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Turbo Pascal

e frequently

surprise people

with inventive,
imaginative software,
and people frequently
surprise us with the way
theyuse it.

For example, you'll
§ read on this page how
Michael J. Watkins of the
Petroleum Technology
Center in Houston, Texas,
used Turbo Pasca.F’ (and Turbo Graphix Toolbox”
and Turbo Tutor®) to cut down the tedium and
time in creating Circular Performance Profile
Charts (CPPCs).

We didn't know they existed, but you learn
something new every day!

Applications like CPPCs might not fit your
exact needs, but at the same time they might
stimulate fresh ideas in your mind about how you
can put Turbo Pascal and the Turbo Pascal family
to work for you.

And thank you for your interest in and
support for Borland International.

Philippe Kahn,
President, Borland International

INSIDE STORIES!

B Turbo Pascal 3.0, already described by PC Magazine as “Language
deal of the century,” is now an even better deal than that, because we've
included the most popular options (BCD reals and 8087 support).

What used to cost $124.95 is now only $99.95!

B Completely new Turbo Tutor 2.0 now available. New software. New
manual. New split screens. New quizzes. Only $39.95. Upgrades
available under Borland's "Almosi-Free" upgrade plan. Details inside.

LATE NEWS!
W June/July Special Artificial Intelligence Issue of The Micro Technical
Journal says, *Turbo Prolog looks like it's going to be a winner, for both
the beginner and professional programmer.”
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deliberately

programmed to go
around in circles

Circular charts (or
CPPCs) are used by Michael
dJ. Watkins of the Petroleum
Technology Center in
Houston, Texas, to plot &
single performance property
for & large number of
elastomers, which have
elastic, rubber-like properties.

Mr. Watkins wrote us
saying, “Because CPPCS
condense & lot of data in one
graphic, they can be very
tedious and time-consuming
to draw.”

What he did to solve
those problems was to write &
Turbo Pascal program for
IBM® personal computers to
“generate these charts
quickly and easily.”

He used Turbo Pascal
“because it has a companion
set of very powerful graphics
programs (Turbo Graphix
Toolbox) which greatly
simplifies the required
programming,

Turbo Pascal is not &
difficult language to use and
can be easily learned by
persons who can program In
FORTRAN or BASIC. An
excellent tutorial (Turbo
Tutor) is available for the
novice or experienced
programmer. The Turbo
Pascal products are also very
moderately priced.”




Turbo Pascal® 3.0
“For the IBM FC, the benchmark
Pascal compiler is undoubtedly
Borland International’s Turbo
Pascal" says Gary Ray of PC
Week. We and more than 500,000
other people around the world
think Mr. Ry got that right.
Since launch, Turbo Pascal has become the de facto
worldwide standard in high-speed Pascal compilers.
Described by Jeff Duntemann of PC Magazine as the
“Language deal of the century,” Turbo Pascal is now
an even better deal than that—because we've included
the most popular options (BCD reals and 8087 support,).
What used to cost $124.95 is now only $99.95| You now
get a lot more for a lot less: the compiler, 8 complete-

ly integrated programming environment, and BCD
reals and 8087 support—all for 8 suggested retail of
only $99.95.

Borland’s Business Productivity Programs:

Retlex: The Analyst™ Analytical database manager. Provides complete new look at
data ngrranally hidden by programs like 1-2-3° and dBASE.® Best report generator
for 1
\E \N\ Reflex Workshop™ Important new addition to Reflex: The Analyst. Gives you 22

diflerent templates to run your business right.
Sidekick™ Complete RAM-resident desktop management includes notepad, dialer,
calculator and more.
Traveling SideKick™ Electronic version of business/personal diaries, daytime
organizers; works with your SideKick files; important professional tool.
SuperKey™ Keyboard enhancer. Simple macros turn 1000 keystrokes into 1. Also
encrypts your files to keep confidential files confidential.

Borland’s Electronic Relerence Programs:
Turbo Lightning” Works with all your programs and checks your spelling while
you type! Includes 80,000-word Random House® Concise Dictionary and 50,000-
word Random House Thesaurus. Forerunner of Turbo Lightning Library.
Lightning Word Wizard™ Includes ingenious crossword solver and Six other word
challenges. If you're into programming, Lightning Word Wizard is also a development
toolbox and the technical reference manual for Turbo Lightning.
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Turbo Tutor® R.0

Just released (July '86), the new
Turbo Tutor can take you from
“What's & computer?” on
through to complex data
structures, assembly languages,
trees, tips on writing long
programs in Turbo Pascal, and &
hlgh level of expemse Source code for everything is
included. New split screens allow you to put source text
in the bottom half of the screen and run the examples
in the top half. There are quizzes that ask you, show
you, tell you, teach you. You get a 460-page manual—
which is not as daunting as it sounds, because unlike
many software manuals, it was not written by oran-
gutans. (With our all “almost-free” upgrade, you can
upgrade to Turbo Tutor R.0 by sending us your master
diskettes, proof of purchase, and $10.00, which covers
shipping and handling.) Suggested retail: $39.95.

Turbo Editor Toolbox™
Recently released, we called our
new Turbo Editor Toolbox &
“construction set to write your
own word processor.” Peter

- Feldmann of PC Magazine
covered it prety well with, “A
‘write your own word processor’
program for intermediate level programmers, with lots
of help in the form of prewritten procedures covering
everything from word wrap to pull-<down windows.”
Source code is included,
and we also include
MicroStar, & full-
blown text editor with
pull-down menus :
and windowing. It
interfaces directly
with Turbo Lightning
to let you spell-check
your MicroStar files. Jerry Pournelle of BYTE
magazine said, “The new Turbo Editor Toolbox Is the
Turbo Paseal source code to just about anything

you ever wanted & PC-compatible text editor to do.”
Suggested retail: $69.95.

All Borland products are registered lrademarks or trademarks of Borland tnlernalional, Inc. or
Borland/Analylica, Inc. 1-2-3 is a regislered trademark of Lolus Development Corp. dBASE is a registered
trademark of Ashton-Tale. Random House is a registered trademark of Handom House, Inc. Hercules i 5
trademark ot Hercules Computer Tech. IBM, AT, XT, and PCir are regi d trademarks of |

Business Machines Corp.  Copyright 1986 Borland Internalionat  Bi-1067




Turbo GameWorks™
Also recently released, Turbo
GameWorks is what you think it is:
“Games” and “Works.” Games you
can play right away (like Chess, /
Bridge and Go-Moku), plus the ’
Works—which is how computer ¢
=& games work. All the secrets and
strategies of game theory are there for you to learn. You
can play the games “as is” or modify them any which way
you want. Source code is included to let you do that, and
whether you want to write your own games or simply play
the off-the-shelf games, Turbo GameWorks will give hours
of diversion, education, and intrigue. George Koltanowski,
Dean of American Chess,

Turbo Database Toolbox™

A perfect complement, to Turbo Pascal, because it
contains & complete library of Pascal procedures

and former President, that allows you to search and sort data and buld
United States Chess | powerful database applications. Having Turbo
Federation, reacted to EEAEESS  Database Toolbox means you don't have to reinvent
Turbo CameWorks like the wheel each time you write & Turbo Pascal program. It comes with
this. “With Turbo source code for & free sample database—right on disk. The database can

! ; be searched by keywords or numbers. Update, add, or delete records as
GameWorks, you re on needed. Just compile it and 1t's ready to go to work for you. Suggested
Jyour way to becoming & retail: $69.95.
master chess player,” and - e
Kit Woolsey, writer, author, and twice Champion of the _ Technlcal Specilications: _

. . « s TURBO PASCAL 3.0 Minimum memory:128K; includes 8087 and BCD features for 16-bit MS-DOS and
Blue Ribbon Pairs, wrote, " Now plgy the world's most CP/M-86 systems. CP/M-80 version minimum memory: 48K; 8087 and BC fealures not available
pOpUl&P O&I’d game— .&’ldge ...even pI’OgT&m yOUI’ own TT#g:gaDg;;%ASEla{OOLBOX Minimum memory: 128K. CP/M-80 minimum memory: 48K. Requires
N .U or later.

bidding or scoring conventions.” Suggested retail: $69.95. TURBO GRAPHIX TOOLBOX* Minimum memory: 192K. Requires PC/MS-DOS 2.0 or ater, Turbo

Pascal 3.0, and IBM CGA, Hercules Monochrome Card or equivalent.
TURBO TUTOR 2.0 Minimum memory: 192K. CP/M-80 version minimum memory 48K. Requires
PC/MS-DOS 2.0 or later and Turbo Pascal 3.0.

Turbo Graphix Toolbox™ TURBO EDITOR TOOLBOX* Mirimum memory: 192K. Requires PC/MS-DOS 2.0 or laer and Turbo
Pascal 3.0.
It includes & hbr&ry of graphlcs routines for Turbo TURBO GAMEWORKS * Minimum memory: 192K. Requires PC/MS-D0S 2.0 or later and Turbo
Pascal programs. Lets even beginning programmers Pascal 3.0.
create thh-PeSOluﬂlOD gp&pmcs with an :[BM, TURBO PROLOG* Minimum memory: 384K.
4 REFLEX: THE ANALYST* Minimum memory: 384K. Requires IBM CGA, Hercules Monochrome Card
Hercules, or compa,t.lble graphlos adapter. Our ; or equivalen!. Works with Intel's AboveBoard-PC and -AT; AST's RAMpage! and RAMpage! AT;
Turbo Graphix Toolbox includes all the tools you'll Quadram's Liberty-PC and -AT; Tecmar's 640 Plus; IBM's EGA and 3270/PC; AT&T's 6300 and
b 1 ever need for complex business graphics, e many olners.
eed omp I grap ! lasy REFLEX WORKSHOP* Minimum memory: 384K. Requires Reflex: The Analyst. Two disk drives or hard
windowing, and storing screen images to memory. It comes complete disk recommended.
with source code, ready to compile. Suggested retall: $69.95. TURBO LIGHTNING* Minimum memory: 256K. Two disk drives required. Hard disk recommended.

LIGHTNING WORD WIZARD* Minimum memory: 256K. Requires Turbo Lightning. Turbo Pascal 3.0
required to edit source code.

SIDEKICK* Minimum memory: 128K.

TRAVELING SIDEKICK* Minimum memory: 256K.

SUPERKEY* Minimum memory: 128K.

*For IBM PC, AT, XT, PCjr and true compatibles only, running PC/MS-DOS 2.0 or later.

Recagnition for Borland International has come from business, trade, and media, and includes both product
awards and awards for technical excellence and marketing. Borland was named “Company of the Year" by
PC Magazine; Sidekick, the #1 best seller for the IBM PC, was named “Product of the Year” by InfoWorld;
Turbo Pascal was selected one of PC Week’s Top 10 Products for 1984, SuperKey won one of PC
Magazine's “Best of 1985" awards; Reflex, The Analyst was recognized in the “Software Products of the
Year” awards by InfoWorld; and Reflex and SideKick were both nominated for British Micro Awards in 1986.



Step-by-step tutorial, demo programs with source code included!

Borland’s new Turbo Prolog is the
powerful, completely natural
introduction to Artificial Intelligence

Prolog is probably one of the °
most powerful computer program-|

ming languages ever conceived,
which is why we've mads it our

second language—and “turbo-

charged” it to create Turbo Prolog.”
Our new Turbo Prolog, the natural
language of Artificial Intelligence,

IBM® PC and introduces you stepby- =

gtep to the fascinating new world of
Artificial Intelligence. And does all

this for an astounding $99.95.
Turbo Pascal the way you
Turbo Prolog is to Even if you've never mu%mm Turbo Pascal to
Prolog what Turbo programmed befors,  R2cHune language.
Pascal® is to Pascal! our free tutorial will You get the complete
Our Turbo Pascal astonished ~ get you started right away Turbo Prolog
everyone who thought of Pascal You'll get atarted right away programming system
ai Just gnaﬁtltlsr lang\éaee. ‘ge N because we have included a for only $99.95
change at—and now Turbo - complete step-bystep tutorial 8 Yoy get, a complete Turbo
Pascal 1s the de facto worldwide  part of the 200-page Turbo Prolog P[ologgdevelopmgnb gystem
standerd, with hundreds of Reference Manual Our tutorlal  ncluding:
thousands of enthualasts  will take you by the hand and u The lightning-fast Turbo Prolog
""" 8 endusersin teach you everything youre lkely  jneremental compller and the
| universities, o need to know about Turbo interactive Turbo Prolog editor.
| research Prolog and artificlal intelligence.  w The 200-page reference
| centers, For example: once you've manual which includes the step-
| schools, completed the tutortel, youll b by gten Turbo Prolog tutortal
andwith pro-  able to deslgn your own expert. g The free GeoBage™ naturl
fessional program-  gystems utilizing Turbo Prologs  query language database
4=~ Iners, sludents,  powerful problem-olving including commented source
and hobbyists. capabilities. code on disk—ready to complle.
You can expect &k least the Think of Turbo Prolog as & GeoBase 1s a complete database
same impact from Turbo Prolog,  high-gpeed electronic detective. deslgned and developed & und
because while Turbo Prolog 1s the - Firt you feed & information and 15, geography. It includes cities
mogt revolutionary and natural  teach 1t rules. Then Turbo Prolog  mountains, rivers, and highways,
Pm@’mlm’:ié 13-;73“53& 1t18also  “thinks” the problemth ugh  gnd comes complete with natural
a complete development environ-  and comes up with all the ery language. Use GeoBase
ment—just like Turbo Pascal reasonable answers—almost qlrlrlm?edlawly “a8 15" or modify 1t
Minimum memory: 384K {nstantly. to fit. your own interests.
If you think that this is 8o don't delay—don't waste &
&6 Turbo Prolog offers 8IMazIng, you just need to second—get Turbo Prolog now.
generally the fastest and remember that Turbo Prolog 188 $99,95 1 an amazingly small
most approachable imple- o Generauon anguage—and - price to pay to beeome an
D D the kind of language that 818t immediate authority—an nstant
mentation of Prolog, century computers will use expert on artificla. intelligence!
Darryl Fudin, gy routinely. In fact, you can The 218t century is only one
Al Bxpert 27 compare Turbo Prolog to i b e

