732-4323 

[4Pll Thel8 Sys1ems Corporation 
~ 307 • 2150 West 81oadway 
9'.; Yancou"er. 8.C.. Canada ~ 

c__ ~ V6K 4L9 (604) 732-4323 

Cin:le 263 on RI.oiler Service Caril 

6800/6809 

Micro Modules 

Circle 285 on.'RIJl/kr Slrvkt C.nl 

PC-LabCard sERiEs 
l..i!b, Industrial and Engineering 110 Cards 

for IBM PC/XTIAT 

PCL·n4 (!4 bl!a) AID + DIA ;. on + DIO + 
Tl1n11rlCoun!e1 Card sm 

PCL-712 (12 blta) AID + DIA + 011 + 010 + 
Tlmer/Coun!e1 Card ms 

PCL·nO Digll.ill 1/0 & Counler Clrd S160 

PCL-n5 Relay & Op!o·lsoletod 011 Card S240 
PCL-738 Slepplng Mo!or Control Card ms 
PCL-m RS-422 lnlortace Card $130 

PC L-748 IEEE-488 lnlertace Card Sl9S 

PCL-750 Prototype Oev-elopm ent Card s 70 
PCL·754 PC Slot Extension Kil s 50 
PCLS-700 Dilll Ac;ju l~llon & Control Soitware S1~5 


PCLS·705 WlvefonnlOacllloscope Softwiire $125 


D<M/er 1100 OEM 1nqulriBS ...,rcome 

Cbll lcJr ffH caalcgl 


1•60 TUiiy Rd. •e-02 
San Jose. CA 95122 
TEL · (•08) 293-6786 

FAX · 1408) 2'9J...:S97 


Circlt 19 on ~alltr Str1'ict Cdl'd 

Motion Contro l & 
Data Acquisition 

Smer1 2 Axi s Moll on Controfler: Fo1 many 1ypes 01 
motOtS & encoders. New LC. (lrom HP) nnows 
ch~"Ile~ & moni1or1ng on lho lly. Dpllcany 1sola1ed. 
WISOFTWARE $450 ln U.S. 

~I~=·s.~rcrm!,Ptnvo;!:'th SOFTWARE & motor 
FH1 AJO Boe.rd: With pr5ammed gain. 650 Kt:!!,
4 lnpuUi, $220. Complete hardwaro & SO.- •· 
WAAE $525. Alao: 12 Bh AID, elay DrN&r Real TITTKJ 
Clock C lrcuiJ devclapom ProfoCI Book S25 

Plea11e call{41 SI 755-1970 forlree llteraturo. 

( omputer, 0ntinuum 
' (415) 7>5·191\l 

75 Soulhgl!e AYO., Suite 6 Modom l4151 75l!-t524 
Daly City, CA 94015 Telo• 112743! 

FOREIGN LANGUAGES 

ON THE IBM PC & Psn 


Use Ar.tbic. Cyrillic. Fars i. Fr~nch , 
German, Greek, Hcbrt.'W, Juili3n, 
Spanish, Turkish, Vietnamese, etc.. in 
popular software: WordPerfec t, 
Wordsrnr, Vo lk.swriicr, PC-Write, 
D basc, Spreadsheet, Basic, Prolog, 
Dcskiop Publishing. Dot matrix and 
laser o ption. 
EGA.$75 VGAS85 CGNMDAS95 
Arabic/Hebrew EGAS Jzj MDAS 175 

VN Labs 
4320 Campus Dr., Suite 11-1 
Newport Beach, CA 92.660 

(714)474-6968 
EA.A.Tjv PyccKHJ~, 

C~lt. 2~$ un /Uoll11r .~rvict Canl 

AVPllM'M 
$295 '~ 
For IBM-PC's &com· 
pa11bles men'i·dnven 
AVPROM p1ograms 
EPROM sup 10 Sx 
ras1er 1han se"ally 
connec1ed uni1s (20 
sec for 2764) 

• Programs 2716 
lhru 27512A an.:i 
CMOS va11anrs 
• i! ario lO SOC~tH 
gang verSJons 
too Call for Pf'ces 

For corn pfule 
specs free 32pg 
de,·elot:imeni •ooi 
catalog. call 

' 111-441-1511. 
or 207-236 9055 

AVtJCET 
S~SIEM5 . tr c· 

t 20 Union SI . Roe• po<1 ME 0485b 

REAL VOICE D1g1l~i Rl!Cordmg 
r~ you1 Pl' XI AT or C<imoa/Jl:J/tr 

• VOICE MAIL SYSTEM 
Fult· ftJ~luf{'O Uf1l1.rrrrl Bo fUS 

•TELEMARKETING 
tn fe ll1g of'il Jn()QutH1 tllll1 UuWoun 
Cn~Mfl1l1 r 1cs Use1- Da f11ir 1 ~1•rr Str~1C f1.1'" 

•ADVANCED ANSWER 
CAPABILIT IES 
Toi ·o, _,.~as ,1g1.• Forw , ,,ned C.1/f.1 
foucti ICJm.1 mrrof~ 

•AUTODIALER-DATABASE 
A 1JfO S8-(lfch .md Soll_A1t10 Ro·di~~I 

•VOICEPAD'" 
Vore.e AND Sow"ll1 [ fJ IS !or "'°"' 
P109:.1m::. Dem .m a ru rorr.dl!. 

ComµlfJr<' w i l fl H frt d w 1 • -:,11 50fl wuw 

uJtOJK! c alJI 1111(1 •Mt01nsl IJMOk.tJ, 

::E s239oo · s v h • 
(415) 339-TALK 

Circle 260 on Reader Service> Can/ 

(>'.>.~ ROSE DATA SWITCHEStt~,7 IUCHCIAll:;'!li 

j, ; f~NVA t 

~w 1 1 c 1 1 °.I 
ICl\ll tlfl 

~ 1 SY.I 1 .:. S .a l~ '$r OO .: .:. Sltt? 
? i)r11111e ' 2 S19 I .4 S ·19 2? S11 9 ':l ~ $'SJ'Jli 
t EDotrm:141-.·1. w oi r ..ano1 1so • 1.1i l m~s;A01J i~ 

coor 1J C r1.,.. ~ r eo P. OATEFI i:u.-.r...a . w1fl CDffl ' "' !IJ 
mo;lllpl ri (i<fl • 1p l\11.1 llo ll ... •al!'N llrl !CIJde':IO c ~ 111('! • q ..•F1.t1f 6I 

l) i ftllittl rJr Sil!'ri.. 1 ~ ChtNf'i-o? l ~ • i ?tl~ i;t .;P111U11\9I' O 'J'!i 
Uu irw r,p lior, .fAK - $ \\)1 !!ifK 5;L)O 

l:FMO T( TELEP.A.TH 1'"I!nnPCt~ mu lJ ~lp C:'>!fl1Pule•'I llJ 
·u1t1 l(im•IP' •ta A tif-l«IQ" 1 ~ 1l cQ-·n(AJ ' "u o1 t~rr,,1,.1 I 

C""°"'""'" .,p ro * i::; upratOll!i ,,,,ti d1&pl 'f'I t:. W.'t lllll li.u. 
~ " S_. l)S .1 e '$ 1fiS Mlox tor SJ !J 
==== t}i- • ~-- 6o ,_. .--~ ==== 

AOSE ELECT~ONI CS (11 3) 93J-7S73 
P o . eox 142171 we a -.ns.& A«~ 

HOUSTO~- Tl 17111 Onhit l nQ 'In t.a 
CAU. US ~OR All 'f'OU A tN TEHFAICE N£ EOS 

Cin:le 129 un /Wader Sen-ice Card 



See how well 
you can pro
gram for 

ZSO or 	HD64/80 
This proless1onal. IBM·PC based. compiler Is a ccm
pie\e 1mp.'emcma1Jon ol the ·c-ra119l!age ior the ZSO 
or HDS4 !80 microprocesoof Includes fealures such 
as: lunt11on p101oryp111g. 31-cMracter names. si ngle 
pr-ecrsion lloaling poinl, lull lib<ary oource. M60-L00 
an~ SLR Sys1ems compat1b1l1ty. otc. Hi·Tech"' ·c· 
has been es1abl ished lor years 1n Australia Poor>g 
lrom s195.00. We also have ZBOJHD64 tBO CO·prOC· 
eSSO! card.I IOI IBM-PC and PC/AT. Call lex a lull 
ca: alo.g ol M uaoproaissoc developmen1tools . 

z-World 
1772A ?icasso Ave 

Da1ns. CA 95616 
(916) 753-3722 

In Germany. 1SyS1em Tel ; 0813!11667 

LOWEST PRICE 
TURBO XT BASIC SYSTEM .. • •.. , S329.00 

• 4.7718 MHZ W/PHOENIX BIOS 
• 256K RAM EXPANDABLE 10 640K 
• AT STYLE KEY BOARD 

' XT CASE W/160 WATI PS 

• 360K FLOPPY WICONTROLLER 
• IQ MHZ OPTIONAL . . . . ... ADD $15.00 
• 1 	YEAR LIMITED WARRANTY 

AS ABOVE W/MONO. MON110R 
& MONOGRAPH I CS CARD . $449.00 

TURBO AT BASIC SYSTEM . . , .... $849.00 
• B/10 MHZ W/PH OENIX BIOS 
• 512K RAM EXPANDABLE iO 1MB 

' AT CASE W/200 WATI PS 

• 94 KEY AT KEYBOARD 
• 1.2 MB FLO PPY DR IVE 
• FO/~iO CONTROLLER 

' I YEAR LIMITED WARRAN TY 


12008 INTERNAL MODEM . . . . . . . . . $79.00 
VORTEX EG.A CARO (64ll"350) S99.00 
ATI VGA CARD (800"600) . . $199.00 
SEAGATE 20MB HD W/CONTROLLER$285.00 

QUANTITY DISCOUN T AVA ILABLE 

CALL FOR OTHER PRODUCTS 


TYSTAR MANUFACTURING, INC. 

214·630·6025 

Cirrlr 1711'nn IU.atJ,, Strvi('t Ca.rd 

SAFEWARE® ln!iurance provide\ full 

replacement of hardware, media and 


purchased softwlre.. M. llllle as S39/yr. covers: 

• Fi re • Theft • Power Su rge1 


• Eanhquake •Water Damage • Auto Academ 


For information or immediate coveragecall : 


1-800-848-3469 

/11 Obso ({11/ 1-614-262-0559 

~SAFDU£) 

Cirelr 231 on Rll""'-'r SuYict Card 

8080 
Z80 

D6-llROHD64180 
CP/M-80 
Develop code for em bedded rni cmproi:es

so rs rm your IBM -PC using our soft ware 
tools and coprocessor cards. Tes t you r 
software on our Z80 and HD64!80 
copruce~sor cards. E.~ei;u te you r C P/M-MO 
developrne m tools at clock speeds up lo 
12.S MHZ! Use our n:: rn ote debugge r lo 
debug in your targe t system. Cornplc1c 
devch1pmcn! systems fo r less then SI 000. 

In Gern1any: iSy•tcm Tel: 08 13111687 

U IVERSAL £(£)PROM 

PROGRAMMER $ 495 


• Nu IJ't'l"klHW' 1!11.L-.du.io : [)rYll<'t dd.Wxl. by ulcuu 

• OwJt u:i Et .a.'tief r.n\Cr o r- 111n j 1Xll. Foam pad 


e [) 11«1 ICciU'J U.:"-1 Ui1Pf.1"i lf l . hill I ;-nr '11'11l"TUl! .t , 


• ::i. t.6nd "lcw'<c- J11pl Uun & ,uu~ (~ 4.f"'-! r~ I 

• t)\lk"fli lJoulw •~:it"'Ukc. (1 (1 11,,, Miki rte l llt't'"I 

• All .... J1'1!t (J;Ull. Lu l Mlin , LMuS, ££PAO,\ IS 

• ~~-11 . ~. ~ - ti. H, ',1,o'.U.l . .J 1 .-c.J I. · !!.- ~. 1nti1 & n ( '('m 

• lll' H''(:, A~plt. \: 1':'11 or nb iJ rhrr. ;..1,11.;,lwud K~1JZ 

• ('JrfKlh fA1l l kl.. Oir'lt ry, l111 d 6: t.h•,iml:. 8.lt.,.~ t.i.1 
• 	1-!h,. frnu• 1-05, i">b1 1 11~ t ,,,.,,111 <1111111.l.t'tf' ""'!w-1t1•U•" 

Ull fo.Jil,'r' for ~ruJh«fJ .'! 

D&C MlCROSVSTI: 1S 
m W1"..STOUVE. A E. Sll NWALE.. CA •Ml""• 
"" (Wll7JO~ lrn l·AX. !"""l T.>J-m1 TELEX. ,... , 
""'-: u ut 1h\pl.av .id 011 l.t.1 11"ir 1P• VI.SA & Mf' :.uqw t d 

Cfrdt JJ on ~ader StrviC't Card 

-==--
§ g ThoSmor!= -.,,_c...~= =:_... 

• 	Cash Register/Point of 
Sale/Inventory 

• 	100% dBASE Il l data files 
• 	Import into 1-2-3, Accounting, and 

most other programs 
• 	Interface to Bar Code, Receipt 

Printer, Cash Drawer, Register 

WE CARRY ALL 

HARDWARE, TOO!!! 


ORDER NOW 
(915) 837-7180 

SCA - Box 714 

Alpine, TX 79831 


Cin:k SJ 011 Reader Se nice Card 

·· w1m 
fYVE 

SLEEVES 

1000 • 

BULK 5~4' DISKS 

Double Side- Double Oen. 

1003 Tested &Certified Error Free, 
at "Minimum 55% Clippin~ Level or 
Higher'.' "lifetime Warran y'.' .With 
Tyvek Sleeves &Write on Labels 

100 20 0 600 

.38c .35c .32c 
each each each 

D E ALERS WELCOME 
Telex "'4933362 • Fax ;11.405.495.4593 

Sh lppln11 Chargei;; Va rv Wlth Quanti ty Call 

· Oe•"w •••e ·t·800·451•1849 

[)j r~ett o:'.::o:;, i '. aoo  654'4oser 6-t • o .... ..,, ., , _, ....,. 

.01111C'c 1011 "'•~~· ..i.:..a~ :.ll 2 1 ·.na\ 
~ioo~q-~..tuPt. .t:~:·~~"1~·~·M~1~,~~,~~4:lf.r~-0 
Al'I. f fl ,,, PQ ~' 1 lt1 -.'ll rlfl•t 111 1 ·11dl IOI PAL 

Qume

RIBBONS 

Mult1strike I ,_1.99 
Mult1scr1ke Il ..._ 2.05 
Mult1scr1ke ID · _ 2.55 
Multrstr1ke N •·.• _ 4.29 
Fab1~ic JV, .., ___ 4.39 
SuperStrike ···- 3.35 

• Printwheels • 
96 c haraccer_ 3.65 
'13 0 cha1~acter_ 6.00 

FUBBON PRICES PER EACH AT ONE DOZEN 
_ -- oa1j:.r ..~~~; ~<?0~1.i.1 J849 

Oit~etf 0"'" "0~.J.: ~.~~t_t~~
l,OlllltcrrO'I" Nov•a• 1·800· 621 ·6221 ' t '"0 -41" lr-11-t ~ ol.'llY Jl(t/ , ..,11 .._...,,nrLtiM ..~t.'·'~ , .. ..,.,, ... u. Lwt.c.~ 

cUli~\r.'.! "':c1 1 1:."' ~~Cf1::t-~~ ~ ""°" ~~ 

fH £X#4933362 - FAx.it405·495·4598 

I• DYli!f{l

Orders Accepted Worldwide 

51/4n D·Side 511; HIGH 
D· Density Density 

11!1§ 13!1§ 
RX50 
format 

Telex #4933362 •Fax# 405.495·4598 

MARCH 1'188 • BYTE 299 
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http:1!11.L-.du.io
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# E $55 #F $55 

Striking 16" x 20" 
Limited Edition 
Prints from the 
pages of Byte. 
Each print is 
signed and num
bered by the artist! 
Robert Tinney. 

Chips of Nore 

Limited Edition Classics 
You·ve seen them on the cover of Byte - now enjoy 

these delightful images as stunnrng limited edition 
prints! Each print pictured here is published in an 
edition strictly limited to only 1000 signed and numbered 
prints, and each is accompanied by its own Certificate 
of Authenticity. 

These gorgeous reproductions are printed on select 
100% cotton fiber stock. this is a museum grade ac1d
free paper, highly resistant to yellowing and cracking 
You will be assured of a print wh ich will retain its color 
and beauty for generations. 

llA S60 

Intelligent Reflecrions Storage Space 

Price and Shipping 
The price of Byte Limi ted Edit ions. whict-1 depends on 

the number ot unsold pnn!s 1n each ed1t1on. is shown 
above each print pictured here. In addition . a 15% 
discount is available if you order two or more prints 

Your prints will be shipped flat. usually w11i1in a week of 
our receipt of the order Shipping is via UPS Blue Label 

Guarantee 
Ship your prints back to us w1th1n 30 days of your 

order, and you will be given a complete. no-ques!ions
asked refund 

Technological Breakthrough 

I 
lve:::n::::ol=;:::;;:11:: - - - ~::::o:=-u::h::r=::e:- 

D c.o.o. (via UP5-!ltatesrde orders only) 
O VISA O MasterCard 0 Americ:an Express 

I 
 Card# : 


Expires: ___ S1gnatu1t1· 

Ship my Prlnt(I) to:I 
Nar119:I 
(Busine!lll):

I AddraM:-~~-----------

SSS 

Nu mber Crunching 

-::,::0::1:1 

Robert Tlnney I 

Graphics 
1864 Norlh Pamela Dr I 

Baton Rouge. Louisiana 
70815 

For VISA. Mas1erCard or 1
American Express orders. 

or lor more information 

I1 
Call 1-504-272-7266 

1 City: I 
Slale: Zip:---- 1 i_ I PleBDO ,.,nc1 )Cur COLOR bmcflura - I 

L---~---------------------....J
300 BYTE • MARCH 1988 



"The Source"' of the 
91tJctro-mechanical components 

\Nhafs New at 
for the hobbyist. AMERICAN DESIGN COMPONENTS? 

W e w etehoUS<I 60,000 Items et 
Americen Design Components -

expansive. ohan hard-to-find com· 
poMnts 101 M1h1 et a fraction of their 
original cost I 

You 'n find every pan you ll8fld -
eilher brand new, or removed from 
equipmen t IRFEI in excellent condi· 
tlon . But quantities are llmif11d. Order 
from this ad, or visit our retell show
room and find a•actly what you 
need lrom the thousands ol lt11m• on 
display. 

OH.NMON. - SAT .. 9 - 5 

THERE'S NO RISK. 
W 11 h Ou< l\J ll 90 day warrdn!y 

dlly p u 1c h d '3t.' 1..: an Oe uHurn t!d fo r 

anv rt:! ilS.O n f11r I L•ll credr t n r re turid 

Mindset® Color Graphics 
PERSONAL 10oo, no! •ncl moni ro<I 

COMPUTER ---- r-·
SYSTEM 
Rurrs., 
th#SMM 
f1'09'MnS.. .,. 
IBM'" PC! 

, 
' -----... 

J}S", 20 Mb, 
HALF HT. 
HARD 
DISK 
DRIVE 

Firs st.1.irld11rt1 SY.· soec1n.9. H;gh 
spend. low DOWt:r Cornes w lboth 
full tl( . and ti aJf h, . foce plate.s 
M ir - U.plrv; ~LT2001 2000 

rtem ll585J $199.00 N.,., 
27 CFM 

MINI " 
FANS ~ 

15 Mb, 5Y4" FULL HT. 
HARD 
OISK 
DRIVE 

SY." FULL HEIGHT 
DISK DRIVES -
48 TPI UBM Compatible) 
DSIDD. 80 Track 
T candon • TM 100 · 2 o ' eQulv 

Item 17928 $79 .00 Nvw 

2 l or $150.00N~w 
48 TPI !TASSO/Zenith /Xerox 
BOO Compal.) DS/1X>, 40Track 
Shugan #45.0 Imm ' '892 . 

OBM' PC/XT Compatible! 

$79.00; 2 for $150.00 
48 TPI, SS/DO. 40 Tra<:k 
Shugart •SA400 ltom • 1896. 

Rumoved hom w orking O(IWP
ment fl' '5 ted & ICJ rrn8tt ad . 
Mir - CMI modol CM56 19 

llum 114511 $199.00 

$39.50; 2 for $75 .00 
96 TPI, OS/Quad Density 
coc •9409 T 

lrum 61893 $89.00 
SWITCHING 
POWER SUPPLY 

COMPUTER GRADE 
POWER SUPPLY 

~..; 51-iaft 9 1.·u· L 
s... " 

Item SlOI> l/olt1 TOfquo 
No . Angle D<: oz / lr1 Type Ml<. & p.,, No. Fig 

5431 1 6 17 PM N A i:..1111p> 

AS2310·M2 
5275 1 e I B 72 p"' Su pen or E l&el ric 2 

2 0 M061 FF 62018 

6671 3.7 1 2 16 - M1lsut'lic8h1 2 

Price 

99.95 ua . 
21$14 .95 
$ 19 .95 ••. 
21$37 .50 

$9.95 .a. 

5Y." 
1f2 HT. 
DISK 
DRIVES 

IBM' 
AT Compatible 
48/96 TPI . 1.2 Mb 
Double 9ldc, r·u.gh dant1 ,v . 1BO 
t1 ad.1i. Mh - ~na~oruc • .JIJ .4 75 

l!Om - 10006 $109.95 New 

96 TPI. DOS 3.2 Compal . 
DO\Jble Sldtt. quad dc~ty . 
M h - Tm>don TM55 4 

lttm • 1904 $79.00 
210< $150.00 

* * * * * * nmflx·Sinc/alr. ' . 

powor !!! upp~,,. 
Han c.ool0<1L 
Can tu:commod.ft t., · 

2040 
PRINTER 

2 fu ll h t. drl.,..&!t OU f ltdm I 7928 
2 lloopv dnves 1 1 904 
l hara dr1'e !lo I tloppy II 3250 
•no"t: I 151230V, 50 150 H.t 
OnginAlly tor &urrougn s com~u ter 
Orm. : 11 ·w , S"H • 12· deep 

ltcrn • 14541 $59 .50 
42SH-32KOA 2•$14.95Call or Write with - BATTERIES 

7630 t 8 3 0 200 PM Suum101 E"loc t nc. 2 $J4.50 Uh . 
Your Requirements! FANS - BLOWERSM092 FT-402 21$59.50 

12" High-Res. 
12VOC. green pho!ilphor Subossomblles. 
CRT. beard & tJansformm incl Comll!.t w f 
nook-up <•illnmm 

ltttm 1681 1 $19.95 New 

15" Date Display/Monitor Kit 
Alptianunia' tc & graphics displav. Gu1en 
phoophor . Input pow e< 1eg . 24 VDC. Band · 
wrdth 22 · 72Khz. Con•ia!B of 2 subossem· 
ohcs ~ monllor & b01,at. Hook ·up dla91a.m 
Incl. Mf< - W~lls Gai ono.- I 15V70 2 5 . 

horn 1111171 $24.95 Now 

INTEGRATED CIRCUITS . • • 
St•tlc R•ms Eproms 

21 14 ' 5 
2 14 8 .66 
2 149 
210 75 4 6 
HMB1 IOlP·J 
HM8 1 18LP· .; 
0 147P' 
6167 P 6 

1024 :io 4 ~ 4 50ns1 

:w.-a ,. 8 11 60·rul 
~048,. 8 1200ru1I 

• .99 
3 •9 
2.•9 
3.9& 
1.U 
1.85 
2 95 
4 50 

2'708 1024 .., 13 1 Ui On~u 14.96 80J'Eio 
27 \ 6 20•6 • 8 • 4 ~0nM J .49 8085 
TMS.2531 4096 ,~ 8 ~ 4!10nw. I 5 .95 B08 t;A·2 
2732 •o9& • s ••~on,1 J .95 aoee 
2732A·' 5 409& • 6 r2S0n>I 3 .95 BH 1 
21C6~ 8 I 9 l ·• 8 12SO"•I • .g§ 8 755 
276• 81 9 1 > 8 1450n•I 2.96 

'1 .45 
1.90 
3 .7 5 
~ . 75 

9 .96 
13 .95 

2716.&A.::!5 8192 • 8i 250n~I 3 .l!Ui 
~ -1 s-1 2fiO 8192 Ls 12so1u.1 3 .66 6800 S11ries 
MCM 68 "/ 66 8192 • 6•350n•I 15 .95 6800 B t 18.96 

14" EGA COLOR 
MONITOR !26 Khz .! 
PC, XT, & AT Compatible 

PerlecT 
fat W1el . 
CAD and 

OyNJmic Rams 17128A 1& 6600 1.110 omor 
•6.38~. 8 ,;50,.,1 5 .00 8802 2 .95 9..p110;;, 

41 16 :200 16.38d ·• 1 1200n.11 1 I .dS l7' 2a .2SO Sfl 2 l 1.2!5 appliC.MtOnt.ADAM Accessories ... 
Adam Computer ! Less primo' 1 -
No wlto-.g ~ i1'1fit p lU!jO l og<ltlMH\ . : ! ~~: ~~g ~:: ~~:: ~ : ~~:~ 1: ~: 27C2Ml , 6.384 • ~ i 2~ow.1 4 .25 ees2 • . 76 ~~:ze~GA crud 1·w onaru· °'com 
Hook·up d~ Oncludod. Incl .· k"Vboa•d. 1 TMS• I 6~ 65.636 • I ii 60...1 1 95 32, 768 • 8 ''"''"'' J ~5 CRT ~>tibl~I. R1tsolut0on : 7 52 L 4 10 
caucm.e digtta.l detn drivo. 2 gnme coou ot\ers, T'MS44 1 ll ' 6 .38• • • 11 50flu 3.. JS 272M milJ< lnpu1" 110 12 2DV. 50 160Hz. 
power .wpply & on~ cass.etle . Cnf)ftble of run· ..U• · 160 il5 . ~36 ~• 4 r150<>11 • . 95 32.788 • 8 125°"" 5 96 Controllflrs BOW . IHook·up cJiaGr•m incl . 1Mtd 
r\lng CA"M, has buitl~ i r 1 WOfd P4'oec&ii04' . 

l tom • 7410 Comp/et• - $99.00 
81 HI 1S,:l8·l !" 1 112Qni'Jl .49 21~l2 1-'10-16505~P t 8 .60 in met1Jl l1ousmg Mfr • 14 GZF2 
•1250 lfiO 262 . 144 . I ll &Onol 2 .96 6 & 536 ·•81250"" 11 .65 TMS99 1BA 19 .96 llmn •14864 $179 .00 Ncw 

Adam 5 Y. • Disk Dfive -
Glvos yOUI' Adllm fD$1t , 101la~e da1.e !>IOfaQe & AMERICAN DESIGN COMPONENTS, 62 JOSEPH STREET. MOONACHIE. N .J . 070 74 MINIMUM 
rtWiovol Cun hokf up to 160K byt~ of info: · 
rrunlon. Uses lndusir,· stJJOdmd SSIDD disks. 
Cann;cct.s cf111%tlV 10 'tOUI' Adam nlemory 
con'DOlc Comes w .ld•!ik drive power supply . 

YESJ Please send me the following items: 
1..m 
No. --

How 
Monyl Polee 

fl My check or money o•der is enclosed 
IJ Charge my crndll card . 

I 1 Visa 1=1 Master Card ' , ArneA 

ORDER 
$15 . 

Bv.,,·388 
Oi:ik M6f'1.&ger cfiBk , & owner' t1; mDnu.al. 
M!• - Colocc 17817 
lwn # 12830 Liln• N.w - $199 .00 - -

-
Card No 

E•p Da rn ____ ____ ___ _ _ ___ ~ 
Da1aDriv11 - ltnm # ll641 $19.95 
PrinlM Pow &r Supply -

·--~- - - - - - -

- -
Sign•tur9 

Item 16642 $14.95 
Ad9m Cassettes -
IConsistllljj of Smo<l Basic, Suck Rog01~ & 

blan<cBSXe~~~;•,JJ~S:_$1S.SG 

Total 

~ OThd1wlr,.e spt1cll led . A tid .$J plus 10 '1\i total . 

-
- Namo 

Add..a l~  5t~pf111>9 & 1i.Mfin9. we ol'1p llPS ""'""'' 

Adam Link Modam ISoflwllAI Incl.I -
h-0m 11 2358 $29.95 

Adam D"isV Print Wh&flt - $
3 

.95. ltom • 13306 

F:0// ~~~a.d 1 an · -S. 3 plu5 ? 0 c ost Chargt, 011lv -- Cotv
l\<ftl/ S"PJ>te · S~1es h• !N.J . 1esl<le nts 0<><y . 
-~e'Y l»e11, DI,..•• • dd 6% of roi.11 --
~'"<for, ORDER TOTAL •--
~ !-;-~--.-.,,-d-,,..--c,-,-~--,_..--,-~-,-1111-2_0_1-. 9-3-7;~. 2-7 _10__ 

Adam Ribbon C6rtr1dge -
ltom 11 3306 $3.95 For alf phone orders, ca/I TOLL-FREE 800-524-0809. In New Jersey, 201-939-2 710. 

http:21$59.50
http:2�$14.95


HAPPY 
NEW YEAR!TIMELINE INC. 

------- ORDER DESK ONLY ------~ ~--------~ ~------<I 

11 OE~~~gi~R~ES
(8001)e87u2~aa1a (800)5'223~9911 c21A3) Tr1h7~8912I 

INCREDIBLE PRICE 

..BLOWOUTS!. 

188 WATT 

SWITCHING POWER SUPPLY 
What a DEAL at $25.00! 

On/off switch in the front. Built in filter for easy 
power cord plug-in . Two 4-pin power plugs for 
floppy and/or hard disk drives. Large quant ity in 
stock, but ORDER NOW: WHILE THEY LAST! 

Output: + 5.05V at 22A 
+ 12.02V at 4A 
-12.0V at 1A 
+ 12.59 Reg., 1.5A D.C. 

Dim: 131/2 L X 5112 W X 23/4 H 

NIPPON PERIPHERALS 

FULL HEIGHT HARD DISK DRIVE 

iJ~,~b~m~dO

~r a.2 Mb Fo•m•fl•d

75 ms average access time 

WITH WESTERN DIGITAL V2 CARD 

$149.00 

SCSI CONTROLLER ADAPTEC. 4070A 

$99.00 

110 for the ST 412-506 interface using ALL encoding 

ORIG. PRICE $~ 

(O·K MEMORY) 

AST™ADVANTAGEfM 
MULTIFUNCTION CARD 


FOR YOUR IBM PC/AT 


Serial , parallel and game port standard 128Kb 
memory expandable to 1.5 Mb Piggyback allows 
expansion to 3.0 Mb. 
Board with: 	 512K Memory ........................ $175 .00 


1Mb Memory ........ .. ........... .... $235 .00 

1.5Mb Memory ... ......... ... ....... $299.00 


Option for 2nd Serial Port .... .................... $ 20.00 
We bought these from an OEM - BULK PACK. 
So, no AST'~ box or manual. We supply our own 
manual. 1 Year Warranty. 

* FLOPPY DRIVES * 
OLIVETTI 

" TM Qwetest Drive " 
DIRECT DRIVE 

sss.oo 
360K OS/OS 112 HT. 

QUME 
TRACK 142 

$65.00 
360K OSIOS 112 HT. 

REMEX 
RFD 480 

S35.00 
360K DSIDD 213 HT. 

THE SPY IN 
THE SKY <I> 

NEC UPD791D 
(CHARGE COUPLED DEVICE) 

4096 ELEMENT 
This unit is a 4096 element linear image 
sensor 1ha1 comes with a pre·amplilier board 
and AID board . The device can be used for 
optical character recognition. document 
scanning or as a spectrometer. 

LINEAR IMAGE SENSOR 

-

-~,,.II 

S99.00 

FULCRUM TRACK BALL 

• Stationary Mouse $ 
• PC Magazine Editors 8 9 First Choice for CAD Use 

NOW $499 	 NEED A 
1·9 ...................... 499 

10-99 .................... 449 COLOR MONITOR 

100-499 •...•......•...... 399 
500-999 . . . . . . . . . . . . . . . . . . 375 ......_ FORYOUR ..._ 
1000+ . .....•.•.. "Let's Talk" ..,,, MAC 1rM1 ,..

