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,- Darryl Rubin, Al Expert, on Turbo Prolog 

"Mostpewerful �
vers'op of �B�a�s�k�~� �~�v�e�r�"� 
-Ethan intr, PC Magazine; on Turbo Basic 

And able to leap �
onto "new ground · n the 
price/ erformanee arena'' 
-JohlkH. Mayer, Computer /)esign, 
on Turbo C 

�s�~ �~�l�i�e� technological �
excellence of Turbo C, �
J urbo Pascal and �
Turbo Basic! �

, Meet Turbo Prolog 2.0: 
tificial Tfifolligence like · · 

�o�u�~�v�e� never seen it! 



Turbo Prolog 2.0: Powerful Artificial 
Intelligence for your real-world applications! �

New Turbo Prolog" 2.0 lets you 
harness powerful Al techniques. 
And you don't have to be an expert 
programmer or artificial intelli­
gence genius! 

You get an all-new Prolog 
compiler that's been optimized to 
produce smaller and more efficient 
programs than ever before. An 
improved full-screen. completely 
customizable editor with easy pull­
down menus. All-new documenta­
tion. including a tutorial rich with 
examples and instructions to take 
you all the way from basic program­
ming to advanced techniques. Even 
online help! 

System Requ\rements For \he \BM PS/2 .. and the IBM® family or 
personal computers and all 100% compatibles. PC-DOS (MS-DOS) 2.0 or 
later . 384K R:\M. 

More new features! 
• �An external database system 

for developing large databases. 
Supports B+ trees and EMS 

• �Source code for a fully-featured 
Prolog interpreter written 
entirely in Turbo Prolog. Plus 
step-by-step instructions to adapt 
it or include it as is in your own 
applications! 

• Support for the Borland 
Graphics Interface, the same 
professional-quality graphics 
in Turbo Pascal. Turbo C. 
and Quattro 

• Improved windowing 
• Powerful exception handling 

and error trapping features 
• Full compatibility with Turbo C 

so the two languages can call 
each other freely 

• Supports multiple internal 
databases 

• High-resolution video support 

Just $149.95! 

60-Day Money-back Guarantee t 

For the dealer nearest you 
Call (800) 543-7543 

Circle 36 on Reader Service Card (DEALERS: 37) 

Turbo Prolog Toolbox is 
6 toolboxes in one! 

More than 80 tools and 8,000 
lines of source code help you build 
your own Turbo Prolog applications. 
Includes toolboxes for menus, 
screen and report layouts, business 
graphics, communications, file­
transfer capabilities. parser 
generators. and more! 

Toolbox requires Turbo Prolog 2.0 

Just $99.95 

" If 1had to pick one single 
recommendation for people who 
want to try to keep up with the 
computer revolution. I'd say, 
'Get and learn Turbo Prolog.' 

-Jerry Pournelle, Byte 1188 

An affordable, fast, and easy-to-use 
language. 

-Darryl Rubin, AI Expert " 

INTERNATIONAL 



The Critics Agree: �B�o�r�l�a�n�d�'�~� �

"Turbo C ... will stun you with in-RAM �
compilations that operate at warp speed." �

Turbo C's" sleek 
compiler is so fast 
and powerful, we 
used it to write our 
equation solver, 
�E�u�r�e�k�a�.�~� Even better. 
all that muscle is 
wrapped in a smooth, 

integrated environment with every­
thing you need to make writing, 
editing and compiling your programs 
a snap: 

• �Compiles 10.000 lines per minute* 
• �Online. context-sensitive help 
• �ANSI compatible 
• �Six memory models-tiny to huge 
• �450 library functions 
• Utilities: Librarian. Make. GREP 
• �Source code for MicroCalc �

spreadsheet �
• �Command-line version of the compiler 
• Inline assembly that lets you mix �

Cand assembler �

-Richard Hale Shaw, PC Magazine 

• �Professional-quality graphics library 
supporting VGA. CGA. EGA. Hercules. 
and IBM 8514 

• �Interfaces with Turbo Pascal 4.0 �
and Turbo Prolog �

Just $99.95 

" A lightning fast, fully featured C 
compiler suitable for almost every­
thing . . . Borland's Turbo Ccompiler 
is flexible. fast and friendly. 

-Peter Feldman, PC Week " 

Heap Sort 
Turbo C 1.5 Microsoft G5.0 

Compile time 4.7 sec. 16.3 sec. 

Compile & link 
7.4 sec. 19.5 sec.

time 

Execute time 10.5 sec. 15.5 sec. 