[ ] l | want [ ]
¢ the best [ |
For credit card orders l
or the dealer nearest you
call (800) 255-8008
- in CA call (800) 742-1133 =
Copies Product Prics Totals
__ Tuto Proiog $99.95 § [ |
—_ Reflex: The Asalyst 14995 § ]
T Ridinied 69.95° § g
S eliex, Reflex Workshop 199.95" §
: B oo pasca 30 w055 3 [ |
wi8087 & 8CD &
—_ Tubo Pascal for CPIM-80 6995 § 8
__ Tubo Database Tootor 69.95 § [ ]
__ Tuto Gaohix Toobbox 69.95 §
__ Tuto Totor 2.0 3995 § ]
; ([ — 7o oor Toobox 6995 § 2
__ Tuto GameMrts 69.95 §
B s i 9995 § [ ]
— Uightning Word Wizart 69.95 § [ |
— Tubo U
[ mngmm Wizard 14995 § [
B _ s 8495 §_ [ |
- ;Zm SidelGick 69.95* § =
_ [ b Traveling Sidekick 12500 § 9
— Supeskey 6995 § s
] . Outside USA add $10 per copy .
CA and MA res. add sales tax $
S0 o ercos ) [ |
Prices inchde Shipping (0 all US cities. [ |
4§ . Carelully describe your camputer systet .
E .Minei: —_8-bit _ 16-bit .
| g /Use _PC-00S _ CPIM-80 _MS-00S _ CPIM-86
3 . My compuler’s name and model is: =
i . The disk size fuse iss O 3% D 5% O 8" .
(g VS M Mo o @
E Credit card expiration date —/
B 0
10 LLr it rrrim
ol | NoT copy PROTECTED _ GF15 [l
1 **60-DAY MONEY-BACK GUARANTEE ]
; Name:
O a
2p: .
[ |

. CaDS and purhase orders WILL NOT be accepled by Borand. [l
QOuiside USA make payment by bank draft, payable in US doliars

. drawn on a US bank.
Limited Time Ofer until Seplember 1, 1986.

““YES, if within 60 days of purchase you find that this product .
does not pertorm in accordance with our claims, call owr .
cuslomer service depatent and we will pladlly aTage

. a relund. .

Prices subject to change without nolice.

Turbo Profog 1.0 Technical Specilications
. Complier: incremental compiler generating nalive in-line code
and finkable object modules. The linking formal includes a linker
. and is compatible with the PC-DOS linker. Large memory mode!

suppont. Compiles over 2500 lines per minule on a Slandard

18M PC. . [ |

Interactive Editor: The system includes a powertul interactive

text editor. If the compiler delects an eno, the editor .
. aulomatically posikions te cursor approprialely in the sowrce .

code. At run-time, Turdo Prolog programs can call the editor,

and view the running progrm'’s sowce code.
Type System: A llexible objeci-oriented lype system is
. suppoited.

Windowing Support: The sysitem supports both graphic and
fext windows.
InputiQuiput: Full 110 faciliies, including lormated /0,
streams, and random access fifes.
Numeric Rangas: integers. —32767 to 32767; Reals:
1€—307 10 1€4-308.
Debugging: Complete built-in trace debugging capabilitie:
allowing single stepping of programs. "

4585 SCOTTS VALLEY ORIVE
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NTERNATIONAL (408) 438-8400 TELEX: 172373

Inquiry 42 for End-Users. Inquiry 43 for DEALERS ONLY.
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SIMILARITY MAPPING by Rob Spencer . .. ... ... ... e 85

This Microsoft BASIC program for the Macintosh can create "maps” from tables of
distance data.

CIARCIA'S CIRCUIT CELLAR: PARALLEL INTERFACING:

A TUTORIAL DISCUSSION, PART 2: APPLICATIONS by Steve Ciarcia .................. 97
Steve briefly looks at some specific interface adapters.

THE DEFINICON 68020 COPROCESSOR, PART 2: SOFTWARE SUPPORT

by Trevor Marshall, Christopher Jones, and Sigi Kluger. ... ......................... 108

The conclusion of this article focuses on the software available for the DSI-020
coprocessor board for IBM PC XTs, ATs. and work-alikes.

MATHEMATICS OF PROGRAMMING by CA.R. Hoare .. ... ... ... ... ... .......... 115
Programs written using mathematical laws promise significant benefits.
PROGRAMMING INSIGHT: POLAR NORMAL DISTRIBUTION by Alain Latour. .. .......... 131

This complex method of generating normal deviates offers distinct advantages.

THEME: OBJECT-ORIENTED LANGUAGES

INTRODUCTION . . it e e e e e e e 136
ELEMENTS OF OBJECT-ORIENTED PROGRAMMING by Geoffrey A. Pascoe. . . . . . .. - 139
An analysis of just what makes a language object-oriented.

A SMALL TASTE OF SMALLTALK by Ted Kaehler and Dave Patterson. .. ............... 145

An introduction to programming in the oldest of the object-oriented languages.

OBJECTS, ICONS, AND SOFTWARE-ICS by Brad Cox and Bill Hunt . .................. 161
Reusable software components help designers achieve pleasant user interfaces.

OBJECT-ORIENTED LANGUAGES FOR THE MACINTOSH by Kurt |. Schmucker .. .......... 177
A look at seven languages and their features.
MACAPP: AN APPLICATION FRAMEWORK by Kurt |. Schmucker ... .................. 189
A tool for Macintosh applications developers is soon to be released.
PROGRAMMING EXPERIENCES by Larry Tesler. . . .......... .. ... ... .. ... ........ 195
Interviews with satisfied users of object-oriented languages.
DESIGNING AN EFFICIENT LANGUAGE by Charles B. Duff .. ....................... 211
The architect of Neon—and more recently, Actor—discusses his design philosophy.
OBJECT-ORIENTED FORTH by Dick Pountain . . .. .......... ... ... ... ........... 227
Incorporate a new object-oriented mechanism into FORTH programs.
REVIEWS

Jovsimustuniisasnmiy)
INTRODUCTION . . . . o e e e e 236
REVIEWER'S NOTEBOOK by Jon Edwards .. ........... ... . ... ... ... oiin.. 239
THENCR PC6 by Arthur Little. . . ... ... e 241
A robust IBM PC compatible with two clock rates,
THE SPERRY PCIIT by Frederick D. Davis . . . .......... ... i . 247

A fast IBM PC AT-compatible machine designed for multiuser applications.

BYTE (ISSN 0360-5280) is published monthly with one extra issue per year by McGraw-Hill Inc. Founder: James H. McGraw (1860-1948). Executive. editorial.
circulation. and advertising offices: One Phoenix Mill Lane. Peterborough. NH 03458. phone (603} 924-9281. Office hours: Monday through Thursday
8:30 AM — 4:30PM, Friday 8:30 AM — 1:00 PM. Eastern Time. Address subscriptions to BYTE Subscriptions, PO. Box 590. Martins ille. N} 08836. Postmaster:
send address changes, USPS Form 3579, undeliverable copies. and fulfillment questions to BYTE Subscriptions. PO. Box 596. Martins ille. NI 08836
Second-class postage paid at Peterborough. NH 03458 and additional mailing offices. Postage paid at Winnipeg. Manitoba. Registration number 9321
Subscriptions are S21 for one year. $38 for two years, and S55 for three years in the US. and its possessions. In Canada and Mexico. $23 for one year.
Sa2 for two years, S61 for three years. S69 for one year air delivery to Europe. 31.000 yen for one year air delivery to Japan. 15.600 yen for one year
surface delivery to lapan, $37 surface delivery elsewhere. Air delivery to selected areas at additional rates upon request. Single copy price is $3.50 in
the US. and its possessions. $4.25 in Canada and Mexico. $4.50 in Europe. and S5 elsewhere. Foreign subscriptions and sales should be remitted in
US. funds drawn on a US. bank. Please allow six to eight weeks for delivery of first issue. Printed in the United States of America.

COVER PAINTING BY ROBERT TINNEY



HUIIEA u M

DESMET C DEVELOPMENT PACKAGE FOR THE MACINTOSH by Jonathan Robie. . ... ... .. 253
An inexpensive but fast C compiler.

TOPSI 2.0 by Leonard Moskowitz . ... ... ... .. ... . 261
An MS-DOS version of the OPS5 production system language.

LET'S C AND ¢SD by William G. Wong . . ... ... ...t 267
A software package and a symbolic debugger for learning and developing programs in C.

NEWWORD 3 by John Heilborn and Nanci Reel .. .......... ... ... ... ... ....... 273
This latest NewWord is faster than its previous versions.

REFLEX by Rusel DeMaria . .. ... ... oo e 277
An analytical database loaded with unique features.

GURUbY Ernest R. Tello . ... ... ... . e e 281
Powerful, integrated software with an expert-system shell.

THE DATRAN MODEM ACCELERATOR by Barry Nance . .......................... 289
An add-on board and software combination that compresses text files.

REVIEW FEEDBACK . . . .. .. ottt e e e e 295

Readers respond to previous reviews.

KERNEL

INTRODUCTION 296

COMPUTING AT CHAOS MANOR: OFF WE GO by Jerry Pournelle . . . ................. 299
Jerry visits the Air Force Academy and the West Coast Computer Faire.

APPLICATIONS ONLY: MORE WORDS by Ezra Shapiro .......................... 319
The flood of word processors for MS-DOS machines continues.

ACCORDING TO WEBSTER: GOING TO THE FAIRE by Bruce Webster . . . ............... 323
Bruce also makes trips to Commodore and Atari.

BYTE JaPAN: FuiTsu PROCESSOR UPGRADE by William M. Raike . .. .............. 329
This upgrade could make UNIX-based systems more common in Japan.

MATHEMATICAL RECREATIONS: NUMBER GAMES by Robert T. Kurosaka .............. 333

Old tricks can be explored much easier with a computer.

BEST OF BIX

AMIGA. ... ... .. ... ... ... ... .. 344 MACINTOSH . . .. ........ovtnn. 354
ATARL ST.................... 347 OBJECT-ORIENTED PROGRAMMING
IBM PC AND COMPATIBLES . . . . .. 351 LANGUAGES ................... 357
EDITORIAL: CirculT CELLAR FEEDBACK . ......... 54
PROGRESS ON SOURCE CODE LISTINGS . .6 BOOK REVIEWS « -+« o oo 63
MICROBYTES .. ..o 9 EVENTQUEUE . .. ... 78
LETTERS ...\ 14 CHAOS MANOR MAIL -+« oo 341
WHATS NEW .. ..o 29 Disks AND DOWNLOADS . . . ... ... .. 405
CLuBs AND NEWSLETTERS . . . . .. .. ... 48 BYTE'S ONGOING MONITOR BOX,
FIXESANDUPDATES . . . .. .......... 49 BOMB RESULTS .. ............. 406
AsKBYTE ... ... ... ... ..., 50 READER SERVICE . .. ............. 407

Address editorial correspondence to: Editor. BYTE. One Phoenix Mill Lane. Peterborough. NH 03458. Unacceptable manuscripts will be returned if
accompanied by sufficient postage. Not responsible for lost manuscripts or photos. Opinions expressed by the authors are not necessarily those of BYTE.
Copyright © 1986 by McGraw-Hill Inc. All rights reserved. Trademark registered in the United States Patent and ‘rademark Office. Where necessary.
permission is granted by the copyright owner for libraries and others regtstered with the Copyright Clearance Center (CCC) to photocopy any article
herein for the flat fee of $1.50 per copy of the article or any part thereof. Correspondence and payment should be sent directly to the CCC. 29 Congress
St., Salem. MA 01970. Specify ISSN 0360-5280/83. $1.50. Copying done for other than personal or internal reference use without the permis-
sion of McGraw-Hill inc. is prohibited. Requests for special permission or bulk orders should be addressed to the publisher. BYTE is available
in microform from University Microfilms International. 300 North Zeeb Rd.. Dept. PR. Ann Arbor. M! 48106 or 18 Bedford Row. Dept. PR.
tondon WCIR 4El. England.
Subscription questions or problems should be addressed to: BYTE Subscriber Service. PO. Box 328. Hancock. NH 03449