(NO SHORTAGES HERE!) 

"Makes all other Color 
Monitors look like faded 
curtains against this profes· 
sional graphics display" 

1 YEAR WARRANTY 

ASK ABOUT OUR COLOR 
MONITORS FOR IBM PS/2 

f1rn1 1=0~~.~RTE~:;~~;;~,;;::E~:·.~~ .:::~...
mII (800) 223-9977 =ac• (213) 217-8912 
15% Restocking fee for returned orders. 

Minimum Order: $25.00. Sh1pp1ng & handling charges via 
UPS Ground: $.50/lb. UPS Air: $1 00/lb. Minimum Charge: 
$4 .00. We accepl cashiers checks. MC or VISA. No personaJ 
chock COD's. IIems refleci 5% cash or check discounL Cnlifor· 
nla residenls add 6 1h% sa les ta:. . We are nol responsible lor 
lypcgraphical errors. All merchandise subject to prior sale . 
Phone orders welcome. Foreign Orders require special 
handling. Prices subject to change without nollce. 
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Plug into the future 

The Amazing A-BUS 


An A-BUS avstem with two Motherboards 
~·8US •d•P1•r HIMI In foreground 

About the A·BUS: 
• All the A·BUS cards are verv easy to use with any language lhat can 
read or write lo a Port or Memory In BASIC,usA INP and OUT tor PEEK ano 
POKE wilh Awles ant'.I Tandy C.01or ComP1Jtersl 
• They are allcompaliblewilheach other .Yoo can mlxandmatchup1o25 
caros 10 Iii you1 applic-.at1on Catd acklresses are easily set with jumpers. 
• A·BUS cards are shipped wllh power supplies (except PD-t2J) and 
detailed manuals (Including schema1 ics and programming examples). 

Relay Card RE-140: 1129 
Includes elghl induslrial relays. (3 amp con1.acts. SPSn individually 
controlled and latched. e LED's shaw slotus Easy lo use IOUT or PO KE in 
BASIC) Card address Is jumper selectable 

Reed Relay Card AE-156: S99 
Same teatures as above,but uses BReed Relays lo sw1lch 10\Y level signals 
(20mA max) Use as a channel seleclor. solid state relay driver. etc . 

Analog Input Card AD-142: s1 :z9 
Eighl analoQ inl)J1S. Oto +sv ranjle can be exoal1ded to 1OOV by addirlG a 
resistor 8 bit resolullon (20mV). Conversion lime I 20us. Perlecl 10 
measure ~tage, temperature. llgh1 levels. ores sure. etc Very easy 10 use. 

12 Bit AID Converter AN-146: s139 
This analog to digital convener isaccura1e to .025% lnpul range is -4V!o 
+4V Resolu!lon· 1millivolt TI1e on board amplilier boosts signals up lo 50 
tlmes to rnad rnicrovolls. Conversion lime is 130ms Ideal fo11hern1ocoup(e. 
slrain gauge. e1c 1 channel !Expand to8 channels us•ng lhe RE· I 56 card) 

Digital Input Card 1N-141: sse 
The eight Inputs are op!lcally isolated. so It's sale and easy to connecl any 
"on/ott• devices. such as switches. thermosra1s. alarm loops, elc to your 
computer To read the eighl •noots. simoly use BASIC INP (or PEEKl 

24 Line TTL 1/0 oG-148: 10s 
C-onlll!CI 24 Input m outpul signals (switches or any TIL device) to yoor 
comouter The card can be set ror. 1nout. latctled ou1out. s1robed ou1out. 
s1robed input. and/or b1direcl1onal slrobed 110 Uses lhe 8255 A chip 

Clock with Alarm cL-144: ss9 
Powerful clocklcalendar wilh batlery backup !or Time. Dale and Alarm 
setting (lime and dale): built in alarm relay .led and t:.mer. !lining to 1/100 
second Easy IO use decimal format Utl1ium battery included 

Touch Tone® Decoder PH·145: s1e 
Each tone 1s converted m10 anumber which Is slored on !he board Simply 
read the oumt>er wlln INP or POKE use for remote control projects, etc 

A·BUS Prototyping Card PR-152: s15 
31h by 4 11, in wilh oower and ground txJs, Flis up to 10 1.C.s 

With the A-BUS you can plug your PC (IBM, Apple, 
TRS-80) into a future of exciting new applications in the fields 
of control, monitoring, automation. sensing, robotics, etc. 

Alpha's modular A-BUS offers a proven method to build your 
"custom" system today. Tomorrow, when you are ready to take 
another step, you will be able to add more functions. This is ideal for 
first time experimenting and teaching. 

A-BUS control can be entirely done in simple BASIC or Pascal. 
and no knowledge of electronics is required! 

An A-BUS system consists of the A-BUS adapter plugged into 
your computer and a cable to connect the Adapter to 1 or 2 A-BUS 
cards. The same cable will also fit an A-BUS Motherboard for 
expansion up to 25 cards in any combination. 

The A-BUS is backed by Alpha's continuing support (our 11th 
year, 50000 customers in over 60 countries). 

The complete set of A-BUS User's Manuals is available for $10 

Smart Stepper Controller SC·149: s299 
World's l1nest SWl)per controller On boa rd m1crooroces sor c ntrols 4 
motors s1mull;ineously lncreaiblv 11 ~cceo1s plain Enq11st1 commands like 
'"Move aim 10 2 Inches let1 '" Ma11y comolex seouences can tM? dcfirie1l as 
·macros" al!d stoied Inthe onooaro mernorv Far each aX1 s.vrn1can con1r ~ 1 

coordina1e rre1at1veor aDso1u1e1 .1amo1no.soeed steo 1we thall tull.wav~ I 
scale racier. unils, hOtding cower. elc Many inputs 8 r.m11 & ·w~ll un lil.. 
switches. uanic butlon. etc On lhe fly reoorl•ng ol oosit1on speed etc On 
ooard drivers (350mA\ tor small steppers (M0· 103i Send tor SC· 149 llyo r 
Remote Control Keypad Option RC-121: $49 
To con1rol the 4 motors direc llv. and "leach"" seouenc es ot molrons 
Power Orl\ler Board Option PD-123: $89 
Boost coo11011et drl\/e to 5 amos oer ollasP. for lwo rnotors {~1g ht dnversl 
Breakout Board Option 88·122: S19 
For easy connechon al 2 motors 3 ft. cable ends w11 nscrew 1erm1na1 boar~ 

Stepper Motor Driver ST-143: s19 
Slepper molors are lhe ulhma1e 1n rno11on con1101 The special oatkage 
(below) Includes evorytnirig ~ou need to oe t0m1llar w11n 1nem Each ca1d 
drives two steooe1 motors I 12V bid11ect lonal 4 ohase 350mA oer ohasel 
Special Package: 2motors t.MO· t031 + ST·143 PA·181: S99 

Stepper Motors M0-103: S15 or4 lor539 
Pancake rype . 2V.." dla. •1.-· shall 7 S"lsreo. 4 phase D10111;ct1una1. 300 
step/sec. t 2V.36 ohm b1pol;ir . 5or·1n 1orq1Je same as Airoa~ K8270 1·P2 

Current Developments 
ln1el11gen1 Voice Synth~S•ZP.I 14 Bil .i.na109 to o,g,tat converter .d Channel 
Oigilal to AnalOIJ converle1 . Counler l•mer. Vorce fl!!l:ognilion 

A·BUS Adapters for: 
IBM PC. XT AT and comoatiblcs U~s ~ i llOll gl()I AA-133 .S69 
Tandy 1000. 1000EX&SX, 1200, JOOO USllSOM$M rl 5lOI AA· 133 S69 
ftllple II , 11+, lie. Uses •nv '1101 AR-134 S49 
TAS-00 .Model I02. 200 Pl• 'lS moo 40 0111 -svsl•m ws · AR·136 S69 
.Model 100 Usos 40 D•n""'~•l (So.:~t r ISdUPl•C•ledOO ~d•o•(!! I AA·135 $69 
TRS-60 .Mod 3.4.4 D Fi t~ SO oml>Vs IWlfhhordd•s~ ""' Y-cobrel AR-132 S49 
TAS-80 .Model 4P lnClu~es , ,,,. cable 150P•" L•JS ''"'""'Ml AA·137 $62 
ms-so Mod et I l'luQI '"' •o P•n 110 tlrJS ''" KB Of Ell AA · l3t S39 
ColO! ComaU1ers (Tan-Oy) F; 1~ ROM sJol ·~U lt•DJK or V·CJllle AA· t38 S49 

A·BUS Cable (3 ft, 50 cond.) CA-163: S24 
Connecls lhe A-BUS adapter 10 orie A·BUS card or to hrs t "4ottierboard 
Special cable for two A·BUS cards: CA-162: 534 

A-BUS Motherboard MB-120: s99 
Each Molherboard holds live A·BUS cards A s•~l h conrn:ctor allows a 
second Motherboard lo be ~dded lo the ilr sl lw•th connecting cable CA· 
161· S12) Up 10 live "4olherbQards can be jo•rted ltHs way lo a single A· 
BUS adapter Sturdy ,1lummurn Ira.me and cmd guides rnr. lude<I 

ST· l43 

RE·140 

IN-141 

A0-142 

Add $3_()() per order lor 1hlpplnQ. Technical into. (203) 658·1808Vise, MC, ch.cq, M.O. welcome. 
CT I NY re1ld1nt1 1dd aalH t... ~ ALPHA fffl~~ &r::s.,~y 800 221 ·0916
C.O.D. 1dd 13.00 extre. 
Canada: 1hlpplng 11 15 Connec11cut orders: (203) 348-9438 
OvtrMHMld 10% ...g... ,......,,... c"'""""' 242-B West Avenue, Darien, CT 06820 All !Ines Oj)CO weekdays 9 to s Eastern time 
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Discover the 
Difference ... 

./ Performance e~ceeds A.N .S I spe.c. by 88"!. 

./ Eacl1 d• sk 100% loOlo<l unl:I certllru<l 

.1 15 COi.ORS lor oa1a O'>faniza1>on 

.I Pkgs incluae lyv • sleeves. w/p 1at>s . & 10 label~ 
5-1 14'" • 48 TPI OS.HO 96 TPI 
OS.OD IBM-AT Compatible 

.84 

.63 
PL/ISTIC STORAGE eo~ 1 3 9 

COLOR • 

3. 112'" • 135 TPI 
OS-DO COLOR 

SUL.I< 
COLOR 1.15 

3-11'2'" • 135 TPI 
BLACK OS.HO 

BASF 
OS.HD 96 TPI 

IBM·AT Compal/bl• 

• Csll lor Co\l)fo Ill'«'• 
• Cori1roller man 1'111 Ml ooch 

"'WE 

Now""' popukl• _,, lltCMologle• I~ ONf Pl~ 
Cluell ~f'l INnQ ~ 0 rub·fe<llUled 8 b4l 0 / A IOUOCI 
Com-.tlet <Oli!V OllOC,,., OU1- ,.... compulet- no 
slots. reQvtred. Soffwo1e inc:ludO-t pter&c:Old-ed 
speec:n vocobulotie•. synlMtlc rel! to ipeecn 
(~IU D"'V ASC11 1e11>. 08tTIO p1ogrorm, ono com
pje"' -ltng 190fures. Price ontv $6'1.95. Also 
~ VOICe MOiiet PC plug kl DOOIO 10< Oigllal 
recOIOU>Q. -Ing. on<! VOICE RfCOGNl!ION. Ill&
~·· Speech Thing '"' """"' OUIP<JI.) Orlof P9 95. 
Pc1...,rec1 ollc•IPOll0<monce bleatdhlOUONI 
10 041()(R BY MAil lncluae Sol !hipping & llOndlinQ 
(S<I Conooo. s12 o•e<seas) pei <><Cle< V1IO. Molle<· 
Cara P1>0<>9 Olde!S OCCeQted. 30 aov money DocW 

=C::.=l:"~~~~~o,.:; 
COfT1)U lora. 

@ Cafl 01 - d e !CXIOY IOI F'iU fyoc>uc! C OlOiOQ 

~INC. (503) 342-1271 
615 COOQ8t SJ. fuoene.Ou•oon 91401 

GRAPHICS TOOLKIT 
COHP~TIBLE \/ITH 

PC/XT/RT RNO NE~ PS/2 
$59 95 LIMITED INTRODUCTORY 

• OFFER <~ 

• SUPPORTS NEii VGA GRAPHICS 
• 50+ FUNCTIONS 
• SUPERFRST SAVE/RESTORE FUNCTION 
• FREE LISTING UTILITY 
• OATR COHPF!ESSION 

Circle 61 on Reader Se111iu Card 

2 FOR I LIFE'TIME WARRANTY HOW IN 
.I Pkg"d In 6 allleren coiors. Cl\Jlk or !Jo•ed COLOR 
/Ba~ by 2 lor 1 Uleumo Worran1y 
/ 	 100~ 1os1a0 and aini l"'<l 
.I Made la eXCAled A.N .S I •P<>CS t>y 62 5% w•lh a 

guarnntesa cl•J>Pd!O lovel ol 65'1< o: u.bove 
./ lricludes tyvek envelopes (ool papefl. wnlO proleC1 

IB.bs and user labels 

.I Brand· name quahly at alfordable pnces 

5·114'" • 48 TPI OS-HO 91l TPI 
OS-DD IBM·AT Compollbl& 

.49 BULK 
COLOR 

OR GRAY .90 
.59 BOXED 

COLOR .99 
, r. .. America's 

tCENTECli Premium Quality 
Color Diskettes 

./ TIMELESS W1\RRANTY 

./ 75'1.• cUpprng level guaran1eed 

TERMS: P 0 . omers accapled, go,,,,rnmem aoo school< on 
nel 30. SHIPPING: U.S. orders add s:J.00 per I 00 disk8Ue..s 
or lmalon 111er110I. add S3 00 for COD orders. 
PRICE PROMISE: We will turner any lower dehvere<I price 
on 1"9 &ama prooUCls ano quantUIH advonlo.ed M!jonally 

Toll Froo Order l.mo: lnlormaliOn line 

1·800·233·2477 1·801-561-0092 
•1sc INTERNATIONAL-'1 l p I ' l I 'I " , ( • I ' • ~ 

117fi yy 0040 S W(~l .i OROAN UT ~ Q.N 
HnS u AM TO"... PM (MTN 1'1ME1 

.l04 	 8 YT E • MARCH 1988 

LEIS 
ADAPTEC 
PC.XT Contn:iler STS061412 S.0.5 
2072 PC/XT RLL ise 
3530 SCSI lO Tape OIC 30 • . Sill 
4000 SCSI 10 ST506i"15 589 
'4-0Jll SCSI lO STSM'412 ALL $9B 
4520 SCSI lo ESOI . . S96 
5500 SCSI IO ST506!412. , • • Sl25 
~ SCSI 10 St.ID • . . . • • . • • . . • . . • $175 

XEBEC 
ST410 S-.SI Con!~ $109 
51420 SA.SI lo SY. " Acippy & rlard Dlil< Ccntrnll9t .S!l!I 
Apl)lt 11. 11 t. llE HosPda1M•1 • • . . • . . • . ~ 
lb$111bi PC 10 SASllSCSI Ho<! illlaptet . , • • • • t.."il 
9005 MulllbtJs HMI 0.5k Controlillf $199 
93060 IEEE '-81! (Hl'IB) 111 STS061412 Coolrnll"' S6i1 
1490 SAS I IC SMD Conu1lllel •• • ••• , • $149 
OTHERS 
0'-111 20C. LS.0.SICoo1tollo1 . • , • 1911 
OTC 51M SI.Si Conlrollor 5119 
Shugarl ,610.1,3 or 4 SAS I/SCSI Con1ro01!• .~ 
WO Ul02-$HD Xebec Compatible SASI Canltcil4r $11l'l 

'3 5/HI 

MOOES 

ALGORITHl1 
e 	 ALL SOURCE COOE INCLUDED 
• 	 ROUTINES WRITTEN IN 11ICROSOF1 C 

AHO ASSEt18LEA 
• 	 NO ROYAL TIES 
• 	 PROGRRMttE.R SUPPORT PROVIDED 

DEVTRONICS, INC. 
1'!W1 l1RIM S11IEET 

ATUICTIC llEJOI. F\A ats5 

CJIOEJI$ r:.l. Y• l ---l!(!-42~ 't'ISIVIC/111£X 


Tl:'.CHN.IC~ I.NQl.IIR.IESo C904 l 241 -5<'9 l 


FU11u;fl. 
• 	 tm". arno O!' I~ ftnvJjc(Of"J UD lO ' 'l Ml • U..and..,() il'tl'J 

OS:'SofUI!! wt\lcn 
• 	 ~'lot"l:U Y'el1JOfl'i. '1Yi>(l.Wlt U:'SinO 'SUM Ot [~ 
te~to1"XiKB

• =:':c~~Oi") Cl~ftCi!: ~(I U!T\~(OOJo 

• PnJv'rMnmto'ill UI tlt.le"!o PH l'Widfl:l f (Jf ll(.I~ 

• 	 AlilJIQ(Xl(][lflO .if'IO r1~ rnod"5o 0 Df'1'-JU1 UD co f o ur LX'IC1 
oer COffiO\J(tr 

• J..J~' EPQ{'IM oroor)l'T'll'n1no .al)nro1)~itit.,i tf!{J1(Jii! l f'1"'1r"I 

''EXACT TERMINAL EMULATION 
AND COMMUNICATIONS SOFTWARE" 

• PRECISE EMULATION OF THE 
DEC VT52 . VTlOO . VT102. VT 220 

• EXPANSION MODULES FOR 
OVER 40 EXACT EMULATIONS 

• 9 FILETRANSFER PROTOCOLS . 
• EASY TO USE. QUICK TO 

INSTALL . AND MUCH MORE 
• IBM PC . XT. AT. PS/2 
FOR INFORMATION 
800t548-9m 

EPROM PROGRAMMER 
$349 

THE EP.1's AGREAT VALUE & HERf'S WHY: 
• A("1lS. P!CGR-IMS. COPES IMll JOO [f'!()MS ~ EH'i\11£ Fl(ll,I 

1'l r.wtHCllFIRS N:UllNl m111'i\'.l 111\l~ lJOl l 
• R!AIJ& ~ \\'!llTLS l'ITEL l.llJKlfQL\. S'l~l IU IJlr ilW!Y 
• IJPfO<IJ. H:JollS l'!IOGl',,11,1 llTE1. PX. l!r.i\ l!IOI. ~ !lr.6 
• U{ltl OfllV!N D9' SUfCll)l 8'I MFG & t, llll r.Q)JJS 
• "'31, SW.~ llD JU.!! i'l'OOlW.fMl1l ,\!J;IWllilfi 
- Sl'lJIS FUS Ell' l'.A'l ~Nill Ull!l(\'fN 115 ~ :Qarll 
• ""- ~lrWl£11C[ ~ lJft lKJ ~~ 

- 5 12.l. ll. ~ IOO Plll6!W.!INili FOR Cl.IOS 1"41 ·A 5UfTl l'MIS 

• fllf PC OOS Sri!W.o."-1: •R:l2:!2 lll !oNr ~1~ 
• liOlll TE.'0001. If SOCl':f! • ! B.0!.11 IWES Ill lB,IOO 
• s.Ulf 00 Slll'tJIN! • llt!IEl\lo!IS OOJ<S cimru.tS 
• 	 1£\'iAA\\AAIWID' • n\llAUfJI! NMf.Ul'llllf.S 
• M!H\'llAIJ( ruli'AATU 	 • UV ElWifR5 FlllM ~ 

CALL TOOAY FOR MORE INFORMAnON 

BP~ 
800"l25-Z102 713146Hl43ll TELEX 15614n 

10681 !IMlDINGTllN #190 HOUSTON. TX 77!l43 

http:cimru.tS
http:Tl:'.CHN.IC
http:advonlo.ed


i-l nJ 001 l'M.•w U<J f who le lum1l)• ot 

E.MU-TEK i.:n,rhi 1nm11"I)I crn111.mon 


Jinh ,..,..-.m; m11ko .t1.•oocJ N" ll W:: fm d1r ,,..ri tk_ p .tu ~k · 


.a.II h:..l1r 1.r. t11,·1n· rnfnnnm +••n. 

IFTC~~ll$1 
(ii;) WS·l900 


!!!001 9'62-)lll.'O 1800) 97?-JQOO IC•lif.) 

IC\80 1{)110 Si .. S..ii< M·l 


r.mmn. C..A t)L.'68Q 

ATIENTION p-cad USERS 

Now you can increase the product
ivity o f your software by using the 
new... 

RAPICAD buffer/decoder. 
Two buffers in one uni t w ith parallel 
and serial in/out. Up to 1 Meg total 
memory. 

NO EXTERNAL DECODER 

need ed any more . . • becau se 

RAPI CAD is full y pcad box co mpati 

ble and software transparent, allow

ing the use of p·cad and any other 

so1tware with any pri nter, plotter, 

laser, etc. 

Prices as low as $995.00 
..
INTECTRA Inc. 


2629 Terminal Blvd . 

Mtn. View, CA 94043 
(415) 964-5018 

Serial Data $495 
Analyzer 1111roduc101v 

Oll e r 
DataScouru 

turns your PC ~ 
i nto a too l tor 
solving RS-232 
Interlacing 
problems . 
Features: 

• Monitor full duplex async data 
• Log Monito red Data 10 Disk 
• Post AcQuls1 tion Analysis 
• Inject Data In Either Direct ion 
• Integrated Breakout Box 
• 9 LEDs Monitor Signal Levels 
• Simple menu driven lnlerface 

HiTech Equipment Corp. H'TE 9560 Black Min. Rd. 
San Diego . CA 92126 

(619) 566·, 892 

ii VT240 Smaf1 Terminal E.mu/at.or. 

and Cammu,,lcations Program 
ff! Ille HIM XT. AT. PSIZ llJ/I CJJlftlJll/fM• 

..f_mi;:Lm· ii \'1~.&(l/:2 .1.l 11 Z..t 

• ""'°''"'""""" l'om'*"l·T-"JAl.sl"""lor"" 
nd!idqUU<-r..Jl.1VT241 ..u~ u-ie~h~ 

... ""'•wllr.wbllo,.ul """'. 
~~ d(>Onl:>Wlll! f(li"..l. 

•A1...,.l "8ttllvntm Ji>aio;.Ji>I<$295 
1:i l3!-c.iim-rn t1100t: 0t:it:!w CCiA. 

[(;~ . \(,~ . IBl - ~··plus your PC 
•fun fclmor.~"Jl l)I OUI'. ""'""' or compatible Mt<;1S11.....,._, 
·Kf:Jl.\llT lllll ll.'\CDE.I( u...i,,.._ 
.Uoirnnano llW Nll/O.. ,,.:r 

VMS S..-m frr MS-005 "'l'I"'· 
Also avullable VT220. VTIOO, 0400. 4014 
omulators and lhe Pou .,,.'ilaJl.m1ft VT200 slyle 
keyboard . 
KEA SYSTEMS LTD. 

s... 112. mo ll4l>I ~ v..w.i.. s c c-s. 1<S1 ~9 

ltitf/all {rol) l1U'11 1'*-dllJS2!US IOI Fa: 1fj{)(/ ITM715 

li* d!!t' ~ ro1 Fr!! 

JIJ ..r....,,,,.. ~ .uEX'l(;NISA 

Circle IJ1 M ,,_.,.!Wm« Card 

9-Track Tape Subsystem 
for the IBM PC I XT I AT 

Now you can e.Kh ange d.1ta l'iles bctw<'<?n 
ynur mM l'C and any rn.tinfrarn~ or mini · 
c<>mputr.r using !BM cornpatlblc 1600 BPI 
9-Track l~pe . Unit can ~!so be used for dit.k 
backup. Transfer r.ilc i' up I" 4 rnt'gilby1es per 
minut~ "n PCs and l'<1mpatJbk">. Subsystems 
includ" 7 " ' lO ,,., . streaming ta!"' drive. 
Iape coupl~r curd and DOS or X5'llX 
crnnpatibl~ soflware. 
l'nn":.I stan at S2.1'95. 

DLIRLSTRR; 
962.1 !ro ndal ~ Ave •. Cha1swort.h. CA 9l31 I 

Telephone: (818) 882.-5822 

16-BIT RESOLUTION 

ANALOG·TO-DIG IT AL 


CONVERTER 

12,000 SAMPLES/SEC 


for IBM PC, XT &AT 

SINGLE PIECE PRICE 


$475 
We manufacture a broad line 

of data acquisition and control 
hardware and software for Apple 
and IBM computers. 

Call lor quotes on custom 
hardware or complete systems. 

LAWSON LABS, INC. 
5700 RAIBE ROAD 
COLUMBIA FALLS. MT 59912 

'06-J87-5355 

WHY RISI< THE UNl<NOWN .. .when you can gel 
premium qualiry d1sk.s from the Leader and 
Inventor of magnetic media... lor leas!! 

A ~TLl'dr *:.~~mr.nr:.;~.,.~~=r;,.:,;;Altn it 

5.25" OS-DD Dist.nu: Bulk Boxed 
DS-DD -48TPI . . ...... . . . . •38 .. . . . 42 
DS -D0 -48TPI Color .•.•••• •48 . . .. . 55 
DS- HD-96TPI '" Ar' .. ..... .90 .. . . . 95 
DS-HD-96TPI '"AT" Color •• •95 . .. 1.05 
3.5" OS-DO 135 TPI: 
DISK-KING • • •••••• • ••. 1.09 ... 1.19 
DISK-KING Color •.• •• • .. . 1.19 ... 1.29 

DS-00-48 TP I S.25" OS· HD- 96 TPI 

.75 Plashc Library Box 1.25 

.59 Color Bulk 1.19 

uanl 1y 01scoon1s 
Available 

• ' . . . . • . • 5.25" . .•. ' .. .• 1.55 
1.59 . . . . . . . . . 3.50" ......... 4.75 
1.50 SSISD ..• ,. 8.00" •..• OS/OD 1.99 

.50 3M·s H1gNand •• ••• • • •• • •••• • , 1.20 

.52 3M"5 Nol 

3M Headcln t 5.25' 
3M Headcln Kit 3 5~ ... .. t 0.99 
3M Mag. Tape 1200'wtseal ..... ... 7.99 
3M Mag. Tape 2400'w / seal ....... 10.99 
DC-1000 •••.• 12.75 DC·300XL /P •• 19.45 
DC-2000 . .. . . 17.25 OC-600A ..... 21.65

• 
5 25 " DS ·OO In Plastic Library Case . . . • . .. •75 
5 25" DS·DO in 'M ln ldex/60 . · . .• . . • 81~
3.50 DS·OD 1n • Mlcrodex / 25 •. 1.49 
5 25" OS·H0·96 TPI . . . . . . . . 1.19 
350" DS·OO · IJHPI....... .  . 1.45 
5.25" DS·OD BASF No Logo . . . . . . . . • 42 

- Please call tor mformal1on

TERMS! VlSA ~Cl Oii Ul.D. CQO .aoa 13 00 Prt-Qlllll o..itJ 1'\ tas11 
~ P'()l~lrmi~cauti.i~ -~-'"·ll) 
Shippfnv.; U1 100ol'.,....~' FQ"Pf"'Clll'.IPS 1.P()1f f'(} ,._...UIJ ~ 
~SI..,~ ~tllla HA:!. I •.m. lo 8 IP·'- fmW.nlmh ll,...i, 

Toll Free Order Line; lnlormalion Line: 

1-800-523-9681 1-801 -572-3589 
TLX-9102404712 F AX-801-5 72-3327 

ii DISKCOTECH 
DISKCO TECHNOLOGIES. INC 

P.0 	 Box 1339 Sandy. Ulah 84092 
MARC H 198 • B Y T E 305 

http:�wllr.wbllo,.ul
http:nd!idqUU<-r..Jl
http:E.mu/at.or
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Manufacturer l&presentatires: 
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Placentia. CA 926 70 
Tel: (7 I4) 996·39 17 

Miaufu1ure 

Fremont. CA 94538 

Tel: (4 I 5) 657·O'.lf>.4 


To order call 

l ·Soo-635-3355 
for technical iniormallon 1-{203Hl71-617D 

TELEX: 643331 fAX (203) 872-2204 

M1crom1n1, 1nc-fl;~41ft. 
4 Park St met / _,,.----~~~ 
Vernon, CT 06066 	 ~
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CAT sMHZ 

BASE SYSTEM 
• 256K (Optional 840K) 


• 150 Watt Power Supply 

• AT Style Keyboard 


• 4.77 or 8 MHZ 

Keyboard Selectable 


• FOC Control• 4 Diak Drives 
• 8087 Socket 

• 360K Floppy Drive 

s35900 

01'11DI A 

12 .. M...,o "'"De• Monitor 

oo:r;.:~p<>c:i"° 
'498'° 

HARD DRIVES 
&? S2agate 

COMPLETE KITS 

S1225 20Meg wfcont. & Cables •.•..• 27900 


ST238 30Meg w/cont & Cables , . .••. 29900 


m51 40Meg 112 HT 40 Mil wlliottware 42900 


ST4051 40Meg Full HT w/Software • 459" 

ST225 & ST2la come witn Wes1ern D•gi lal Con1roller~ 


TAPE BACKUPS 
~VEREX~ 

40Meg Internal ~ ~EfJ ....... 349oa 


60Meg Internal wf0ic·02 . .•..... 59500 

60Meg External w/Oic·02 . •...• . . 86800 


L061TEC MOUSES 

Logi1ech C-·7 Bus or serial ......• . aeoo 

Logl cadd Mouse & Cadd , . . 14900 

Logl Publisher Mouse & Publisher 12900 

Logl Paint •. , , •.•. •. ... .... . . . 11900 


lrwln T•po 8 •ck Up 
n 00 10 •og 22.t"' 

FU)Pf>V OAI YES 


Oum• "'Hi 380k 79• 

M•oulll!>I" I :!Meg 19"' 

Toshilln1'20io.J"> 1 
TllnOon TM Ill<> ZA aP' 


MITSUBISHI 
1.2 Meg Disk Drive 

• S1..t.. " Btack Face Duve 
• Hall HT Ftoppy 

• New · 90 Day Wannnl y 

List 199oo Mead 79°0 

Int.I AIHrnl laanl 
• 20!0 · t28K Exp. to 2Meg 
• PC AT Compalibles 
• Provides Conventional.Expanded & 

E•tend!ld 

Ust 114$" 11111111'1 19900 
AU TIU.DEMARIS ARE REDISTEAED 

with Uoelr respetU•• tOftlpanles 

800-654-7762 

SAUS 

7AM-6PM PST 

702-294-0204 
Cusl.a111er S!nlce • Order Slalus 

9AM-4PM PST 

LIQUIDATION SALE - ALL ITEMS LISTED BElOW 
500/o - 800/o OFF LIST PRICE 


MEAD Computer has just purchased these items from an OEM at a liquidation price 


Omoll 
G~0'200 ColOf Monl10f 


GfOphlca Cud 

•lpet ,.,,. 
173800 

' 

We are passing these savings and warranties on to you! 

1DMEG HARD DRIVE 
• Full H eight/Factory Fresh 

•BO Mii. Sec. 
• 3 Month Warranly 

List zggto Mead 10900 

TANDON TM100·2A 
• 	Thi~ wnsi the. oog1nal duve 

used by IBM 
• Fun Heigh~ 

• 380k 89 0
Lisi !At•• Mud's 0 

FAX 
702-294-1168 
VISIT OUR SHOWROOM 


30 Minutes from 

Las Vegas 


-
' 
I 

O~TIOI C 
12 " Mono Ambtlr Monuor 


Gr1pnlc1 C.nl 

wiper l>O'I 


20 Meg ~on! Driv@ 

17981111 '109900 

~<:-""" 	 "' ...~~,,~~· MODEMS co~ ...,. 