Obj ect code size 1119 1313 
··­

Exccu11011 size 6392 789 1 

Sort benchmark run on an 8 Milz IBM AT using Turbo Cversion 1.5 and 
th eTurbo Unker versi on 1.1; Microson. C version 5.0 and th e MS overlay 
linker version 3.61. 

"Turbo Pascal 4.0 flies �
4.0 is ballistic!" -Tam Swan, 

Almost from 
its introduction, 
Turbo Pascal" has 
been the world­
wide Pascal stan­
dard. It's fast. It's 
flexible. It's affor­
dable. And it 

gives you full control. 
Compile more than 27.000 lines 

of code per minute*. And work in a 
complete. integrated programming 
environment with pull-down menus 
and a full-featured editor. 

You don't have to swap code in 
and out to beat the 64K barrier: it's 
designed for large programs. Break 
your code into convenient modules 
and work with them swiftly and 
separately. If there's an error in 
one. you can see it and fix it. 

System Requirements F'or the IBM PS/ 2"' and theIBM«ifami!yor 
personal computers and all 100% compatibles. PC-DOS( MS-DOS) 2.0 or 
later. 384K RAM. 

t Cu:;iomer sallsfaction is our main concern: if within 60 days or purchase 
th is product does not perform in ao:ordance with ou r claims. ca ll our 
cu:;tomerservlcede partmenL.andwe wlllarranRearefun d. 

System Requirements For the IBM PS/ 2'.. and the IBM• ramily or All Borland (X\X!ucts are LratJemarKs or l"CGl:>tem:l tratJemark.s c1 &.'land lnter­
personal computers and all 100% compatlbles. PC-DOS (MS-DOS) 2.0 or nath1al. Ire:. OUer brand and Jl{Xluct names are trademarks c1 tJ"R!ir �m�;�p�c �c�t�i�~� 

later. 384 1< RAM . td<lcrs. O::pyright e 1988 Borland lnternatmal. Ire:. Bl 1231A 
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�~� Turbo Languages are Super! �

"Turbo Basic compiles faster than 
anything I have seen." -Ethan Wine1; PC Magazinelike a rocket ... 

1987 Programmer's Journal 

Powerful features include: 
• �Producing EXE files 
• �Separate compilation 
• Built-in project management 
• �Graph unit including support 

for IBM CGA. EGA. VGA. and 
3270. Hercules and ATI 6300 

• �Online. context-sensitive help 

*Run on an 8 MHz IBM PC AT. 

Add expertise: �
The Turbo Pascal Toolboxes �

Start with Turbo Pascal Tutor for 
just $69.95 and add the others as 
your interests and expertise grow: 

• �Database Toolbox 
• �Editor Toolbox 
• �Graphix Toolbox 
• �Numerical Methods Toolbox 
• �GameWorks 

Toolboxes require Turbo Pascal 4.0 

Just $99.95 each 

" Each new Turbo Pascal 4.0 Tool­
box is a virtual treasure of program­
ming methods and tips. 

-Giovanni Perrone, PC Week " 

Circle 34 on Reader Service Card 
(DEALERS: 35) 

Turbo Basic® is 
the lightning-fast 
Basic compiler 
with a total devel­
opment environ­
ment that puts you 
in full contra1. 
Even novices can 

write professional programs with 
Turbo Basie's full-screen windowed 
editor . pu II-down menus. and trace 
debugging system. You also get a long 
list of innovative Borland features 
like binary disk files. true recursion. 
and increased compilation control. 
Plus the ability to create programs as 
large as your system 's memory can 
hold-not just a cramped 64K. 

The choice is basic: Turbo Basic! 

Just $99.95! 

" Turbo Basic. simply put. is an 
incredibly good product . . . Not only 
is this the most advanced BASIC 
ever. but Borland has lived up to 
its Turbo tradition. 

-William Zachmann, Computerworld '' 

Add another Basic advantage: 
The Turbo Basic Toolboxes 

• �The Database Toolbox 
• �The Editor Toolbox 

Toolboxes require Turbo Basic 1.1 

Just $99.95 each. 

Syst em Requirements For lhe IBM PS/2'• and the �I�B �M �~� family of 
personal computers and all !00% compatibles. PC-DOS (MS-DUS) 2.0 or 
later. 384K RAM . 640K to compile toolboxes . 