SECTION ART BY PHILIPPE WEISBECKER

VOLUME 11, NUMBER 8, 1986

296

AUGUST 1986 * BYTE

3



EVIL

SENIOR VICE PRESIDENT/PUBLISHER
HARRY L. BROWN
EDITOR IN CHIEF
PHILIP LEMMONS

MANAGING EDITOR, BYTE
FREDERIC S. LANGA

EXECUTIVE EDITOR, BIX
GEORGE BOND

ASSISTANT MANAGING EDITOR
GLENN HARTWIG

CONSULTING EDITORS

STEVE CIARCIA

|ERRY POURNELLE

EZRA SHAPIRO

BRUCE WEBSTER

SENIOR TECHNICAL EDITORS
JON R. EDWARDS. Reviews

G. MICHAEL VOSE, Themes
GREGG WILLIAMS, Features
TECHNICAL EDITORS

DENNIS ALLEN

RICHARD GREHAN

KEN SHELDON

GEORGE STEWART

JANE MORRILL TAZELAAR

ToM THOMPSON

CHARLES D. WESTON

EVA WHITE

STANLEY WSZOLA

ASSOCIATE TECHNICAL EDITORS
CURTIS FRANKLIN, |R.. Best of BIX
MARGARET COOK GURNEY, Book Reviews
BRENDA MCLAUGHLIN, Applications Software Reviews,

San Francisco

COPY EDITORS

BuD SADLER. Chief
FAITH HANSON
NANCY HAYES
CATHY KINGERY
PAULA NOONAN
WARREN WILLIAMSON
JuDY WINKLER

ASSISTANTS

PEGGY DUNHAM, Office Manager
MARTHA Hicks

JUNE N. SHELDON

NEWS AND TECHNOLOGY

GENE SMARTE, Bureau Chief. Costa Mesa

RICH MALLOY. Senior Technical Editor, New York
PHILLIP ROBINSON, Senior Technical Editor, San Mateo
CINDY KIDDOO. Editorial Assistant. San Francisco
ASSOCIATE NEWS EDITORS

DENNIS BARKER, Microbytes

CATHRYN BASKIN, What's New

ANNE FISCHER LENT, What's New

CONTRIBUTING EDITORS

JONATHAN AMSTERDAM, programing projects
MARK DAHMKE. video. operating systems
MARK HAAS, at large

RIK JADRNICEK, CAD., graphics. spreadsheets
ROBERT T. KUROSAKA, mathematical recreations
PHIL LOPICCOLO. computers in medicine
ALASTAIR |. W. MAYER, software

ALAN R. MILLER, languages and engineering
Dick POUNTAIN, UK.

ROGER POWELL. computers and music
WILLIAM M. RAIKE, lapan

ART

NANCY RICE, Art Director
JAN MULLER, Art Assistant
ALAN EASTON, Drafting

PRODUCTION

DAVID R. ANDERSON, Production Director
DENISE CHARTRAND

MICHAEL ). LONSKY

VIRGINIA REARDON

TYPOGRAPHY

SHERRY MCCARTHY. Chief Typographer
LEN LORETTE

DONNA SWEENEY

SENIOR EDITOR

DAvID BETz

ASSOCIATE EDITORS

‘ToNY LOCKWOOD

DoONNA OsGOOD. San Francisco

BUSINESS AND MARKETING

DouG WEBSTER, Director, {603) 924-9027
PATRICIA BAUSUM, Secretary

BRIAN WARNOCK, Customer Service

DENISE A. GREENE, Customer Service
TAMMY BURGESS, Customer Credit and Billing

TECHNOLOGY

CLAYTON LISLE, Director, Business Systems Technology. MHIS

BiLL GARRISON, Business Systems Analyst
JACK REILLY, Business Systems Analyst
LINDA WOLFF, Senior Business Systems Analyst

ADVERTISING SALES

DENNIS |. RILEY, Director of Sales and Marketing
SANDRA FOSTER, Administrative Assistant
ADVERTISING/PRODUCTION (603-924-6448)
LisA WOzZMAK, Supervisor

ROBERT D. HANNINGS, Senior Account Coordinator
MARION CARLSON

KAREN CILLEY

LvbA CLARK

MICHELE JACKSON

WAI CHIU LI, Quality Control Manager

JULIE MURPHREE. Advertising/Production Coordinator
MARKETING COMMUNICATIONS

HORACE T. HOWLAND, Director (603-924-3424)
Vickl REYNOLDS. Promotion Manager

LISA o STEINER, Marketing Assistant
STEPHANIE WARNESKY, Marketing Art Director
SHARON PRICE. Associate Art Director

WILBUR S. WATSON, Operations Manager. Exhibits
RESEARCH

PATRICIA AKERLEY, Research Manager

JULIE PERRON, Market Research Analyst

PLANNING AND DEVELOPMENT/PUBLIC RELATIONS
(603-924-7255)

MICHELE P. VERVILLE, Manager

FAITH KLuntz, Copyrights Coordinator

FINANCIAL SERVICES

PHILIP L. PENNY, Director of Finance and Services
KENNETH A. KING, Business Manager
CHRISTINE LEE, Assistant

Vickl WESTON, Accounting Manager
LINDA SHORT, D/P Manager

EDSON WARE, Credit

MARILYN HAIGH

DIANE HENRY

VERN ROCKWELL

JOANN WALTER

PUBLISHER'S ASSISTANT
BEVERLY JACKSON

CIRCULATION (800-258-5485)

ANDREW JACKSON, Subscriptions Manager
LAURIE SEAMANS, Assistant Manager
SusAN BoyD

MARY EMERSON

LouISE MENEGUS

AGNES E. PERRY

JENNIFER PRICE

JAMES BINGHAM, Single-Copy Sales Manager
CATHY A. RUTHERFORD, Assistant Manager
CLAUDETTE CARSWELL

KAREN DESROCHES

PERSONNEL
CHERYL HURD, Office Manager
PATRICIA BURKE. Personnel Coordinator

BUILDING SERVICES/TRAFFIC

ANTHONY BENNETT, Building Services Manager
BRIAN HIGGINS

MARK MONKTON

RECEPTIONIST

CYNTHIA DAMATO SANDS, Reader Service Coordinator

DONNA HEALY

LUK Officers of McGraw-Hill Information Systems Company: President: Richard B. Miller. Executive Vice Presidents: Frederick
t“ ]

Js P lannott, Construction Information Group: Russell C. White. Computers and Communications Information Group;
I .n 1. Thomas Ryan. Marketing and International. Senior Vice Presidents: Francis A. Shinal. Controller: Robert C. Violette.

Manufacturing and Technology. Senior Vice Presidents and Publishers: |aurence Altman. Electronics Week: Harry L. Brown, BYTE:
David |. McGrath. Construction Publications. Group Vice President: Peter B. McCuen, Communications [nformation. Vice Presi-
dent: Fred O. Jensen. Planning and Development.

Officers of McGraw-Hill. Inc.: Harold W. McGraw, Jr.. Chairman: Joseph L. Dionne, President and Chief Executive Officer: Robert
N. Landes, Executive Vice President and Secretary: Walter D. Serwatka, Executive Vice President and Chief Financial Officer;
Shel F. Asen. Senior Vice President. Manufacturing; Robert ). Bahash. Senior Vice President. Finance and Manufacturing; Ralph
R. Schulz, Senior Vice President. Editorial: George R. Eisinger. Vice President. Circulation: Ralph ). Webb, Vice President and
Treasurer.

BYTE. BYTE .and The Small Systems Journal are registered trademarks of McGraw-Hill Inc.

4 BYTE - AUGUST 1986

EDITORIAL AND BUSINESS OFFICE: One Phoenix Mill {ane.
Peterborough. New Hampshire 03458. {603) 924-9281.

West Coast Offices: 425 Battery St.. San Francisco, CA 94111,
(415) 954-9718; 951 Mariner's Island Blvd.. San Mateo. CA
94404, (415} 954-9702: 3001 Red Hill Ave. Building #1. Suite
222. Costa Mesa. CA 92626, {714) 557-6292. New York
Editorial Office: 1221 Avenue of the Americas. New York. NY
10020. (212) 512-2000.



:3 ,ummnl" 10

For only $895, smARTWORK?® lets
the design engineer create and
revise printed-circuit-board art-
work on the IBM Personal Com-
puter. You keep complete control
over your circuit-board artwork —
from start to finish.

Forget the tedium of taping it
yourself or waiting for a tech-
nician, draftsman, or the CAD
department to get to your project.

sMARTWORK?® is the only low-
cost printed-circuit-board artwork
editor with all these advantages:

O Complete interactive control
over placement and routing

O Quick correction and revision
O Production-quality 2X artwork
from a pen-and-ink plotter
O Prototype-quality 2X artwork
from a dot-matrix printer

(] Easy to learn and operate, yet
capable of sophisticated
layouts

O Single-sided and double-sided
printed circuit boards up to
10 x 16 inches

[ Multicolor or black-and-white
display

System Requirements:

] IBM Personal Computer, XT, or
AT with 256K RAM, 2 disk drives,
and DOS Version 2.0 or later

O IBM Color/Graphics Adapter
with RGB color or black-and-
white monitor

[J IBM Graphics Printer or Epson
FX/MX/RX series dot-matrix
printer

O Houston Instrument DMP-41
pen-and-ink plotter

[0 Optional Microsoft Mouse

or the De5|gn Engineer
ina Hurry

The Smart Buy

At $895, smARTWORK?® is proven,
convenient, fast, and a sound
value. Call us today. And put it to
work for yourself next week.

Am R ”E'i
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Wintek Corporation Inquiry 317
1801 South Street

Lafayette, IN 47904-2993
Telephone: (317) 742-8428

Telex: 70-9079 WINTEK CORP UD

In Europe contact: RIVA Terminals Limited,
Woking, Surrey GU21 5JY ENGLAND,
Telephone: 04862-71001, Telex: 859502

“smARTWORK:' "Wintek” and the Wintek logo are
registered trademarks of Wintek Corporation.




EDIT-ORIAL

PROGRESS ON

SOURCE CODE LISTINGS

We believe we are finally at the point of
providing program listings for BYTE arti-
cles in ways that all BYTE readers will find
satisfactory. You will have your choice of
listings on disk, in print, by download from
BYTEnet Listings, or by download from the
BYTE Information Exchange (BIX).

Before explaining more about these four
ways of receiving listings, let me explain
what we have found out about your pref-
erences. For years, some readers have
complained that publishing complete list-
ings in the magazine is silly. These readers
generally want discussion of algorithms
rather than complete programs, and they
consider it out of the question to type in
a program listing. These readers say noth-
ing is duller than 10 consecutive pages of
source code when the program doesn't in-
terest you. If they want to run or study the
program in detail, these readers say. they
will download the listing.

Another set of readers has expressed
the opposite preference:; listings in print—
and nothing less than listings in print.
These readers say they seldom want to
run programs; rather, they want to study
source code alongside the article about
the program. They want all articles laid out
so that descriptive text is always beside
the relevant passage of source code—
something that is seldom possible under
the best of circumstances. These readers’
primary interest is to learn programming
techniques and apply them in their own
programs. Readers of this type have been
understandably upset by our recent em-
phasis on the electronic publication of
listings. Whenever these readers have
written, we have sent them photocopies
of specific listings on request. This has
been a strain on our editorial assistants
and has been inconvenient for the readers
affected. .

Our impression is that most readers
want the program listings in machine-
readable form. Readers who don't have
modems want the source code listings on
disk. In trying to satisfy this need, we have
tied up several staff members in convert-
ing data from one disk format to another
and in making copies in each format.

North American readers who do own
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modems have expressed no dissatisfac-
tion with the availability of listings, either
through our threefree bulletin boards or
through our commercial service, BIX.
Those who use the free bulletin boards
must pay their own long-distance charges.
Those who use BIX must pay a sign-up fee
and connect-time charges, but they can
call a local Tymnet node and avoid
telephone tolls. Readers outside North
America have faced high telephone tolls
or data-communications charges in trying
to get BYTE listings by modem.

SOLUTIONS

Starting in September, we will provide in
BYTE postage-paid order cards for pro-
gram listings in a choice of 12 disk formats.
To make it possible to fulfill orders with
acceptable efficiency, we had to limit the
number of formats supported. But we
have chosen the formats based on re-
quests received over the past several
months. We have also made an arrange-
ment with a commercial disk-fulfillment
service that will provide rapid turnaround
onorders. The order card will permit you
to subscribe to a year's listings on disk,
if you wish. Readers will be able to sub-
scribe to the listings on disk just as they
subscribe to BYTE itself.

Also starting in September, we will offer
quarterly printed volumes of source code
to accompany BYTE articles. To help all
readers catch up, we will first offer a single
volume of printed listings to accompany
the January-June 1986 issues. Thereafter,
we will offer a volume of source code in
the middle of the second month of each
quarter. Readers will be able to subscribe
to the listings in print if they prefer this
medium to disk. The advantage of having
the source code in volumes separate from
the articles is that the reader will always
be able to open both the listing and the
article to the desired page. This solves the
layout problem in the best possible way.