..(\ · <" ~ ~~.::~.s 

~\,o> ~VERE>r "'lto 

EV·920 EverCom 12 300/1200bps e400 
EV-940 Internal 30011200/2400 •• 17900 
E\1·945 External 3001120012400 • 23900 
Ell Pocket Modem 1390° 

US Robotics-Complus-AddA 
1200 Baud w/B ltcom 1 yr Warranty • 5900 
1200 Baud Exrernal . 1 yr Wananiy 11900 
2400 B a ud lnterna•. 1 yr Warranty 14900 

COPROCESSORS 

Intel 8087 5Mh z • 102°0 


Intel 8087 8Mhz 14900 

Intel 80287 6Mh7. 17900 

Intel 80287 8Mhz . 249°0 


Intel 80287 10Mhz 29900 

Intel 80387 16Mhz • 49900 

Intel 80387 20Mhz 78700 


MEMORY UPGRADES 

4ll28 tSONS , ... ....... . .... ... 2" ea 

256k lOONS 6" ea 

256k T20NS . . ...• . - . . . • . - . 511 ea 

256k T50NS . 4H ea 


RETllRN OF ASI LL OllT 
LQ1500 EPSON TRACTORS 

• Enson d1~icnn 1 1nued lhese Out Me;u.1 
"1;'1 5 acci1llh'.lc1 lal-'; 1 ·~ 50 un115 

List 9900 Mead 49°0 

MOUSE 

• Requires Slot & Sertal Port 
• Compatil>le with PC·XT 

• Mouse System Compallt>le 
• 3 8u11on Mouse 

List ill"' 

fr~ 
CAT 286-10 

BASE SYSTEM 
• S12K (120 NS) 

• 200 W•tt Power Supply 
• AT Style Keyboard 

• Wnt.,n Olgltll Conlroller 
• TH<: 1.2 Meg Floppy 

• Legal Sloe wlm1nu1l1 
• Syatem1 Documentation 

• 1 Vear Warl'llnty 
• Clock C1lendar 

• 10 MHz • o w111 Stale wn oo NS 

$898°0 


Dl'TIOW • U 
12-· Mono Ambeir Moni tor 

Gf0ph1co C:.Onl 
"VWlp.r pon 

1000 Nevada Highway • Unit 101 
Boulder City, Nevada 89005 

01TlllN I ~T 
6401111200 Cotof Monitor 


Grap hJ c:• Cini 

wlpi1r piort 


s1255oa 

POWER SUPPLIES 
• 150 Walt 

• UL Approved 
• O"ect PC Replacernem 

5900 

31/2 DISK DRIVES 


ReqwrE1s DOS 321 or Above 
720~ wlmounung Brackels 

109°0 

DIAMOND SCAN MONITOR 
t MITSUBISHI . 

.... ELECTRONICS 

• 1371A • EGA·CGAPGA·MDA 
• NTSC Video • 800x560 


List 88900 Mead's S50900 

EGA VIDEO CARDS 

EVE REX EVt!S7B l1u1osw11ch 13900 
EVEREX EV657 Aulo!lw 1tcn 1·1/flar 1496 

' 
EVEREX EV660 PGA 
ATI EGA \Nounder 
ATI VIP 

NO SURCHARGE FOR MC/VISA 

TERMS: 
MC • VISA • COD • CASH 

Purchase Order5 from QU1IHl1d firms 

Personal Checks • AE add 4% 


VISA -- SHIPPING: (Minimum 6"J 

UPS • Federal Express 

3M Equivalent Data Cartridges 
• OC 300 XLP 

• 45 Mag 1450 Il l 
• rnct.v.aual1y Wrappea 

• 5 Yea r Warrnmy 

Lisi 3..• Mun 1400 ea 

NEC COMPOSITE MONITOR 
• 12" Gre..n Se<..en 

• JB1201 New 90 Day Wmr«nty 
• Wark wllBM io.11 ct110~ ~r.JDl"li.:: ..tl1.!ri1or 1 

SAN VO A.PPL E 

List 199oo Mead 7900 

Ol'TIDW C Al 
12 Mlono Ambfr Monl1or 

ar!r:~~~~,d 
20 Meg Ha~ Ofhl''f 

5132500 

114900 
209" 
309n 

,.., ~. I '"4 1•-... , , 1t'"" 
.•1• ';t •o:-_. · ii,. .r 11• 

·" "' · '' \ f ;;•
i·' A ~ UtN 

,.,.:. ..1 ..tb _""' 1.· 

1 .~ ..... ( t i ~·.. .,,_....... 
t..CI" 

..... 
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COMPLETE 12 MHz 

ZERO-WAIT 286 SYSTEM 


WITH 3*1MB HARD DRIVE! 

Can you believe it? Yes you ca:n! 

32 MB hard drive. 12 MHz ZERO Wait St.ate. Fully AT 
compatible. Our camplete '286 system ready t.o plug in and 
fly right out of the bcOC At the amazing price of only $1,295! 

How is it possible? By buying direct from the m.anufac-
turer that's how. ~ International offers you the finest, 
best-backed fully AT compatible systems available . .. at 
factory direct prices. 

We think you'll agree, this L<i the very best value you'll 
find anywhere. 

And every ~system is fully assembled, burned-in 
and rested in our own laboratories. We would l.ikE t.o build 
one for you. Give us a C'all today! 

OTHER nos OPTIONS: 
• 	 Baffic System Only: Everything except a hard 

drive.$995 
• 	 Complete 77MB hard drive system! Only $1,595 
• 	 EGA Upgrade. 14" EGA color monit.or with ZEOS EGA 

carci. Fully tested. Add $495 
• 	 Many other drives and options available. Call Tull Free 

for details, 800-42.3-5891. 

1111111m1111111m11111111111m 

AT lo a~ rra&rtutrlo 
of IBM Corporwon. 
0..., to cum:ncy nuctu•· 
UonJ Ind ~ f>odonl 
be')'ond cmr control, prlce.'t 
""' ..bJe<l Lo clWlge
witMUI notice. 

C&ll ror comp

~~tao?:6~~;-633-45;23~18r1-~0:RD:E:R~N:O:W~T;O;ll~;;~~ ZEOS

INTERNATIONAL. LTD 
530 5th Allenue NW, Suite 1000 ZJ [8] ~ 800-423-5891 	 Sr:. f'ilul. MN 55112 
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IBMPC/ XT 
COMPATIBLE 

PACKAGE 
• a•IOK RAM w/Ci o~o 

• KJJyoonrd 
• S..1 lru / PM11lel 

Por1s • L'.ox ~ 10 Olakettea 
• 1? ~flgti ""solulion Montto• 

PACK/IGE 
IBM PC/ XT/ AT COMPA. ,"IBLE 

• 800288 e MHz Procc-ssor • 640K 
RAM• 1,2 M!l Floppy • 12" Mot11lor 

'1349 
w/ 20M811ard Drrve .... .. ...... ... .. J1 Sa 

F'OWEP.MATE 11 $1879 

SEAGATE 
20MB I /2 HI. w/ Controllor .............. '271 
30M8 I /2 HI. w/Con!loller..............ill I 
40M81 / 2 HI . w /Conuoller......... ..... $449 
EVEAEX EGA CARO... ............ $139.115 
MINISCRIBE 

~me:ib~ir~~?".~l'.~~'~'.::::-.:-.:::: : ~.m: 
CMS 30M9 Cerd........ ..... ........ ........$371 

lll/llPAll 
DESKPRO MODEL 2 ........ $1150 

a DESK.PRO 286 
MODEL 1 ........... $2190 
DESKPRO 286 
MODEL 20 ......... $2899 

-t1 MH.l , •Dt.r.I Floppy Of...,.,. 1 E...pnnMon 
Slc1 s·~1:2'KE•pa00ab'e to7M.K • Pi1111.J!el & 
Sci<i4l Pon1 -Mou H · Avorlt ble 1ri Color or 
MOt'.OC.l'l l<:imeSys:l.. ITI • ~I S IOOO Wonnol 
SoftWdl e-NO CHAAO E' 

Mono Sys1 em Color System 

5899 s1049 

PERSONAL 
SYSTEM 2 

MODEL SO 

ol~K& '~J'~ 
IBM Hard Drtve 

s2599 
POl'>Cm~I !.J'll•m II Modal 25 ........ ....... $1049 

J'S II Mo<l•I 20 w / Ca l0< Momlor.... ..... SI 299 

PS II Model 60 w/ 4drAB Hard Drive & 
I 720 k Flooov o............................ .s:l599 

IBM Per.anal S'(9t•m 11 Monitors 
8503 Mono..... .................. ................... 6249 
8512 Colo< ................ . ........................ 15.479 
8013 Colo<... . .. . ..... .. ........................ $.529 

FX·ME ... _ SJ 19.85 
FX·2ME ..... f.469.95 
F)(-$00.. .... ..$429.95 
LQ.800.......'389.96 
L0850 ....... '489. ~ 
L0.1000 ..... '5JS.95 
L0. 1050.... .$659.95 
El<·ll00 ....... $419.95 
EX- I 000..... $459.95 

PANASONIC 

laserjet 
Series II 

l¥1•1649 

Ke;i board · e40KRAM Pc,r..w,. r -Tur borpeed 
• .7/ 6MHz · Tv.oJ&JK Floppy Drives · MS· 
DOS · Mono-Grap hoC> c..rd Hlgh 
Re.olul1on Mono Monitor J"REE Word 
P1ocessin9 So~e 

1 679 

NEC MULTISPEED EL.......... ........, .........S1~9 
NEC MULTISPE.EO ... ............ .................... S 1249 Color Monitor.................... ... .. ....$214 

rn~~:~~ ~m120:::·::: : ~::::: ·:: :::::~::: : ::: : :: ~ 
TOS•ilBA 1200... ... ..... ... ..... ...... ... .. ....... ....$2295 

ZENllH I B l .. ........................... - .... ......... ,$ 1549 
ZENITH 183 ........... ... .................... .......S2-'239 
SPARK b\I, OATAVUE 
640K w / 2 , 20K DRIVES ................. , ..... .. ...S !099 
SPAF!KEL.............................. .. ....... ......... $ 11 W 

commodore 
126 PACKAGE 
Cvmmudo1e 128 Computer • Commodott 
Driv e • Commodon 1902 Color Mon l,01 

ommodote 1StS 10 Column P• I•'"' 

-~!!!!!!'-!!~ 

THOMPSON 14' CGA 
Monltor....... .. ...... ... ................ ........... $269 
THOMPSON ULTA.A SCAN..... ..... $•169 
MAGNAVOX EGA 

...........$339 

'1199 
PS/ 2 Model 30 w/ 7'!!0 

1 99Floppy Drive & 20MB IBM $ 5 
H<!ld Drive 

I/3M PC/XI / Al COMPA neu PACKAGE 
SJOK R.'M &pandable lo I MB • !0286 
Pt<>eell.Or • 6 / 8 / 10 M11• · CGt. / EGA 
Se roal /P•1311el Ports • 12" Man llo1 Key· 
Boe.id $1269 
Sarne Pl<g. w / '20 mo Hvrd O!rve, .. $1529 

IF-I PACKAGES 
• Apple llC er llE tKAI boald • S.25' [)jiJ. 
~~, 12" Monitor · All 
Hooil·u p • Ceble1 1>nd 

~~s~::i.~t""i<atle o! 

A.PPLE llC APPL£ llE 

s579 *799 
Apple llGS Compurer • J,fi" 
Drlv<!•Apl)lef\G~C<llorMon110' $1379 
Pcog. pf 10 Disilone• • All 
C.bleo & Adaprers • App HI 
Sottwarf!! 

~~cg>A'W~~T~i.~1'.'.'.~•-.. s~~~ 
MACSECompule1w/Cl\l&I 0. lve ...S19•9 
MAC Sf CorripU1e1 w/20MB 

APPLE Hard °'111it....... ,_ .. .$<!~9'9 
APPlEWORl<S Sortwar~.................... $00 

NOW 
·IN STOCK! 
LOW PRICE! 



Convert What You Have 
To What You Want! 

• lltSm $411•! 'Citnlmnie.tP..rtil4t 
• llhlJdHatH "Hlfldll"'PI 61g'1.lil 
• ~•u;htd O\llpr.11 • 'CQIT!~1:l "'°'"iii 1\: 

sotlvJare 
tor nan~ disks 

• DOS partitions to 

1GIGABYTE 


• Spans two drives in one 
bootable partition 

• SupPorls big drives on 
ATand XT 

• Secures data 

GOLDEN BOW SYSTEMS 

S)2Q ~· - 2870 Allh Averi~ 
$3 sh1p1im!jl -. . Sll1 10 2cn 
tlGfl<lffOQ )( Son Diego. CA 92103 
~l~rn. oiam ' i1, 619/298-9349 

................................I ~ 


1 IOI T,._Igu-ai bul: ~y,· 

ibn!ll-,.~- ... -

Wlllo - · -. 1111111 OOtsv•i:is.oo !lM 1ooi Ill 
DS00 11ok> ~I lllf 
Co« iv.·osoo !"" lOI at 
11rl' l!IUTIO) I""' ;,I 
b<11 Q:;• · 0000111o 11• sut "" 
llooOI 10Coio'IV• 0500 ...,.
''"' "'- C... I""" ll 

3•1a-·ssoot11n. ~ .. 
'll!.00/Mft l'll II.Di 

111111 ID!' CBIE!l6to~ 
- 06 ""'- !"" ·~ 111.111 
~11.':!Ml!O..~ 
lllio. 51 .•• • l1tJll 

~·~·"tll8j~ 
CM ll' ~u o.,.._,;·.,··..,,., ·~~ -•·tiJOflf 

I-~--~ 13.51l P'I' l!lill. <no<1t51-...,. 'a ICNlSA 

1·800·537·1800 .I ~/'!) 
Opol911o.W ~r 

0... It> 12'.IPO Biil 61IJXI. S.,~C04111 

SIBEC II 

- 1-,_ . 


I I - ,. ,• 

- '
. -

. 
. . 

Tne ld&lll solution for em-ed control 
a.i:ipltc•Tions •nd al8nd alone dev~lopnlenl 

• 8052 Ba•lc CPU 
• PROM Programmer
• 1se~· El<pano;on Bu• 
• f'! lgne<1 Quality 
• , Ve11 W111rantv 

5228.00 (JfY I 

Cal! Now! (603) 469-3232 


Inquire about OUI 8051 ptOdUC' d~IOP~' 
• It IQ• Ille IBM PCI XTIAT 

tOOna 

l!Xln• 

150n$ 

100r1$ 

12on1 

T50ns 

\SONI 

$30.00 
$ 6.25 
$ 4.15 
$ 4.95 
$ 4.85 

•1E:!~·I 
$ 5.95 

~l·I: 
...... 
' '""',,..... ..............,,..... 

DYNAMIC RAMS 
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LAB a a «>tnp/o•~ fogl< <H~mon1 ,,,_,.,,, 

•Complete S~••em ln.c.kJ d lng Progmmmo,, Somple 
GA• o.,.;,,,,Softwa,. and a ll Cc br."9. 

' Program< GAL 0.vn•lnduding 16V8, 16Z8, 
20va, & J9vte. 

: ~d0~~'U;,'d?.ed9e°~:;iod~ff::;~:~~~,:_:~> 
• A<o pt1 All S1andor~ JEOEC Download File>. 
· Sot....,.., Updo•cbl•. 
• 30 Doy Money Bodi Guoranltt . 

• Vuo o nd Mctt1•f Card Acupti9d • 

CAU FOR FR EE DEMO D IS~ 

ProgrMrPINlbl• Logic Tkhnologlft, Inc. 
frO Beu IU1 

~. CO *>JOI G""" ••....,....-..........,-' 
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6805/6305 SINGLE CHIP 

MICROCOMPUTER 


DEVELOPMENT SYSTEMS 

1'wo ~tems allOw 111• IBM PC/XT/l(J' to be uoed u 

a complete ~menl SyStem fo< IN MOTOROLA 

~ senns single cnlp microcomputef1. Model 

MCPM-1 auppona l~ MCe8705P3. p~ U3. u~ R3
& RS ch ips . Model MCPM-2 supporis 1no 

MC1•68705F2 8. G2 cmos wn.lons. Bath syslems aie 

prlceCI &l $495 ill1d Include a crost assemblor pro

gram, a Slmulatof/Debuggor proga.rn 1111d B PfOll'WT'· 

ming cirouit bOlifd wlth-driWr software. A sys1em Is 
al"'° a..,,11 . tor the HITACHI 63705 ZTAT micro. 
'THE ENGINEERS COLLABORATIVE 

P.O. Sox 53, WeSI Glowr. VT 05876 
(802) 525·3458 

I i 

http:proga.rn
http:A'fllAU..11
http:sv�i:is.oo
http:O\llpr.11
http:Citnlmnie.tP


.. 20 Yii!!ar Battery 
• Jnc!ud~~ Sonw~r~ 
Plu R" In Clock 8 oard lcw PC .... "'g 

J~llECOMPUTJER 

• 16 l.rn, OOJOO CPU1---A---~:~---r---OPT- C_---. ~c TURBO ass • 512K o! RAMi~, -- --,O-N_
• 1 2 MB Dis." Dfll.. ~ 

• Hi- Res RGB Color Momlor • Hord Dlok Drive, CaDIBS ~ • 8 E ~oa11sl 011 Sloh$1 9 8 8 
• H igh Reso luOon Graphics Caru • Duul Hara Dis~ Controller 

• M I PS Sp~L+tJ n1t•! t- 1 • Pa<ol lel Prrn l ~ < Port JO MB XT 20 MB AT 
• 200 wa11 Powe• 5,. prly 

ADD 5298 A00 5298 Aoos29a .. D usi ti.-i r d Dl,oi;io; and• rn I k.ny Enh;u1ced Keyboer d 
ftoppy n1 s:k CL 1rJ !ru iler 

Turbo-AT $. ( • · • OneVearWauanry 

· · TOWER TURBO 386 •2r s wat1 Powo• Supo ly 
o &<OK or RAM • AT -S1y10 Keyno>rn ·• Wesoern D•g•lal Hard 0 >5k 

Expom>s 10 1 MB • One Year ""'"'anly s27· 98 •eo3·se CPU and Floppy Dl~k Conlrolle< 
p s c c . ' 16 M Hz. 0 Wail Slate• • Two Vaer Facto<y Warranly798 

SATISFACTION GUARANTEED 

OR YOUR MONEY BACK! 


8 MHz TURBO-XT 
• 640K of RAM • 8 Slots
• 360K D isk Drive • Delt; xe Keyboard 
• 150 Watt Power Supply • Disc Controller 
•4 .77&8MHz 

OPTION A 
• High Reso1u11on AMber Fial Screen 
• High Resolu ion Grnphlcs Cara 
• Parallel Prln1or Pon 

5 

• 200 Won ower upply • loC~ I •l~n<J•r 

30 MB HARD DISK 
~ Comp'"""""" 

AT ORl::~"i2'98 
40 Megabyte 20 MB PC/XT Kit 

33 ~s s39a s24a 
1200 BAUD 

DELUXE MODEM 

$75 

Including Froe Sonware 


Hayes Compatible •.7 Slot Card 

On-board Speaker 


1200 External ...... ... , .... •99 
2400 Internal w/so llware .. . '149 
2400 External ....... . ..... 1169 

NEC MOUSE 
$M559 ~$58 


l3'" COIOJ UonllOf With Software 

NO-SLOT CLOCK 
fof Your PC-XT (Clone! Of Apple 

Math Co-Processor 

8087 s109 
8087•2 5149 
8087-1 5199 
80287 5179 
80287-8 5 249 
80287-10 __s299 

$398 


EGA PACKAGE 

$498 

L1s1 Pri ce ~98 

Hl-Tl'S EGA Video Card _ '148 
HI- re~ EGA Monl1or ... 1378 

• Dual Mode Mont1 01 
• Non~gl.ore 31 mm Dot Pttdt 
• &40 • 350, 640 • 200 
• EGA. CGA. MOA & HGA 
• 100'\'0 IBM Compb lilll e 
• 256K o ! VldOO RAM 

• ~Me at>yl~$ 01 RAM on Mo!her Board 

3H~~~1~~~~c~~~1~~ LASER PRINTER 

8$65 $~.~§*!:&~. 

l imited $119 •300 x 300 DPI Aesotullon · 1.5 MB RAM 1198 Full Hn1g111 

QuanUty TM 100-2 

MICROSOFT. 
MOUSE 
Serial or BUS 

$118 

With Software 

31h" DISK DRIVE 
FOR YOUR PC/ XT/AT 

$128 

7201\ Ot&K Drive For 
Mas• Storage or lor 

Down Loedlng 10 your 

Lap-Top Compul e< 

Requir e& DOS :UO 


Includes Mounling Kil 

PL.ACE ORDERS TOLL FREE! 

Continental U.S.A. (600)421-5500 

Inside California (800)262-1710 


All Olhera 12131 973-7707 


•8 Page• Per Mlnule 

HI-RES RGB 

MONITOR 


s25a 

L•S ! p,1ce 1699 

• 640 • 240 w · Non-glare Tube 
• &10 x 200, 16 C QIOl1' 
• lr\cludes Free Cable & Tlll-n-Swivel 

~F200 CPS 

$19995 
l ISi Price '6~9 

• 200 CPS 81-dirM1 ion al 
• l7 .ii: 9 Nc11r Lener Ouahly • Ad1ustable ?ush@t Tractor 
• lllM Grapn1cs • One V eAf F.1c!ory Wiiilrrimly 

• Parol lel 5. Senel • l 1mtted Ouant1ly 

Mnnu t::ICILn'ed 
ev Sam5ung 

EPSON PRINTERS 
LX-800 LQ -500 

9 PIN , 180 CPS 24 PIN. 180 CPS 

$349$198 
Us! Price 1299 LQ-500 L r~ ! Price 1 499 

LX-800, FX-86e, FX-286e, LQ- 800, LQ-850, LQ-1050 
L0-1000, EX-800, EX-1000, LQ-2500, GQ-3500 

n3 HSWUlTT 
a.~ PACKARD 

LASERJET II 

$1798 

~- .<,; . LIOIP>'<ce 

~--· •11, '2595 . .@.

Extra Toner Canridge ' 59 

HARDCARD 

~s-) Plus ,~11111 
21 MB Card Hardcard 20 

s339 S568 
43 MB Card

s4aa 
Hardcard 40 

5828 

-------------------r---------------- Fax Mach ne (213) 675-2522 ___ 
4901 W Rosecrans Ave. Box 5046 Prices al our six store locallons will be C~ /I. T ~ r e5> d enl~ add sa les t~• Prices & 

higher. a~ailabllUy sub1ect 10 change wl th out nolice.Hawthorne. CA 90251 -5046 
We accept cash . checks. credit cards or 
purchase ord<!rs from qualll led Hrms and 
Institutions. Minimum prepaid order $15.00. 

Sl11 p p 1ng & h;md lu 'g ~ harge5 ' " LIPS 
G »o un d SOC/ lb UPS A1r $1 00'< Monrmum 
charge $3.00. 



BULK DISKS 

TDK 5 114' DSIHD $1 .29 
KAO 5 1"' OS/HD $1 .19 
SONY 3 112· OS/DO $1 .17 
TDK 3 112' DSIDD $1 .15 
OATASAFE 5 114· DSIHD 99C 
MAXELL 5 114• OS/DD 64c 
VERSATIM s114' osmo 59c 
3M 5 114• DS!DD 57c 
DATASAFE 5 114' OS/DD 39c 

Price Based On Quantity ol 200 

Includes labels. sleeves & tabs. 


800-426-0247 
In NJ 1201) 640-8911 


MC Smaller Oty. AvaH. VISA 


REAL WORLD VO 
for PCIXT/ATs

.lll200 • 4 ctunnel , 
I2-b•t I. 0 o.lild 
10 <H.! mp~J ng 
rale 
lnslrumMlahon 
im ~ honl 

A0500eno 1239 
,IJ)AJOO • 8 tnaMel 8-b•I Ml. sm gle o A 24 
pmgrammMle d1g1lal rO lines $239 
AMOG • 8 C!Qnnel , 12·Dil A. 10 ooMa Soll~-a re 
p1o gr.in1mabl• garn> of 1. I0. a.na 100 H1gnr1 
..ctll•alt l~raling CQrt• erter 
7 O .g1 1~r 1O Ion~ HrQh ·Z Inputs S1Jf 
AD100 • S1nQI~ chJnn~I W ! IM or AOSOO 10 d1got .1r 

I 0 l1nM Same accur!l:I' and p<O<)•amrnatr.o 
-...ms $149 
ll.t.500 •Foil ~etllmq 12·Drl ou~r O•A c:on1t "'r $169 
0624 • Oog1IJI I 0 b~•a W•lh 2·1 nL lints 
cor. flyur~bl• 111 ;oflw"• m 
XMO • £as1 COMttl e..:t~naer prorotyp• 
ooard th l<rm 1na1sr..ps 
otM do,couo1s available 

fled] nrne Devices. Inc. 
' 'YJCJ...,.,,.,.1 1).ll f ~tAo'f~ 

" 0 "'4l •Sl(M
•ruf .-~ ! ll GI "'t '-"' l. t t , ....,,... •Mr: .. 

(814) 234·8087 

5Et1LEVEL 
PROUDLY 
PRESENTS 

• 	Du.I 810 Serret tnterf.ae. 
Two 1nd~endent 8250/ 16450 
parts. COM 1·N. versatile. ATS 
aod CTS. RS-232/ 422/ 485/ 
449 competi!ile 

• 	AC•H Advanced Communl
~OM Boerd. SVNC! ASYNG 
~ ·SBOK. 	 IJMA. $2530 sec. 
RTS C1J'S. lilXC, TXC signals, 
RS ·2321 42.2/ 48'5/ 449 
compatible. 

SEALEVEL SYSTEMS INC. 

PO BOX 1808 


EASLEY. SC 29641 USA 


£8031 855-1581 

LOCAL AND REMOTE 110 

THE EASY WAY. •• 


• 8 11rtd'fofl inpul.J 
Ill (I COlilrKl f~l•tvsJ mpm:J 
11 8 r-1!!1'f.8i,· d"vm a.urpul;s 

• 6 opt"'""•' owl.=le 1Jc-c:(Jmui.ron 
• Bliff Pnr:f' w1rh l'l"PCO'lun ·~95 00 

The MOJAVE LMX 1/0 p1ocessor cornmunl· 
cates with any computer or terminal in ASCII 
over RS·232 or ovor buil1 In Bell 103 or Bell 
202 modems. Operates over vrrtuallv anv 
diS'lance over dial up or ove1 mult1 ·drop radio 
or cable. A small ba ttery can power 1he LMX 
for up to 4 years. Lllrger capacity 1/0 pro· 
ce5SOJ'S ore avollable. 

~ 
... t'-,x:~] ··we·1e the 110 specialists" 
7100 Hoy,,..nhuror Ave.. Ven Nuys, CA 91406 

818-902·1611. FAX 818·902-1934 

Wh~ Jn you "11»1n1 ().n ori tlie 

.-.Mnaso• or1.,.,d "1 


PllOGllAHMAILE LOG!<:;! 

SJ11.a.hr Clrc\ilt ~Mdi 


MCI~ logic 01, Your Bolf'tb 

~odu(od Au•mbly Colt 


l'"?"""'dil<!ll>toillly 
Reduced Timi! to fUp.alr 


JUST lie CAUSE 

Yov .ve n.ot qurte 1Qt"t rou 'W'll'\f fCI 


T•<J•i< >A ,.,. UNCE~T,t,.INTrES P.IJl't No.-i 

Or t1~1b(; . ,O•l ~~ no1 re~:r to mJ.li:.e 


n~ C.apair fttv(::.umclll 

l.J!l u' ti;cJp ·,ov ttl to .a 


Wor-kin1 'Sys-ccm 

"Witl"1¢,t C ti.1·•1 n1 to mcfT\04"'•te ~ ~h<I ~ 


P.,, Numbcn, 8U"UWCrdJ., 1;1nd ~'ttcnnx.i, 


WU)\OIJl U4.ll'l"lblinl I fircuJk th.f! 

S.ynt.&:1t I.NJ Flin ol ~ •ethe r ~ p<o,cnm 


S..od 14 )'<>lo< Log>< Ot•l""m. 

~n:.w:Kh H·if1, 8oo!.c.an t= q!.U"Don.• 


OR 

f\dl tell U1 -wh.u )'OU ~fl( •c to do 


W t! c.1ri 1upiply 

TTL. E<:;L 0< <:;HOS 


PltOTOT'l'PES. O< 


PllOOUCTION QUANTITIES 


l'llCROCIRCUIT DESIGNERS 

2115 GrHn ~ C'.Jin--.. S:a1n1 l.l::i\M\', M'"1>'JI"• O.lll6 


ll~-S 6B.9 S~I ll4-J88-S299 


. 

ll!wrm A1' llOG 
BMJcs,..m .... 
~-u.&4-- -~""' 
-~--..." 

...._...,~ .........--• t1 t.181-~ -.i-· • "'-'WCla&\a..-......................,... __ 
. •u-t.ti• ._,co.~..._._...__ 
-~-.... ,..,w..s ... .... u-___________. - t -~ 

......_..... ,,,.. . -.....-..... ~ ...... ...._ ___,_ _ 
~0.-t:IM""----~ 

t.=~~~ ·~ n.s11I 
~INllU .,.,.. ~.u~o.-. 

Cit 'PW~.,,.,.. 
~ • mzm.CI ...,_ .•..._.,a~ . ..._M!t.,~ ,J-.~ 

. -.. ~ ~Qo . . .... ....._~........ ~ . ~ ..... ~-- u... ............... . .... ,, ~ 
• P'l.. ..... U-0...... · ----i.-..~ .... ~.• ~ c....""'" · ll""' .....-- 

S~h'ft-abi ComptWU C.m•r 
~~~ ........ *--~ 
~·c .... 0.-(................ Mr .,, .. ..... ~ • 

__... 
re • ....,.............,.. 

1111 IBM PC/VT220 

EM220 	 V/:'10. l TJ02 i 11wlmum 

l-1fr fn.m~,h:rS 169 
I~~ Cj ·lwm1 mr61k• 
<",1/j~, S11pp1•n 
lli11 K1 ~ 

1111 TEK 4010/4014 
E '14010. 	 /4'• (111•IJll -IOH,1n111/•Jlr1rpr 

I f:!fl_ IT/0:!1mt1Jau111j$2..'J 
l>ri m'l" jiJn 
llr~h '~· ~ o(ulli t11 /u111/z ·11111 

.\•q11•·1·1111/M. Ill.II'-""""''" ' 
I(,.,. 11/1·' 7'·1m.u rmd -4 /'-{ [ 

DCS 
.177'1 Im . ~,,. ..'Wt/Ir" IR 
Huu/dr• . C0 .~I.IOI 
1.11/./1.Ul-Y;!.5/ 

$119.95 
~~miru~film 
IRGll OJIUIACTUMA! 
I DYINA[CT l.'81 H Yll 

ll'rllo "' coa IOI FRa: &6 ElfCTliO CS 
MFG CO CATALOG l00AY1 ltC o. 
~;..,:::.~.~~·lr~~~~ ... :~1::. 
• ie11 1•1t1U 

Temple Datatap™ Graph 3.1 
for IB M and llP9000, SUNJ 

A NEW STANDARD 
FOR SCIENTIFIC 

GRAPH SOFTWARE 

:~ •L.AA 10...., r •.,.... 
- 1 

Time (J..IE>ec) 

Unparalleled power, 
interactivity & ease of use 

USERS, DEALERS, VARS 

& MANUFACTURERS 
Dcvelupc<l al Temple Unh•erslly 

Mlhallsln Assoc. (215 ) 646-381 4 
600 Honey Run Rd. Ambler.PA 19002 

http:8oo!.c.an
http:SJ11.a.hr
http:r-1!!1'f.8i
http:tnterf.ae
http:d1got.1r


Fas1oata Mini-AT - 80286
10 runs 1I .5 Nor10fl SI , 
512K-1Mb RAM, Award 
Blos, only 16. wide, 8 slots , 
room lor 3 hall·hl drives 
Speed, drive, power LED's, 
key , rese1 & tu rtlo swi1ch on 
Iron! panel. AT-Style Key· 
bd, 200W I 10/220V P/S, 
FCC app., 1 yrwarr ... $725 

SUPER/urbo XT ·AT-Style C1111e & Keyboardi~ 10 
MHz 808&-t.120nSEC RAM 640k. 150W PIS, ~OK 
Flpy. FCC app, 1 yr par1S & labor warranty.... $425 

AST Premium 286'"' $ 55.!mo. • 
Mod•I f40 wt1h 44Mb Or, 1Mb RAM, S&P Por1s, 
Clk/Cal, RT·Style Ke~board, 3-G Plus Card wilh 
EGA. CGA, HGC. MS·DOS 3.2, GW-B89IC 

AST Premium Wo111sla11on .. ... ... ...... ... .. ...... CALL 
AST Pr&mlum/386  20 MHl., 0 Walt .. ... ... .. . CALL 

• 1 k> 5 ~,_..., avlllllblo to qulllllod ~--

J!f: FORTRON 
80386-16 MHz Server with 2Mb RAM , O wall 1 
para, 2 ser. ports on Mb.- 8 AT. 4 XT slo1s. 230W, 
maxlswttcll Elnh~ keybd, up to 6HH drive, 80287 
socket , WD·WA2cb1, 1.2Mb llpy drive.... ...... $2,578 

Jl!!)TECH 
5191 Basic System · 12 Slots, 80286 10 ("O"wall), 
512K·1Mb, 238W P/S,WO·WA2 Ctrl. 1.2Mb Ffpy Or, 
Keybolll'd , MS-DOS 3.3 & OW-Basic Manual & 
Set-Up. Wiii Run Novell Non-Oed 286/J. .. . $1,275

I MONITORS & TERMINALS 

cfiSAMSuNG 
Samsung EGA Tilt 'n' Swtvel, 14" Monitor .... . $359 
Samsung 14" Tiit 'n' Swlvel Color HI-Res ....... $249 
Samsung 12" TTL Tiii 'n' Swivel Amber .. ... ... S 79 

H.P. LaserJel Serles II 
8 P1l<Slmln, 6 Internal 1onls. 