Compare the BASIC differences 
�~�- Tu-rt1_o _Ba-sic 1. 1-
�~ �-�- �L�-�i�n �-�k� ­to--t---­

3 
- s-·ec-. ·­

I "'•d-•I""' "'' 
Size of .EXE 

-----+ 

�! �~�3 �~ �~�;� time 1 28387 

0.16 sec. 

tExecution time -
w/ o 80287 0.16 sec. 
---

Ou ickBASJC 4.0 Compiler 

7 sec. 

25980 

16.5 sec. 

286.3 sec. 

The Elkins Oplimizalion Benchmark program rrom March 1988 issue of Computer Language was used. The Program was run on an IBM 
PS/2 Model 60 with 80287. The benchmark tesw compiler s ability to optimize loop-invariant code. unused code. expression and condi­
li onal evaluation. 

OuickBAS JC 4.0 �l�n �t�e�r �p�r �e�t�e�~ �- --1 

-- =-J 
21. 5sec. 

292.3 sec. 
I 
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PRODUCTS IN PERSPECTIVE � 155 VM/386: A Virtual Solution 
by Namir Clement Shammas 
A multitasking program manager 
for 80386-based machines. 

89 � Short Takes �
Dell System 310, a fast 80386 163 Concurrent DOS 386 �
machine �

67 � What's New 

by Alex Lane 
UR/Forth 1.10, Forth under OS/2 This multitasking operating 
SoftPC, emulates an IBM PC XI system also supports additional 
in software terminals. �
EasyTalk, souping up �
the Toshiba laptop � 173 A Supercharger for BASIC 
Grand View, for planning Compilers 
and project managing by Namir Clement Shammas 
Forget-Me-Not, a calendar/timer ProBas subroutines add speed 
TSRprogram and power to Microsoft BASIC. 

181 Graphic Design for the PC AT 
FIRST IMPRESSIONS by Lamont Wood 

Designer bridges the worlds of 
103 Sun's Newest Workstation: drawing and bit-mapped images. 

the Sun386i 
189 Need Some Space? �

A microcomputer workstation �
by Tom Thompson 

by Diana Gabaldon 
that has Unix multitasking with Increase the capacity of your hard 
a window-based interface, disk with NewSpace. �
and can run several virtual �
MS-DOS PCs. �

COLUMNS 
111 IBM's OS/2 Extended Edition 

197 Computing at Chaos Manor: 
All the features of the Standard 
by Rich Malloy 

Dr. Pournelle vs. the Virus 
Edition, plus its own by Jerry Poumelle 
database manager and an array Jerry observes the West Coast 
of communications interfaces. Computer Faire and gives 

a prescription. 

211 Applications Only: 
From Shareware to Hyperware 

118 Product Focus: Fast Drives 

REVIEWS 

by Eua Shapiro 
Ezra looks at MindReader,for Modern Times 
PC-Write, the Pointing Device 

40-megabyte hard disks are Product Focus/118 Adapter, XHELP, and HyperDA. 
becoming standard equipment. 

217 Some Assembly Required: 
134 Outclassing the AT 

by Stan Miastkowski 

The Pitfalls of Porting, Part I 
by Rick Grehan �

Miastkowski �
by John Unger and Stan 

Our newest column illustrates 
A look at the strengths and the programming techniques 
weaknesses of systems from that underlie today's and 
Amdek, Arche Technologies, tomorrow's software, and gives 
Epson, Leading Edge, you lots of useful, hands-on 
and PC's Limited. code besides. 

147 Seeing Colors on the Mac SE 
by Don Crabb 
With the ColorVue SE, the Mac �
SE shows its true colors. �
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226 � Introduction: Multitasking 

229 � Fair Share 
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some directions for HAL's use. 
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by Scott Robert Ladd 
Turbo Pascal has everything you 
need to craft your own TSRs. 
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EDITORIAL • Fred Langa 

DRIBBLEWARE �
BYTE polls COMDEX 
attendees on which 
operating systems will 
become dominant 

W 
hile we were at the Spring 
COMDEX in Atlanta, we 
asked attendees, "Which 
operating system will be 

dominant 5 years from now?" The 
answer we received was surprising-so 
surprising, in fact, that newspapers all 
over the country picked up the story. 
(You may have seen a brief summary in 
your local newspaper.) Here's the full 
story. 

The poll was carefully worded to avoid 
stacking the deck one way or the other. 
For example, the ballot specifically 
named several prominent operating sys­
tems: the Macintosh's, DOS, OS/2, and 
two different flavors of Unix (traditional 
command-line Unixes and the new 
graphical-interface Unixes like "Open 
Look"). We also included an "other" 
category, so that respondents could name 
a less popular operating system. 