We are pricing the quarterly listings now.
We want to hold the price as low as possi-
ble but must pay for paper, printing, ship-
ping, postage, and handling. Our manage-
ment thinks it unlikely that advertisers will
want to buy space in a volume that con-
sists entirely of program listings. Adver-
tisements in BYTE's regular issues make

the magazine much less expensive to
readers than it would otherwise be. The
quarterly listings volume will probably
have to derive all its support from the
cover price. But the quarterly will contain
many pages of source code in high-level
languages—code for which there could
never be room enough in BYTE itself.

For those who prefer to download list-
ings. BYTEnet Listings will remain free (ex-
cept for your own telephone tolls); BIX will
continue to have a one-time $25 sign-up
fee and evening connect-time charges of
$9 per hour plus $2 per hour Tymnet sur-
charge.

We hope every reader will find listings
available in a satisfactory form.

PROGRESS ON BIX

BIX now (mid-June) has more than 6000
users and continues to grow rapidly.
Growth was slowing system performance
until we put four 68020s into the Arete
1200 in place of the three 68000s that
were serving as processors. We also in-
creased RAM from 4 megabytes to 8. To-
gether with the twelve 68000s that han-
dle 1/O, the four 68020s have made the
Arete run with blazing speed again. We
are considering the use of multiplexers, to
increase the capacity of each port, and
Sun's Network File System, to go beyond
the capacity of one Arete 1200.

David Betz, BIX senior editor and author
of XLISP. has made a number of enhance-
ments to the BIX code since joining us.
His new cyclic redundancy check routines
have made downloads through packet
nets (Tymnet) quite reliable and accurate.
Other enhancements will make BIX easier
to use. Programmers in New York are at
work on direct-debit billing and corporate
billing options to make BIX accessible to
those who prefer not to use MasterCard
or Visa.

McGraw-Hill has decided to send out re-
quests for quote to provide the hardware
for the next generation of BIX. The Arete
machines are very much in the running,
as are a number of other supermicros and
some superminis. One large timesharing
service wants to host BIX on Cyber main-
frames.

—Phil Lemimons
Editor in Chief
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Maxell was first to provide
vou with a 5%" high density
floppy disk. Just another
example of how we keep
vou a step ahead.

” THE GOLD STANDARD

Maxell Corporation of America, 60 Oxford Drive, Moonachie, NJ 07074




Before you invest in a DEC*VT240 terminal,
consider the software alternative.

Stop and think about what you really
need: A text terminal. Tektronix*
graphics. ReGIS* graphics. File transfer
capabilities. Communications.

Purchasing a state-of-the-art terminal
may be one option, but Persoft has a
smarter solution—SmarTerme® 240,
the ultimate in terminal emutation
software.

SmarTerm can do everything the state-
of-the-art terminal can do—and more.

That's why we call it state-of-the-smart.

With SmarTerm 240, the emulation is
so exact you'll forget you’re using a
PC. It features superior text emulation,
ReGIS graphics, Tektronix graphics,

- outstanding communications and file
transfer capabilities.

STAT

You also get on-line help screens,
remappable keyboard layouts and
programmable softkeys which can
simplify your most frequently performed
tasks. You can even customize your
own menus!

And because SmarTerm runs on your
PC, you've always got a wealth of

computing power right at your fingertips.

All SmarTerm products are backed

by Persoft's strong technical support
network. It's a service you expect from
the industry leader in terminal emulation
software.

No matter which terminal you're
currently using—Data General Dasher*
D400, Tektronix 4010/4014, DEC VT100,
VT125 VT220 or even the new VT240,
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SmarTerm has a state-of-the-smart
solution for you.

To find out more about the SmarTerm
family of terminal emulation software,
see your local dealer. Or contact:
Persoft, Inc.

2740 Ski Lane

Madison, W] 53713

(608) 273-6000 — Telex 759491

STATE

SmarYerm is a registered trademark of Persoft, Inc. *DEC, VT and ReGIS, are lrademarks of Digital Equnpmam Covp
HER is a registered trademark of Data General Corp. Tekuomx isa vaws(smd xmdummk of Taksmmx Inc:

© Person Inc., 1986. All rights reserved, -
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M-I CR-O-BYTES

Staff-written highlights of developments in technology and the microcomputer industry.

CMU Researchers at Work on Storage Device,
NAND Gate Based on Biological Materials

Researchers at Carnegie-Mellon University in Pittsburgh are at work on two digital elec-
tronics devices based on biological materials: a storage device that can pack data at a den-
sity of 1 gigabyte per square centimeter and a NAND gate that is 1000 times smaller than
current NAND gate circuits. :

According to Robert Birge, head of the chemistry department at CMU, the storage device
is based on a protein called bacteriorhodopsin, which can exist in two states, each of which
absorbs light at a different frequency. The state of each molecule can be read and flipped
with a laser tuned to one of these frequencies.

In a prototype built by the CMU group, three molecules can hold 1 bit of data. This triad
of molecules is relatively small, encompassing an area of approximately 100 square
angstroms. Although the storage density in the prototype is | gigabyte per square cen-
timeter, the small size of the triad implies that the theoretical molecular limit for data
storage is 100,000 gigabytes per square centimeter.

The speed of these molecules is estimated at 10 picoseconds per transaction, much faster
than the time required by any optical modulator to access the molecules with the laser
light. The data-access rate for this device is thus a function of the speed of the optical
modulator.

Bacteriorhodopsin, produced by a genetically modified strain of bacteria found originally
in the salt marshes of San Francisco Bay, is said to be very stable and can stand up to high
temperatures and high amounts of optical radiation. Birge and his colleagues are working
on genetically modifying the bacterium to yield a protein that will perform satisfactorily at
room temperatures.

The CMU group is talking with Seagate Technology regarding possible implementations of
research results.

The NAND gate that's based on biological molecules will be composed of two
cyaninelquinone complexes joined to a porphyrin molecule. If both cyanine groups are ex-
cited, for example, by two lasers, the porphyrin molecule will become excited. The excited
porphyrin can in turn excite a chromaphore molecule, which can be read by a third laser or
can serve as input for another NAND gate.

Although an individual NAND gate has not yet been completed, Birge expects the gate to
change states in a mere 3 picoseconds. As for size, at 10 nanometers per gate, the gates
would be 100 times smaller than sizes predicted for future conventional NAND gates.

Funding for the NAND gate research is being supplied by IBM.

Cover Designed to Thwart Electronic Eavesdropping

In response to a report detailing the ease with which unauthorized persons can eavesdrop
on computer terminals (see Microbytes in the March BYTE), a start-up company in Canada
is planning to bring to market a flexible covering for terminals that will help eliminate this
possibility. The new product, tentatively called the Erintec Security Canopy, is designed to
absorb electromagnetic radiation emanating from a terminal's cathode-ray tube. Last year, a
Dutch engineer named Wim van Eck demonstrated how easy it is to receive .and decode
that radiation. Using only an ordinary television, an antenna, and electronics parts worth
about $15, van Eck was able to eavesdrop on confidential information on a terminal screen
located hundreds of yards away.

The canopy is made of metalized fabric and glass and completely encloses a terminal.
The product was designed by an Irish research firm called Securi-Tek Ltd.; it will be
marketed by the newly formed Erintec, of Toronto, in the fall. According to a company
spokesperson, the price of the canopy has not been set, but it will probably be in the
neighborhood of $500.
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Ex-Apple Engineers Plan Card That Brings
XT Compatibility to Ile

A start-up engineering firm headed by ex-employees of Apple Computer expects to give the
venerable Apple Il yet another life by adding IBM PC XT compatibility to the machine. The
Engineering Department Inc. (Campbell, CA) hopes to have its Little Blue card for the Apple
lle in production and available by January 1987, according to marketing manager Dave Lar-
son. The Engineering Department is headed by Wendell Sander, a former Apple engineer
who designed the Apple lil and the Integrated Woz Machine, a custom integrated disk con-
troller used in the Apple Ilc and Macintosh.

Based on a 7.2-MHz 8086 processor, the Little Blue design includes 640K bytes of user
RAM, IBM CGA-compatible video, hard disk support (including the ability to store MS-DOS
files on Apple hard disks such as the ProFile), and a socket for an 8087 math coprocessor.

Little Blue won't be the first attempt to bring IBM PC compatibility to the Apple Ii. One
now-defunct product, the Rana Box, housed an 8088 in an external system with its own PC-
style 5Y%-inch disk drive. Little Blue is designed as an internal product that will be able to
use newer Apple 3%-inch drives to read and write both Apple Il and IBM PC XT software.

“Rana was external and it wasn't the right solution,” Peter Quinn, executive vice-president of
The Engineering Department, told BYTE/BIX. Quinn worked as hardware and product design
manager of the Apple Ile and Illc and was an integrated circuit designer at Zilog. “The soft-
ware alone will represent four man-years of development [when Little Blue is finished]," said
Quinn. “There’s a lot of skepticism [that it can be done], but were not afraid.”

Stanford Designs New RISC Chip

Engineers at Stanford University's Center for Integrated Systems have designed a micro-
processor they say is capable of speeds of 20 million instructions per second and of run-
ning in parallel with others like it. The MIPS-X is a CMOS chip that uses the RISC (reduced
instruction set computer) design. Although the actual chip has not been fabricated, one will
be made this summer, according to Mark Horowitz, an assistant professor of electrical
engineering and team leader of the project.

The 8- by 8.5-millimeter MIPS-X will contain 150,000 transistors. The MIPS-X project is the
lineal descendant of one of the first RISC machines, the MIPS processor designed at Stan-
ford by John Hennesey.

“In fairness, the 20 million instructions is really the peak, the best it could ever do,”
Horowitz said. "We hope to have an effective throughput of 10 million |to] 12 million in-
structions per second.”

A computer built with 10 MIPS-X chips operating in parallel could perform as many as
100 million instructions per second, making it one of the fastest computers in the world.
However, Horowitz said he has no intention of trying to build a computer system based on
the MIPS-X chip. "if people who are doing work in operating systems and other kinds of
software development are interested in using it, that's fine," he said.

NANOBYTES
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VLSI Technology Inc. (Phoenix, AZ) and Intel Corp. (Santa Clara, CA) have teamed up to
design and market the CMOS VL82C389 Message Passing Coprocessor (MPC) chip. Accord-
ing to the two companies, the MPC increases the reliability and decreases the power con-
sumption of Multibus Il boards by replacing as many as 50 chips. It handles interboard
communications tasks and relieves the CPU of monitoring or directing those tasks. Use of
the MPC could allow architects to fashion Multibus Il systems with multiple 80386 boards,
each dedicated to a particular part of a computing task. Intel used VLSI's software to
design the 70,000-transistor chip, which is being manufactured by VLSI in CMOS
technology. ... Corvus Systems Inc. (San Jose, CA) says it is beta-testing a central pro-
cessor for networks that is based on Intel's 32-bit 80386 microprocessor. Corvus calls the
system a ‘'departmental” processor and says that it would serve as the focal point of a LAN
connecting several microcomputers. . .. California State University, Northridge, will host a
three-hour presentation on the use of computers with learning-disabled students as part of
the Computer Technology/Special Education/Rehabilitation conference, slated for October
16—18. For more information, contact Harry ). Murphy at CSU, Northridge, 18111 Nordhoff
St., Northridge, CA 91330, (818) 885-2578. ... Although the secrecy-shrouded National
Security Agency will not comment on it directly, several sources in the security field say
the NSA is withdrawing its support of the Data Encryption Standard (DES) and championing
a new encryption scheme based on a classified algorithm that's being implemented only in
hardware. The agency is apparently so adamant about keeping the algorithm secret that it
is said to be investigating the use of special chips that will self-destruct if tampered with.
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Thelast thing

you want from
your modem
IS excitement.

| Ven-Tel modems let you use your phone to exchange
.. information with PCs anywhere in the world. We
think that’s pretty exciting,
,. Getting line hits, dropped connections and
SL 4 |+ incompleted calls from your modem can be
9 ' thrilling initsown way, too. But that’s not the
¥ #’\ kind of excitement you need in business. And
_/ g wegotogreatlengths to make sure you
don’t getit.
At Ven-Tel we've been mak-
ing more reliable modems
since 1974.
Ven-Tel modemsputless
stress on your PC because
they have fewer components—
70 vs. the 300 or so in other
modems. And while other manufac-
turers may settle for random testing,
every Ven-Tel modem must pass a72
hour “burn-in” period—plus exten-
sive testing on real phone lines.
As good as Ven-Tel modems
are, we still back every one
with a free five-year warranty.
No other major manufacturer
even comes close.
So if you want a modem that won’t add the
wrong kind of excitement to your workday, you want Ven-Tel.

len-del

Modems

Our free 24-page booklet,“How To Select The Correct Modem]’ contains specific information

about our full line of modems. To request your copy, call 800-538-5121. In California, call
408-727-5721.
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See-worthy
PC graphics from
AT&T and Sony.

Computer graphics like
you've never seen.
AT&T and Sony unlock the doors that
have restrained creative use of the
PC. With real-time frame capture and
vivid color display that make PC
graphics a breeze. AT&T Truevision™
hardware and software bring a new
dimension to computer graphics—
freedom. And that dimension is best
displayed on Sony Trinitron™ com-
puter monitors. Together, these prod-
ucts are changing the role of the
PC forever.