~~~~~ ~-~: -~~~ej .~~~! 
Brother HL-8 1 Mb, 20 lonls .... ..... .. ........ .. .. CALL 
NEC Model 890 PS ..... .. .. ...... ........ ..... ..... ... CALL 
AST TurboLaserlEL 512K-3Mb, Ricoh Engine. 
Upgradeable to Poslsa1p1..... .... .... .... .. .. _.... si,678 
AST TurboLaser/PS r1coh, poslscrtpl. AppleMaclPC 
111' , 3Mb, 35 tonts, 300dpl, Fast Graphics/. $2,995 

blother HR-20 
$ 415 

M-1709 .. .... .. __,, ,, ..... ..... $439 I M-1509 .......... $339 
HR-40 ···-·-  ... .... ....... $569 I HR-60 .... .. .. .... $699 

~CALL 
Ask obour Nationwide SeNlcel 

Panasonic 
ioeo Model 2.. .. .. ... ... ...$179 1091 Model 2.. $199 
1092 I .... ... .. .... .. ..... ... ... . $329 1592 .. .... _... ,_.. .. $449 
1595 .. .. .. .... ......... .... .... .. $499 3131 .. .. ... ... ..... . $299 
3151 ' " .. .. ..... .... ...... .. ...... .. ... .. ........ .. ....... .. .. ... ..$469 

DRIVES 

i!JPRIAM 
ID 130 I 33Mb. 20mSEC w/ lnstalla11on Hardwar111 
Soltware (Maxtor XT -1140 CompaUble... ... ..$2,169 
1075 74Mli, 20mSEC ......... ..... ... ..... .. ... .... .. ... .$995 
10100 103Mb 20mSEC w/AT ALL Ctr! ... ... ..$ 1, 179 
ID230 233Mb 20mSEC w/sortware. ALL Clr1$ 2,549 
V150 43Mb 30mSEC ... ... .. .... ........ ..... ... ... ......$699 

0TATUNG" 
CM-1365 AGB 13" 5-C-Olor Text Switch..... .... .. $299 
CM-1495 OmnlSCan 14.PGA,EGA.HGC,CGAS649 
MM-1422 Dual Freq, T 'n' S 14" Om/Amb .... .. $119 

Monttaim Viking dual page 19" or 24• pBper white 

or color monitors up to 1280 x 960 ..... .. ..........CALL 

MOS Genius lun page tor PC, PS/2 & MAC ...CALL 


!~m IBM 3151 ASCII tennlnal.._ .. _S429 
3 year on-sue wamn1v1 

WYSE 50............................... $379
WYSE WYSE 60............................... S419 

I I J t 


WYSE WY700 1280 x 900 ... $759 


CONNECTIVITY 

4-Uter Network Special 

NOVELL 
Server/Work Station: 
INOTECH 6/8 MHz: AT-Flleeerver - 12 slots. 

238W Power Supoly. Serial & Parallel Ports. 
Monttor. 1.2 Mb Floppy, 1 Mb RAM, 72 Mb 
Hard Drive, 60Mb Tepe. 

450 Watt U.P.S. 
NOVEU ELS NetWere 286 Level I {4-usera) 

Network set -up Is Menu Driven! 
4 ArcNel Card•, CeblH & 1 PHalve Hub 
3 FHlOete SUPEAturbo XT'e -Ea_ Incl: 

6401<, 4.n / tOMHz. 8088-1 CPU, AT-S1yle 
Key_· boa rd. & Amber Tilt 'n' Swivel Moni!or 
FCC Approved 

•• A COMPLETE NETWORK •• 
RETAIL.. .._.. $ 9.258 NOW ONLY $5,995 

PC COMPATIBLE SOFTWARE' 

Data Base Management 

ASh1on-rme dease 111 P1us.. .. ...... ... ... ... ... ... ...Il18 

K~an 2.01 .. .. ............. .... ... ... .... ..... .. .. 285 

PFS: Prolesslonal Flle ... ....... ... ....... .... ... ...... ... 125 

R:Base 5000 System v .. ...... .. .. .... ........ ...... .. ... 415 


Communications 

Ca/bofl C-OOy Plus (Merldlan) ..... ...... ............. 1118 

Crosstalk XVI (Microstul} ........ .. .. .. .. .... ..... ... .. .. 88 

Microsoft Access ._.. .. .......... ......... ............ .. .. ... 137 


Word Processors 


~9;~~~ 4PJ/.O:.~l~r___~:?...~~~). :. :.·. ·.·. ·.·. ·.·.:·:.·.·. ·. ·. ·- pill

MultlMale Advantaae 11 ....... .... ..... .. ......... .... .. .. 68 

PFS: Professional Write ....... ... .. .... .. ..... .... ... ... 99 

Word Perleci ...... ...... .. ...... ........ ... .. .. ... ..... .... .... .$212 


Integrated I Spreadsheel11 

Enable 2_0 (software groop) .. _---- .. -·-·· ·-·-- .. -- ff75 

Frameworll II (Ashton-Tate)..... .. ...... ...... .. .... ... 75 

Lotus 1-2-3 ....... ... ... .. .. .. .......... ... ... .. .... .... .... .. .... 298 

Mul11plan 1.11 .. ...... .. ........ ... .. ... ... .... ..... .. .. .. .. .. ... 138 