We collected over 5000 ballots: OS/2 
and DOS each garnered about 1600 
votes, the Unixes captured roughly 1300, 
the Mac got a little over 200, and "other" 
racked up some 500 votes. 

In plain terms, there was no winner. In 
a random poll such as this, variations of a 
few hundred votes are meaningless: It's 
fair to say that DOS, OS/2, and the 
Unixes finished in a dead heat. 

The Mac's poor showing is not signifi­
cant. Apple didn't exhibit at COMDEX, 
so I take the Mac's low numbers in the 
poll to be more indicative of Apple's ab­
sence rather than low confidence in the 
Mac as a viable machine. A poll at a 
MacWorld Expo would undoubtedly 
show MultiFinder and A/UX ranking 
among the contenders. 

BYTE • JULY 1988 

No Aberration 
The poll results were borne out on the 
show floor, where there was no flood of 
OS/2 software (a COMDEX joke re­
ferred to the few true OS/2 programs as 
"dribbleware"). All the major software 
companies are working on OS/2 prod­
ucts, but much of the software being 
shown was very, very far from finished. 

The general feeling at COMDEX was 
that OS/2 is indeed coming, but that it is 
likely to be one of the dominant operat­
ing systems rather than the dominant sys­
tem. Why? 

One answer lies in the large number of 
generally satisfactory alternatives to 
OS/2. For example, when I asked soft­
ware developers what they were looking 
for in OS/2, the almost unanimous 
answer was "access to big memory," 
with multitasking a distant second, and 
Presentation Manager's graphical prow­
ess an even more distant third. 

Of course, Unix already offers multi­
tasking and access to major-league mem­
ory. Such programs as Phar Lap's 386/ 
DOS-Extender-and even the somewhat 
clunky Lotus/Intel/Microsoft 4.0 stan­
dard-also give you access to large mem­
ory; other alternatives like PC-MOS/ 
386, VM/386, and Concurrent DOS 386 
(the latter two are reviewed in this issue) 
let you multitask your current DOS pro­
grams. Also, programs like Windows 
give you a serviceable graphical interface 
without having to wait for Presentation 
Manager. 

In some cases, you don't even need a 
DOS alternative, shell, or extender for 
extraordinary flexibility. As I write this, 
I'm also simultaneously downloading my 
morning BIX mail and messages while 
printing out my daily schedule. Simple 
multitasking like this is no big deal. All it 
takes is my word processor, a back­
ground telecommunications program, a 
print spooler, and plain old DOS 3 .1. 

Even at this point, you probably al­
ready can see why there's no clear win­
ner in the operating-system wars. But it 

gets even more muddled. 
For example, there's the next upgrade 

of DOS waiting in the wings. It probably 
will overcome some of the fundamental 
limitations of the current DOS (like the 
32-megabyte cap on hard disk size)-but 
the new DOS' s file structure probably 
will be incompatible not only with cur­
rent DOS, but with OS/2 as well. 

It's a safe bet that Microsoft will also 
offer an 80386-specific version of 
OS/2-one not hampered by the 80286's 
internal limitations (like the inelegant 
and time-consuming "soft reboot" it uses 
to switch from protected to real mode). 

Who's on First? 
All this is confusing for end users and a 
nightmare for software developers. In­
stead of one or two or even three major 
standards, we're facing a future with up 
to a dozen viable ways to boot and run an 
Intel-family machine, plus at least three 
different ways to boot and run a Mac. 
And that's not even looking at the many 
excellent smaller operating systems. 

That's why our poll shows no clear 
winners. For better or worse, you and I 
are going to have to cope with and sort 
out more choices, more options, and 
more incompatibilities than ever before. 

Of course, a multiplicity of standards 
increases the need for objective informa­
tion on competing standards, and that's 
BYTE's specialty. You can count on our 
broad, non-machine-specific coverage to 
help you sort through this morass of 
choices and to help you match the right 
hardware and software to the job at hand, 
regardless of brand. 

For your copy of our COMDEX re­
port, or for reports of PC Expo or the up­
coming MacWorld, please send $3 to: 
Show Report, BYTE, One Phoenix Mill 
Lane, Peterborough, NH 03458. Be sure 
to specify which show report you want 
and to include a return address. 

-FredLanga 
&Jitor in Chief 

(BIX name ''flanga") 
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