Discover uncharted realism
with Truevision.
The Truevision single-slot boards for
AT&T- and IBM-compatible PCs let
you capture TV-quality images from
real life and display themin as many
as 16.8 million colors. And with True-
vision Image Processing Software
you can manipulate those images or
create your own from scratch, in ways
and colors never before possible.
Then arrange your images into an
electronic slide show with PC
Carousel Presentation Software. And
send them to other locations over
ordinary phone lines with Truevision

Still-Frame Teleconferencing Software.

ATsl

(W

Sony sets you free.
See your images come to life on a
Sony Trinitron computer monitor. Only
Sony gives you the performance of
Emmy award-winning Trinitron tech-
nology and the flexibility of both ana-
log RGB and digital input. To produce
the brightest colors, the sharpest
text. In fact, Sony monitors hdve the
finest dot pitch and the highest
horizontal resolution of any monitors
in their price class. And only Sony
offersyou such a wide selection, with
screen sizes from9to 25inches, and
up to 200 inches in front projection.

Explore the depths of your
imagination.
Set sail with AT&T and Sony. Truevision
products are available to suit any
application, from the Image Cap-
ture Board (32,768 colors) for only
$1,295 to the TARGA 24 (16.8 million
colors)for $3,995. Sony Trinitron com-
puter monitors will display your im-
ages beautifully, starting at $495.

AT&T and Sony have made PC
graphics smooth sailing. For more
information, or for the name of your
nearest representative, call

1-800-858-TRUE.

SONY.

©1986 AT&T, Sony
Display shows unretouched TARGA 16 image on Sony CPD-1201 Monitor.
Truevision is a trademark of AT&T. Sony, Trinitron are registered trademarks of Sony Corporation. IBM is a registered
trademark of International Business Machines Corp. Truevision design and development by:
KLACAACCCJUWHCBHRAKSGKBBRISSJKSJAWANW.
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LETTERS

VOLLEYING ATARI AND AMIGA

Editor’s note: The following two letters are repre-
sentative of several we received on the subject. all
of which were similar in opinion, if not in style.

In the May issue of BYTE, a letter ap-
peared by Mike Farnsworth (page 16) giv-
ing a comparison of the Atari 520ST and
the Amiga. Unfortunately, the letter con-
tains some misinformation about the
Amiga.

Concerning the Amiga, Mr. Farnsworth
states, “In the low-resolution mode, those
great graphics chips steal almost 75 per-
cent. . .of the possible CPU time that
could be used for other real-computer
things.” A more accurate description of the
Amiga’s bus timings can be found in the
August 1985 BYTE. In brief, the Amiga’s
memory operates at exactly twice the
speed of the CPU. Running at full speed,
the CPU uses only half the memory cycle
time available, leaving the other half to the
custom chips. To fully utilize the 50 per-
cent allotted to the custom chips, the
Amiga could simultaneously read the disk,
play four channels of audio, and show
16-color low-resolution bit-plane graphics
and eight sprites with virtually no slow-
down of the 68000. [Editor's note: See page
87 of the August 1985 issue for more details.|
While higher screen resolution and high
activity of the blitter (a custom graphics
chip) will cause cycle stealing from the
CPU, one must remember that these chips
are doing work that would otherwise be
done by the CPU, and they perform that
work two to thirty times faster. As far as
non-graphics timings, page 354 of the May
BYTE contains a few benchmarks of the
two machines. It should be noted that
while the ST is somewhat faster in some
benchmarks involving numeric computa-
tion, the expansion bus of the Amiga
facilitates the addition of a math copro-
cessor (unlike the ST), which can speed
calculations by an approximate factor of
ten.

Looking at the same table on page 354,
note that the difference in disk I/O ranges
from a 315 percent advantage for the
Amiga on disk writes, to a 25 percent ad-
vantage for the ST on random access. This
brings up a point about the slowness of
AmigaDOS in some activities. It is untrue,
as stated, that the Amiga has anything in
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common with the C-64 disk formats.
Remember that the original operating
system and hardware design was not done
by Commodore but by Amiga. An ex-
cellent description of the AmigaDOS for-
mats and operation can be found on page
321 of the February BYTE. In short, files
and directory blocks are scattered on an
Amiga disk. While this improves on error
recovery compared to other disk formats,
it is inherently slow in operations such as
directory listings. Its slowness is in finding
the file, but it's quick once the file is found.
Mr. Farnsworth also states that Amiga-
DOS is clumsy, though he gives no ex-
amples to substantiate this claim. Con-
sidering that one must reboot an ST to
change from monochrome to color or
from a windowing to a command-line in-
terface, | can’t see how AmigaDOS could
be considered clumsy in comparison.
Finally, support for the ST has been
praised. Note that about 300 to 500 pages
of technical documentation on the ST can
be obtained from Atari, while a full set of
manuals for the Amiga contains slightly
over 2000 pages. | personally doubt that
Atari intends to support its customers via
a support line. So from whom would you
rather get support, an Amiga dealer or
your local department store?
BERNIE ]. LOFASO JR.
Austin, TX

The 68000 CPU used in the Amiga has
about a 50 percent duty cycle. By that |
mean it spends about half its time on the
memory bus and the other half doing in-
ternal processing. The quoted clock figures
for the Amiga are stated with respect to
the CPU. In fact, the Amiga uses an inter-
nal clock with twice that speed (yielding
about 14.4 MHz). The custom chips do
16-bit transfers in one of those cycles.

That means the custom chips can do
one heck of a lot of transfers in the “off”
cycles where the 68000 is twiddling its
thumbs internally. The bus arbitration is
handled, again, with the custom chips.
Each of the 25 DMA channels has its own
slots in the timing, which let it get its work
done without interfering with the 68000.

What this means is that you can have a
320 by 400 by 4 display with four audio
channels, the disk. the sprites, and the

68000 all going at the same time. The
68000 will see no contention! It doesn't
even think those DMA channels are on the
bus!

The blitter is a cycle-stealing device. It
will use whatever cycles are not taken up
by the other DM A channels and it will use
the cycles normally reserved for the CPU.
In normal blitter operation. it is set up to
yield whenever the CPU tries to access
memory on that bus. This means the CPU
can get in to process interrupts, for in-
stance, even if the blitter is in the midst
of a large transfer.

The upshot is that blitter operations hap-
pen as fast as the memory can go, with
16-bit transfers continuously going at
twice the memory bandwidth of the
68000, not even including any 68000 pro-
cessing time that would be involved if you
used it instead of the blitter. This is why
the machine really screams for blitter-
supported operations such as area move,
area fill, and line draw.

The display coprocessor is also a cycle-
stealing device. It allows raster-beam syn-
chronized control of all the machine’s
custom chip functions without requiring
the 68000 to take the time to perform an
interrupt context switch. This is why we've
got enough horsepower to slide screens
around in real time while animation and
graphics rendering is going on in the
screens.

You can set up the display so the 68000
sees contention. The worst case is a four-
plane high-res image, where the video
bandwidth blocks the 68000 except
during horizontal and vertical blanking
intervals.

Note, however, that the 68000 can only

(continued)
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LOOKING FOR THE BEST
VALUE IN PC/AT COMPATIBLES?
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INTRODUCING THE $1495 AxSTAR’

Looking for a lower priced, higher
quality PC/AT compatible than our new
A% Star™is like looking for a needle in
a haystack. You're more apt to come up
with a case of hayfever.

A*Star gives you features you
won't get from any other vendor. Not
IBM. Not Compagq. Not even those for-
eign manufacturers. Features like a 220
watt power supply, eight avarlable ex-
pansion slots and “network ready”
multi-user operation. All for only $1495.
And that price includes a 1.2MB dis-
kette drive, 512KB memory, a fixed
disk /diskette drive controlley; a tactile
feedback keyboard (you'll love it!) and a
6/8MHz switch/software selectable
80286 CPU.

Best of all, AxStar is quality built
right here in America by Wells Ameri-
can Corporation - an American Stock
Exchange manufacturer. So now you

can buy with confidence from a vendor
you can trust, just like you've trusted
IBM. And you'll get a genuine, top qual-
ity product (not a cheap imitation) for a
price even less than those “questionable”
mail order clones. And if that's not enough,
it’s all money-back guaranteed!

The $1495 Wells American A % Star.™

I

IBM. Personal Computer AT and AT are trademarks of International Business Machines Corporation
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APC/AT FOR ONLY $1495?
THAT'S NOTHING TO SNEEZE AT!

(Hurry! This offer is limited.)

O I'mtired of sneezing! Have someonecall
me immediately to take my order:

0 AxStar sounds terrific. Tell me more.

Name:

Phone:
Address:
City:
State:

& :
N2 Wells American
803/796-7800-TWX 510-601-2645
Sunset Boulevard - West Columbia, SC 29169

Zip:

|
|
I
I
I
I
I
|
Company: :
|
|
|
|
|
|
|
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see contention on the internal RAM, never
on the Writable Control Store RAM or on
any external RAM (this is why the exter-
nal RAM is referred to as “fast” RAM).
You can avoid contention by going to
| fewer bit planes (for instance, Workbench
and the CLI use two planes of high res,
yielding no contention) or by reducing the
i vertical size of your image (such as by
using the Intuition screens to make most
| of your display be at some other resolu-
tion).
Note that interlace is not an issue here.
: G W Yes, there is twice as much data to display,
h Sy S i B! but remember that the machine takes two
: ‘ ’ : T ‘ frames to display it.
The next revision of the hardware
manual will include detailed information
uper ower on the DMA priority and the time-slot
= T allocations, for all you guys who want to
run right at the edge.
co m at I bl I It The only (charitable) explanation | can
come up with for someone to say that the
Amiga custom chips slow down the 68000

The POWER SYSTEM™ from PECAN hasseta new standard for comprehensiveness in program by 70 percent in normal operation is that
development environments that you won't find anywhere else: someone misread the chart showing the
PORTABILITY: Whether you're an ardent beginner or a seasoned pro, THE POWER SYSTEM lets allocation of DMA channels to the off
you design software that can run on virtually any mini or micro without having to rewrite the program. cycles and assumed that the 68000 was
The program you write on one computer will operate on another— even if the two hardware systems in fact capable of using those cycles. An
are incompatible . Your software never becomes obsolete — even if your hardware does. 8-MHz 68000 can't. Does anybody have
INTEGRATABILITY: The versatility and flexibility of THE POWER SYSTEM enables different users to a 16-MHz 68000 they'd like to loan me?
exchange program modules freely with one another, even though the modules may be written in different ROBERT S. PARISEAU

programming languages.

LANGUAGE INTERCHANGEABILITY: THE POWER SYSTEM lets you customize the modules of
4 your application in the most appropriate of Pecan’s powerful languages including UCSD PASCAL,

Santa Clara, CA

BASIC, FORTRAN-77, ASSEMBLER, or MODULA-2. Once you've created your multi-language program, EUROPEANS LEFT OUT
the modules are linked automatically. The application then runs as if you'd written it all in one language. OF THE TELECOMMUNICATIONS
THE POWER SYSTEM FEATURES: l:]i‘],g]u}:];l?N ith the t -
« NATIVE CODE » SEPARATE COMPILATION OF UNITS = EXTENDED PRECISION ARITHMETIC &1 | agree with the tenor of your
o DYNAMIC MEMORY MANAGEMENT * EVENT-DRIVEN MULTI-TASKING « CONFORMANT ARRAYS May editorial ("Let Our Modems Go").
* PROCEDURAL PARAMETERS « 8087 AND BCD SUPPORT (PC's AND COMPATIBLES) « LARGE FILE EDITOR there are some misunderstandings:
* LIBRARY UTILITY + ON-LINE HELP SYSTEM « FILE MANAGER First, you are mixing international tele-
phone fees with Datex-P fees. Only one
THE POWER SYSTEM on,y $99'95 of those applies to a given connection.
For PC-DOS, MS-QOS, AMIGA, ATARI _ST, MACINTOSH, RAINBOW, TA'NDY. STRIDE, as well as most Second. although modem leasing is ex-
popular 8/16/32 bit systems. Also available in VAX, UNIX, PDP-11 0S's & others. pensive, a Datex-P20 (PAD connection via
THE POWER SYSTEM includes the language of your choice: UCSD PASCAL, MODULA-2, BASIC, your own line) is not much more expen-
ASSEMBLER and FORTRAN-77. Choose an additional language for only $79.95. Buy three and we will sive than a modem alone. The US. Air
send you a fourth one FREE ! Force in Geilenkirchen uses this. A Datex-P
To custom-tailor software, PECAN offers such programming tools as: line costs 130 deutsche marks (about $57)
CROSS-ASSEMBLER/NCG PACKAGE. .....$79.95 SOFTEACH TUTORIAL................. $49.95 PEASETTSIP ANTO A ity
KEYED SEQUENTIALACCESS METHOD. ...$59.95 MENUMAKER. ....................... $49.95 stallation. This is cheaper than compar-
CODEOPTIMIZER. .................... $59.95 PROGRAM ANALYSIS TOOLKIT. ......... $59.95 able US. prices.
SYMBOLIC DEBUGGER................ $59.95 SORT UTILITY..............ccevaunt, $59.95 By the way. modems are part of the
Write for complete list of development aids. mqnopoly situation of the .Bundespost.
ATTENTION CORPORATIONS: Call and ask about our training seminars. This wil probably change quickly because
SCHOOLS: Special Educational Discounts 8 govert :
So modems of some kind will become
N OIC ORI RO C T y W W A available on the free market after being ap-
Mail Your Check Or Money Order To: m Susuw proved (and having received a license
:’:f;"ss:'f;“ém;vsiems- Inc. wF—mE T number) by the ZZF (part of the
Brooklyn, New York 11218 The UCSD Pascal Company Bilidespost 4
(718) 851-3100 Credit Card Orders Technical problems: When 1| say
ITT TELEX NUMBER: 494 8910 cal Toll free 1-800-63-PECAN ‘modems” | do not mean those units avail-
COMPUSERVE CODE: 76703,520 (NYS) 1-800-45-PECAN able in the U.S. The modems to which I
Please add $2.50 for shipping within the US. Foreign orders add $10.00 and make payment by bank draft (continued)

payable in US dollars on US bank. New York State residents add appropriate sales tax.
UCSD Pascal is a trademark of The Regents of University of California.
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New! Windows-Compatible In-a-Vision 1.1 e,

omplex Drawin

‘S

o

@
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e created In-a-Vision
just for you. The
engineer who needs
more productive
drafting support.
The designer who
needs versatility
for alternate
ideas or quick re-
visions. The ar-
chitect who needs
to manage a vari-
ety of working
drawings. An
businessman; whe
needs first-class
presentation mate-
rials as well as de-
tailed flow charts
and organization charts.