PFS: First Choice ..... .. .. ..... ... ......... .... .. .. .. .. ...... $ 69 

Symphony (LoM) .... ... ... .. ... ... .... .... .. .. ... .......... $438 


Oesl<top Publlshlng 

~~~x FIJ!:.1~bl~.7'.'.'.:::: : : : :: : : ::: :: ::::: : :::: : : : ::: : : : :: : :: ts~ 
Graphics & Mice 


Harvard Graplllos .. .. ... .. ... .. ..-...... ... .. .. .... ... ....... .$188 

IMSI OptlMouse Serial...... ....... .. .. .. .... ... .... .... _,_ ,$ 88 

IMSI Genius Mouse Serial ..... ......... .... ... .. ..._.. ,.. 159 

Microsoft BU$ Mouse ....... ................... .. .. .... .. .. 98 

SummaMouse-Optlcal .. ..... .. ..... --- -- ·--- -- ------------· 78 


Prolect Management 

Harvard Total Projeel MMagBI' -·- --··· ___ ___ _______$2.84 


' ~Dy with PCIXTIAT C- not guo,.,,- . 


Everex 601 60 Mb lntemel Tope .. ... .. .... ..... ... $739 

Fujitsu 360K Apy dr .... $ 79 11.2 Mb .... ... .. .. $125 

Mlcrooolls B5Mb 28mSEC ... ... ... ...S 888 

Mllsublshl MF501 ..... .. s 95 I MF504 l.2Mb$125 

Mllsublshl 3.s·· 1.4 Mb Floppy ..... .. ..... _,_ ,.. .$139 

Mllaublsh! 3.5" 720K .... .........-... ··-·-· .... ..--- -- .$115 

Seagate 20 Mb PC Subsystem .....$ 275 

S&agate 30 Mb PC Subsystem. ST-238&Ctrl .$ 329 

Teec FO·SS-BY 48tpl .. $ 95 I FD55GV 1.2 .. $125


I I
MODEMS & BOARDS 

.NCHOR 
1200 External ... .. .. ...... .$119 I 1200 Internal.$ 79 

2400 EJlt9mal .. ... .... ... .. $149 12400 lnternal.$12.9 

CTS 2424 ADH ASYNCH/SYNCH (Hayes) ...$229 

CTS 2424 AMH Class 4 MNP Error Comu:~ ...$ 289 

MuUIToch .. .. ... ... .... ..... .. .. ...... .. ... ..... ......... ..... CALL 

Promelheus ProModems ·Close Out/.. .. CALL 

U.S. AobollCS Personal MOOems ............. CALL 


6-PAK Plus ..............................$119 

ACr RAMPAGE·281j.512K........ .... .. .-$400 

,~ RAMPAGE XT·256K ... ....... -- ....$256 

llCStMO!llt(. Hot Shot 286-10XT Acoel. Bd .$369 

ADYANTAGE-AT·512K ... .. ......_$275 


Intel Above Board/286-512K 4020........ ... .. .$339 

Mlcrosott Mach 11l I Window I Mouse ....... ...$324


I I
COMPUTER ACCESSORIES 
Data Display ror ow.mead prof&Clors ..... ... ..... $695 

•FREE carrying CSset - While lnvellloty /..ilsts' 
Power Savers 400-1000W Mode!s...FROM.. .. $495 

800-528-3138 Orders Only 602-991-7870 Customer Service 
S-100 Div .1696 Corp.• 14151 N . 76th St.• Scottsdale. AZ 85260 • TELEX 9103806778 SNSCORP FAX 602-·18J-0!;!20 

!.J , ' ~ M I • I , ~ - ••• I l_ · - - ,. • I ' • ' ::: - - :- I ~ ... e - - . 1 I 0 Ii,;.· ~-. r ~ ':' ) - - ' . 'b : - ,.. ... 


& - , • , I .._. ' ," I "~ : , •" "' (_ , 1 ~ , '1 ' • : ' C • : ! '".;,lt_;: I f... t , C r - •, :• :: I ] 1 r ... l " ~ •
1 
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Get the whole 
stmy on UcQlbics 

terminal ennilation. 

Back, 
by popular 
demand. 

Just a few i1ears ago, Illegal hunting 
and encroaching d vilizatior1 had all but 
destroyed the alligator population in the 
outh. They were added to the offici<il 

list ot endangered species in the United 
States. 

Now alligators have made .:i 
corneback . 

Conservationists 
intent on preserving th is 
legendary reptile helped the 
alligator get back on its feet. 
On e again some southern 

warnps and 111arshes are 
teerning with all igators. 

With wise 
cons rvatlon policies, 
other endangered 
species have also made 
comebacks . . . the 
cougar, gray whale, 
Pacific walrus, wood 
duck, to name a few. 

If you want to help 
save our endangered 
speoes, Join the National 
Wild life Fede ratioo , 
Departrn nt 106, 141 2 " 

el6thStr et. NW. 
Wash ington , DC 
20036. :;.._ 

.. . 
MARCH 1988 

·. 

• PAL MODULE 
Prog1·it1n:t 20 &. .:2" pill- ~Ml 
(~B), N!lTI l'i'.LS 

' Rellfl _lf..OEC Iii. bmm1 
S.C..ri11. DIA. Wl\O, 5Ne. 
EDIT. Ru.£\ WRITE. VERif't, 
~.......,.._..._S/W 

• EPROM WOOULE Ct. 4, 8 llOCl!e1) 
·16": 10 10241( EPRO#.t. CMOS E.l:PROM. 
~ Into!, l.kllOICHA. TE'K HE>( Ille 
llerY ..... IOUlck ~~ re(iabl - IO u 
' Bl.POI.AR ROM MODUL~ 
.MMI, NS. Tl & Signelio;I paru 

~k';rw..~s0'~..1~.HE'X Lile 

·1. 4, 8 - moaul4 llYllllllbl• 
-87•8 Di»'51emt>le< lnduaoo 
-Road lnlol, Moloml , TEK HEX hie 
• S1!1115V2521« Mod••• 
-Nonna!, lroal llgenl pro0rammlnQ lll{j<>l ll.nm 
.flHd lnlltl, M<MM>IA. TEI< HEJ( Ill<> 
• TTL & ..ElfORY IC lESTEJI WOOUU 
~ ..,,,._ rTL. CMOS. Dvnaml<. SlJltJc JC'• 
-Au1c Miich ..,, " ""'"''"" IC par1 No.
-Uoo• t;0n make hl8 own IKI pouem 
• INTERFACE CARD l CABLE 
'lhlf card C10tnmon 11> a-.. madulell 
-Flta In ""'I PC/XTW or comp.iill 
-~l&'•ln\11\afl li•e. 

SIO 

119~ 

1246 

$50 

XELTEK 
473 Sapena Cl.. 12• • CA ' ""'"""'' Santa Cl.,.. . CA !!505'1 ·:IC 1 

odd ~'Mi ID.. 
(•OI) nNl9t5 ' kid $S fol SIH 

BUll.DYOUR 
NE1WORK 

wnicr 
EA.5YUSE LAN COMPONHNTS 
• Netw\rl Snftw•n: (per Witt) S'l'I 
• Savu c.inis HUHN> $.Jfq 
• Workstation Cmb Sl?'J 
ond 
Euyusc Rtady lo Run Scrwn. 
'llKynan at 40 megund +uscn 
for only 51,'}95.. 
Your 2.86r.l86 AT with our Scn<a" Canl(s) 

......... 

.l:i:L#1d""4"~ 

Mhi..""a 
...........w 

,,- )M'il!',] , 

.UCIJ\tJl."toll:;1 

''"""""' \IA cr;n.., 

t ..., 

Make your C languag~ 
p1ogmms memory r~s1dl!nl 

with 
OMS RESIOENT-C 

Make your assemDI"' 
progmms mempry ros1<1ent 

w llh 

OMS RESIOENT-ASM 

S 799~ S 14~9S 
w source 

Am~lc-.-.Jn Saflwmt! lntermllicn.tll 
P.O B<" 5~J 

w """'' er o.s 99911 
{2001 6911-SOS4 

To find out morc :ibou1 ..o{twarc 
that lets your PC emulate 
TEKTRONtX '" 4105/ 6/7/9 anJ 
DEC VT!{)]'" t.cnnioals. 
cnllur write: 

Q GRAFPOlnT 
~ ;in~v·v11"1 M C rt:d.!.!oi nh.d S.Ul lJC , 
s... ori:-...,-, 1· ~1 :io 1 , 1 1 \l'.1.."1 1:J''')·tf6 t 

Oircl~ IDB a• Rt'oll11r S1rvi~t Caril 

PROMPT DELIVERY!!! 
SAME DAY SHIPPING IUSIJALL'I') 
OUMWl'iONt PRQSSHOWf4W JAM >4. -

OYNAMIC RAM 
•048Kxi 100 ns 
~· 100ns 

• 2seio.1 100 ns 
!i<IK>.4 1 50 ns 

2561<>'• 60 ns 
2561(; 1 100 115 
2511K>.1 ~ 20 115 
251llU 1 150 ns 

• 1><1<.<• 120 ns 
EPROM 

129K.a 150 ns 
84K•8 200 ns 
:r.!K•8 250116 
1GX>.a 250 ns 

STATIC RAM 
43266l-11 321<>.8 120 ns 
5864LP.a 2 Slot8 120 ns 

$32.00 
28 .. 50 

6.75 
4.15 
5.75 
5.15 
4.75 
4.35 
5.75 

$37.95 
15.SO 
6.50 
6.25 

"D" SIZE PWITER 

5229500 


HEiTAIL 


'1695.. 
1r.1'~0DOCTO kY 

Of!'E'R 

• Repealabili!y .001" 
• Spc-cd al i" rcr Second 
• Va[uum Pajk!r Hold Down 

• lfii:h 	Resolution Circles: Suitable for 
PCB Artwork 

(4)51 49().8380 ZERICC>N 

stE\<ENSON BUS.INESS PARK 

BOX 1669. tRfMONT. CA 94538 




RElllU. 480 ~ hefeht for PC 
TANDON 65LJ2 HOK, Ya ftt. 
TANDON 101/4 futl hL M TPI. 
FU.llTSU SV4" ta.if Might
MITSUBISHI new sot llalU hL 
MITSUBISHI 504A AT comp. 
TIEAC FDHBY ...If Might 
TIEAC FDSSFY M 1?1, hlllf hL 
TUCFDSSGF forl•M AT 
PANASONIC 4!1!1 Hetf Height 
PANASONIC 475 1.211..JM 
lwHchlng power euppl.,
nu.1-1--. tor !IV•" clrhres 

OneTwo T.,. 

39 35 29 

79 75 72 


119 t09 lt9 


" 89 82

119 109 105 

149 t39 13!1 

109 " 81

119 109 105 

148 139 135 

109 " ••

tt9 tt!I 109 


49 

59 


3Ya" DISK DRIVES 
SONY llN3W 720K/Byte 
SONY llP.73W, 2 ..... 
TEAC :SSFN 720 lllllyte 
TEAC35HNJ30, 2 Mev· 
!IV•" form feclor kit 

8" DISK DRIVES 
QUllE842claub.. sklM 
QUMI! Mt ....... s1c1ec1 
SHUOAATB51Rdbl.aklM 
REllU RFD4000 el. akted 
OUVETTl851 

129 125 118 

ts• 149 c•ll 

t 29 1 t 9 1t!I 

t!l9 149 t4S 


20 


t89 179 175 

t H 109 99 

:119 309 299 

189 t 79 185 

189 179 165 


Qal1kUnk '19 

~~ 

::.~-~o:i=~.:..~~"'"'"',:r~-~ 
Ouldc - 1.-"'" OaofOU' ._Pf'O!>l-. log - OllkO\'$ . .......... 

,.,. opet'A:!Of, With CJdy Qr"ll lccy .lll'Qlto, !C m1J ba d.lta !:Mdl!I, 

lag- 1n. imnd Uiw V.. puawon:t.Al~Wormatbl iipetm~ 


'itotoc:t in non- wMl.lkr RAM FtWlU'im inc:::tudl! vkiac OlJfplJI 1u 

,....,...,,, CX-. ""°IH'. "'-'O- IOg...... Ol%O'l k~. 300 

bsu7 modem and 1200 ~ aixHlaty pnn'lm' pDl"I. Al !hit bi 

....oiloblo lo<~ 559 


-----!!«fin lllcD w1nent1111 QI. -Ill UIMI ....SEAGATE 226 ZO Mfg, V. Ht 269 259 

SEAGATE 233 30 M19. llLl. 29\1 259 

SEAGATE 4026 26 M. 35mS. 55ll S38 

SEAGATE 4051 51 M.35mS. li95 6S9 

SEAGATE 4096 H M. 35mS. 859 8211 

MINISCRIBE 3425 25 m 85ma. 279 247 

MINISCRIBE365G 50m 61 mJ.419 399 

FUJITSU 2242 ~ M. lllmS. 1299 1229 

FUJITSU 22"3 II& M. 3SmS. 1695 1619 

ROUIME R0-71ME 53 Meg. m 959 

COliTROLUATA 9-4155-86M .1829 mg

MAXTOR XT1 UO 140 Mag. 2595 2529 

lUSttlBA Mll56 70 Ill . 30mS,1189 1729 


t ...... i. 

~! L"

lfldllsler &a.lnlll 111 lor ~ • 
XEBEC 1220 w1111 11.., cwlnlll11 119 

DTC 51!50CX 119 

111m 55211 lllH earl! H 

OMll 5'27 RU canlnlll1r 129 

AUAFTEC Z070 RU. conboll 11 179 

ADAPTEC nNllA 159 

WESTERN DIGITAL WDl1002Wl2. 99 

e SCSI/WI Wllldlallt Clllllloll111 e 

WIEC 141CIA 514·· lllDI llrint 219 

WESTERN OHllTAL 1MHl!ll!5\lo" 29!1 

OMTl Ziil Ill 


e WI fldlallr Accn1art111 • 

lnlllll1Ua.lllwlll•mal 10 

Wlatlllr Hd-.ml..,..,. 139 

oua 120/34 ca1111 111 211 

S.11;111111[ [llWll 111"" 49 




IBM COMPITIDLE CARDS WESTERN DIGITAL 

MONITORS INPUT DEVICES 

...... 
n UQ 

LASER PAINTERS 

To1hlba Clo1•ou111 
• lg.l lllQIJ l71 2tt 
• l!Hi~ltll ~lt ,,. 

IN.DO 
·~oo 

INTH - 5 Yr. Warrnntv 

TERMINAlS 
$ru.OO 
JA.o(I 
4t:l..OO 

1'.'' '.''.''''.'','. ' 
I J ~,~1-.t '...!: ~· I ...:.... I ' 

BARE BONES - &MHz 
UTUllBO 

PLOT HRS 
HOUSTOH tNS1~UMEH1 
04•r.t1 0' 4:l JUMOO 

~r~~ == 
OXY!lllO •-
FLOPPY DISK DRIVES 

•;J·l;l1i.Jfi:i1i;i('jlf 

"'...·-IM,00 
l:ZS.00 

"°" 
• .. n1wH.~ $Ndch41"'•T11rr lnylon/Homc:inlcs. MICE 

ORCHID - 2 Yr. Wrnty. 

PERSYST 

OU ADRAM 

COUIRCARDS 

,,.,~ 

,,t._H 
10.tl 
)3.00 

llt .M 

"·" 1H ,t5 

UM 
14._H.... 
l.H.... 

• Cl( 111 • Q.t filtt' rt• 
,. r;.1 f'Jl1.10 ll'ryb.U•rf 

:~.u;\~";re t;~,: "-
• M\l P'rt'llll• ·~~ 
• Phlwl'1 1 105..,.1111 ,,,_ 10M 

SOFTWARE DEALS! 
Leadl"'I •J11• ••ttw•r• P1Kl•1• »I.OD 
1,.,u11)1•iu11,....~00D•t*I 2995c~~ " l'IMl'0- COi9' l)•ml 
fUJlf 10illll- !Wl~I fC'IW! • 9KI. 

Nulatut ll Sortwue 	

..... 
re ,,,._.'1._,..,.. EAMat • ,...... 
OtO<lt tlli•"*" ~ 
Wordi It r by 'A' lcro Pro 
t:a11M 1 n wora._... J >kw 
er.i •f rAT°'1:lW!'l(JlllJlibil 1lh· 

4995 ,.,...,.,._
4995 2'Si,,.

DISKETTE PRICE BREAK THRUI 
·lw!a1c 11110 tl.uill hf! ... 5 Color Sel 895"''UI 7115· 

1011 llll 
!HI 

ll.ll!l 
IJ. 1$ •• fllll 

1'00 IUI 11~· 

l ·llT II r.o.aa ...w 

BACKUP STDRACI 
UJ.I 00.......... 
l:IUO ...... 

Ult.00 ....... 
.OO,.,. 

10 .00 

5' '•" Disks ea1 

3M DATA 
CARTRIDGES 

• ..._:. P •H 
'•l- }<!,~ 

• t• zi·n 
• •'fl '" ··~ 

• IO ..lbl )SI l l>D 

PAINTERS 
UfCON,, 
e.ofl~ i( a'111 l>OtOO 
DJ CA~l. 
[P5C)N• 
LXAro N111wt 

llHOQ~IJC Clll <9'{»..W l!Kt COI . a>tl C•L.l 
•• O& tol cpl) CA!.LLIST - 2 Yr. Warrnnly 

CALL,:g.i UJ6 COi IOO :!'' 
(:&L,._l,~-:~! :::; ~ ;: 
~J~OO ·CALL~~~"'" . ~*··T0$H••A 

P~ I~ 2'4 Pm l OPt In t~ Wt-C.'IQ 
IS!UQ~t-t~rr rlli~ moo 

P-l!l·S'X ~Odll 2 ...... 
fll00 61 J11Xll i!J CAL.I.. 
NEC 
Pf> IO to< ........ 


Hl.000MP'56A 439'9...00HERCULES - 2 Yr. Wrnly lllOLAHD ' .... 
-~BEST BUY LAPTOPS/II OX'r eoo eo~ Aiu iot.H s lotl. c.... Pl ntooS:Ut.oa '""..OU 

Col M0411i'.;u l07•.oa
i-oo 

O#IOArA 
~119:1 iltUS ....ua 
Mus:! ...U5 .,,.,,.,...... 
~liJ .... us nt..oo,,._.,.•!U!ll•WS 
UU'OI Ht.t» 
f'ANASONIC 
l(.X-PU 1• \16'9:~ 

.ZU.00~HIOD1J 
.X ·P~• ...... 

m •~· 
PRINT BUHERS 

SWITCH BOXES 

ACCESSORIES 

~t;·t'1r:p~di~~ 11;.: 
ACP 1·112' U..t.l Hal"" 11.00 

~~E=.1~11t::.kt \ 9' ,::: 

"'·"' 
:ut '" .... 
~- 9'' 

LI l:U$ 

POWER PRDHCTIOM 

ACP's Computer Software Department•..You Save!!! 
Al. CUI """"• ;• • 

,.. iil..~·~11 .. 	 .sorn t.O'iT'#... 1111 tlt.llLllMl...C
c•u • 

., 	 ..... ...llJ ••., , ,1 11 1111. ..... ill ii'l~!i~ 040 """ • 	 "'~~"'~ 1 •.11~.io. " n 1 
>tO lllTON.... on ... n1• • ~1.Vt1I¥.,.,.~ • ......·~1 ""~~l'l;oV..M" ~ ' U'.111 .'lo•.....,,:lllTTC 

-&,U 11ttAul0J< lWAR.I! • •.• ..•• .. ... iw.t:•OPfla ' •f'\1 • rG ..ll.ll,. ~' r .,., ~ ..... t !tll> 17' (. " C~GI f ... l flll1' .r...at K• " 	• ••• , ::ml Pli.i:• .... ~ "' " !H~ n E01 f.l ..1 ~~ ~ ~ , • 1~ ~ 
CC wPUT1U • ,."f"~t1 ' I ~""'!!' r,..__. ,., 	 ' ~,. ~,.p,~,.~ H •APl:AIA~ ;i.OFT'W'.l Hf 
A.Wit:•CA.1'11 111.,.ALl. IUl•~US w.... ,.J, .." ,, fr11,...iHn11"" 11 .' fr 1.111 I',, UN•1"' Art,..... •1 .. T WAll[llli '"''-·· 

,. 

... 
il'l't0n'4)"oil:'' •.A.OO.llll•uNO 	 Y1'fol)f'l'r•D.... 

'( il.l!CUTIVI" ~ .-111. 1II:11• "' l,iltC.lllOJllJ¥ 	 ... ""' I .. . I ': .."' • r""- ,. .., 
1ri.u 1 ,., Lip ~I~ (.• ._... .,.. _,, ......,1U ,. "' -~ A 1I O!il~HO 	 f:fil.A'l"fltNoCi iL(J9'T'lllAKI.•

' 	 ~ t• • v•.;. .. ..nu ~.,,,. 	 n;f I .,,, ~ ' """'''•••1 	 ~fl1 Q[ff('f!.l,flOH.rK:P. " ,... ,,,.,_\ ] i M t "il• fl Ir~ 
1i1oc~ 1:::rsoir T 

&fM TON faU C:Olll.P'UHfl'tl'~ " 11.!11 .. l\S QN ICI " .;;,I)."' ~ 

,...tu• ~I) CALl ' I~~ ' " '••'tt 4 ~ 1.4 	 'tHtNflllitt&L.L• 

,1.,.1 Gltl.(l'lllC I~• L~UI ..."' . .. ,,. "--.Mlli~Nt I~ .., .. . ... 
CALL ~ ~ 

~Ml! ~ "•---~~·... 11111 CA!.-1. COIM'U~ll _.,ili'-O&::L&Tl!a "' 	 ..--.... . f' ~ .. .......,.,o 
I ....
··- CALL ... .. I J.l.V1Lll'll ,...,. t~ • -,.. Qlj&fl T[ llOIC lil .. " , '. .. 

U <" ,.i1•folll~t.....i4'1'll Hl'I ....."' ~ ,1;•• t• I' \s• !:""nr 
llOlllJIU NO CflOllTAU: C OMIM l,i,flllll:ir* I,*., ...,itlll ...~' f l1h..fil • ~ · ~•!n ~ ... lj · ~ . ,,J ...,..,.1,,.,. ,...... ,. 	 lf f" ... .,• J) us l •, ' ... I~ • M["-0~ 

U"~ I' 911Jaot...-..• ',, '" \U t '" ." "' '" ·r ,.. ..... n 
~· "4' '""'~- s..u" "' '"' 	 " "' -· 

NEW PHONE FOR ALL USA : ~:~~'::~~~1!;1 :;:.';:1* Advanced Computer Products. Inc. 

WOllD~l•-ir'E c;'I 

h"r. 1ap~1r1t , .... 
tii.a1 r11 .. 
san•ll CLOHIUTI 
llot•v\O ilT .....'"' .. .,L ~lllll 

t:'. I~ :.'~ f'l!M 
oll»..,.UIV l l-' 4 

\J: 1mrnt11 1it....,.. "" loll'"1.: w. .. 
•14 "'·~ 'J' ......lrr..:r11111• ... lJ 

SPEC/ALI/I..~-tUHll!ll 1 1Z9.95 

'.:~.i!11~ OUR POLICY 
• o,i:i.r.. •ullj•..:1 II) u.UatHI l'f• • :i;:uMMy ltrft!•-~ (I~ fl.l'1•1J'J ll viuo 
• Prlcjn~ 11.ibl+~• ro. MM9e wni'lllllnl rtt.lk ~ 


a ACP Ritl.a.IP SLOI• p,1lt_lf'I~ rn•) ot«f 'f. N .,_1 1~p1;111uJOJ-. t.V l'f's;:i.0• 

• Ut1•lh !d ....,,..,.,,... and OUll"' ~Mdi.'1oa• ..ptiolr 

ASK FOR GILLES. DON. TODD. MIKE OR STEVE 

Mall 01de1 ~ P.O. Sox 17329 lrvlni.. CA G2713 for Fast Service 
Relltl 13IO·BE. Edlng!r. SanlJ Ana. CA 92105 Order by Phone! 

800-FONE ACP 
800-366-3227. 714-558-8813 

J 16 B Y T E • MARCH 1988 	 Circle S on lklllhr St1nice Cord. 

http:Ritl.a.IP
http:1�.11~.io
http:E=.1~11t::.kt


IC'S IC's, Parts, Components ... Shipped Fast! 
West Coast's Largest Selection ... Call for More 

RAM Upgrades! 
.•• priced in sets of 9 

• 64K/120ns . $18.95 
• 64K/150ns .. 16.95 
• 256K/100ns 48.95 
• 256K/120ns 39.95 
• 256K/150ns 34.95 

DYNAMIC RAMS 

7400 SERIES 
7400 ~ 1a 1J 1~ . S.35 741 51 H S 
7•!02 18 ms l!i W511 65 
1404 18 7' 76 35 7• 113 65 
1405 
14-06 

18 
lS 

148S 
;<166 

JS 
35 

141 74 
7-,, 75 

00 
05 

7•07 
ll06 

JS 
25 

7490 . 
74!13 ' 

35 
JS 

741711 
741 91 

65 
I 75 

7410 25 7495 .J5 74139 . 2.95 
7.\U: I 

M'll . 
JS 
25 

1• 121 
/11123 

35 
45 

7'193 . 
/4 19~ 

65 
65 

1426 25 Nl2!i 15 7'1111! 165 
7427 2.5 N IZG 45 14221 15 
74'JO 25 W·IB llb 7'1273 115 
7"32 
I~ 

25 
is 

74 150 
1415 1 

120 7~s; 74360 
!il 
so 

1442 JO 7415J - 65 7.rJfJ I so 
1446 - 85 M54 120 74008 !ill 

41161WJns Sl .29 4"6'1150<1' SS.49 7441 .. 9!I 
MK"332t;JOCMs S !l5 41;/56/ l(l)n$ 5.•5 
4164 1200M .95 4i2501120ns 4-49 74C CHIPS 
4164!1!<\ns 1.9!> 4125611(iln& 3.SO 74COO s 25 7•C1 S< S28S 7ACJ74 SI 69rn;m:10m 'I 15 41'1641 lSllns 1195 1•C02 25 /4Cl73 . 99 /4C903 I 19 
'15-1 /PI~ ONE l 75 • t28J 1~•5 4J9 74COol . 25 l•C11~ 9'.J 7At906 I 19
4C 16/200•! :us 8'11814517 · l:iOm I 19 74Cll! .;c. 141: 1 1~ 99 74C9'2 6.95"'416 /l!iOn 4 19 1 ME!l1100n5 32..9!.> 74CIO J5 •~CZll 125 740!22 3.95 
4-164 1121lnl a49 fMS •lloll l'>On$ e.!15 /4C I• 49 llC2<1() 169 14C91J . 3.9& 

7'1Cl2 35 14C2.U 11i9 NC929 4.89 STATIC RAMS 74C90 119 74CJ13 l(fi 74C9.l1 1 48~ 

210ZlPl<SOn• S99 ft116 1120ns $2.95 

210114.IOM 1711 f1!16t PI ISOns 2.45 Parllaf Listing Only/II 

2112/G)ls 2.00 ~LPll20os 495 
 Call us for components .. . 2 114 /4~1S 69 ~1Lr{150n1 4·15 
21142 . 1 19 ll264 I ISOns 4.25 
2l 14 L/2 1!19 Gll561120ns 12es 74LS SERIES
(,116/ l!iONI 245 522561 IOOnS 1995 

l•LSOO ,. S.19 14LSl25 S-4~ $.99 
74tSll2 19 MLSl26 .19 m~m .9974 HCT SERIES 74l SOO ,. 19 14LS13B 4~ l4LS24J 99 

7~HC I OO $26 141iC1161 H5 ?•IHCTOo!OSI 99 74LS04 19 NLS !39 45 14LSN·I 9'l 
74HCTll2 25 74HC1163 GS 1·1HCf .~1 l 199 1"LS05 . . 19 NLS I~ 59 74LS145 99 
74HCl!N 25 741iCT I~ 65 7~HCl563 299 74LSQl . • 19 14LS IS4 129 7•LS261 69 
74HCTOll 2!i 7411CI 115 GS 7~~Cl~ 2!!9 74L$00 . 19 ).tlS tS? ·Ill l.ILS2S8 6S 
74HCI 10 25 74HCWO 1:>:9 i4HC I573 I 99 74LS 10 .. IU MLSlr,ll 40 74l S2$ 99 
741iCT21 JO 74HCT24 I 1.29 74HCIS74 1.99 14LSl4 .35 74LSl51 4ll lALSm 99 
74HC T74 •9 m1c1w 1.29 7411Cll>!O 199 7• LS27 •. .2e 7•1LS163 ~9 74LS322 179 
74HCTl311 !j(I 74HCT24S 129 i411C 1648 i !l9 14LSJl . 25 l4LS164 A9 14LSJ23 11'l 
WICT151 65 74HCl257 ~ 7.I HC1563 Z!l'J 74LSJ2 28 l4LS 16!i 4g 74t$.l65 59 
7.iJlC1'16'1 £5 74HCT2SS 1 10 74HCT 564 29'J 14LS47 99 7• LS lfi!i ll9 Nl..SJ6ij 59 

1ALS73 35 l• l.S ITJ -4S 74LSJ67 S9LINEAR 14LS7• 35 ms 11• •9 7• LSl'J8 .99 
l• LS75 J:; l4lS115 "9 14LSJ73 99CAlOll6 SI 19 l M s11m l 45 

CMOS 
CIJ.!001 S I~ Cl).1011 1-59 C041l4/ u s CU-li:G 529 1;(145 10 S.09 C().15.Q S.69 
C04002 18 CO~IB 59 cooµa 75 Cll407Q 211 C~ll 69 C04555 119 
Cll4001 59 C0411.!0 59 C0•049 2'l CO•Dl l C04612 09 C04556 II'! 
CIJ.IOOO 59 CD-l024 49 co.ioso :lg Ctl4Drl :"! Cl).lS IB 19 Cil~ 69 "" C04009 59 C0"1Q?.S ~9 C04D!i1 J9 Cl).WllJ l"l CO.:. I ~ 79 CO t~400 6 95 
CO.WIO .2'J C04021 J5 CD4(1!>1 59 CIJ.l076 ~ CD~521i 7 C0 1441 0 7% 
C04011 29 CO..OJO '9 co.1053 59 C D~Otli 2'J C!).1522 .19 C0 14•1 I 6 . 
C0401Z 1'9 Cl).\(),1(1 65 C0•060 149 CU4ce2 29 C04SJ.'l l~ C01 4-1 l l B.95
( f).1()13 .29 C04047 65 C04~ 149 CO•O'l3 ~ 
ClJ.1016 59 C04Q.<6 1iS 1;0•(R;6 ~ CO•O•DJ l!JI Call Us For Morel! 

SIMM RAM MODULES 
64K x9(150ns) $49.95 
256K x9( 120ns) 69.95 

• 1Mb x9(120nsJ 349.00 
MOS EPROMS 256K x8(120nsJ 6997 
170ZA • lms 55-95 17128 . "51111 S.ID.1 • 1Mb x8( 120nsJ 329.00ZSJ2 . "5lln& HO mfi:i -mi 1.96 

25&1 · 451lo5 9.95 27C250 .. 2'.tOn; 795 
2106 . 450n5 4 .~ 275 12 - Z'ilns IJ TS CRYSTALS 
Z116 4.95 8741 24.95 

I ,1,.\H ~Z:l \~I ~; 3 'lj1'((j\lt-t: ~l"'J271fH SSS 8742 2a s 
I M.11Ut11 1 2§ ~ ;:i ~ 1EOO._..,""', }~27Cl6 5~ &7-4ll 169; I m.&HI ! ~ Ii 1MA.1 HJ -: l !C'(Ul,olH4 (~

IMS27 16-.t5Gou 1!'1~9 1911!> 1 QQT 11 11!o &~t!t ? .... 'H"'~"' II'>6151 •995 l ~~I/ /15&!.!))'1>+1B·~ ~~ 1'.JOO.t\11-'J '~!:;;.'• ~51kis l.!15 81!ili 19.95 ,,""' ?l 1'64Wk.• 'I~ 
2732 • Z50ns us 6811>! 1995 J1 . W.r ll!i 1G '1 1 J.41l.:LMH1 11'.. 
27Cl2 6 9!i 66766 1995 

lfilOL'.ltJ ' ~' .~f/ 

JS!tMIH/ t l!. '' ' HJ 1-'> Ji(l'(...."' 11!> 
2™ · l51l•lil 3,9!> 68701 205 i (l(ClQt1 :lS•2~1-fl ~ 2S '8 IY.0Mt11 2~ 
2164 · 251lns 4 95 6!170S!' 1a.95 ..1 Ql21,h41 i ~ 0 d:OMH.1 )";-, t,1'TJill.ff: PD 
27C~ · ~s 6 115 Z81&0E 7 95 ;(l)l Ml<l 11'> 
27128 . 2SOru 516 2116.f-EE IS.95 

OSCILLATORS zeo SERIES ~ 
5 

Z!D:TC 1 -19 ZOOASIOll 
Z...X:PU i I 49 ZSIASIO 10 

!~ 
§ZllOOM T 4.49 Z80ASl012 
~lOOl'IO 1.49 l80ADARI 
I !-' 

l80ACfC I !19 ZIJ)BC!C 
Zl!OACPU 199 l.BCBCPU 

'D IDJllJl1 ~ 
NCOJMHJ ~(ti 
'} t 5fGU_}11 lji~ 

-:; ~"· \ 

Z80Al'tU I 9S lMel'IO .BIPOLAR PROMS/PALS .C] A,w ' ' 

ll2S 12J s 129 14518!1 SI &l 
74LS'/6 JS l• LSt.!9 396 t4L$374 .99 825126 I 29 145287 19!1

WOl9 I I~ fill : ~ L W>l ·~ 7•LS85 49 /4LS l90 <O NLSJ93 1125 lZl! 19!1 74S288 191! CONNECTORS 
t l<J 117 ,_.,,m )) 11.1;,i11 1')5 • gg14LS86 28 741.5 191 49 74l$62• 18 112Sl37 299 745471 
lf)i I I ~'73.l JO I l J)IA 1151·~ 74LS90 .ii. 7(\.$ t9Z 49 74LS021l 189 1125181 799 14$472 69!1
l 14q +t.17.4 1 1l l•1)!115 ~ 75 7•LS9J . 45 74LSt~ •19 741.SMO 189 825191 1199 PAL 1&.8 • 99
LFli6H II.OW 00 l Iii ~ 15 
Lf..,1 ' , m .s 101 (~ 14LSl!r.I 49 NLSG-1 1 189 74Sl!ill 129 PAL .l(M.8 995

I e9 \ M/4fj ~ I IAW• EXTENDER CARDS7••LSlro ~ 74L!>'221 65 74LS670 00'•u 14LS!23 ~9 l, LSZ•O 99 m 688 18 APPll SH !lS IBM PC $1495
[ l.IJOI 10 Lt.... ,. J 00l~"' 
lMJOIJ! I 00 I MISM l~ l l.!1 1)6 I 8000 SERIES 

SIOO 24 !15 18M i\l 3USll. I H5 \ M 330 1 LI.I~ i'S 74f SERIES
l MJl /1 1111 1M13!>0 1. 1W~M 2 50 
l MJIS ' 1) L M1 3~ l !l!i ,... ,. 2 /4FOO . s m 153 ~ 59 74F243 St :!ll PROTO CARDS 

LI 1) 71 ~ 2!o \ Miu l 'l5 Nf02 NF 157 59 NF24·1 129' 19 Al'l'U: 512.95 IBM PC 
LM~l~I 00 LM•<Oel8 ~ 50 LM 2!6 14fQ.1 'JS 7·1f158 S9 74f24S I~ SlOO 1g95 IBM AT
l ,, ., ,l!I l MI~ ..., L.t i'1'~ O')l 1mw . JS NFIOO ~9 T-4f~5' 19 

74FIO ~ 14FHil 59 74f258 I~ 
l ~ ~ I MIO!t.1 roll [ ~lllll! J l'5 14f 1 I JS 14f lli3 59 14f2aJ ? Sii 
LM:P.:l • 2:> IM ••lll! foll lWllH1 1 ~95 DIP SWITCH•
I M.b!Ol' 1 19 LMtlH!il 2 ~ ~101n 1.f!l 7•1F211 l5 7,1f1l•l 69 74F313 149 I POS!Tlmi S49 7POS llOti 
l.MllfJOll I IS .l:l!X>.'I ;s ... 5ll I ill 1'1'32 11 1.1fl1S &9 7•F31' .. 149 2 f OSllON 59 al'OSTION 
l l.lll7H 149 L l:>?.06 JI".> 10 I 14F64 49 14f181 1!19 74f37'1 I !l'J 3POSllON 69 9 POSTION

• 116 LM~ !ll llO "' ~ l~f7• 49 74FU!9 2 !19 741'399 20!} 4 POSTIOI/ 69 ttJ POSllON 
LMlll~ e LMZ1n 2' 1~ '· ,\r.l-18'1 11.11 l~ FllO 4'J 74F?l9 09 m~1 ~99 5 POSflOll 79 12 POSHON 
LMJ<Ol n t.o Lt.< l'211l 1r:, II !7 169 /.lf lll'l • 7•f2·Ml 129 74fSll 2 oig 6 POS llOll 19 
LM:l•01..~~ I l!> I 1.1.c'JOO I I~ 11'! 11F139 •9 1•rw 12! 74r-5J.I 299 
l~ U.t~ t I I~ f0A l 1'70 s., NFl~I ;.g "~~ 

ECONO ZIFS
ll. I ·~ 1r.tttH l 1:'9 tOA n lll 5' 68000 SERIES 
l~ ~ IM ~ II 1l014 Ifill IC SOCKETS ti80001SMHl $11 ~ 6ll02011i>Ml<I !;!49 95 16PINZIF SJ 50 -10 PlllZIF 
LMlllli LM.l'I!.< 199 !l Olll ;s SOLDO.A U il HAl6Sll 59 22f'l llWIW1 29 6al1018MHz 19 95 6&150 AU5 2il'UWF l!lS 64 Pil/Z/F,,11.w:i 65 l M ~ ~ I.ii BS SPINU P $ 10 HR 18$11 !ill 2·1PlllWJ 'I I 29 680101 llMHt 39 !lS 68881/ 12MHl 179 95 
LM497 250 u •JO lltfA l ~ t• P"IL IP 11 HA2QS/f l9 2BPINWIW l.SG 6&0:'01l2MHz 149 % 68881116MHz 21995 TEXTOOL ZIFS 
Ud!i(6 lO UOl.tO ~ LILN l I 19 16Pl f'IVP IZ HR22SI ! 119 4-0PINWIW 199 sggs
L~ , , l l.l llliO -'9:1 I~ Ill!£< t :<J ISPl.~ LIP 16 HR24Sll .!19 HI HES W/ W 16 Pl ZIF S4.50 411 Pll/Zl F 
L~ llO Ulll& l 111'> l1Ul Xll l 2!M'1Nt,JP 20 HA211Sll 119 HR8WIW SIU 6502 SERIES 24 Pl llZIF ~!15 64PINllF 17 95 

1 , ZS I'l l/ZIF ~ ll!i 

' 
L.M~ 21~ lMJ162 Ul 2ll8 t '16 221'mU P 2'2 HR40Sll I.all HR14 WIW I 19 
l.M!e. 150 lM~ ,.g u 1ll!i t 24PINL/P 25 HR64511 499 >IR16WIW 11ll 

28PINl/P 27 WI SfWRAP HR 15WIW 13fl IC TEST CLIPS 
74HC SERIES 4lll'INL/ P 29 Kfl NWllY S!i'l HRl!lWIW 1 69 14 PIN s;Hs ~o PtN 119115

4J!PINL/P 99 14PINWIW .59 KF!ZIWIW 179 161'1N J95 54 PIN l'lQS
WIGOO S.25 T.IH[; 12!> s.r.o 74~C174 $65 MPtNLIP 2 49 161'1 NW/W _Sl) HRl•tWIW 1 99 Z4 PIN 12. 95 S8 PLCC 5995
7'HCC2 :!5 7lHC132 .;o 7'HC l75 65 Ml ~fS 16PINW/W 99 H'12t!WIW 229 6800 SERIES7•HCQ.i ~ 7•HC133 00 l4H(;Z40 I 29 ~R8S IT Sl!l ;it.Jl, NW/ W I \9 llR'4(l\YIW J 4U LCC SOCKETS
14HC08 25 7•HCIJ6 55 14H C"l44 I 29 R14511 49 8800 
MHCO!! l5 74HCl39 ~ 74HC24~ l,i!l 6M2 Sl~.95 100 PIN 122 95 
74HCIO 2:. 74HC1-la 15 74HCJ68 .65 SPECIAL FUNCTION 681 0 '19~ C-.1'f">t N01• .. 
NHCll 25 74HCl51 65 74HC373 1.29 VOICE RECOGNlllON 

25 74HC!~ 12!1 
14HC21l 25 74HC1!>l 115 74HC40aJ .99 
7•HCI• 65 7•HCJH CHIP SET -SJU 05 

VAMMIA 0 Y Since 1976... The Nation's
74HCJ2 Z6 74HC1S1 65 74HC4000 .9SI CHIP SET :?90)5
74HCU .JS 7411C 151 6S 14HC~ .99 I M$6 1~ 
74HC85 65 74HC16C I 15 74HCA07S .119 Sl'ffiH CH 11' 9.95 TOP Computer Supplier
14HCl12 66 74HC173 ti5 74H!;.W78 l 4S Tl.IS 52(111 SPErCH CHIP 

---7~ Advanced Computer Products, Inc. 
Mall Order. P.O. hx I13l9 lr~l ne. CA 92713 for Fast Service 

Retail: 1310-B E. f dlngtr. SMl l An1. CA 9Z705 Order by Phone! 


NEW PHONE FOR ALL USA 

800-FONE ACP 
800-366-3227 • 714-558-8813 

: ~:1 ~:,:'ot<l):~~~i'.,;'!;,!;!'~~11,•~:i~9bt-. OUR· POLICY 
• 01 ih1 I 1v tJJ..e1 l t;I ···~t•b llOy• • St;·p pJy llmfl• .d O.tl ~utavi tl•n:i:&.. 
• ~r4( ilrnjj u.it:i~ '~ d't.1tn9c ""howt nolt~it 
• A.CJ" ""91 " SP~.. M•ICU'.l.t ,,, .., ... .,., Mc.I t 'UP.~1:u .. ri:w- t rl)O l 

.. Llm1l •O •&•T..,UU • !'.Ioli (l i l'lto j .:o~UOft t ltfllD•t 

ASK FOR GILLES. DON. TODD. MIKE O!I STEVE 

Cirdt 5 on RtadtrStn>ice Card MARCH 1988 • BYTE 317 

http:t,1'TJill.ff


**** HIGH· TECH 
2.56d t4SOn11 2~• 

l11.l IOZ4Jll4 !450n•I .99 
2l14L....o2 1024-114 1200nol! l0W POWER I 1 •• 
T"'Mi016· 100 10A8•8 (100nol 1.35 8052AH WITH BASIC 
HM61 l(i- ill la48.o;ll 1 . 7~ * SINGLE CHIP MICRO-CONTROLLER WITH BASIC IN FlOM
Hi\116116 ·1 2048a8 :~~~:1:~g~1 1Jl5 • BUii.T-IN SElllAL PORT. THREE 16 81T TIMERS.FIVEHM61ltilP•"1 1048.118 1.ast200n•11CMOs11 •P1 INTERRUPTS ANO 2Sll BYTES Of RAMHM8116LP l 2D48a8 I150no C"'!OSI IJ' 1.90 
>iM6116LP-2 2¢.!8,8 1 120~o i<CMQSll LPI 145 • REQU IR ES VER Y FEW pMITS TO BU ILO ANO EAS~ · TO-
HMti"2CWl.P· 1 :!lo 819Z'aS 11 GOnol!CMOSllLf'\ J 95 PROGRAM CONTROLLER 
HM6264LP· 12 8192...3 i 120n•ICCMOS)IL.PJ 4,A9 • BASIC INTERPRETER IS OPTIMIZED FOR CONTROL 
HM4.J3:56LP· tfi, l<!788•8 12.9S APPLIC.I\TIONS
HM4J268LP· 12 32768I8 I ~ig~:i:~:g:~1 t:: 1• ..gs 
...M4l256l.P..10 J 2708•8 l1OOno11 CMC! Sil Ll>l 19 .9S 

**** SPOTLIGHT
DYNAMIC llAMS **** 

;111&-2-SO 1638~·1 1250.ul ,49 
4116~200 1fi38411 t2'00ftll l 89 
4116·150 118l814)C1 pSOnel .99 82008000 

80)"1 3 .95 8203 14 ,95 8256..S l ,59 
MK4J:J2 J27G8 •1 (2.00mt l 6 .05 
4111t . 120 l5.J0•111 '1 20 ni l 1 •• 

8035 1.4..g 8206 3-29 8 259 1.9 $ 
4164- 150 65536•1 l lSOn.I 1 79 8039 1.95 8212 1 49 8'259 s :ue 
41~120 55534,1 112an.1 1.99 BOS2AI< ""1llC. 34.95 8216 1,49 8257 2 .20 
M<;-6 015538•1 ,2.00r••I 1.95 80AO 822• 2..2i 8272 <kl 

8085 1 gs 8228 2 2 5 8Z7• 4 .95 
2." 

TMS41U O~S3t111 {1'50n-.,) 1..95 8036 l!L49 8237 J ,95 8275 16 .96 
··~· REFRESH 6~6~it1 l\~Ou•lfPIN 'AHAS S111 2 . ~s aoa8 5 .9' 8237•5 4 .75 8279 2..49 
TMS4-116 1Sl8h·• [1'30 n.tl J,75 8088-2 1 es 8243 1.9 S 8279·5 2.96 
41128· 150 1]1072··· 1 1~0...1 s . ~ s BISS 2 .49 8250 6 ,96 8282 J 95 
TMS446-4'- 1!l. S:S5:J(h-' (Hi On.Iii} • .95 8155· 2' J 95 8151 1.29 8283 3.95 
41256· 160 26214..6 ~1 t1S(kn! 3 .9! 8741 9.95 8251A 1 69 82.8" 2.25 

8748 7 .95 825"3 I S9 8286 J 95 4t 2Sli~ l2.0 2,8?144•1 r1201-,•t 4 _95 ,_,,8749 996 825:l· 6 82117 J .9 6 
HM512!i!l- 't00 Z6214411.1 i lOOno\i CMOS) G.95 
•1 256· 100 2621441!1'1 Cl OOn•l s.•9 

8756 14.85 !i255 1.49 8288 4 .95 
1 MQ.120 1048.576•1 £120f1,J1 !11 ,9S 
1. M8· 100 1048,5741111 f '00flsl 3•1 ,85 

if1teJ MITH COPROCESSORSfPROMS 
270ll 1024•8 1450n•lf25VI 699.95 80287·8 $249.95 
27 16 2048all l450n11!25VI , 59.95 80287-10 &309.95271 8 -1 2a....a..a 1M o na 112sv1 
TMS25:J2 4096"6 1 S179.95 8038?-16 5499.95 
2732 
27J2A 
2?J2A-2 
27C64 
2784 
2784· 250 
2764-200 
"ICM8876(1 
27128 
17<::256 
2725~ 
275 12 
27C S 12 

<1096.t.8 
40!6dJ 
•096•8 
8194•8 
8192'8 
8192~8 
8192,8 
8192•8 

16364• 8 
l'l768•8 
12 768•8 
66536><11 
sssJe.a 
-v•ftroW-'i VcUtAQ!f 

Z-808500 
2.$ MHZt.O MHZ 

ZHO·CPU 1 25 
1CMO$I 7 95 

2-25 

4.0 MHZ1.n 
ZBOA CPU LW2,95 
ZBOA-C I C 1 5913 .95 
UOA· DAIH s ~5'-i..95 
ZBOA· DMA :; ,952 .95 
Z.llOA· PIO 1 89 
l'80A·SIO 0 ~~5 

z.o~ 

2.0 MHZ lllOA•SIO I 5-!IS 
269 Z80A·S IO 2 5 95 
2.9i!i 6.0 MHZs.ss 

l1 ,CJ!i 
3.95 
6.9& 

2.0 MHZ 

:~g:::1~;~1 
lzson • 1r21 v 1 

t200na !21 V) 

1250natl12 W CMOS! 

!4SOnal!1 2 .5Vi J _o9 

1 250•'*1112-~VI J ,69 
ZOOno {12.SVI 4 ,25 

13SOnt bwu 2• PIN I 15.!!5 
12 50 nall 12.5V) •.25 
(250n1)1 12-I V CMOS) 7 .95 
•2.50ruliC • 2.SVi 5..95 
1250n•l~ 12 l<Vl 11 ,9 5 
1250n>l l12.5V <::MOS ! 12.95 

,n, 
1791 
1"1 93 
P 9S 
PIJ'.1 
2'91 
2793 
U97 
!271 
UP0'7U5 
Mllll876 
MD8877 
169\ 
21~3 
9216 

UARTS 
1 .9$ 
4.9 5 
l 95 
~' ..!J S 
3 96 
9.9~ 
6 9!.i 

10 .95 

MISC. 
ADC0804 2.99 
A0(:0809 l .85 
QAC0800 J .29 
OAC0801 1.95 
OAC1022 6 .05 
"IC14081.8 , 95 
8T28 1,29 
8T97 .59 
DP9.J04 2.29 
9J:l4 1.75 
9381J 2. 85 
9602 .59 
ULN200l .79 
MAX232 7...95 
Mc:l4 70 1.95 
MC J487 2 .95 
A~·3600 PRO 11 .95 

l:Z..768 K.Ht -98 
1 ,0MH.t 2.96 
1.84:12 2.95 
2.0 1 95 
2.4576 1,95 
3 .. 579545 • .95 
4 ,0 1-115 
5.0 1.95 
5.0GH8 1.95 
5 ,0 1.95 
8 . ,44 1-95 
9.0 ).!15 

10.0 ! .!IS 
10.738635 1.96 
12.0 196 
14 .31018 1.95 
16.0 l .95 
18 .0 I 9 5 
18.432 1.95 
20.0 l .DS 
22_1·184 1.9 5 
2•.0 1.95 
32.0 1,95 

OICILLITORS 
1.0 MH< S.95 
1.8432 5 95 
2-0 5 95 
'l.•~7& , .95 
2 .5 S.95 
4 .0 4.!15 
~ .0688 • .95 e,o • .95 
6 ,144 •.95 
8.0 • .95 
10-0 • .95 
12.0 • -95 
16 .0 • '"95 
18 .A32 
20.0 
2A.0 

74FOO 
7•F02 
74FO• 
74F08 
7•F10 
7032 
74 F6 4 
7•f74 
74 F86 

4 F138 
74Fl39 
74F25) 
7•F157 
7•F2•0 
74&00 
74502 
7•504 
74 508 
74.$10 
7483.2 
74S""74 
?4S86 
1Ul12 
745124 
74$1Jll 
745153. 
,.5187 

7AS1 5 8 
74516] 
74$ 175 
7~$195 
7 C$:2'10 
7451•1 
7452.44 
7'"5280 
145287 
74S2Ba 
74S2~ 
7•.sl7J 
749374 
1•s.•11 
74SS71 

,JS 
35 
,35 
.JS 
J6 
,35 
55 
39 
.66 
.79 
79 
89 
,89 

1.29 
29 
29 
29 

.35 
29 
35 
49 

.JS 
50 

2.75 
.79 
79 

.?'U 
95 

1,29 
.79 

149 
1 ,49 
1.49 
i .49 
1 9 5 
1.GG 
'69 
2.9S 
1.69 
1.69 
•.95 
2.95 

7'LSOO 
NlS01 
1.aLS0.2 
741l'SOJ 
l4lSQ.i1 
7•lS05 
NL$08 
i-ll'S09 
'14LS10 
7-1LS11 
7 <USl2 
HlS' l 
Hl:i;.1,i 
1~lS1:9 
7 -l-t..S20 
7"'LS21 
>•lS22 
7'lLS2.J 
74t.S28 
11l- L.$jO 
74LSJ<! 
?41...SlJ 
Hl$3? 
74.LSJB 
?.a.LS.i2 
1o1u;.~1 

7 Q,t..S..41!1 
74lS61 
14LS7J 
74l57 J. 
74LS15 
;M l..57 6 
74LS83 
74tses 
7~lS6o 
7"1lS90 
74lSn 
74\.$93 
74l59S 
74l5107 
74lS10S 

'1400. 
7402 
7404 
7406 
7407 
7409 
7•10 
74 11 
74U 
7~1 ~ 
7417 
7420 
7 430 
7432 
74 38 
7 442 
7.WS 
71147 
7073 
7 474 
7d? S 
7476 
74183 
7-1 05 
7 4 811 
7 ..6~ 
7• 90 
"N ~ :l 
1' ~1 2 l 
7 oll23 
7 4125 
7•150 
74\ S 1 
N!SJ 
74154 
74 15 7 
74 159 
?4161 

7•''°"' 7<166 
14 17 5 
7007 

1G 

17'" 
16 
18 
18 
1• 
1e 

'" 

,,22 

.26 ,. 
26 
17 
22 
22 

.2J 
26 

"•a 
28 
26 
26 
39 
75 
u 
17 
29 
24 

-29 
29 
49 
~9 
22 
.J9 
•<' 

. 39 

.49 

.34 
JG 

,19 
,19 
,19 
.29 
2.9 
24 
19 
25 
49 
25 
25 
19 
13 
29 

.29 
49 
69 
.89 
34 
)] 
4 5 
J S 
so 
59 
J S 

2 lS 
.J~ 
J S 
2 • 
•9 

,Q.5 
I 3 5 

56 
55 

1 49 
55 

L65 
69 
85 

1..00 
B9 

_t;S 

74LS112 29 1·1LS2:JI~ (;9 
74L..S1'1'1 •S ]OL52•2 69 
7iiL.S12J ., 7dl.S1.f;3 69 
7ilL5 t2"1 2 15 7<iLS244 6" 
'7""1LS 12!.I 39 11\ LS.2'!.t:fi. 79 
74LS 126 l9 74LS251 ,9 
14LS132 ]~ 14lS253 ·~ 7.1.LSt l J •s 7-llS.257 38 
/ijL51 36 ]9 14 LS:L S~ 4 9 
HlS1lH 39 7~ L5l:~9 
/4LS1 :J Q J ~L!' 2!i0 •9'·~ 7.SLS 1A.S 99'" 74l&266 39 
'7 US1·\/ 74LSHJ i'J•14LS1.i" ~ l4lS.27i 33 
NL..Sl5l ) 9 MLS 2 0:0 ' 98 
74 LS 1'53 l 9 7'LS28J 
74LSlfJ4 1 •9 741.S"UO ·~ 
14LS 1 SS 0 9 >o•SZ9J 89 
74LSl66 JQ '7~LS29'9 ' .. 89 

1 -l- t$1S "1 l• 'N LSj 2.2 1-95 
~ML S H1fj 2~ 7:JL.SJ#JJ :l •19 
7-lLS1b 'J i~ 74L.~J6fl 39 
74tS 16 1 J9 7•lS367 JS 
74LS 1 C2 • 9 NlSJG3 39 
-1.ns1s3 ]9 74lSl7J , 
7 ~LS IGol •19 7 .JlSJ7d 79 
?·l LS 1e~ 85 74lSl7S 95 
74LS16G 95 7•tS l?? 79 
7.USHJ.9 95 NLSl90 , 19 
HLSIH 74LSJ9l 79 
"14LS 11~ ·l9~ 14l.S~ ...n '•9 
/4LS1?$ J9 74l 5624 I ·~Hi 

7»lS1"11 7ill!5:6.40 99 ·~74 lS1n 9~ l"L564G 99 
'~l511l3 6 9 NlS610 89 
74lS194 59 741.5682 ] 2Q 
70ll$19~ 69 1 4LS!1;&8 2 •O 
74LS 196 se 74L578J 22_'95 
7'LS197 S.!l 251-52521 2 .80 
7..ILS22i 59 26LSJ• '95 
'14l..S2:40 G9 26L5'2 1 95 

LINEAR 
fl0 71 69 lM5ft7 79 
TL072 ' 09 NE !i70 7 .9 5 
T\ 074 1 95 NU 9 2 ga 
fl082 99 LM723 9
nos• '49 lM73 l 98 
LMl0 1 l• LM 701 29 
lMJODK 1.25 69lM7r
lM311 59 l.ti9MCI JO 
LM3 1l>i 89 MC 350 , l 9 
LMJl7 K 3.49 Lll'• •U J S 
lM31 7T 59 l.MU 88 49 
lM'Jl 8 LN11 489 4 9 ' • 9 
U\U l9 125 1,.M 14 96 85 
l M3lO 111••7900 UlN 200l .79 
LM32J K l • 9 )(A2206 J 95 
LM3l4 3• )l:Hl2 '1 I 2.9 5 
LM3l 1 195 lM29 17 ' 95 
LM33'1 1 19 CAJ0~6 89 
1.Ml35 CA:l l lili6' 79 ' 29 
LMl38 I 75 MCJ J 73 1 2.9 
lM llH t< ~ • 9 MC3470 I 95 
LMl'.19 59 MC34BO 8.95 
UYt.34.0 ..,• .,.,..oo MC3487 2 95 
LF353 59 lM1900 OG 
lF 3S6 ,99 lM 391 1 Z 25 
l f 357 99 LM3909 96 
l MJS8 59 lM 391 4 I 8 9 
LM380 89 MC4024 3 49 
lMJ83 1 95 MC4044 3 99 
lM 386 89 RC41 J6 qs 
lM393 4 S RC.4558 69 
LMJ9 4H GJI& LM1 J600 I 49 
IL49-I ·1.20 75 107 1,4 9 
fl4 97 :us 7"5 11 0 1.9 5 
1'14E 555 29 75 150 1.95 
N E556 ,4 9 751 5 4 1.95 
N E5 SB 79 7$1 88 L2S 
Nf5114 1 9$ 75169 1 25 
LM565 95 75-<5 1 .39 
LMS66 1 49 75452 .)9 
NE590 2 .50 7s.J 77 I 29 

>i •T0· 5 CAN. K• ro -J. T· TO 220 

CMOS/HIBH SPEED CMOS 
19 4006 .29 74HC1 S4 l.09 

40" IS 4069 .19 7•HC 157 SS•OO• 
•012 25 4070 .29 7-4 H C'244 .85 
4013 .35 4081 2 2 74>JC24-5 .85 
1110115 .29 4093 .49 74>JC2 73 .6 9 
401 6 ~ , .. AJll 9 .9 5 HHC;Jn .(JD 
4017 .49 1443-J 14.95 H>JCJ74 69 
4018. .69 tlll-49 7 8 .9 5 7 '41 UCTOO .2.o 
4020 59 4.511) •9 74HC1'02 .25 
4021 6'9 4'511 69 7• HC T04 :2.7 
402J -25 4 5 18 _85 ~4.H C1'08 .2S 
40.24 	 •528 79 4 HCT:l2 .2.7 

-25 4538 .9S 74HCT7A .45 
:~~~ 3ll •702 9.95 74HCTIJ.8 55 

.85 741<COO .2 1 74>JCTl39 55 

-•9 

:~z 89 74>JC02 .21 741<CT1GI 79 
0042 • 9 741<C04 25 74HCT2•0 09 
•<144 74HC08 25 7•HCTZAA .RS 
46"t8 59 74HCIO .25 7.itHC'T245 99 "' •0•7 69 7 •HCU .35 74HC1'27l .99 
.(049 .29 7•1<Cl2 lG 74HCTl 73 .!J9 
.o5Q .29 74 HC74 .35 7•HC'T37 4 .9g 
4051 .69 74HC86 ?4HCT3 9 l _9g 
4052 69 7"HC13" .45 74HCT4017 1.H 
4053 ,69 74 HC139 .OS 74HCT4CMO .as 
4060 G9 74HC151 .59 74HCT4000 1.4~ 

··~ 

Circle I 32 on 11£.ader Servtce Carri 

http:7ill!5:6.40
http:l4lSQ.i1
http:1250n>ll12.5V
http:1250nall12.5V
http:1'30n.tl
http:120n�ICCMOS)IL.PJ


BARBAIN HUNTERS CORNER 


DIABLO 025 PRINTER 

THIS OFFICE WORKHORSE LISTED AT $695 


A REAL STEAL AT $279.95! 


*LEITER QUALITY AT 20 CPS, 132 COL. 
*USES STANDARD DIABLO 630 PRINT

WHEELS AND RIBBONS
* 10, 12, 15 PITCH AcND PROPORTIONAL 
fir SERIAL ANO PARALLEL INTERFACE
* QUIET OPERATION - LESS THAN 58 dB
* AUTO P'APER LOAD, FRICTION FEED 
*FULL XEROX WARRANTY! 

ONLY $27995 

PARALL.EL OR SERIAL CABLE (PLEASE SPECIFY) $19.95 

HURRY-QUANTITIES l lMITEOI 

SPECIAL ENDS 3/31/88 

RESISTOll NETWORKS VOLTAGE REIULITORS 
SIP 10PIN 9 RUISTOR .69 78CST .49 7812K 1.39 
SIP 8 Piii/ 7 RESISTOR 59 7BORT .49 71105K Ul9 
DIP 16PtN 8 RESISTOR 1.09 7812T .49 7912K 1A9 
DIP 16 PI N 15 RESISTOR 1.09 7'81~ .49 78L05 ·19 
DIP 14 PIN 7 RESISTOR .!19 7905T .59 78L12 .49 
DIP 14 PIN 13 RESISTOR .99 790BT 59 79LOS .69 

79121 .59 79l12 1A9 
7915T .S9 LM323K 4 .79 
780SK 1,59 LM33BK 6.95 

38 PIN CENTRONICS 
IDCENlB At8BON CADLE 3.9~ 

CEN36 SOLDER CUP 1.85 DISCRETE
IDOE..36 • F RIBBO.. CABLE 4 ,9 5 

1N751 . 15 4N28CEN36PC A1 Angla PC Moum 1.85 1N4148 2S ' 11111 411133 
0.137 ·-·0 1 MCT·21N5402 ·.2 5 

KBPOi 5 5 MCT·GEDBECARD CONNECTORS 21'12222 -2 5 TIL•11 I 
100 pjn $ T 5 · 1:00 12.5 J.95 PNU22 10 2N..J906 
'00 Pm WW S- 100 ' 125 4.9S 2N2.907 .2 5 2N4401 
62 Pin ST IBMPC 100 1.95 2NJ055 79 21114402 
50 Pm ST APPLE ,100 2.9S 21113904 .10 2"14403 
44 Pin ST sm ' 156 1.9!i ~N2G .6 9 21118048 
44 Pin WW STI> . 158 ~95 4N27 .59 TlP31 

THTUUM 
t_Qi..!• lSV 12 lSV .•51 °'~ 
6 .8 lSV •2 2 .2 J5V 19 

15V .•S •.1 lW .39 
22'° 1<;\I 10 35V G9gg 

DISC 
10p1 5 0V .05 001 1n 60V .OS 
22 sov 05 005 .sov 050,33 snv .QI •ov 07 
47 50V .o& 05 5011 .07 
l()(l 50V OS !2V 10 
220 sov .05 sov 12 

MONOLITHIC 
u 11• ~ov 1~:&.:~,,. ~2~ 15 SO\I 2S47111 

ELECTROLYTIC 
RADIA i. AXIAi 

25V 1>1 1 1.1 50V . 14 
50\1 l1 to sov 16 
SO\' 11 22 16V 14 
lSV 13 47 sov 19 
!6V 15 100 lSV . 19 
'J5V .20 470 sov .:2.9 
2SV JO 1000 16V .;!O 
16\f . 70 2200 1611 .7 0 
2SV 1.•15 4700 16V 1.25 

LIL i1PPR\,1V!V 
• 	ADJUSTAll LE t-t f: A r 

S£n!NG W TIP TEMP 
R EA.OOVf 

·QUICK HEATING 
& ~ £COVERV 

· RAii/GE . 200<- 900'1' 

$49.95 
EXTENDER CARDS 

FOR IBM 
EXT-8088 5'29.95 

EXT-80286 s39.95 


SHORTINO [·_j~ 
BLOCKS 
5/$1 .00 

HO/~ · ( .t,l j(J~. ' , . ~ i cu ill SG.Qfi{ ;,1r n 
t f 1 ILNUt: ~. ', f{)LJr .•rlN(I Bfl.:'1.. Cn..c r 

IBM·PR 1 •27 9S 
WlTH • SV ANO GROUND PlANE 

IUM,PR2 >29.9S 

AS A HOVE WITH DEC: O.DING LAYOUT 


AT 
ISM· PRAT $29 95 


LARGE ·5V & GFIOUNO PlANES 


SOLDERLESS 
BREADBOARDS 

weu-o 100 TIE POl ..l'S 
WBU ·T 530 TIE POINTS 
WBU-204-3 1360 TIE POIN rs 
WBU-204 1 ~60 TIE POINTS 
W8U ·20Q •l!IO TIE POINTS 
WBU-208 3220 TIE POINTS 

PAGE WIRE WRAP WIRE 
PRECUT ASSORTMENT 

1111 A SSORT ED COLORS 927.50 

100"'" 5.S", 6.0" . ij ,S" , 7.0" 


zsooa: 2.5", • .5", s .o·· 

500•0J ~ 3.0 ''. J .S' '. 4 O' j 


SPOOLS 
100 '·· · • 4.30 250 •••• 07,25 
61)(1 fH t t 13-2!1 1000 ht•C 12't .&S 

Please specify color 

B/tJe. Bisch. Yellow or Red 


SOCKET·WRIP 1.0.111 
· SLl"l> OVER WIRE WRAP PINS 
• IDElllTlF IESPIN II/UMBERS ON WR AP 

SIOE OF BOARD 
• CA I\/ WRITE ON THE PlASTIC. 

SUCH AS AN tC rt 

PINS PA.RT • PCK. Of PRI CE 

OESCRIPTION ORDER ev 
CONTACTS 

·to 20 26 :l4 40 5 0 
SOt.DEA HEADER IOH:...-S .82 1.29 1,88 2 .20 2..58 l .24 

3.39RIGHT ANGLE SOLDER HEADER I DH:iclliSR .86 1,l5 1.7 6 2.31 2.72 
W1RfWRAI' HEADER ID HA A-W 1.86 2.98 3.84 4.GO 5.28 6.6J 

RIGHT ANGLE WlREWRAP HEADER IOH u WA 2.05 3.28 4.22 4 ,45 4 ,BIQ 7.30 
RlilBON HEADER SOCKET IOSo: .63 .89 .95 1.Z!l 1-49 1.69 

RIBBON HEADE R IOM.,. - 5.50 6.25 7 .00 7 .50 9 _50 

Aleeo .. EOG!' CARD !0 £a:.ic .85 1.25 1_35 1.75 2-0S 2. 45 
10~ GREY Al8BON CABLE nc•• 1.60 3. 20 4 . 10 5 .40 6 .40 7,50 

8 rDWRAP OB 10 1 95 
14 IDWRAP 14 10 1.!15 
10 IOWAAP 16 10 1.95 
18 IDWRAP 18 5 1,9.5 
20 IDWRAP 20 5 1.95SPECTRONICS CORPORATION100 CONNECTORS/RIBBON GABLE 22 IDWRAP 22 S 1.9S 
24 IDWRAP 24 6 1.95EPROM ERASERS 28 IOWRAP 28 5 1..!IS 
40 IOWAAP 40 5 1,96 

PLEASE· OROeR ev 11/UMBE.R OF 
PACKAGES !PCK. OF I

Mtu'Sflol Tfm 11 t Ch.111 
C11pK:1ty .~w~·~~' 

PE ~ U!J NO g 8.000 
PE- 140T VES 9 8,000 
PE·240T YES 12 9.600 	 SWITCHES 

SPOT Mlllll-TOGGLf. Olll 0 0N 
DPOT Miii/i TOGOLE ON·Olll 
DPDT Miii/HOGGLE ON-OFF ONLl8HT EMITIINO DIODES SPST Mlllll ·PUSH8UTTOlll N 0 

F(JI> ORDER!llG INSrRUC TIONS SEE CJ.Sl,IBMll•M T(/llf C:ONNECTOR5 BEL OW LED DISPLAYS 	 DIP SWITCHES 
PND-35 713591 COM CAH<ODE Js2·· 1.25 4 pOtltlOrt 85 7 l)O'llUiO•t 
FND·50015031 COM CATHODE .s·· 1 49 S po•j-lion 9-0 8 pt>1fti.on 
fND-5071510) COM ANODE 5 " 1 49 6 p0.1 , 100 00 10 ,.,.~.si ll@nD·SUBMINllTURE COMllfCTORS 

OESCRIPTION ORDER BV 
9 !S 

CONTACTS 
19 25 37 50 

MALE Olb.•P .45 .S B .69 .69 1.35 1.85 
SOLDER CUP 

FE MALE oa•.ss A9 .G11 .15 76 1,39 2-2.9 

MALE DOu.PA .49 .69 .79 2.%7 
fUGHT ANGt.E flC SOLDIER 

FEMALE DBu.SR ,SS .JS .as 2.49 

MA LE OBo PWW 1,89 2.56 J.89 5 .60 
W1Rf;:WRAfl> 

FEMALE oe..s-.ivw· 2. 76 4 .27 6.8 4 9_95 

MALE I08111AP 1.39 1.99 2.25 4 ,2 .S 
IDC RIBBON CABLE 

FEMALE IOBoS L45 2. 0 5 2..J5 4AD 

HOODS 
ME-rAL MH000Jl'.A 1,0.S 115 1.25 1.25 

GREV Haoo.. .:19 .39 39 .69 
DRDER/llG INS 7RUC f/ONS. 
INSfllT '"£ Nl.!Mfllfl Of CON rAC rs IN ,,.,E POS• r roN l.Wl"£D .. DI IHE ORDrn aY- P4.RT 
NIJ MflEA llS fH! E~ft.\IPLE A I ~ PrN RtGllT ~Nfltf MALE P~ SOWFR WOUID BE DBr~PR 

MOUllTIN& ltHDWHf 59C 

MAN· 72 COMANODE .3" 99 
MAN.74 COM CATHODE 3" U 
111,J I J COM CA THODE l" 45 
TIL·JI 1 4•7 HE)( W ' LDGIC 270" 10.95 

DIFFUSED LEDS 
t -9 9 100-UP 

JUMBO RED 
JUMOO GAE£.. 
JUMBO VELlOW 

Tl '• 
T HI 
111>1 

. 10 

. ,.... .09 
12 

.12 
MOUNT ING HOW Tl \; 10 Qo9 
Miii/i REO n . 10 09 

3 VOLT 
LITHIUM BATIERY 


$1.95 

HOLDER $1.49 


"SNIPABLE" H~IDERS 
CAI\/ BE SlllAPPEO APART TD 


MAKE ANY SIZE HEADEA 1 


ALLWl'T ... , 1' 1 Cf;NlliR S 
h40 S1'RAIGHT l.IEAO 
ht40 
Z..402r 

AIG..4.T ANGLE !.._£AO 
2 STRAIGHT LEADS 

2f1fil AN t Lflffitf99 

fr ~ l .*Xt 

IC SOCKETS/DIP CONNECTORS 
O~SCRIPTION OROER ev 8 14 16 

COii/TACTS 
1B 20 22 24 28 4D 

SOWEJrfAIL 500tEt"S uS'T 11 .11 .12 .15 .18 1~ .:to .:t2 .JO 

WIR '" WYKAP SOCtCET'S .,..ww 59 .69 .69 .99 1.09 1.l!l 1.4 9 ! 69 1-!l'J 

ZIF SOCKETS llfu - U lfi 4:#- S.!15 5 ,95 6.95 9 .9 5 

·rooL£D SOCKETS AUGAT•.ii:Sl .112 J 9 T.09 1 .29 1.39 1.49 1.69 249 

OOt.ED ...WSOCKETS AUGAT11. 1t.WW I.JO 1,80 2_ 10~ 2-40 2.&0 2.90 ~. 1 S J_70 5.40 

r:i>MPO..,.ENT CARfUEf'S ICCu A 9 .59 .69 .!19 .!19 .99 ~ 1,09 149 

DIP PWGS (l l>CI IDPu .!I S .49 .5S \ .29 1..9 - 85 1.•9 1.59 -

http:pt>1fti.on
http:Bfl.:'1..Cn
http:PARALL.EL


, 

• HOLDS 70 !f " HOPPll:S 
• $"'11.JROV, ATTRACTIVE 

BMOl<EO ACAY\.JC CASE 
• COMPUTE WITH HINGUI 

DIVIDE.RS 

¥1111011 FOii 8'/z''
R.Orr1u •va1u1L£ 

$9.95 

2 WAY SWITCH BOXES 
•CONNECT 2 PAINTERS TO I COMPUTER OR VIC E VERSA 
• SEfUAL & PARAUEL MODELS AVAILABLI; 
• ALL LINES SWITCHED 
• GOLD PLATED CONNECTORS & QUALITY SWITCHES 

6' lllTEllflCE GABLES 
MEETS FCC REQUIREMENTS ·10<1\o SHIEWED 
lllM COMPATIBLE PARALLEL PRINT'ER 
CENTRONICS (MALE TO FEMALE I 

f::Th~N~~~~\!ciie~•Ac'-!~LE 
RS2 3.2 SERIAL {MAL£ 'TO FEMALE! 
R$ZJ2 SERIAL iMALE ro MALE' 
COILED MEYBOAAD El<liNOER 

SWITCHING POWER SUPPLIES 
PS·135 $59.95 
• FO R ISM XT COMPA'TIO LE 
• UL APP. IJ5 WAnS 
.. •SV 1'.>A, •12V ' 4--2A 

·SV .SA, UV .SA 
• OftE VfAK WAHR AN rv 
PS· 150 llolM !.ltJIJ~ ~ 169•~ 

PS-200 $88.95 
• FOR 18MAT COMPAnecE 
. iooWATTS 
• • SV 22A. • 12V llA 

.SV .5'1. · 12V .SA 
• ONE YEAR WARRANTY 

$49.95 
• FOR APP LE NPE SVSTEM 
• •5V' 6'1. · U V ~A 

·5V 1A, . f 2 V IA 
• ,APPt..E CONNECTOst 

$34.95 

-. 
. "-...:_ . . 

~. ,.1 . ~.• __,,, 
' 1• - ~ .... ~--..g -· . . - : 

• 18M COMPAT18L£ TTL 
INPUT 

• 12·· NON-GLARE. 
LOW Dl$TOATION, 
AMBER SCREEN 

• RES< 720 > 360 
• SWIVEL BASE 
• 1 VEAR WARRANT'< 

$129.95 
MULTISYNC BYNEC 
• ORtOINAl CGA.1 eGAJ PQA COMPATIBlE MONrTOR 
• AUTO FREQUE.NCV ADJUSTMENT 
• AESOll!TION AS HIGH AS 600 •~GO 

BY CASPER $399.95 
• 1~. 75,· 21.85 l<H1 SCANNING fREOUENCIES 
• AES~ 640 • iOOl l50 • J'tnvn DOT PnCtt 
• 14" BLACI< MATAlll SCREE" • 18 COLORS FROM 54 

8Y CASPER $279.95 
., COLOR / CREf:NJ AMBEft SWtTCH • RE S:!. MOK 240 
• l\GllllllMCOMPATIBLE • 14'' NON.QUIRE SCAE~N 
• .39mm OOT Pll'CH • CAHLE FOR IBM PC INCLUOEO 

~,\ 
;.' 

- - . .. 

--'·· .
':,I . - -~- - -· 

• SAVES SPACE AND REDUCES 
POWER CONSUMPTION 

• IDEAL FOR PC• WlTH fUU 
HEIGHT FLOPPlES 

• I.EAVES ROOM FOR A HALF 
LENGTH CARO IN ANACENT 
SlOT 

$349 
HITEMAN II PRINTER 

• 180 CPS DRAFT. !1:2 CPS NLO MOOE 
• SUPPORTS EPSON I IBM 

GRAPHICS 

# 91•9 DOTMATAIX s21 ·95• FRICTION AND 
PIN FEEDS 

• VARIABLE LINE 
SPACING & PITCH 

51/•" SUOATE HHO DISK DRIVES 
ST-225 HALF" HEIGHT 20MB 65rrn; s258 
ST-238 HALF HElGHT JOMB 65me IRl.ll 6'2SS 
ST-251 HALF HEJGHT 40MB 40n>s 8469 
ST·277 HALF HEIGHT 60IYIB 40mo IRUI S649 
ST-4038 FULL HEIGHT JOMB 40mo •559 
ST-4096 FULL HEIGHT BOMB 2Bins 6895 

112 HEIGHT FLOPPY DISll DRIVES 
5'1• • TEAC F"D·55B 05i 00 360K 
5W' TEAC F0-55f OS , QIJAD 7201< 
5' ·•" TEAC FD -SSG OSt HO 1 .2M 
S " FUJITSU M2551 A OS DD J60K 
5•,••· FUJITSU M .2553K. OS HO 1.2M 
514" OS I DD J60K 
sw· OS/ HO l .2M 
J W' MITSUBISH• DSf OD (A'J OR lCT J 

S99.95 
$119.95 
512.9.95 
S89.95 

S119.95 
$69.95 

S109,9 5 
S1l9.9§ 

018K DRIVE ACCE3801tlES 
'~ HT MOUNTING HAflOINARE FOR 18... ~2-95 
MOUNTING RAILS FOR IBM A T $4,95 
" Y" POWER CABLE F·OR 5'1o FDDs ~2 .95 
5 '1.'' FOO POWER CONNECTORS ~1 . 19 

URIVE ENCLOSURES 
WITH POWEii SUPPLIES 

DUAL SLIMLINE FOR sw· 
FULL HEIGHT FOR 5'''' 
DUAL SLIMLINE FOR 8 " 
DUAL FULL HEIGHT FOR 8 " 

$49.95 
S69.9ti 

$ 209.95 
s 219,9 5 

EISYDITI MODEMS 
All mOde/s feature aula-<Jlallanswerl red!at on busy 
power upsel/ 19SI. tauchrone or pulse dialing, bwll-in 
speaker. Hayas and Bell Systf/ms 103 & 212A com· 
pal1ble. lull or half duplex, PC Talk Ill Communica· 
11ons sotrware with internal mocJels and more 

12H 
248 

120 
240 

1200 BAUD V~ CARD 
2400 BAUD FULL CARD 

EXTERlllL 
1ND SOFTW/I RE INCLUDED/ 

1200 BAUD 
2400BAUD 

$69.95 
$179.95 

$119.9~ 
$219.IE 

COMPUTER CASES 
Artraclive, sturdy steel cases Iii In& popular s/Z(I( 
mot11erbo1uds and mcliJda speakers. laceplaf!Jj 
ex Msion stols and all necessary lrardwate. 

KT STYLE FLIP-TOP 
XT STYLE SLIDE-TOP 
IT STYLE SLIDE-TOP 1

34.81 
38.91 
88.91 

• FRONT PANEL KEVLOCK ANO LEO INDICATOR 

JR. IT STYLE FLIP·TOP $149.91 

Cirtle 133 on Read" Strvice Card 



FROM MODULAR CIRCUIT TECHNOLOGY 
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MCT-MF 

DISPLAY GIRDS 
MCT·M8P 	 s59esMONOCHROME GRAPH1cs 

fRUE HERCULES COMPA nan.1 r'P' SUPP()Urs lO rus 123 
• sonwARE Dl'llVER AUOWS COlOR GRAPHICS PROGRAMS TO RUN 

ON A MONOCHROME MONITOR • PARALLH l'RINTEl'I POl'IT 

MCT-EllENHANCED GRAPHICS ADAPTOR$14995 
IW't IBM COMPA rlBLE PASSEOS llJM fGA OIAG,~OSTICS 

• 256K OF VIDEO RAM AUOWS 840 • 350 IN 16 Of 8'I COLORS 
• COMPATillLE WITH COLOR AND ..ONO CHROME ADAPTORS 

MCT·C& 	 s4995coLoR GRAPH1cs ADAPTOR 
COMPA neu. WI rH IBM C:OWR GRAPHfCS s f MIDAROS 

• 5HORT UOT 5UPPORTS ROB. COLOR & COMPOSITE MONOCHROME 
• 840 1320 a 200 RESOWTION, UQHT PEN INTERFACE 

MULTIFUNCTION CARDS
MCT·MF 	 $7985MULTIFUNCTION 

ALI. fHf FfATURES o r- 5 PAC~ · AT HAlF fHE PRICE 
• ~:!MK DYNAMIC RAM USING 41640 
• SEAl~U. PARALLEL. GAME PORTS. CLOCIV CALENDAR 

MCT·MIMIO MONOGRAPHICS 1/0 
rorAl. SYSTEM CONrROL !'ROM A SINGLE SLO r 

• 2 FLOPPY CONT, SERIAL. PARALLEL. GAME PORT, CLOCK / CAL 
• AUN COLOR ORAPHtC1' 80flWARE ON A MONOCHROME MONITOR 

MCT·MIO MULTl 110 FLOPPY s79es 
A PERF"EC r COMP4NION FOR OUR MOTHERBOftROS 

• S£RIAL. PARAUEL. GAME PORT, CUICK I CALENDAl'I 
• 	8UPPOl'1'S UP TO 2 MOK FLOPPIES, 720K W1TH OOS J -2 

MtO.SERIAL 2nd SERIAL PORT '15"' 

MULTl 110 CAROMCT·IO 	 s59s5 
USE w 11u Mcr .r:1,S:.Qf.lA ,\ftNIMUM O( s1..o ; .s USED 

• SERIAL PORT. CLOCK .· CAL£NOAR \IYITH A BATTERY &ACK-UP 
• PARAUEL PRINTER l'ORT ADORESSA8LE A5 LVT1 OR LPT2 

iO-SERIAL 2nCI SERIAL PORT 	 '15" 

A.T MULTlFUNCTIONMCT·ITMF 
ADOSllP 103MEOABYTESOFllAM l(J rue Al 

• USER EXPANOAlll.E TO 1.6 MB OF MEMORV iZERO K INSTAUEOI 
•INCLUDES SERIAL PORT AND PAllAUEL PORT 

A TMF-6£RIAL 2nd SERIAL PORT '24" 

MCT·ATMF-MC PIGGYBACK BOARD (NO MEMORY) '29" 


MCT·ITIO AT MULTI 110 s59111 
US£ WITl-4 MC T·i \ fFt-f f!'0'1A .WINl~'l.IM OF St f)TS VSED 

• SERIAL. PAAALLf.L ANO GA..E PORTS 
•USES 16450 SERIAL SUPPORT CHIPS FOR HIOH SPEED OPERATION 

ATIO-SERIAL 2nd SERIAL PORT '2<1ft 

MEMORY CARDS
MCT·RIM 	 s5915s1sK RAM cARD 

A C0NllGU0 l )5 MEMORY SOLur10N 'N .Ii SHOA1 S-LO r 
• 	USER SELECTABLE CONFIGURATION AMOUNTS UP TO S76K USING 

MK & 258K RAM CHIPS (ZERO K IN!ITAUEO) 

MCI·EMS 	 s12985EXPANDED MEMORY CARO 
2 MB OF LO rLJS1INrEL 1 ~,,CROSOFT COMPATIBLE ME MOR If FOR .~ r 

• CONFORMS TO LOT\JS/ INTEL EMS • USER EXPANDABLE ro 2 MB 
• EXPAHOEO/ CONVENTIONAL MEMORY. llAMOISK AND SPOOLER 

MCT·ATEMS AT VERSION 113~ 

DRIVE CONTROLLERS
MCT·FDC 	 s291sFLOPPY DISK coNTHoLLER 

OUALI rv DESIQN OFFERS -I FL OPPY CON rROt. IN A SINGLE St. O , 
• tNT£RFA.CES UP 10 ii fOOa TO AN IBM PC OR COMPATIBLE 
•SUPPORTS BOTH DS I DO AND OS1 aD WITH DOS J.2 

HARD DISK CONTROLLERMCT·HDC 
HD CONfROL FOR WHA rO THERS C>MRG/i FOIULOPPV CONTROL 

•SUPPORTS tt DRIVE SIZES INClUDING S. 10. 20. JO & •O MB 
• o•vrDE 1 LARGE ORPJIE INTO 2 SMAUER. LOOICAL DR•VES 

MCT-FDC·1.2 12Me FLOPPY c0Nn10LLER s9995 
ADD \IERSA f/j I f'r' .& (:APA CH 'r P() YQUk K 1 

• SUPPORTS 2 DRIV£S. BOTH MAY BE l6GK OR 1.2 f\llEG 
• AU.OWS OAfA f 'O FLOWFREEL'f' FROM JCTa TO All 

MCT-FH FLOPPY/HARO CONTROLLER s13915 
SYS t'fM STARVED i'OR SLO rs?SA tlSH I/ w 1r11 7HIS flMfH DfS/GN 

•INTERFACES UPTO 2 Foo. & 2 HDDo. CABLING FOR 2 FODa & 1 HOD 
• SUPPORTS BOTH OSt OD & OS/ QO WITH DOS 3.2 

MCT-ITFH Ar FLOPPY/HARD coNTJloLLER s14915 
F(.0PPY •)1/4RD D tSK CONTROL tN A mu~ AT DE.SIGN 

•SUPPORTS UPTO 2 3601V7201Vl .2Mll FOl>o 
ASWEU AS l HOO. USING STANDARD CONTROL TABLES 

c5S)'Seagate 

1/2 HEIBHT HARD DISK DRIVES 

40 MB $469 

60 MB $649 

DnVBs are Seagate models S T-251 / 40 MBJ & 


ST-2n (00 MB RLL) 5'1•" hall heights 

FAST 40ms access 1ima' 


IBM COMPATIBLE 
MOTHERBOARDS 

FROM MODULAR C/RCUI T TECHNOLOGY 

MCT.TURBO TURBO 4.n/8 MHz s99as 
• 4.n OA 8 MH<OPEAATION WITH 8088·2 t. OPTIONAL 

a087·2 CO -PROCESSOR 
•FRONT 	PANEL LED SPEED INDICATOR ANO RESH 

SWITCH SET SUPPORTED 
·CHOICE OF NOAMAL l-TUABO MODE OR SOFlWAFIE SEt...ECT 

PROCESSOR 5PHD 
$8711MCT·XTMB STINDHD MOTHElBOllD 

MCT·ATMB 80286 6/8 MHz s379s5 
• 8 SLOT (2 EIG HT BIT, 6 SIKTHN BITI AT MOTHERBOARD 
• HARDWARE SELECTION OF 6 OR 8 MHr 
• 1 WAIT STATE 
• KEYLOCK SUPl'ORTeO. RESET SWITCH. FRONT PAN el LEO 

•NOICATOR 
• SOCKElS FOR 1 MB OF RAM AlllO 80287 
• BATTERY BACKED CLOCK 

MCT-BITMB S388B5MINI 80286 
• REPLACEMENT BOARD FOR XT STYLE CHASSIS 
• OPERATE AT 6 1 \0 MH• WITH UP TO 1MB ON ·BOARO 

MEMORY {ZERO K INSTAUEO) 
• SOCKET FOR 80287 MATH CO-PORn5SOR 
• BATTERY BACKEO CLOCK 
• 8 SLOTS : 2 EIGHT en. 6 SIXT'EEN BIT 
• 	USES CHIPS a. TECHNOLOGY CHIP SET FOA AHIAOILITY 

AND SMAlL SIZE 

BUILD YOUR OWN 
258K KT COMPATIBLE 

* MOTHERBOARD 
• 256K OF MEMORY 
• 	135 WATT POWER SUPPLY 
• FLIP-TOP CASE 
• XT STYLE KEYBOARD 
• 360K FLOPPY DRIVE 
• 	DRIVE CONTROLLER 
• .MONOCHROME MONITOR 
• GRAPHICS ADAPTOR 

FOR ONLY s49915 
ANYONE CAN BUILD A SYSTEM tN ABOUT 


2 HOURS USING A SCREWDRIVER AND 

OUR EASY-TO-FOLLOW INSTRUCTIONS! 


1/2 HT HIRD DISK SYSTEMS 

20 MB $289 

30 MB $329 

Systems include Seagale •;, heigllr l1ard dnve. 

drive controller, cables & mstrucl1ons. All 
drrves are pre-1ested & warranloo lor 1 year. 

IBM COMPATIBLE 
KEYBOARDS 

FULL ONE YEAR WARRANTY 

•IBM ENHANCED STYLE LAYOUT 
• SOFTWARE AUTO SENSE FOR XT OR AT 

COMPATIBLES 
• LliD INDICATORS 
• iO,UTO REPEAT FEATURE 
• SEPARATE CURSOR PAO 

MCT·5080 
•IBM AT STVlE LAYOUT 
• 	SOflWAAE AUTOSENSE FOR lCT OR AT 

COMPATIBLES 
• lED INOICA TORS 
• AUfO REPEAT FEATURE 

MCT-5150 XT srvu L.AYour a49n 
MCT·5151 1<85151 •• EQUIV '89'1 

DEVELOPMENT TOOLS 
FROM MODULAR CIRCUIT TECHNOLOGY 

MCT-EPROM • 12895PROGR.AMMER 
PROGRAMS 27u. & )]u ~ £PROMS UP r0 215' r~ 

•SUPPORTS VARIQU5 PROGRAMMING FORMATS 
AND VOLTAGES 

• SPUT OR COMBINE CONTENTS Of SEVERAL EPl'IOMS 
OF DlffERENT SIZES 

• READ, WAITE. COPY. ERASE CHECK AND VERIFY 
• SOF1WAAE FOR HEX ANO INTEL HEX FORMATS 

MCHPIOM·4 4 UllUIOIUMMll 118811 

MCHP'IOM·10 10 81118 PIOIUMMEI '298'1 


MCT-PIL S26911iPAL PROGRAMME.A 

MCT-MP 	 s199es 

. ' - r 
• : 121jj ' 
II - . - I 


. 
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COMING UP IN BYTE 


Products in Perspective: 

We begin this section with brief discussions of many new products in What' s 
New. Short Takes will consider the following : Windows 2.0. Deskjet, Extra. 
Zenith Flat Screen, Sharp 4521, Oracle . and Sprint. 

The Product Focus for April looks at 37 dm-malrix printers . If you ' re 
looking for a printer, check this out. 

System reviews include the WYSE 386 and the Amiga 2000. 

Hardware reviews cover liquid-crystal-shuner printers and two hardware 
debuggers , AT Probe and Periscope III. 

Products up for discussion in software reviews are Microsofl C 5.0, 
FORTRAN 386 , and Wendin DOS . 

Application reviews feature Interleaf for the Macintosh and Byline. 

Rounding out this section are the unique viewpoints of columnists Jerry 
Poumelle and Ezra Shapiro. 

In Depth: 

Our highlighted subject will be memory management, and the following 
topics will be covered : a memory management primer. OS/2 virtual memory 
management, implementing Unix on the 80386, and memory management 
on the Macintosh . 

Features: 

In Ciarcia 's Circuit Cellar, Steve will present his SmartSpooler. Another 
article will look at Gordon Letw in's new book on OS/2 , and we' II also provide 
information on a program called Fuzzy Prolog. 

Protect Your 

Copies of BYTE 


NOW' AVAILABLE: 
Custom-designed library files 
or binders in elegant blue 
simulated leather stamped rn 
gold leaf. 

. 
' 

Files-Holds 6 issues. 
! l l lI ;!57.95 each, two for 

$14.95, or four for I 

$27.95. 

Binders-Holds 6 
issues, opens flat for 
easy reading. 
$9.95 each , two for 
$18.95, or four for 
$35.95. 

n 

1.1 : ,. 

11Order Now! 
Mai I ro: Jesse Jooo; Industries, Dept. DY. 

499 Easr Erie Ave., 

Ph iladelphia, PA 1904 


Please send fi le'S; 
____ binders for BYTE mag_1z inc. 

Enclosed is S , Add SI per 
file I binder for post1ge and hand Iing. 
Outside U.S.A. add S2.50 per file I binder 
(U.S. fonds on I>· please ). 
Charge my: (minimum $1S) 
___American Express __Visa 
____Masti:rCard _Diners Club 
Card I Exp. Daie __ 
Signarurt' 

CALL ffiLL FREE (24 hours ): 
1-800-972-5858 

Name 

Address ------(No P.O. Bax) 

Ciry 

SUJ? _____ 
Zip-----
Satisfact ion guar;m~d-
I'r:nnsylvania re~ncs add 6% !i<!ln tlX. 

Allow 5-6 we-ek• ck-livery in th.. U.S. 
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Important TIPS* for BYTE Subscribers: 

Receive Product Information 10 Days Earlier! 


IOfNT!rlCA.TION CARO 

John Sampl!i! __ .., 
785432189 

All you need is a touch-tone telephone and your subscriber I.D. number. 

See instructions facing the Reader Service Index in the back 


of this issue for outrageous time-snving opportunities! 


*BYTE'a Telephone Inquiry Prt.>CeJ:1sing Scrvic•e 

BYTE ADVERTISING SALES STAFF: 
Denni!; J. Riley. Advertising Sales Manager, One PhoenU: Mill Lane, Peterborough, NH 0.1458, tel. (60]) 924-9281 
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To get further information on the products advetiised in BYTE, 1ill 
oul the reader service card by circling the numbers on the card that 
correspond to the inquiry number listed with the advertiser. This inREADER dex is provided as an additional service by the publisher. who 
assumes no liability for errors or omissions. 

•Correspond directly with companySERVICE 
Alphabetical Index to Advertisers 


Inquiry Ho, l'loge No. 

J ACIUS 150 
239 ACM SIGGAAPH'BS • • • • • 223 

4 ADOBE 82.83 
5 ADVANCED COMP PAOD 316.317 
6 AD>/. LDGIC RESEARCH , 152,153 
7 Af:N. LDGIC RESEARCH , • 152,153 
8 AK SYSTEMS .292 
9 ALF 292 

10 ALPHA PRODUCTS 303 
12 ALPS AMERICA 8,9 
13 ALPS AMERICA 11,9 

' AMER DESIGN COMPONENTS301 
16 AMER SMALL BUSINESS 143 
17 AMER SOFTWARE INT'L • • 314 
' AMPAO 174 
• AMEA ADllANTECH COAP. 298 

18 AMER ADVANTECH CORP 298 
23 APROTEK 295 
24 ASYST SOFTWARE 169 
25 "-Tl TECHNOLOGIES, INC &2 
26 All TECH NOLOGIES. INC 63 

" AT&T INFO SYS 184,185 
27 A.TRON 66 
28 AUTODESK •• , 141 

• AVOCET 298 
30 A\IOCET SYSTEMS. INC. 81 