Point. Click. Draw.

Now all you do to create com-
plex technical drawings, systems
designs, blueprints, diagrams, il-
lustrations, and proposals is point,
click and draw. With In-a-Vision’s
mouse support, windowing, icons,

s

nd pull-down menus, you
produce drawings more
quickly, accurately and
efficiently than ever
before. In-a-Vision’s
advanced technology
includes many features
not found on compar-
able systems costing thou-
sands more. For example, you
can pan around in a user-definable
drawing space up to 68" x 68" and
zoom in on specific areas for

(Most popular graphics cards, plottcrs, and printers supported.)

Microsoft Windows-compatible. Call for specific opcrating
cnvironment requirements.

uircs MS Windows. Full demonstration system for uscrs
indows available for $49.00.

FREE Microsoft"Windows
| from MICROGRAFX!®

¥ f If you purchase In-a-Vision

directly from MICROGRAFX,
we’ll give you a free retail copy
- of Microsoft Windows so
(% you can use In-a-Vision as
' part of a fully integrated
working environment. Move
instantly from In-a-Vision to
other applications and back ...
cut and paste text and drawings

T £ T

greater
detail. Scale,

rotate and dimen-
sion symbols, fill an
area with your
choices of pre-
defined colors and
patterns, as well as
draw lines with multiple styles
and widths. Other features in-
clude overlays, predefined and
user-definable page sizes, rulers,
grids, and templates to speed
popular applications.

between applications
... and more!

We’re confident
you’ll agree — In-a-Vision will
make your complex drawing tasks
simple and make you more pro-
ductive. Satisfaction guaranteed.

TO ORDER
CALL#
800-272-3729

Demo disk* or
brochure available
to qualified
customers. In
Texas or for cus-
tomer support, call
(214) 234-1769.
MICROGRAFX, Inc., 1820
North Greenville Avenue,
Richardson, Texas 75081.

Multi-tasking in a PC-
based CAD system.

In-a-Vision uses
multi-tasking to
enable you to
continue
drawing

while printing
hard copies or edit
multiple drawings simultaneously.

MICROGRAFX*

The Picture of Success. N
In-a-Vision and MICROGRAFX are trademarks of

Inquiry 193 MICROGRAFX, Inc.
Microsoft is a trademark of Microsoft, Inc.



Let Lab Boss turn
your IBM PC into a powerful
instrument controller.

ou can spend thousands of dollars
onr a dedicated instrument controller.
Or a few hundred for a controller

that's dedicated to you and your IBM PC.

Lab Boss™ from National Instru-
ments puts you and your IBM PC (or
compatible) firmly in charge of GPIB
instruments. From sophisticated lab-_
oratory equipment, like digitizing
oscilloscopes and spectrometers,
to standard printers, plotter
tape drives and more.
At data transfer speeds

that are the highest in the industry.

And Lab Boss products offer a direct
data link from your measuring equipment
to a full range of analysis software, includ-
ing RS/1, Lotus 1-2-3, and Symphony. So
you can easily report your findings on

the same system you used for
instrument control, data acqui-
sition and analysis. Try that
| on a dedicated controller!
So — you want to be the
|  boss? Call National Instru-
|\ menss. 800/531-4742.

NSTRUMENTS

7 NATIONAL
N

’ 12109 Technology Blvd.
Austin, TX 78727
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refer use the CCITT conventions. So there
will not be a direct market for Hayes-
compatible modems here. | think.
A further complication is the different
tone systems used in European nations.
Third, you can get into the network in
several ways:

By telephone: A call to the PAD (one of
17 locations) is DM 0.23 for 0.5 to 12
minutes, depending on distance, plus DM
0.06 per minute telephone access costs.

By Datex-P line: If you own a Datex-P
line, using the Post PAD facilities costs DM
0.05 per minute, plus:

By Datex-P10 line: if you have an X.25

: equipment/line, it costs DM 0.20 per

minute to the US. and DM 0.016 per seg-
ment, plus:

Any connection costs are DM 0.05 extra.
Also, a segment is not a kilocharacter but
64 bytes or a packet, whichever comes
first. This means an empty carriage return
costs [.6 pfennigs!

That last one is a difficulty Europeans
(not just Germans) have with US. hosts,
which sometimes echo single characters.
This is extremely expensive for us. The
next problem: Reversing charges does not
work on international lines. but most of
the U.S. hosts depend on this and charge
users with connection fees, which they
have already paid to their local authorities.
So we have to pay twice for CIS, BIX. The
Source, etc. And no one understands our
problems, because all those companies
think the whole world is just like the U.S.
It is not!

If there is any way | can help you in
learning the German (Austrian, Swiss) tele-
communications networks, please don't
hesitate to ask.

MATTHIAS R. MOHR
RMI Aachen
Aachen, West Germany

| thoroughly approve of, and appreciate,
your editorial titled “Let Our Modems Go.
| talked with some people in Belgium and
France and quickly realized that the local
PTT monopolies prevented them from
joining the telecommunications revolu-
tion. Now [ am moving from the Universi-
ty of Maryland into a permanent academic
job in Geneva, Switzerland, and | am
almost certain that | won't be able to con-
nect from home to the mainframe any
longer or pick up public domain software

from a local bulletin board.
Furthermore, as teleconferences will
surely become the new way of American
academic communication in the near
future (see the June 1984 BYTE). how long
will I be left out of this development
(continued)



Introducing SixPakPremium: <&
Finally Performance Exceeds Demand.

WordStar.* Write a letter
while running up to eight
other applications.

@ma
Send priet ovtput directly to prister
Qurterly falas Beport — Firet fuarter, 196

apeaasscnysnaEan|l
! pern  err

FRUBaNEsRIRNRING
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Lotus* 1-2-3F All releases
of 1-2-3 run in SixPakPre-
mium’s DESQview windows.

.

Dow Jones” Monitor on-line
stock quotations while work-
ing on other projects.

AST Research announces a new
generation in PC performance...
SixPakPremium. Now one person and
one PC have the power to meet the
demands of business.

Designed for the new IBM® PC-XT,
SixPakPremium is also fully compatible
with original XTs and PCs. It offers
popular multifunction features plus two
full megabytes of expanded memory
and the powerful software to use it.

Premium Performance. Run up
to nine applications simultaneously.
Sort a data base, write a letter, calcu-
late a spreadsheet, monitor stock quota-
tions, print labels...all at the same
time...on the same PC! Windows let
you view and access all nine applications
instantly. You'll toggle
between applications
with no work flow
interruption.

SixPakPremium is
compatible with all

Thask ym for |sguiring adowt our
waititasking solution, SixPakPrenism

VIt SixPakPronion and BESRviow |
11 9 large progrens on your 1t once |

current applications for the PC, includ-
ing new expanded memory applications
like Lotus 1-2-3 Release 2.0. And over
200 of the most popular packages run
in our windows.

Premium Features. SixPakPremium
offers up to two megabytes of expanded
memory, two serial ports, parallel port,
game port, battery-backed clock/calendar,
DESQview™ software and SuperPak™
utilities.

Premium Quality. As the world’s
leader in PC enhancement, with over a
million products shipped, we're known
for high-quality, reliable products.

Make The Premium Choice. For
performance that exceeds demand, call
our Customer Information Center
(714) 863-1480. Or
send the coupon to
AST Research, Inc.,

2121 Alton Avenue,
Irvine, California
92714.

O".'ei,,

SideKick™ Keep track of
schedules with popular desk-
top management programs.

 S0RT, 08 212,10 ZITSORT_

dBASE II*/dBASEIIL” Use any
release of this popular data
base to sort files while work-
ing on other applications.

Performance. Please send me your special
SixPakPremium information package
today!

Address

City State Zip
( )

|
|
|
|
|
l
I
|

SixPakPremium and SuperPak trademarks of AST Research, Inc. IBM registered
trademark of International Business Machines Corp. Lotus and 1-2-3 registered
trademarks of Lotus Development Corp. DESQvies trademark of Quarterdeck
Office Systems. WordStar registered trademark of MicroPro International Corp.
dBASE 11 and dBASE Il registered trademarks and Framework trademark of Ashton-
Tate. Dow Jones registered trademark of Dow Jones & Company, Inc. SideKick
trademark of Borland International. Copyright © AST Research, Inc., 1986.

All rights reserved.

RESEARCH INC.
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because of my move to Europe? If you
know of any people or institutions in
Geneva who are pushing to reform the
system, please kindly send me their
address so | can add my voice to theirs.
FRANKLIN MENDELS

Columbia, MD

| have been a longtime reader (and off-
and-on subscriber) for many years now.
Never has an issue arisen that has affected
me to the point where | thought I had to

write. Until now. I've lived in France for two
years and am scheduled to remain for an-
other seven. | would like to share with you
the horror story of access to BIX from
France. This could explain why you might
hear from me on BIX next summer, but
not before.

You may use any 300- or 1200-baud
modem that you can buy. as long as it has
a French PTT agreement number.

You may use any telephone line as long
as it corresponds to your name and ad-

Why buy 3
packages to get
a complete
multi-user

dBASE" System?

$2385
After all, FoxBASE is a compiler, an
interpreter and a multi-user dBASE sys-
tem all in one. That means single vendor
support and no problems with product
incompatibility.

Not only that, FoxBASE actually outper-

~ forms dBASE and other dBASE compller
~ products: its program execution speed is
~ far superior to the competiti {
~compiler runs up to 60 times faster than

~ other compilers. And FoxBASE is available

FoxBASE
does it better.

For less.

$995t

for the widest variety of machines and
operating systems.

In addition, FoxBASE is interactive and
100% dBASE compatible (including full
macro usage). The only thing you won’t
get is all those annoying dBASE bugs!

Best of all, FoxBASE costs less than
half the other packages.

So call (419) 874-0162 now, and ask for
a copy of our comparative analysis
(including benchmarks). After all. . .

Nothing Runs Like a Fox.

" FOXBASE ¢

Fox Software, Inc.
27475 Holiday Lane, Perrysburg, OH 43551
(419) 874-0162

1t Multi-User MOS - DOS version. Multi-User Xenix version also availabe for $795
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dress on the application form (ie. no
using your friend’'s computer).
Now let’s talk bucks:

® 70 francs (about $10) one-time registra-
tion fee.
® 70 francs per month subscription.
® (0.77 franc per 20 minutes (local calls to
server).

1.50 francs per minute (correct time to
server), or about $12.86 per hour.
® 43 francs (about $6) per 64K bytes trans-
mitted.

Help!

Anyhow, | took the liberty of sending
photocopies of your editorial to the direc-
tor of Network Services for the PTT,
jacques Chirac (new prime minister and
minister of telecommunications). Not that
any of this does any good. The only peo-
ple who use large networks are rich com-
panies. Right? Hah!

Keep up the good work at BYTE. (Some
day I'll share with you the horror story of
how long it takes the local bookstore to
get BYTE, but as long as my subscription
comes early. . .)

NAME WITHHELD
Paris, France

CRT RADIATION

In the May letters column ("CRTs Are Safe”
page 24). William G. Nabor stated, "In my
12 years as a health physicist . . .1 have yet
to measure any ionizing radiation from any
CRT. old or new, color or monochrome.”
Mr. Nabor further claimed that .. .CRTs
do not emit hazardous radiation. Period.
Any claim to the contrary is misleading to
the point of fraud:” Perhaps Mr. Nabor
should have stated that CRTs do not emit
hazardous levels of radiation. He has not
identified the radiation-monitoring instru-
ments he has used to check CRTs. | have
detected radiation from color CRTs by
means of simple Geiger counters that | de-
signed and built. | have also used a com-
mercial Geiger counter for this purpose.
Though the radiation level from CRT5 is
very low, it does exceed the background
count. For example, the background count
inside my office is typically 17 events per
minute. The counts at the glass surfaces
of two different color CRTs | checked are
28 and 35 events per minute. These
counts are so very low that there is no
cause for alarm. Indeed, a brick tile |
checked generated 40 events per minute
and a thorium mantle from a camping
lantern registered a much more potent 0.3
milliroentgens per hour.