32 e&B ELECTRONICS • • 312 
33 B&C MICRO 299 
34 B&C MICRO 295 
35 B&W SYSTEMS. INC 50 
36 BAY TECHNICAL ASSOC 201 

" elNARY TECH 310 
4~0 BIX • • • • • • • • • • • 2~.27'9 
Tf BLAISE 34 
38 BOAUINO INT'L • • • • Cll 
39 BOAL.ANO INT'L CU 
•O BORLANO INT'L • • • 1 
41 BORUINO INT'L • • • • • • • • I 
42 BOA LANO iNT'L .. • • • • • . • • .11 
'3 BORUINO INT'l 71 
44 BP MICROSYSTEMS 3().4 

2117 BRITISH AIRWAYS . 231 
458AOOERBUNO ~ 

BUYER'S MART 280-288 
BYTE BACK ISSUES 238 
0YTE Cll1CUUITION 234 
BVTE MARKETING 228 
BYTE SUB. MESSAGE 232 
BYTE SUB SERVICE 288 

46 BYTEK CORP. 200 
•1 S&C MICRO SYSTEMS 236 

• CALIFORNIA DIGITAL 315 
~ CAPITAL EQUIPMENT 21• 
'g CHUNG VU 214 

• CLEO SOFTWARE 126 
52 CLUB AMERICAN TECH Sa,57 
53 CNS. INC 238 
54 CNS, INC. 238 

300 COEFFICIENT SYS. CORP. 256 
55 COGITATE 297 
!iii COGITATE 292 
57 COM~ DISC PRODS, INC 40 
58 COMPAQ 48,49 
59 COMPUSAllE 289 
80 COMPUSERVE 225 

" COMPUTER CONTINUUM 298 
62 COMPUTER MAIL ORDER 144..i.H 
GJ COMPUTER SURPLUS SlOAE 30' 
64 COMPUTER WAREHOUSE , 25 
65 COMPUTER WAREHOUSE 25 
67 CONTECH 295 
68 CO\IOX . 304 
69 CPT CORP 30 
70 CTX 107 
11 CTx 107 
7".1 CURTIS, INC 304 
7.l CYBEA RESEARCH 310 

' COM.B. DIA ECT MARKETING 297 
74 DATA TRANSLATION • • . . • • . 17 
75 OB FAST 52 
7'15 DEVTRONICS ••.•.• , • • 304 

311 	 QICONIX 239 
n DIGIBOAAD 36 
78 DIGITAL ELECTRONIC SYS. :!:22 
7'J DIGITALK 15 

lnq~1ry No. Pilga No. 

ao DIGITALK 15 
81 OISKCOTECH 305 
82 DISK WORLD 289 
83 DISKETIE CONNECTION 299 
61 DISKMASTER 304 
U DISKS TO GO 295 
85 DIVERSIFIED COMP 312 
86 DRESSELHAUS 24 
e7 OAESSELHAUS N 

294 ECOSOFT 227 
" ELECTRONICS 264 

89 ELLIS COMPUTING 44 
90 EMERSON ELECTRIC 181 
91 EMERSON ELECTRIC . 181 
92 ENGINEERS COLLA80AAllVE 310 
93 EVEREX • , • , 20,21 
94 EVEAEX 20,21 

313 FLAGSTAFF 91 
314 FLAGSTAFF 91 
315 FLAGSfAFF 91 
316 FLAGSTAFF 91 
98 FOX SOFTWARE 37 
99 FTG 305 

101 FUJITSU AMERICA 233 
102 FUJITSU AMERICA • • • • 233 
103 GAl..ACTICOMM, INC . . 118 
104 GENOA • 85 
105 GENOA 87 
106 GLORIOUS U~HON 92 
107 GOLDEN BON Si'STEMS 310 
108 GRAFPOINT 31• 
109 GREAT SOFTWESTERN 60 
110 GREAT WESTERN ELEC 5• 
lt1 GTEK . 267 
m GTEK 267 

" HARMONY COMPUTERS . 18 
113 HEWLETI-PACKARO 111 
114 HEWLEIT-PACKARO 113 
115 HEWLEIT-PACKARO 161 
116 HEWLETI-P!liCKARD 163 
117 HEWLETI-f¥.CKAAD 165 
118 HITECH EQUIPMENT 305 
303 HOOLEON COMPANY 2n 
304 HOOLEON COMPANY 2n 
119 HORSTMANN SOFTW<\RE 171i 
120 IC EXPRESS 310 
190 INFOOUEST 293 

• INTECTRA 305 
• INTECTRA 310 

121 INTEGRAND 180 
122 INTEL COAP •. _ 100,101 
123 INTROTECH. INC 94 
124 10 TECH 215 
126 10 TECH 292 
126 J&R MUSIC WORLD 190 
127 JADE COMPUTER 311 
128 JAM ECO . . • 290, 291 
129 Jl>!.'llN . 292 
130 Jl>WIN • • • • 292 
131 .J .O.R. INST RU MEN TS 173 
132 J 0.A. MICAODEVICES 31B,319 
133 J O.R MJCRODEVICES 320,321 
13• KAOAK 96 
135 KAO CORP 93 
136 KEA SYSTEMS 4e 
1l7 KEA SYSTEMS 305 
138 KNOWLEDGE GARDEN INC. 242 
139 LABOAA!Offi' TECHNOLOGIES 202 
140 LAHEY COMPUTER SYS 130 
141 ~SON LABS 305 
142 LINK COMP. GRAPHICS 292 
143 LOGICAL DEVICES 297 
144 LOGICAL DEVICES 297 
1~5 LOGICAL DEVICES 297 
148 LOGICAL DEVICES 297 
147 LOGITECH T3 
146 LOGITEC H 73 
149 LOGITECH 74,75 
150 LOGITECH . 74,75 

• MACMILLAN BOOK CLUBS un. 193 
15! MANX SOFTWARE SYSTEMS 13 
152 MARK W1Lll"'1.IS 28 
153 MATHSOFT 69 

' MAXELL DATA PRODS. . 7 
15-4 MAXTEC H . 2g;> 

Ioqu lry No. Page No. 

155 MAY COMPUTER 212 
156 MAY COMPUTER 212 

• MCGAAVl·HILL CEC (4M·B 
" '-!CGR/>W.HILL NRI 257 

157 MEAD COMPUTER 307 
158 MEGASOFT 292 
159 MEGATEL 94 
160 MERIDIAN TECHNOLOGY 206 
!61 MERIDIAN TECHNOLOGY 206 
1112 MERRITT COMPUTER PROD 266 
163 MICRO ELECTRONIC PROD. J10 
164 MICROCIRCUIT OESIGNERS 312 
165 MICROCOM SYSTEMS 26 

" MICROMINT 3!W 
166 MIC AON TECH NO LOGY 240 
167 MICROPLOT 295 
169 MICFIOPROCESSORS UNLTO JH 
17'0 MICROSOFT • • • • • • 203 
171 MICROSOFT 203 
17"2 MICROSOFT PRESS !49 
173 MICROSOFT PRESS 151 
174 MICROWAY 95 

' MICROWAV 237 
175 MIHALISIN i'.SSOC 312 
176 MITSUBISHI • . . 166,167 
1n MITSUBISHI 166.167 
180 MIX SOFnllAAE 125 
181 MOJll\/E SCA.DA 312 
182 MONTGOMERY GRANT 309 
ns MOUNTAIN COMPUTER 274,275 
183 M.H.I. 235 
184 NATIONAL INSTAU'-!ENTS 138 
185 NATURAl. '-!I CROSYSTEMS 226 
186 NEC INFO. SYSTEMS . Clll 
187 OASYS . • , . • • • 154 
188 OASYS 154 
189 OLYMPIA. U.S A 61 

• ORACLE T7 
191 ORION 120 
192 OSBORNE MCGRAW-HILL 186 
193 PAnDN & PAITON 251 
195 PC PRIME .. • • • • • • . • . • 294 
22 POI/AKI 16 

196 PEACHTREE SOFTWARE 39 
50 PEASOFT 7'9 

309 PERSONAL TEX ......... . 179 
196 PERSTOR 258 
199 PERSTOR 258 
202 PRIME SOLUTIONS 213 
203 PRIME SOLUTIONS 213 
204 PAINCE.10N OISKETTE 312 
205 PRINCE.lON GA.APHIC sYSlEMS 10 
2CM PRINCETON GRAPHIC SYSTEMS254 
2117 PROGRAMMABLE LOGIC TECH 310 
208 PROGRAMMERS CONNECTION !9 
209 PROGRAMMERS PARADISE 131 
210 PROGRAMMERS PARAOISE132,13.'.I 
21! PROGRAMMERS SHOP 171 
295 PROTEUS TECHNOLOGY CORP 1n 
212 QUA TECH 296 
~30~T~H 2~ 

214 OUA TECH 296 
215 OUA TECH . 2!1ti 
216 QUA TECH 296 
217 OUA 'TECH 296 
218 QUA TECH • . as 
219 QUA TECH 296 
220 OLIA TECH 296 

" QUAID SOFTWARE 58 
221 Q UALSTAR 305 
222 OUANTllS MICROSfSTEMS 27".I 
223 RAOIO SHACK 45 
224 RADIO SHACK .CIV 

" 11AIMA 13 
225 AAlNOO/J TECHNOLDGIES 148 
226 IWNBOW TECHNOLOOIES 146 
227 RAM·BENOEAS ll6 
225 REAL TIME DEVICES , • 312 
229 ROSE ELECTRONICS 298 
230 RR SOFTWARE • , , , • • 175 
231 SAFEWARE 299 
296 SCANOINN!N-1 PC SYSTEMS 191 
233 SCHWAB COMP CENTER 312 
234 SCIENCE II. ENGINEERING S/W 293 
235 SCA CORP. • • • 299 

InqUI ry ND. Pii..,e No. 

236 SEALEVEL SYSTEMS. INC 312 
237 SEAGATE 27 
238 SEAGATE 27 
240 SILICON SPECIALTIES !68 
2'1 SILICON SPECIALTIES 168 
242 SILICON ~UEY COMPUTER 64 
243 SOflRONICS JO• 
24' SFTWR DEVELOPMENT SYS 189 
232 SFTWR DEV DISTAi cm 29~ 
2•5 SOFTWAl'lE LINK. THE 31 
246 SOFTWARE LINK. THE 31 
247 SOLUTION SYSTEMS 178 
248 SOAD COMPUTER • 0 
249 SOURCE ELECTRONICS 54 
250 SOURCE ELECTRONICS 54 
251 SPECTRUM SOFTWARE 194 
252 SPSS. INC 47 
253 ST5C, rNC 59 
254 STSC, I NC 2 47 
25 5 SUP ER SOFT 9 8 
256 SWEET ELECTRONICS 130 

' SYSOEN. INC 114 
257 S'NW ELECTRONICS • . 45 
258 S· IOO 	 313 
259 5· 100 	 313 
280 TAU\ING TECH 298 
305 TANDON 270.<71 
305 TANDON 270.271 
J<T7 TATU NG CO OF ~ERICA '¥1 
308 TAT\JNG CO OF AMERICA '17 
261 TEAM TECH 259 
262 TELEVIDEO 119 
263 THETA SYS CO RP 2S8 
301 THORMUO TECHNOLOGIES 314 
264 TIGEATRONICS 60 
265 TIGERTRONICS 310 
266 TIMELINE 302 

• TINNEY. ROBERT GR.'PHICS . 300 
• IDSHIEIA 35 

267 TDUCHSASE SYSTEMS _ 183 
268 TRU E VISION 32 .33 
269 TURBO POWER 178 
270 TYSTAR MANUFACTURING 299 
271 UNtVERSAL OATA SYS 55 
274 vt:F1MONT CREATIVE SFTVw'A 43 
275 VN LABS 298 
276 \IOYETRA 295 

• l'W'J1 EHOUSE DATA PROOS 53 
312 WELLS AMERICAN 216 
27'J WESCOAP 297 
280 WESTERN TELEMATIC 268 
281 WE STER N TE LEMATIC 268 
282 ~ UNION TELEGRAPH CO 41 
283 WHITEWATER GROUP 269 
284 WINTEK CORP 5 
285 WINTEK CORP 298 
286 WOODCHUCK IND 297 

' 'MJRTHINGTON OA1' SOI.NS. • 42 
267 WYSE TECHNOLOGY 29 
288 W.P. ELECTRONICS 110 
289 XELTEJ< 314 
290 ZENITH DATA SVSTE~S 263 
302 ZEOS INTERNATIONAL 308 
291 2ERICON 314 
292 Z·WORLD 2g9 
293 Z.WORLD 299 

INTERNATIONAL SECTION 88 A1-t0 
"'"' doma~ttc 1(h1u1nos plaaSiJ 

401 ABC COMPUTER 8M·13 
402 AL DOWNLOADING BBA·34 
403 ALADDlN KNOWLE!X;E SYS 8BA·16 
40• ANALYTICAL ENGINES LTD BBA·l4 
452 Bl~ B!IA-38 
••2 OYTE 81 TS 88.l>r20 

• BYTEICEBIT S!IA-2l 
• BYTE CIRCUL.AllON 8BA·39 
' BYTE SUB. SE AVICE 8BA·20 

40 5 BC L LTD HA-36 
406 CALEND 88A-1 I 
407 COMPUADD BllA-•O 
t08 COMPUSENSE 8BA·34 
409 COMPUSENSE BSA-36 
ContimJt."d 
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READER Advenising Supplement Included with this Issue: 
Jameco Electronics (U.S. Subscribers) 

SERVICE 
Inquiry NO. Pill!& NO. 

410 CONNEXIONS aaA-36 
411 CUBIX 811A-5 
412 C.A.S. COMPUTER POI T 88A·36 
413 OOF 88A-J6 
414 EECO au.-2 
415 ELTIME VISION 88A-20 
416 EMERALD SYSTEMS ... 68.A-12 
417 EMERALD SYSTEMS SBA·12 
416 EUAOLINK 88'1-28 
419 FAC IT AB 811A-9 
420 FOATRON SllA-1 
421 FORTRON 88"-1 
422 FTA 81A-36 
423 GAMMA-PRODUCTIONS 88"'-14 
42' GAMMA·PAOOUCllONS 88A·l4 
425 GESI 68.t.·15 
426 GLENCO ENGINEERING BIA-18 
427 GREY MATIER BBA-25 
428 HOPE CIRCUI T LTD. BllA-36 
429 IAR SYSTEMS 86A-31 
430 INS 88'\--35 
431 INTEGRATED SOLUTIONS BllA-19 
432 ISSUE SIA-34 
433 JPI MOOULA-2 •••• 8U.-37 
434 LEXICON 88A-26 
035 LEXICON 811A-27 
06 LOOK: PROGRAMME ASSCC 8U.·24 
U7 MAYFAIR MICRO 88'\--23 
4 38 MICFO:OSM RESE.>ilCH LJO.llllA-34 

• MICROMINT 88A-33 
43& MPD LTD BU.·36 
440 PECAN S/W BllA-10 
441 PHILIPS 8AA·21 
444 PRECISION OATi\-PROOUCTSBU.·34 

• f\00EAT TINNEY GRAPHICS88A-32 
• SOFTUNE CORPORATION 88A-17 

Inquiry No. Pllg& NO. 

4'6 SPRINGER VERLAG BllA-29 
447 TAJW<\N Clll!ACOMP sYS. INC BBA-34 
448 TRIANGLE DIGITAL LTD BSA-34 
443 TRYMAX BBA-34 
449 USA-SOFTV'/ARE 88.A-7 
451 XI SOFTWARE 88A-36 

REGIONAL SECTION 

Nor1heut BB NE 1·12 

" BYTE TIPS • 88NE-10 
-501 COTTAGE COMPUTERS 118NE-2 
488 DIGICOM 88NE·8 
489 EME AA LD SYSTEMS 88NE-3 
400 EMERALD SYSTEMS 88NE-3 
491 F&W COMMUNICATIONS 88NE·12 
492 GAMMA PRODUCTIONS • 88NE~ 
4113 GAMMA PRODUCTIONS • 88NE~ 
494 INCOMM CO .. 88NE·9 
495 INTERBUSINESS CORP • 88NE·4 
4116 MAP INFO SYS. CO. 88NE-7 
498 PARSONS TECHNOLOGY . 88NE-11 

• PC LINK 88NE·S 
497 PRECISION DATA PROO. 88NE-10 
499 RIX SOFTWARE 88NE-1 
500 RIX SOFTWARE 86NE·1 

Peclllc Coss1 88 PC 1-20 

.tO<I ALTEC TECHNOLOGY &ePC-10 
• COALIT10N FOR LITER.ACY 88P C.20 

"65 CO MPUTER LANE B8PC.17 
4117 COMPUTQ\.'JN 88PC·1& 
468 CTXT 88PC~ 

Inquiry No. Pllge No. 

469 GTCO •.• 88PC-12 
470 KEITmEY Diil: 88PC-2 
471 "4...P INFO SYS CO 88PC.7 

" MCGAAW·HILL BOOKS 8.llPC-16 
472 MECA 88PC·4 
41"3 MECA 88PC-4 

" MICROMINT . BBPC-S 
411! PARSONS TECHNOLOGY 88PC·13 
478 QUALITY MICRO 88PC·!O 
47!1 RIX SOFTWARE 88PC-9 
480 RIX SOFTWARE 8BPC-9 

" ROBT. TINNEY GRAPHICS BBPC-8 
481 SF MICRO 88PC-1 
482 SHAMROCK COMPUTER 88PC-18 
483 SU RAH . INC. • • • 88PC-14 
484 SWFTE. INT'l 88PC.1\ 
485 TATUNG SCIENCE & TECH 68PC·3 
486 TEK COMPUTER 118PC-15 

Midwest 88 MW 1-12 

453 AMERICAN SK YNET • 88MW-8 
• BYTE TIPS 88M'N-<I 

454 CAO EXPRESS 88MW.9 
• COMP. BUYING SERVICE 88MW.5 

455 CORTEX CORP 88MW-3 
456 DI GITAL FRONTIERS 88MW.11 

• EXPOCONSUL INT'L . 88MW-7 
457 INTELLIGENCE WARE 88MW.1 
459 KEITHLEY Diil: 8811111¥-4 

• MCGAAW·HILL BOOKS eeMW.12 
• MiCROMINT 88MW.9 

460 PEACHES ENTRPRS .. INC. 88MW-S 
• ROBT TINNEY GRAPHICSSBMW.10 

461 Y E.S MULTINATIONAL 88MW-2 

Inquiry No. PIO!)~ No. 

Southw&11! 88 SW 1-8 

' BYTE TIPS 8BSW-7 
• COMP BUYING SERVICE 88SW-3 
' COMPS FOR THE BLIND 88SW-4 

508 CONNECTIONS ULTD. BBSW-7 
509 CONNECTIONS ULTO. • 88SW7 
510 KEITHLEY DAC 88SW-2 

• MCGRAW-HILL BOOKS 88SW-5 
" MICROMINl 86SW-8 

507 MYlECH ELECTRONICS BBSW-1 
• ROBT TINNEY GRAPHICS 88SW-6 

Mid·Atlanllc 88 MIAT 1·8 

• BYT E TIPS . 88MIAT·2 
• C',OMPS FOR THE BLIND HM/AT~ 

!iQ3 E XECUTEK PRODUCTS BllM/AT-3 
• EXPOCONSUL INT"L . 88MIAT·5 
• MICROMINT HM/AT-7 

504 OM. COMP SERVICE-S BBMIAT·B 
505 AG SOF TWARE • 8.llMIAT-15 
506 SF MICRO 88111/AT-1 

Southeasl 88 SE 1·8 

• BYTE TIPS BBSE-4 
511 ITAON B8SE-1 

• MCGRAW.HILL BOOKS HSE·S 
512 MICRO EOUIPMEN T _ BBSE-2 

• MICROMINT BBSE-8 
• ROeT TINNEY GRAPHICS 8BSE·6,7 

513 SU RAH CORP. . . • • 68SE·3 

• Com;sparrd d1rec:t/y w1/h company 

-os SUBSCRIBERS ONLY!*Tl.i: Use BYTE's 'Thlephone Inquiry Processing System 
Using TIPS can bring product information as much as 10 days earlier. 

SEND FOR YOUR I I 
SUBSCRIBER l.D. CARD 

If yo u ari> a ni>w ~ubscriber or have lo ·t you r l.D. c;:inl , circle #1 on t he fu. ade r Sen' ice 
Card; attach mailer lahe-1. WP will imrnr. dialc:l.1· send _vour personal TIP., s11b, tr iber ca rd . 

GET PREPARED ~ l 

:l l 

Wr ite r uur Subscriber !IIumbe r, as printe d on your Subscribe r l.D. Card, in boxes in S tep 5 below. 
\Do not add O"s to rtll in blank boxes) 

Writ1• numlwrs for information des ired in boxes in Step jl.J below. 
l Do lll)t arlrl O's to fill in blank hoxes. I 

CALL TIPS 41 ~ow, on <1 'foudi-11.me telephone dial : (.\13) -1 12-2668 :rnrJ wait for voice curnm:.rnrls. 

ENTER YOUR 
SUBSCRIBER AND 
ISSUE NUMBERS 

ENTER YOUR 
INQUIRIES 

END SESSION 

51 

6) 

7aJ 

b) 

8) 

9) 

When TIPS says: "Enter Subsc·riber l\umbei·· · 
1Enter by pllshing the numbers and ~ymbols [# or • t!nclo~e<l in the boxei\] on lt!lephone p;icf 
ignoring b lank boxe s) 
Enter 0 0 0 0 0 0 0 0 00 ill 

Wh n Tl P. ~ · ys ·· .Ente r magazine code & i;;sue code" 
E nter [JJ [3J 

When TIPS say.'\ "Enter (next) Inquiry Number" 
Ente r one inquiry selection fr(lm ~low (i.l!:flOre blank box.,,;) 

Repeat 7a as needed (maximum 17 inquiry numbe!"li) 

I. 0 0 0 00 6. 0 0 0 [i][IJ 10. 0 0 0 Cil 00 14. 0 D D Cil 00 
2 . D 0 0 00 00 7. 000 0011! lI. 00 00011! 15. 000 iilril 
3 . DD D 00 !il 8. 000 0000 12. 000 0000 16. 000 00 00 
4. 0 0 0 00 00 9.0 0 00000 13. 0 0 0 IJllil 17.0 0 0 IIlOO 
5. 0 0 0 [j) IIl 

End 5e$sion by entering [!] 8 l9J [Ij 00 [jJ 

Hang up after he11ring fln11l rneo s<1g(• 
Ir yuu ;u·~ a sul,•criber and need , s. isli!n re. call (G03l '.!24·fl2''11. 

If y<Ju '"'' nut" sub'<or·ibc r ill! out the subscript iun <:n rr! fo und m lh 1~ i"-Mle ur. cHll BYTF: Cir<eulatiun 800-423-8912. 
•Domestic and Canadian Subscribers Only-: 
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To get funher information on rhe products advenised in BYTE, fill 
out the reader service card by circling the numbers on the card that 
correspond to the inquiry number listed with the advertiser. This in·READER dex is provided as an additional service by the publisher. who 
assumes no liability for errors or omissions. 

• Correspond directly with companySERVICE 
Index to Advertisers by Product Category 


Inquiry No. Poge No. 

HARDWARE 

AOD INS 

10 ALPHA PRODUCTS 303 

• AMER ADVANTECH CORP 298 


19 AMER AOllANTECH CORF~ 299 

25 !IT! TECHNOLOGIES, INC. 62 


26 ATI TECHNOLOGIES. rric 63 


27 ATRON 66 


48 CAPITAL EQUIPMENT 214 


n 01Gi80ARO J8 


93 EVEAEX . • • 20,21 


94 EVEREX 20,21 


103 GALACTICOMM INC 118 


10-4 GENOA 85 


105 GENOA 87 

111 GTEK 21f7 


112 GTEK 267 


122 IN TEL CORP. 100,101 


124 10 TECH 215 


125 10 TECH 292 

• MICROMINT 306 


174 MICROWAY 95 


• MICROVllAY 237 


18' N.UIONAL INSTRUMENTS 13! 


198 PERSTOR 258 


199 PERSTOR 258 


212 OUA TECH 2% 


213 QUA TECH 296 

214 OUA TECH 296 


215 OUA TfCH 296 


216 OUA TECH 296 


2"17 QUA TECH 296 


211 QUA TECH 296 


219 QUA TECH 2 96 


220 QUA TECH 296 


236 S!'ALEVEL SYSTEMS. INC 312 


268 TRUEVIS•ON 32.33 


292 Z.WORLO 2 99 


919 OA!YU 

711 DIGlfAl ELE CfRONIC SVSTE MS222 


242 SILICON VALLEY COMPUTER 84 


• SVSGEN. INC. • • • • 114 


305 TANDON • . •. 211J.271 


306 TANDON 27tl,271 


264 TIGEITTRONICS 60 


517 HAROWARE PROGRAMMERS 

23 APROTEK 

·~ET 

34 B&C MICRO 

Inquiry No. 

33 B5C MICRO 299 


44 8P MICROSYSTEMS 304 


46 8YTEK CORP 200 


47 B&C MICRO SYSTEMS 238 


111 GTEK 267 


112 GTEK 267 


142 llNK COMP GRAPHICS 292 


143 LOGICAL DEVICES 297 


!44 LOGICAl DEVICES 297 


145 lDGICAL DEVICES 297 


146 LOGICAL DEVICES 297 


164 MICROCIRCUIT OESIGNERS 312 


207 PROGRAMMABLE LOGIC TECH310 


289 XELTEK • •. • • 314 


518 INSTRUMENTATION 

131 J 0 R INSTRUMENTS 173 


141 LAWSON LAEIS 305 


181 MOJAVE SCAOA • . 312 


191 ORION • . • • • . • 120 


226 AEAL TlME DEVICES 312 


5111 AIA9$ STORAGE 

B AK SYSTEMS 292 


57 COMPACT DISC PRODUCTS. INC 40 


67 CONTECH 295 


313 FLAGSTAFF 91 


31~ FLAGSTAFF 91 


315 FL.AllSTAFF 91 


316 FLAG STAFF 91 


135 KAO CORP 9J 


• '-IAXEU DATA PRODUCTS 7 


298 MOUNTAIN C0"4PUTER 274,275 


22! QUALSTAR 305 


237 SEAGATE 27 


238 SEAGATE 27 


MISCELLANEOUS 

36 BAI' TECHNICAL ASSOCIATES 201 


49 CHUNG YU • 214 


• COMPUTER CONTINUU'"' 298 

74 DATA TRANSLATION 17 


86 DRESSELHAUS 24 


87 ORESSELflAUS 24 


90 E'"'ER5QN ELECTRIC 181 


91 EMERSON ELECTRIC 181 


303 HOOLEON COMPANY 2n 

304 HOOLEON COMPANY V7 
• INTECTRA 310 


12! INTEGRAND 180 


154 MAXTECH • 297 


225 RAINBOW TECHNOLOGIES 148 


226 RAINBOW TECHNOLOGIES 148 


229 ROSE E LE CTR ONIC S 298 


Inquiry No. Potie No. 

235 SCA CORP 211~ 


71'i VOYETRA 295 


521 MODEMS/MUlTIPlEXORS 

' ATU INFORMATION SYS. 184.185 

" CLEO SOFTWARE 126 


261 TEAM TECH • • 259 


267 TOUCHE!ASE 183 


2n UNIVERSAL OATA SYSTEMS 55 


522 MONllURS 

89 CPT CORP 30 


85 OIVERSIFIED COMP 312 


178 MITSUBISHI • 166.1&7 


1n MITSUBISHI 166,167 


205 PRll'ICElON GRAPHIC SYS 10 


20!i PRINCETON GRAPHIC SYS. 254 


307 TATUNG CO. OF AMERICA 'ol7 


308 TATUNG CO OF AMERICA 97 


2llO ZENITH DATA SYSTEMS 263 


523 NETWORK HARDWARE 

32 BSB ELECTRONICS 312 


56 COGITATE 292 


118 HITECH EQUIPMENT 305 


!85 NATURAL MICROSYSTEMS 226 


301 THORMUO TECHNOLOGIES 314 


280 WESTER·'! TELE'-IATIC 288 


281 WESTERN THEMATIC 268 


524 PFllNTERSIPlOTTERS 

12 ALPS AMER ICA 4.9 
13 ALPS AMERICA 5,9 

1tl crx 107 


71 CTX 107 


311 DICONIX 239 


101 FUJITSU AMERICA 233 

102 FUJITSU AMERICA 233 


113 HEWLETT-PACKARD • 111 

114 HEWLETT·Pl'CKARD . 113 


115 HEWlETT-Pi>CKARD 161 


116 HEWLETT-PACKARD 163 


117 HEWL.ETJ.PACKARD !65 

' INTECTAA • , , 305 

186 NEC INFO SYSTEMS Clll 

187 OASYS 154 


188 OASYS 154 


189 OlYMPl!I . U.S.A. 61 


291 ZEAICON 314 


525 S CANNERSIOIGI TIZERS 

106 GLORIOUS UNION .92 


Inquiry No. F'lltie No. 

52fi STSTDIS 

6 1'DI LOGIC RESEARCH 152,153 

7 M.N lOOIC RESEARCH 152,153 

• AMPRO 174 

' AT&T INFO. SYS. llM. 1115 


' BINARY TECH . , 310 


52 CLUB AMEA . TECHNOLOG'f 5657 


58 COMPAQ 


92 ENGINEERS COLLABORATIVE 310 


155 MAY COMPUTER 212 


156 MAY COMPUTER 212 


159 MEGATEL !M 


195 PC PRIME • • • . • • • • .. • 294 

295 PROTEUS TECHNOLOGY CORP In 


222 OUANTUS MICROSYSTEMS 272 


223 RADIO SHACK • 45 


248 SORO COMPUTER • .. ."4 


256 SWEET ELECTRONICS , 130 


27U TYSTAR MANUFACTURING 299 


312 WELLS AMERICAN 216 


2&7 WYSE TECHNOLOGY .29 


302 ZEOS INTERNATIONAL 308 


527 TERMINALS 

136 KEA SYSTEMS 46 

262 TELEVIOEO 119 


SOFTWARE 

528 APPLE 2/MAC APPllCATIONS

e.,e,lneu/Olflce 

3 ACIUS . • 150 


529 APPLE 2/MAC APPLICATIONS-

Stl•nllllcfTKhnk:Oll 

252 SPSS. I NC. ' ' 'lf1 

530 APPLE 2/"'AC LANGUAGES 

2 4 4 SOFl'W!IFIE DEV SYS • 189 


531 IBMIMS· DOS APPLICATIONS-

Buoln-.!Oflbi 

45 BRODERBUNO 99 

55 COGITATE 2!17 

75 DB FAST .• 52 


98 FOX SOFlWARE 37 


99 FIG ••• 305 
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Jameco Electronics (U.S. Subscribers)SERVICE 

Inquiry No. 

ConlmUf/ld 

109 GREAT SOFTWESTERN 60 

• OR!ICLE ".,, 
193 PATTON & PATTON •••• 2S1 
196 PE.P£:HTAEE SOFTWARE •. 39 

309 PERSONAL TEX • , • .•• 1711 

• RAIMA ••• 23 

296 SCANDINAVIAN PC SYSTEMS 191 

263 THETA SYS. CORP &N 
265 TIGEATAONICS ........ . 310 

532 IBM! MS-DOS APPLICATIONS

Ml~lll.-1 

294 ECOSOFT zn 
260 TALKING TECH 298 

S33 IBM/MS·DOS APPLICATIONS

Scl•ntlllc:IT9'h n lc1I 

24 ASYST SOFTWARE • 1S9 

119 HORSTMANN SOFTWARE 17'8 
138 KNOWLEDGE GARDEN INC 242 

139 LABOR.ATORY TECHNOLOGIES202 

153 MATHSOFT 69 

175 MIHALISIN ASSOC. . . . . . _ 312 

232 SOFTWARE DEV. DISTAi. CTA.:2115 

251 SPECTRUM SOFl'WARE 194 

2541 STSC. INC ••. _ _ • • • • • 247 

S34 IBM/MS.DOS APPLICAT10NS

Wbrd Pract111lng 

275 VN LABS • . • • 298 

535 1Bll/M8-DOS-CAD 

16 AMERICAN SMALL BUSINESS 143 

28 AUTOOESK 141 

2114 WINTEK CQAP • . 5 

285 WINTEK CORP 298 

536 IBM/MS-OOS COMMUNICATIONS 

300 COEFFICIENT SYS. CORP 25e 

1~3 GAL..OCTICOMM INC • • 118 

137 KEA SYSTEMS • 305 

50 PERSOFT 711 

243 SOFTAONICS • 304 

537 IBU/MS-DOS-LANGUMlES 

30 MJCET SYSTEMS, INC. 81 

38 BORLAND 1NT'l Cll 

39 BORLAND IN T'L •.•• Cll 

60 BORLAND INT'L • , .......... . 1 

41 BORLAND INT'L 

Inquiry No. ""ge No. 

42 BORLAND INT'L . n 
43 BORLAND INT'L , n 
T6 OEVTRONICS 304 

294 ECOSOFT 227 

89 ELLIS COMPUTING 44 

140 LAHEY COMPUTER SYS 130 

151 MANX SOFTWARE SYSTEMS 13 

152 MARK WILLIAMS 28 

17'0 MICROSOFT .. 203 

11'1 MICROSOFT 203 

190 MIX SOFTWA.RE • 125 

230 A.A. SOFTWARE 175 
253 STSC, INC. 59 

283 WHITEWATER GROUP 269 
293 Z-WORLD 299 

538 IBMIMS·DOS-UTILITIES 

17 AMERICAN SOFTWARE INT'L 314 

27 ATRON •• 1111 

'17 BLAISE 34 

53 CNS, INC. 238 

54 CNS. INC 238 

72 CURTIS. INC. . . 304 

711 DIGITALK 15 

80 DIGITAL!( 15 

107 GOLDEN BON SYSTEMS 310 

UMI GAAFPOINT 314 

180 MERIDIAN TECHNOLOGY 206 

161 MERIDIAN TECHNOLOGY 2<HI 

202 PRIME SOLUTIONS 213 

203 PRIME SOLUTIONS 213 

' QUAID SOFTWARE 511 
247 SOLUTION SYSTEMS 178 

256 SUPEASOFT , •••••••••.• ' !II 
269 TURBO POWER .••••••••• 178 

274 VERMONT CREATIVE SFTWR. 43 

286 WOODCHUCK IND. , , 2W 

224 RADIO SHilGK CIV 

540 OTHER-LANGUAGES 

244 SFTWA DEV ElOPMENT SYS. 189 

541 MAIL ORDER/ 
RETAIL 

5 ADV. COMPUTER PROD. 316.317 

I ALF 282 
14 AMER DESIGN COMPONENTSJ01 

35 B&.W SYSTEMS. INC •••••• . 50 

Inquiry No. Page No. 

• BUYER 'S MART 28().286 

• CALIFORNIA DIGITAL .. 315 

59 COMPUSAVE 289 

62 COMPUTER MAIL ORDER 1'4A-H 

63 COMPUTER SURPLUS STORE 304 

64 COMPUTER WAREHOUSE 26 

65 COMPUTER WAREHOUSE .. 25 

• CO.M.6. DIRECT MARKETING 297 

82 DISK WORLD • • 289 
81 DISKCOTECH 305 

83 DISKETTE CONNECTION .298 

61 DISKMASTEA 304 

84 DISKS TO GO 295 

110 GREAT WESTERN ELEC. •• 54 

• HARMONY COMPUTERS 18 

190 INFOOUEST , .293 
123 INTAOTECH. INC 94 

120 IC EXPRESS 310 

126 J.!.R MUSIC WORLD 190 

127 JADE COMPUTER 311 

128 JAMECO ELECTRONICS 290,291 

129 JAWIN 292 

130 JA>'llN - .. 292 
132 J DR MICRODEVICES 318.319 

133 J DR MICRODEVICES 320,321 

157 MEAD COMPUTER 307 
1~8 MEGASOFT • . • .202 

163 MICRO ELECTRONIC PROD 310 

165 MICROCOM ~~STEC:MS .. 26 

169 1.11CAOPROCESSORS UNLTD. 314 

182 MON-mOl.1ERY GRANT 309 

183 M.H I . .. 235 

204 PRINCE'!ON DISKETTE , • 312 

208 PROGRAMMERS CONNECTION 19 

209 PROGRAMMERS P>lo.RADISE ll1 

210 PROGRAMMERS PARADISE132,133 

211 PROGRAMMERS SHOP • • • 171 

233 SCHWAB COMP CENTER 312 

234 SCIENCE 5 ENGINEERING SiW293 

240 SILICON SPECIALTIES 168 

241 SILICON SPECIALTIES 1E8 

257 S"NW ELECTRONICS 46 

258 S·IOO 313 

259 S·!OO 313 

266 TIMELINE 302 

• WAREHOUSE DATA PRODUCTS 53 

219 WESCORP 297 

2~ WP ELECTRONICS , , • • 110 

542 D.ESKTOP 
PUBLISHING 

4 ADOBE . • . . • . . . . . .....11.2,ll 

Inquiry No. PagG No. 

543 OPERATING 
SYSTEMS 

134 KA OAK • . 96 

166 MICRON TECHNOLOGY 29S 

1117 MICROPLOT 295 

245 SOFTWARE LINK . THE JI 

246 SOFTWARE LINK . ™E 31 

544 ON-LINE 
SERVICES 

450 BIX 278,2111 

60 COMPUSERVE • 225 

249 SOURCE ELECTRONICS 54 

250 SOURCE ELECTRONICS . . 54 

282 WEST UNION TELEGRAPH CO 41 

545 EDUCATIONAL/ 
INSTRUCTIONAL 

239 ACM SIGG A A PH '!Ill 223 

• BYTE BACK ISSUES . 238 

• BYTE CIRCULATION 234 

• BYTE MARKETING • • • 228 

' BYTE SUB. MESSAGE • 232 

• BYTE SUB SERVICE • • 288 

7:l CYBER RESEARCH 310 

• ELECT RON ICS 264 

• M!ICMILLAN BOOK CLUBS 192, 193 

• MCGAAW·HILL CEC 248A-8 

' MCGRAW·rllLL NRI •• 257 

1n MICROSOFT PRESS 1'9 

1T.I MICROSOFT PRESS 151 

192 OSBORNE MCGAN.LHILL 186 

MISCELLANEOUS 

29'7 BRITISH AIRWAYS 231 

162 MERRITT COl.1PUTEA PROD. 266 

227 RAM-BENDERS 96 

231 SAFEWARE .. • .. .. .. .. 299 

• TINNEY. ROBERT GRAPHICS 300 

• IDSHIElA •..• 35 

328 BYTE • MARCH 1988 

http:SOFTWA.RE


6A'.! w 
11 0 111 

Il l 1:18 
r(!.c. 1ss ~C6 

!"9 7to 11) 1 la/ 

121 ne m ne 1 ~ 

116 
IJ 

rv 1 'l m rvr 78! 

Fill oul lhb coupon c1rdully. PLEASE PRINT. Requ••LI cannul be: CIRCLE FOR FREE INFORMATION MARCH 483RSU 
honorrd uni~ lhr Lip codr I• lncludrd. Thi• rard 11 YI.lid for 6 monlh• 

I 	 .S 1.Q I! 11 I! t4 1~ •• 11 ,4 11 ~ l 1 ?1 lJ /fJ ~ ~ "1 
from cu•·u d1lo. Jll >II JJ ]I J1 1l 3' ~ .'.I! J"I .'.I! .. 00 " "1 "1 "' l\ <Iii " JI .. Ill '-' ~ 1.J \.I 

~ ~ ~ • • m ~ ~ si .. e • ~ • a ~ n n ~ " ~ , n , ~ Ill ~A. Whol I• )"Dttr prlmory job function? 

(Che<k onr only) D. Your nul slrp af1rr lnformolion 
 ~ ~ .. e • v • • Ill ~ ~ m ~ ft • 11 • • •oo ~ ~ ~ ~ ~ ~ • ~ 

,m tu~ n1 ur 11J 11.i us ne t1' t11 ~,, t10 ~ :i, 127 ·~ t!I ie; ta 111 ,ze ~ ~ ~J:J ,.>~ ,~ 1Jl t~ i::fi0 Du.<inc . .s Owner, Gener.ii b rt'Cctl"td: 
•16 ll1 •!I 131 UO "1 •41 1<.J ,., II.I !~ "I ,..., "' •JJ •SI •I.I I~ l!ol •!! •IO 1\1 •!6 •!Iii •!JJ •11 111:Managemen 1, Administrative 0 Purchase order 
•D ... ,., 1• 1t1 •• •• 111) m 112 m '" '" '~ m "' 1111 •Ill ·~· •R •SI •ti •ie •• •11 •• •• 0 MIS/ DP. Programming 0 Ev"lua1lon Ill) 111 1112 fal ... ·~ •• 19~ \. ,. fJJ) .201 jJ(ta' j'Ql. 10! ~ - aor D X8 }I(! :;in : 1.2: ~IJ .l\1111 "1S .JJI 

0 Engin«ring /Scienti fi c, R& D D Sp«ification/ Rccommendation " ' ,,a 21 g m n1 m m n~ m m n1 m ,~ n1 ZJZ nJ 2.J.4. m 2:16 z:lJ 23'1 m 2 "' l "" 143
• 0 Professional (law, medicine, [. Pl~ lndlulr lhr prctducl 	 I« •S 14ll l •I I<.\ 119 1!.0 2S• ~ 253 IS< ~ lSI 2!>ll ~ ?fl! 2'11 ;ii;. l'ol 1ffi it'! , 710 

accoun1ins l catr1urks for whkh yo u • m m~~mm~m ~ ~~~ - • ~w ~••~•~- ~ ~•
0 Other lnOucnce lhc itkcllon or 191! m :ioo ))• :m X1J lJ4 n XII! ))El m 11 ; ,, J r1 JIJ 1" 11 J t6 w J11 •I '.111) .11• m m :i<• 

purohur al your (or your :l'5 ~ :1.,-, n m :m .m m .nt m .:tH Jll) :M. 1 m J J.1.-' J.& !i fl J.i ].4.! l!4 1H. 	 lluw mllny peuplr de>n your 
company employ? dirn1·1) company or 011111nl· 312 36.l ~ m '.116 i11 358 m JE(l 35• l6:1 Jt>J )6< M ~ :Joi > N Jlil! iio i 11 i r Jll ' " m JJ6 m 3ra 

ia1lon. (Chrck •II lhal •pply). J19 :ie:i »• ~ J83 la" J&I JW w 3!11! m J91 m J94 M 3"' m _ m "" .,, '<Tl <10J ..,.0 25 or fewer 
0 l icrocompmers a. l!Jf .. a .uo if1 111 ,.,3 .l!-1 ,.,~ 11! ~1? .t1fJ tit ~ '1• 412' ill! lilt il! 41t "11 " U1 I.Ki Q• ~0 	 26-99 
0 Periphera ls 	 w~~~wq~~~~~~~~~~~-~~~&~•~w~

J 0 100-499 
0 Softw, re 	 • 111 °" 11:1 ., 111 • ,., 1111 • '"' •" 41? m •'• 411 •rt 41' 411 •II ci 411 c Cl * e •• 0 500-999 

• 0 Accessories ilnd su ppl ies ~ • .. "'° G1 4l Cl • "811 <Ill •II .. "1 !Gil l01 lGi !ID !110 5m SI ill)! \If \If ''0 1•1 S•l S1l
0 1000 11r more 110 s•s 111 11· sie m S10 111 5:11 ~ ~ ~ sie m !ill ~'i 5)) ~1 m m ~ ~ ~ !1:11 !ol& U1 t<1 

F. for bow many mlcrocumputcn 

1hat apply), do you lnnuencr thr purtha&t" 51111 51111 S."l SI• 97 Ill Sr< !!I ~~ \n 1111 11'9 "llO •r Jll Ill !ti ._ • 511 • • • •1 S !Ill ,._ 
C. Re ll!l oa for ,...qu ..1: (Chrck •II 	 51• ,,_ I".! too Sil Solt 511 lole li9 \&l &11 IQ ~ II< 116 IM Ml 11!8 • .i •1 Ill ID ... • ,_ ,., 

of prod11c1s al your (o r your
0 Business use for yot1rsclf 	 II! .. !iii! .. WI I'll 11)1 IOI ml .,. .. D .,, a a t!O '" 111 ,,, '" Ill ,,, llf '" ••I U! "' 

cllenl's) comp•ny or oriianl · 
r126 1117 

680 6&1 

i<J.I $31 II)! IJl il18 il3'l 0"1 !o< t lo< !o<l W S&S !o<B I.I I ~D Busine s use for your nllun1 
com pany 0 1 1 D 5-9 

~ 1 0 Person al use 0 2-4 • D JO or more ~03 IQ.I lC6 100 1 T .~ 100 

11' 31 n1 /l:J 1:14 l".lS 
~.S 151 1!:i9 J 1'6-• 162 l 63 

' lJ.4 1 l iti r91 ' 88 / 
~~~~~~~~~-~~~~~, 

111 11! ll! '" 111 l•I 111 Ill Ill 810 Ill &!l ll1' II< Bii Ill Ill 19 .. a 11! Ill QI llJf Ill Q t:11Compofly __________________________ 
mm~~w~~~M~~~~~~-~••••••~-~~ 
111 111 1111 1111 • fll! 111 1r1 a1:1 11• t~ 111 1n m 111 • .. • 111 • e • ff' • • • a•Address 
1111 airi .. 11P1 • 111 a 111111 llCll to• n' 9Cl 111 a a o a .. 110 111 ~ll ''' '" ''' ''' "' 1•1

Stare ______ ____ _ _ N 1110 1111 1127 llZl WO 0 Ila 111'1 a ta IDJ Ill• Ill 1Z1 QI a a Ill G a Ml ti• 11111 1\1:1 ... IN5Ci1y 
Zip_________ 	 ~WWMBWS~~--~--m~mm••·~--~~~71!/eµh one _ __________ _ 

m "' m VII In 111 1'19 ., •• IG ., .. - • "' - • .ii •1 - ... - !1111 .. - !llllil 

Fiii oul lhb coupon Nltefull)'. PLEASE PRJ NT. Rrquesll ctinnol be CIRCLE FOR FREE INFORMATION MARCH 483RSU 
hono~d unlns lhr zip cud• is lncludrd. Thb c11nl 11 ..ud for 6 month• IJ ... t'> tO , , 1l IV :0 .,, 1J .:) ._\I. :" :I a:·1I 10 '' 1,2•
lro111 c<JYer dalt. 	 llllllDJ•J7m,. :n•:u ... e ~ ~ ~ " ~ • ~ ~ • s ~ ~ ~ ~ 

!I !Ill !I 11 II IO 11 Cl Ill 61 Ill Ill! ... II W JO " 71 !) I~ I! 1' ., '' "I "'1 ~ I
A. Whal ls yuur primKrY job function'/ Gll .. l!•flll II Ill ti 111 II " II! • " • • IDl •o• '"' 1co •oo •Ill •QI •or •ca(Check one only) D. Vour DfX1 slep alter lnlormnlon 

10I It~ tH tlf U! 111' 1ll UI flt t1" 1Jil ICI tl4 '11 '" l,M 1.1:1 1J1 '~ ,U ~ .Mi TJ!IHl ti' It& 	 .,f tJI 
1 0 Business Owner, General I• rrcelnd: ,. IJt ,. ta flC' ••1 •G 1.U '" .... , ... ,,., ~II ,.. ~- Ill iu ·~ tM ·M •11 i'' l,Y tMI ·tti 1 1~ 'IS;jl

Mnnagcmcnl, Administrative 1 D Purchase order •11 tliil I• 1• lf'I t• .• llQ Ill HJ lfl 1" IJI ''Ill trt tiit 111 ll:i 19• 1G tlD llil Iii I. II:"' 118 !Iii 
0 MIS/DP. ProgrJmming 0 Evalua1ion llO !ii Ill llO !Ill It& I. 117 IW 1W !Ill »t 1'11 Jill IOI 1111 IOI 701 Ill Jal 110 ,!1T '11 1l • " ;n• l•t 

0 Engineering / Scie nlifi c:. R&D 0 Spccinca1!on/ RcC-Ommcndation l• t ;,a 211 ~ 121 m m m m m 121 m m m 131 m m 1.J1 ~ 1:>i m Zll! 139 1 «J 
• 0 Professio nal (law, med ici ne, E:. Pl.....- indic•l• lho product 	 / U 14$ 1~ 1'1 /q / '9 lf,o) I ~ ill>) IS< ~ /S! 'JS! /S! ~ 2li! 2'!1 :i&:i :Ill< 710 

accouni lng) c11l"lori.,. for which you 21' m m m m m m in Iii 2llO 1 m 1'1.1 ~ • ! 86 m lllll m ;!\)(I N • l'lll 

D 0 1htr lnnutnC1' lb• ~ltttlon or 2!ll 1111 :ioo ,.,, ll1 m JO< v.. :xliS 'J([I u m HO iu 

:w. 
· ll1 l!le JOO 

m JIV l<ll J:I ' m m m 
purch11sr al your (or your ~ 116 ll1 :J.J8 W ~lO J31 m J3l lJ' JJ> DI '111 J:ll )41 J,ol :><~ ~ ll•

ll. Ho,.. many p<ople don your 
dlent's) company or 0111nl· "J6'J m l$i ll6 ll<! w lSll 'ISO )e<l l<I• Jli:i l<!:l lll' JLI.$ mln 3'J l •ll! Jl8m 31& 

company cmploy7 .&ll r "12 IOO 40< OCI'> 
D 25 or f~r 

0 Microcomputers o CT a a "o "' "' m 4T4 4•! 111 "t •11 "' ai 411 ~ ..., .... e "<l! <II .Q! i..'9 •JJ "'' I.Ji 

l.lltlon. (Check al.I 1hal apply), m l&l ie 1 3!1 JtJ 361 JM 3!11 341 JM JM l'i• m 

0 	 26-99 
D f'l:ripherals 	 m~~4~~-~w~~~~~w~~·~~~~~*-~~

0 	 100-499 
D Software 	 4l 4• c e ,.. "" • .., • • '"' 11• m 4.1:1 "' "' 111 m "' •11 .., "' c> ..., ... ..., ..

• 0 500-999 	 "" .. • • .. 1111 • SI • .. ,., ... "' 9111 .,, .a 1i111 !04 1D1 Im iar IOI 115 110 111 I i b1l• D AcctMorics and supplies• 0 1000 or more 	 m Sii 111 I" !Tl !•t Ml Ill fZI Ill U< Ill .. 1111 Ill ~ YI .Ur ~ U3 U< ~ SJll .!;It £ll lll !o<O 
f. for how many mlcrocompulenC. 	Reason for ~CIUl'5t: (Chttk all "'' II.I 11:1 ... IOI Nol Mr W .. WI tit l&I s:I W 116 !It !I>' ill .. mJ •' ""' 113 "" "" 1'511 !!>' 


do ) 'Du lnnuenC1' lh• purcl!au • Ill w 511 l1J 11:1 JI• 111 ,,. 5" "' rt/I .... l"'1 .. - le • ,., ... ,,.. ,., "' ... ..., "" 

of produc!J at your (or your •• tll • - D •1 llJI' b 0 .. Q ., a fat tJi IU ··~ •?J ,,_. 111!!1 t•I 6H l!!llf: t,'tl Qi.) ~1 


1h11 apply). 
0 Business u.sc for yourse lf cUtnl's) company or OfianJ

611 ll2:l !:.'• ~ &'6 w Ille 6lS e.i1 m w ~ ms 5Jil w 	 ~ "'' D Bu.si nes• use for your zaUon? 60 631) ~, ~ M..;: 65"1 ~ ~ ~; ~ 050 <1'1 , 6till ~ uo e7 1 m on e1.11 "'~ compa ny 0 1 10 5-9 m, 111 m m 6lO lii!1 ~ 1&1 OBI ~ GOO re1 fat Ei9 1 6!16 w roe m 1 10• iw0 Personal use D 2-4 • D 10 or moro (!) 1 1!16 IC1l 1()7 '!I! 100 l •O 111 •6 l1t N 719 m 12• 122 ZI IN 1:1 I~ m '~ m 

:» 131 n:i m ™1~ un m 13& 1o1.3 .,...... J 1 -, 41 ~ 149 rf;J:J ~' ;~ ,~ ,~ 1~ 


Nat11t------------------------~ 1~Tl8 1lQT no m mmrt• >smmr >!• 7">11.1 


™ f!O rie ,., M fil "" £00 .,, rm Im "°' 9J\ I IO! !('I !•C
n1~~~~~~~~~~~~~~~~~~~~~~~ 

.,, t•l In IU lllll l'l.i "'" il:"J ... II! ft IC' a Bit D) Ill• 91' u; IUt 13' ~"\Ii fW 


Co111puflY~~~~~~~~~~~~~~~~~~~~~~ ddMW~W~~MrM~~~~~~~~~~ti~~~~~ 


111 • • 1!111 1191 11!1 111 111 61:1. I" P. l'I 111 111 J."I Na "' 1111 1111 Ill .... .,, IN 11111 W. m•Addrs# ~~~~~~~~~~~~~~~~~~~~ • 	 n> .... m1i Ill' A' llCiJ ~ ~ n. .:!T a D VUI SIU [ii~ :Ill ~'I 91 ~ :li'fi 11!f ~11•? • im G 

City------------ S1a1t___________ 	 tf; tiiO 111 Vl Ill »< 11:'!1 Ill 11' 113 1111 D> Ill• llJ:l 'iil ... IW G iT .... 11"1 114 1 11<• flJ OU ""I 

M '11111 M 14 t!iO Iii~' W ~ ~ ft! 9Sfi ~' f'.ill: M 18.:Jo ~j olfi WrJ _., 981!- ~ iljr • .._ !}'""{' gt• iii~ 


ZIP~~~~~~~~-»kplioM·~~~~~-~~~~-	 UJ 9r• Iii fl\ II' 171 llt .:I •t Ill l&l .. 11!5. • •• • tlll Ml Ill• lllt'l 111.l Ill' lllO! 11111 i'O' M ,_. 

http:Gener.ii


----------------------------------------1-1--1-------~~~~:::-l 
NECESSARY 

IF MAILED 


IN THE 

UNITED STATES 


BUSINESS REPLY MAIL 
FIRST CLASS MAIL PERMIT NO. i76 DALTON. MA 

POSTAGE WILL BE PAID BY ADDRESSEE 

ll'1TE I 

I 
IREADER SERVICE I 

PO Box 298 I 
IDalton, MA 01227-0298 

USA I 
I 

I 

I 

I 


-----------------------------------------------------------!I 

NO POSTAGE 
ll 

NECESSARY 
IF MAILED il111 

IN THE 
UNITED STATES : 

BUSINESS REPLY .MAIL 
FIRS1 CLASS M.l\IL PERMIT NO. 176 DALTON. MA 

POSTAGE WILL BE PAID BY ADDRESSEE 

READER SERVICE 
PO Box 298 
Dalton, MA 01227-0298 
USA 



OUR SILEITWRITER IS 

CREATING HEADLINES 

ON SEVERAL FRONTS. 
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Our Silentwritcr '" LC890 is the first desktop publishing printer that gives you both popular 

slam.lards for creating graphics ilnd type: true Adobe PostScript '") and LasaJet Plus Lmulation. 
'T'hat alone would be enough to cause headlines. But we al o added many 
more features to simphfy desktop pu blishing. Like both Apple and IBM 

,,,_ compatibility. PC \\'.fad? stated, 'the LC890 
is acnially berter tlrnn having both an Apple 

NEC's SllentWriter Printer Boasts LaserWriter Plus and an HP LaserJet Plus on 
PostScript, HP LaserJet Plus Emulation your desk.'' Equally impressed , PC 1\;f aga.zine 

awarded il an "Editor's Choice." And cited it 
in their "Bes1 of 1987" issue. 

And because the Silenrwriter has a simple, 
trouble-free printing mechanism, it will be creating headlines for years to come. In fact, it' twice 
as reliable as ordinary lasers_, with an <.l\ erage life of 600 000 pages . 

If you don't require the power of our LC890, con- ,~ 
sider the re t of the family. Th ·' LCSSOfor lcxt <1pplica- NECPRINfERS.THEYONLYSTOP 
tions and the LC860 Plus for text and less complex WHENYOUWANTTHEMro. 
graphics . 

lb start producing your own headlines, 
call 1-800-343-441 8 (in MA 61 7-264-8635). NEC\Xlc'll send you reprints of all the great 

NEC Information Systems, Inc.rl"views and the name of the NECIS dealer 
nearest you. Circle 186 or1 Reader Sen•ice Card 

NEC lnform~rion Systl'ms. lk pt. ll'llO. \.IH .\b,,a~hu »l'l\ ' :\w . !lnxhuwu~h • .\1:\ Ol/ l<J . 
~Comi:;io lo~ o11 nd Commumc.i11!1<1tn.. 

Rcrrimcd frnm I'(: .\ lag:mne ).rn. 12. I 9S~ . c. 1%7 l'.tl l \ :.,mniunirnuon' \ '.nnirdnv. 



Tandy Computers: 
Because there is 
no better value.™ 

and Professional DeskMate™ 

Now there's a simple, 
affordable approach 
to PC communications. 

Introducing a workgroup designed specifi
cally for small offices . Professional DeskMare 
sofrw are and "fandyLink will give your depart· 
ment an enormous boost in production and 
efficiency-without a heavy investment . 

Professional DeskMate combines the mosr 
valuable office applications in an easy-to-use 
integrati;:J fo rmat . You get rext process ing, 
spreadsheet analysis, ti ling, telecommunica· 
tions and l us iness graphics. 

Y~ TANDY 
~·> WORKGROUP
~ii\. SOLUTIONS TM 

And when you use this program in the 
T,,ndyLink workgro up, ~very employee can 
share information and work rogerher. 

Each user c:m transmit Professional 
DeskMate fi les co o r from o ther PCs in the 
workgroup. Exchange messagi:s. Keep a depart· 
menc phone list. Share appointment calendars 
and even a primer. 

No dedicated file server is needed. A 
TandyLink workgroup is user insca llable and 
operates easily on Tandy ~md orher IBM PC 
compatibles. For two stations, all you need is a 
simple RS-232 connection. For larger work
groups , ju5t add an inexpensive Tanclylink 
card to each compmer. 

The Profess ional DeskMare.:randylink con· 
nect ion turns indiv idua l produc ci vity into real 
teamwork power. Corne to a Rad io Shack 
CompU[er Center today for a demonstration. 

TandyLink™ 
put your PCs on speaking terms. 

ltad1e lhaeli 
COM PUTER CENTERS 

A DIVISION OF TANDY CORPORATION 

Circle 224 on Reader Service Card 