Incidentally, it is a simple matter to con-
nect a Geiger counter to a computer to
generate random numbers. One such pro-

(cont'inued)
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But don't let this price fool vou. Our system is powerful; it complles twiceas '
fast as the others, is completely standard, and it’s very easy to use. MostC ;
compilers are designed for wizards. We have designed ours for you!

that supports all data types
and the latest features like bit fields, enumerations, structure assignment,
and passing/returning structures.
that loads separately compiled files, searches libraries, and
builds an executable program.

(including the
standard C functions and the computer specific functions that provide direct
access to the operating system and BiOS).

your programs for minimal space or
maximum speed.

Operators are standing by . . . Please use this Number ‘for ORDBRS ONLY!

CALL TOLL FREE Fllll IIIISII lllill[ll DELIVERY!

IN TEXAS, PLEASE
1800622-4070

For Technical Support Please call 1-214-783-6001
MIX Software, Inc. / 2116 E. Arapaho / Suite 363 / Richardson, Texas 75081

Or contact our Worldwide Distributors direct in:

Canada: Saraguay Software 1-416-923-1500 Switzerland: DMB Communication CH- 1 825-53-29
Australia: Techflow 047-586924 France: Info/Tech 1-43-44-06-48

Split Screen Text Editor — — — (RUSH REPLY ORDER FORM!)_
‘an ,Incm\;’alf::': sz 95 (o Copy protected) ‘ SPEC!AL

! on alt MSDOS/
AT ONLY pe s cacen
Our high powered -
edltor isgreatforedit-
ing high level lan- |y
guages It works iust ‘
like Micropro’s
.~ Wordstar™but
 macros allow you o
create your own cus-
‘tom editor, and the
spht—screen feature lets
you edit two files at
the same time.

The MSDOS/PCDOS version

is loaded with special features:

* Execute any DOS command or RUN o
programs from the editor.

* Quickly edit files as large as 300,000
characters.

 Compile MIX C programs directly from
memory. The editor automatically posmom

Money-Back Guarantee

Please check method of payment:
O Check[d Money Order[] MasterCard/VISA

Your Card #:

Expires
Shipping Charges: (No charge for ASM
Utility)

In the U.S.A.: Add $5.00 per Order.

In CANADA: Add $10.00 per Order.
OVERSEAS: Add $10.00 per Text Editor.
Add $20.00 per C Compiler. Add $30.00
for combined C Compiler and Text Editor.
Operating System: (Check one)
Ocp/M2z80 [OMSDOS/PCDOS

Limited Time Only™

$ 95 Specify Your Computer Name
54 Specify Disk Format

NAME

E(‘ C Compiler & Text Editor
| i

Total
the cursor to the first error in your _ Description Quantity PRICE  Order Telephone A/C ( )
rogram.
% Split-Screen Text Street
ASM UTILITY .
i Ci
Sl licradibla C Compiler $3995 § ty
Value AT ONLY = C and Text Editor State
Call assembly ]anguage routines ! (Special) $54.95 $
from your C programs. The ASM utility .ow-"
works with Microsoft's MASM or M80 assem«"’ ASM Utility $10.00 $ Count ZIP
bler. Macros make it easy! Works st as if Texas Residents Add 6.125% 2116 East Arapaho
you were caflhng a C function, an(li) yolu can Sales TAX $ o Suite 363
even call C functions from assembly lan- e : software Richardson, Texas, 75081
guage. Lots of useful assembly language I Shipping Charges (Seerar Right) D Ask about our Volume Discounts!
functions are included as examples. TOTAL OF YOUR ORDER: D Call 1-214-783-6001 B
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cedure is described in detail in Forrest
Mims’'s Computer Projects (Osborne/McGraw-
Hill, 1985). I will explain at length how to
use a computer-enhanced Geiger counter
to make long-term measurements of very
low-level radiation, including that emitted
from CRT, in a future installment of my
column in Modern Electronics.
FORREST M. Mims, lI
Seguin, TX

SHORTCOMINGS OF MODULA-2
“"Modula-2 As a Systems Programming
Language” by Ryn C. Corbeil and Anne H.
Anderson (May) is an interesting overview
of some of the features of the language.
Modula does indeed provide some fea-
tures that are useful in a “bit-banging” en-
vironment and allows access to the bare
iron when necessary. Whether or not it will
displace Pascal is problematic, given that
the better Pascal implementations provide
many of the Modula mechanisms as ex-
tensions to elementary Pascal.

Corbeil and Anderson did not address
the suitability of Modula for other than
system programming, nor did they discuss
Modula's shortcomings as a programming
language. regardless of the application

area. Modula does have a fix for Pascal's
conformant array problem, for instance.
Unfortunately, the fix only extends to
single-dimensional arrays. One is still hard
pressed to produce general-purpose pro-
cedures that accept an array of strings as
an argument, for example, unless one of
the dimensions is passed as another argu-
ment. a la FORTRAN.

The lack of any intrinsic /O capability
may also be considered a Modula short-
coming. The weakness of Pascal's I/O has
been roundly criticized, but at least a
rudimentary mechanism exists that often
suffices, and the mechanism can be (and
regularly is) extended to something useful.
Modula gives you nothing to criticize, nor
does it give you anything with which to
work. Library modules are supposed to
provide the I/O interface, but again, what
assurance is there of these being ade-

quate, complete, and having any degree

of commonality among implementations?
If one must deal with the bare iron, then
Modula isn't burdened with excess bag-
gage, but you are at the mercy of the
underlying operating system (if any) and
you had better have a good set of refer-
ence materials for the hardware and

operating system. Modula is not for the
faint of heart.

I found the letter of Chuck Musciano
(May. page 14) to be ironically coinciden-
tal. There are some of us who become
livid when faced with legislated morality,
in this case the enforced case-sensitivity
of identifiers and keywords. Modula's forc-
ing the use of uppercase characters
should please Mark Pickerill (February Let-
ters, page 356). but some of us wouldn't
care if we never saw another uppercase
character in a source program. Having
worked in the industry since the days of
punched cards and uppercase-only
printers, I've seen enough all-uppercase
printouts to last the rest of my life. On the
other hand. C’s insistence on lowercase
alphabetic characters is just as bad. The
point is that computer programs shouldn't
be establishing arbitrary requirements.

In addition to displeasing half or more
of the users, case-sensitivity lends itself
to the bad practice of using the same iden-
tifier capitalized differently to represent
different variables. The user’s manual for
one implementor's Modula-2 contains
several examples of this abuse in the ex-

(continued)
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Form Editor:
Al Techniques minimize keystrokes.

Automatic multi-dimensional array
recognition.

Automatic field naming.
Wordstar™compatible editor.
Diagonal cursor movement.
Pop-Up Windows/Menus.
Multi-File Clipboard.

Crash recovery.

Writes Programs in “C”

MSDOS,
PCDOS IBM PC,
XT, AT compatibles.

In SC call
1-803-278-3811

UNIXisatrademark of AT&T Bell Laboratories.
\ Wordstar is a trademark of Micropro Int. Corp.

Order Toll Free [N f’*—f\,
1-800-624-8711 TS X~

SY5.9S

Program generation with power,

~

sophistication, and especially

Name | Address | Phone [™\|

Cyclic Forms !!!

Program Generator:
Writes “C"” Code.

Does pot generate reams of case
statements like other similar
products.

Generated code is ultra-efficient.

Supports all standard data types
and user-defined types.

Custom code independence - Code
that you add is isolated from other
changes.

Files feature B+ Tree index support.

Partitioned screens support scrolling,
flat, and cyclic forms, and Pop-Up
menus.

Fitting solutions to digital problems...

Generated programs use supplied
library routines and can use your
favorite commercial libraries as well.

Scrolling
Forms !!!

Free Source Code Included!

Library Packages:
"“C” source for all routines.

B+ Tree Manager features:
Optimized fan-out for each key
type.

Secondary key GETNEXT support.
User-defined ordering for keys.

Open File Cache places no limit on
the number of files open at a time.

Disk-Based Garbage Collector
handles variable length records and
multiple indexes per file.
Window/Menu manager is call-
compatible with UNIX™curses
package.

Generic list processor.

Digifit Inc.
105 Clearwater Rd.
Belvedere, SC 29841/
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Orchid’s TurboEGA

The world’s fastest EGA

TURBO EGA

Announcing the wi

0:45:88 aw

Mouse Systems or
creativity wait f

If this were not
graphics memory
a feature connect|

EGA

TurboEGA

Introducing the only Enhanced Graphics Adapter
with PCturbo” speed.

The experts agree: the EGA is the
breathtaking new graphics standard,
but the sophisticated software written
for it places a big burden on the PC’s
processing speed. Beautiful graphics,
crisp text, but too slow.

Everyone else rushed their EGAs to
the market, but Orchid Technology
took the time to do it right. Orchid’s
TurboEGA™, from the inventors of PC
TurboProcessing, packs a high-speed
Turbo and an EGA into one slot, for
the world’s fastest EGA.

Graphics with Speed

TurboEGA makes IBM PCs and
XTs run faster than an AT. It brings
dazzling speed to sluggish graphics
programs. All types of software run
faster, so you finish more quickly.
Transparent to the user, you won't
know it’s there until you see its speed.

We are so confident that our TurboEGA
is the ultimate graphics card that we
decided to give away a free copy

of Microsoft’s Windows™ with each
TurboEGA*. Even Microsoft
recommends that you run Windows
on an AT. Now Orchid’s TurboEGA
gives you AT speed so XT users can
use this number one windowing
software at the speed they demand.

The Complete Solution

Only Orchid puts this much
performance into one slot and comes
fully loaded with 256K of RAM, so
there’s no hidden cost. TurboEGA

is the complete graphics solution.

Pick up the phone and find out
how you can have the EGA the
competition wishes they had: Orchid’s
TurboEGA, the world'’s fastest.

If you have an AT or asystemwith80286speed,

ask about the Orchid EGA™ —four graphic-
card compatibility in one slot.

TurboEGA, Orchid EGA, and PCturbo and trademarks of Orchid Technology. Microsoft Windows is a trademark of the
Microsoft Corporation. All other product names are trademarks of their manufacturers. CGA screen by PC Paint Plus.

Inquiry 211 for End-Users. Inquiry 212 for DEALERS ONLY.

Features:

e Powered by 7.2MHz 80286
e Optional 5 or SMHz 80287
e 256K of on-board RAM

e Four graphics modes: EGA,
CGA, MDA, Hercules

e Supports the long list of

EGA software:
Microsoft Windows &
Word
Lotus 1-2-3 & Symphony
Topview
Framework
Chart-Master
AutoCAD
PC Paint Plus

and more...

47790 Westinghouse Dr.
/\(} Fremont, CA 94536
T\ 415/490-8586
5 Tlx: 709289

e

ORCHID

The Innovative Leaders

*Offer good only on TurboEGA
purchases until July 31, 1986. Please
allow two weeks for delivery.
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ample programs, including the use of an
otherwise reserved word as a procedure
name. To be “thrashed with a stack of
listings.” as suggested by Mr. Musciano,
is too kind for the supposed professional
who perpetrates such a crime.
E. M. GREENE
Ridgecrest, CA

ARGUMENTS IN C
[ write to correct two inaccuracies in John
D. Unger's book review of Variations in C

in the May issue. | will also present an
argument against a third point of his.
In what is otherwise a favorable review
of the book, Mr. Unger raises the criticism
that examples follow the proposed ANSI
C standard rather than the Kernighan and
Ritchie standard. The evidence cited for
this is the use of enumeration data types
and the void type for functions that return
nothing. The interesting fact is that there
is a page of the UNIX reference manual
dated November 15, 1978 (actually the

PC DIAL/LOG™ consists of an expansion
card, software and a cable that connects a
Touch Tone® telephone directly to your com-
puter. When installed the PC Dial/Log™ auto-
matically dials and answers the phone, saves
and sends telephone messages and stores
and forwards telephone calls.

IT’S SIMPLE, with direct installation and a
menu-driven program. These features make
PC Dial/Log™ convenient and easy to use.

UNPARALLELED VOICE QUALITY made pos-
sible by the Votrax® voice digitization process
enables PC Dial/Log to deliver the best low-
cost voice reproduction.

VOTRAX®'S SOFTWARE INTERFACE PRO-
GRAM, THE TOOL KIT, created especially for
the developer whose application includes
PC Dial/Log™, wil help save valuable
programming time.

Other Votrax* Products
—Personal Speech System'*4,
Type-'N-Talk"™ Stand-Alone Devices
—IBM. Apple Il. Commodore 64
Piug In Board Synthesizers
—Votrax* Speech Chips

IMAGINE WHAT YOUR COMPUTER
COULD SAY WITH PC DIAL/LOG"

APPLICATIONS including appointment sched-
uling, telemarketing, marketing surveys, finan-
cial updates, inventory status reports, dis-
patching and order entry are just some of the
many ways that PC Dial/Log™ can be used.

WE WELCOME DEALERS AND DISTRIBUTORS
to contact Votrax® regarding our complete
line of products. Qur reputation has been
buit on quality products and outstanding
customer service that are sure to satisfy you.

AN UNBEATABLE PRICE at only $495*, PC
Dial/Log™ is the lowest priced digital board
available today. Please contact Votrax®
directly for additional information.

“Plus shipping and handling.

V@j{t VOTRAX/CMC Intl, Inc.
“Technology That Talks"

1394 Rankin, Troy. M| 48083
1-800-521-1350
in Michigan 313-588-0341
TWX-8102324140 Votrax-TRMI
For avoice demonstration call
313-588-2926
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same year as that of K&R) defining two ex- .
tensions to the C language, implemented
by the portable C compiler, and therefore
existing on all current UNIX systems. The
first of these is the ability of a function to
return a structure, and the second is
enumeration types. The C compilers on
UNIX also admit the void declarator, but
I do not know what year this came out.

I would also like to take issue with Mr.
Unger's complaints about the dependence
on #define and typedef. He claimed that
heavy use of these reduced readability. |
am on shaky ground here, not having read
the subject book, but I would like to make
some comments on the use of these and
on good C style for large programs.

Nobody can argue with the simple ap-
plication of #define to replace integer
values with meaningful symbolic equiva-
lents, for example:

#define TRUE 1
#define FALSE O
#define MAXINT 32767

It is when #define is used to define a pa-
rameterized macro, as in

#define putchar(x) putc(x, stdout)

that debate might arise. It is usually done
as an efficiency measure to save the over-
head of a function call. Although the ex-
ample above, taken from the source of
4.2BSD UNIX, is pretty clear, such macros
are often relatively unreadable. and the
calls thereof are not traceable by symbolic
debuggers. Consider the following horror,
taken from the same source:

#define getc(p) (- - (p)— >_—_cnt> =0?
*(p) — >__ptr++ &0377:_filbuf(p))

In the language C++. which is essential-
ly C extended to have classes, a provision
was made to specify that member func-
tions of classes produce in-line code
where desired, and it was pointed out that
this provision should reduce the extent to
which #define is used for the same
purpose.

Now a word about typedef. The impor-
tant, legitimate use of this construct is in
conjunction with structure, or union, de-
clarations. In the construction

struct silly {

int a;

char b[6];

struct silly *next;
} sl, s2

| have declared a structure consisting of an
integer. an array of six characters, and a
pointer to an instance of the same struc-
ture, and declared s1 and s2 to be variables
that are instances of the structure. The

(continued on page 339)



LANGUAGES THAT ARE CAUSING THE BIGGEST
PROGRAMMING BA(I(I.O&AIH HISTORY ARE ALSO

EATING NICE BIG HOLES IN OUR POCKETS.

Whether it’s BASIC, COBOL, Programs that are easy to use. Imagine making source program
Pascal, “C”, or a data base manager, Programs that are a pleasure to  changes with th:%LARIO I%ﬁa
you're being held back. write. TOR. A single keystroke termi-

Held back because the language And to you that means true nates the EDITOR, loads the COM-
has frustrating limitations, and the satisfaction. . PILER, compiles the &)rogram, loads
programming environment isn’t You've coveted those nifty popup the PROCESSOR and executes the
mtuitive enough to keep track of help windows some major applica- pro%ram. It’s that easy!
what you're working on. tions feature. But you can'’t afford ur data management capabili-

In the real world, there’s pres- the time and energy it takes to ties are phenomenal. CLARION
sure to do more impressive work, in  write them into your programs. files permit any number of compos-
less time, and for more clients. That’s the way it used to be. ite keys which are updated dynami-

We've been given some incredibly So we fixed that, too. calk.

werful hardware in recent times, CLARION’s HELPER is an file may have as many keys as

ut the languages aren’t a whole lot  interactive utility that let’s you it needs. Each key may be com-
better than they were 20 years ago.  design the most effective pop-up posed of any fields in any order.

So, whatever language you have help screens that you can imagine. And key files are updated when-
chosen, by now you feel it's out to And they’re “context sensitive, ever the value of the key changes.
get you — because it is. meaning you can have help for Like SCREENER an(i, RE-

ure, no language is perfect, but evetl}y field in your application. PORTER, CLARION’s FILER utility
you have to wonder, “Am I getting nlike the other micro also has a piece of the CLARION
all I deserve?” languages, CLARION provides COMPILER. To create a new file, you

And, like money, you'll never declarations, procedures, and name the Source Module. Then you
have enough. unctions to process name the Statement Label of a file

Pretty dismal, huh? dates, strings, structure within it.

We thought so, too. “~._  screens, reports, FILER will also automatically

So we did something about it. ™ ~~._  indexed files, rebuild existing files to match a

We call it CLARION? ; s DOS filesand  changed file structure. It creates a

You'll call it “4ncredible.” memory tables. new record for every existing rec-

Distributed on 7 diskettes, ord, copying the existing fields and

CLARION consists of over 200,000
lines of code, taking 3+ years to
hone to “world-class” performance.
With CLARION you can
write, compile, run and debug |
complex applications in a :
New York afternoon.
Even if you're in Savannah.
It gives you the power and
S to create screens, windows
and reports of such richness and
clarity you would never attempt
them with any other language. +
Because you would have to

initializing new ones.
»oounds pretty complicated, huh?
@ Not with CLARION’s docu-
mentation and on-line help
screens. If you are currently
competent 1n BASIC, Pascal
Ok or “C” you can be writing
i® CLARION applications in a
& day. In two days you won't
* believe the eloquence of your
CLARION programs.
Okay, now for the best part of
all. You can say it in CLARION
for $295.00—plus shipping and

write the code. i handling. All you need is an IBM® PC, XT,
With CLARION you simply AT or true compatible, with 320 KB of

design the screens using our = memory, a hard disk drive, and a parallel port.

SCREENER utility and then - And we'll allow a full 30 day evaluation

CLAR(I:(())III\II y;mtgsfthe source codeCl SAYITIN period. If you're not satisfied with

AND compiles it for you in seconds. C ON, simply return it in its

Likewise, you can use original condition for a full refund.
REPORTER to create reports.

L ARION g you're not quite ready to take
Remember, only CLARION can C advantage of this norisk

recompile and display a screen or opportunity, ask for our detailed 16
report layout for modification. DEPT. A2BY/3 page color brochure. It vividly

And with no time wasted. illustrates the elegance of
All the power and facilities you I-80°-3 54- 5444 CLARION. Consider it a preview of
need to write great programs, faster . =3 pr%ramming in the fast lane.

than you ever dreamed of. VISA e ither way, the 800 call’s a freebie.

BARRINGTON SYSTEMS, INC. 150 EAST SAMPLE ROAD POMPANO BEACH, FLORIDA 33064 305/785-4555

IBM is a registered trademark of International Business Machines Corporation. CLARION™ is a trademark of Barnington Systems, Inc. ©1986 Barrington Systems
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Object Lesson

[t's clear that building all new
software from scratch isn't a very
productive way to work.

But that's been the only option
open for developers.

Until now.

Software Evolution

PPI's object-oriented software
engineering environment lets
designersand programmersbuild
thelr own reusable Software-

ICs® and use Software-ICs built by
others—giving them the same
advantages integrated circuits
give hardware designers.

No longer do systems have to
be created from scratch.

Encapsulation, inheritance and
runtime binding are all available
to you without sacrificing the ben-
efits of programming in C.
Seamless Integration

As you adopt object-oriented
technology, PPI will support you
with the expanding supply of tools
and training necessary to achieve
a fully integrated, seamless devel-
opment environment.

Just as important, PPI's unique
hybrid-language approach lets
you continue to use your current
software mvestment. Which means

you don't have to learn a new lan-
guage to get the benefits of object-
oriented technology.

Real Solutions

Rightnow, PPI productsare in use
by many Fortune 500 companies,
U.S. Government agenciesand
major universities. Systems of up to
180,000 source lines of code have
been completed ahead of sched-
ule and are in commercial use.

In fact, many users report a
better than five-fold increase in
productivity on their first projects
using PPI products.

Tolearn how PPI products, train-
ing and support can help youmeet
your development goals faster
while maintaining high quality, call
us at (203) 426-1875.

Or write PPI, 27 Glen Road,
Sandy Hook, CT 06482.

The leader in
object-oriented software
engineering.
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Advanced Dlgltal 'S PC-SIave is the soliifion to yot:r
multi-user or local'area network problems v

s
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\

¥ '-J ust—plugAdva n‘ced“' O

Digital’s PC:Slave board.\ s
.into your PC expansion \ =

f' slot, a connecting cable, a \ "8
““low-cost ‘dumb terminal or a \

/ PC look- alike| terminal and \ 5
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/ %o your IBM-PC, AT, XT, and the com- \ :
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/+ each PC-Slave has its own 8088 CPU, 256- b e R,
768K RAM dedicated to each user. Advanced \
Digital provides additional software which sup-_ 2
e B . _ports File & Record lecking and#print spooling. \\
‘ . ~ Advanced Dlgltal s slave concept provides the best " ;
/ multi-user PC system avallable today! For the location \ & ¥ .
S | of the dealer nearest you contact: \
/ — I \‘i ’ o * "
) 2 ; " - .
Advanced Digital/Corporation ) | al” - " Advancéd DiéiLaI U.K.oLtd.
__5432 Production Drive R /S & ¥ J o 4 oF . W B A 27 Princes Street, Hanover Square

" Huntington Beach, CA 92649
(714) 891-4004 (800) 251-1801
Telex 183210 ADVANCED»HTBH ———

London WIR8NQ-United Kingdom
(01) 409-0077 (01) 409-3351 @&
TLX 265840 FlNEST

Regional Distributors: In California, Thomas Data Systems, Inc. (213) 214-4661, MP Systems (714) 770-6411; In Texas, MP Systems (214) 385-8885 or (800) 854-8885;
in Ontarlo, Canada, Computer Lab (416) 299-7660; In Australla, Archives COmputers (03) 699-8377; in Florlda, Internatlonal Mlcro Systems (305) 665-1515

Inquiry 5 for End-Users. lnqu1ry 6 for DEALERS ONLY. . ‘\ : &




W-HATS NEW

Graphics Package
Works in Medium
and High Resolution

CN Concorde, an inte-

grated graphics pro-
gram, provides tools for
freehand painting, anima-
tion, creating charts, and
mixing text and images in
medium or high resolution.
It can plot graphs from
Muitiplan, Lotus 1-2-3, Sym-
phony, and DIF spread-
sheets. Painting capabilities
include multilevel zoom, 64
colors, and scaling. A data-
base comes with 2000 icons
and symbols, but you can
also draw your own.

You can send Concorde
output to a printer (dot-
matrix, ink-jet. or laser) or
plotter, or use it in a 35mm
slide program or self-running
presentation (dissolve and
fade options are included).

The package runs on the
IBM PC series and work-
alikes. It functions with
machines using the En-
hanced Graphics Adapter
(and compatible cards) and
with the ATET 6300/Olivetti
line using the Display En-
hancement Board. Price is
$695. Contact Visual Com-
munications Network Inc.,
238 Main St., Cambridge,
MA 02142, (617) 497-4000.
Inquiry 550.

The Data General/One
Model 2

D ata General announced
a second version of its
Data General/One portable
computer. The new model,
which weighs less than 12

Images produced using VCN Concorde.

pounds, is equipped with an
electroluminescent display
or a liquid-crystal display
that, the company claims,
provides twice the contrast
of the previous model's LCD.

Like the first version of the
portable, the Data General/
One Model 2 is compatible
with the IBM PC. It runs on
an 80C88 processor and
comes with 256K bytes of
NMOS RAM (expandable to
640K) and a 3%-inch floppy
disk drive. Prices start at
$2795 for a base configura-
tion with an electrolumines-
cent display or $1795 for
the same configuration with
an LCD screen.

The electroluminescent
screen displays 80 columns
by 25 lines and 640 by 200
pixels. The LCD screen also
displays 80 columns by 25
lines and features a resolu-
tion of 640 by 256 pixels.
According to the company,
the LCD displays characters
with a 2:1 height/width ratio,
which enables it to display
IBM PC-compatible graphics
without distortion. The
Model 2 EL has an optional
external battery pack that
reportedly will power the

system for up to 3 hours;
with the LCD version, inter-
nal nickel-cadmium batteries
provide up to 7 hours of
power.

Other standard features of
the Model 2 include a serial
and a parallel interface, a
79-key keyboard, and two
slots at the rear of the
machine for expansion
cards. Among the available
options are a 10-megabyte
internal hard disk drive, a
second 3%-inch floppy drive,
an 8087 math coprocessor.
an internal 300/1200-bps

- modem, an interface card

for an external monitor, an
external 5%-inch floppy disk
drive, and an expansion
chassis that will hold PC-
compatible expansion cards.

An LCD unit with two flop-
py drives sells for $1995;
with one floppy drive and a
10-megabyte hard disk drive,
it costs $2995. An electro-
luminescent model with two
floppy drives costs $2995;
with a floppy and a hard
disk drive, it sells for $3995.
The company has also re-
duced the price of the Data
General One/Model 1 from
$2195 to $1495. Contact
Data General Corp.. 4400
Computer Dr., Westboro, MA
01580, (617) 366-8911.
Inquiry 551.

Graphics Chips
from Intel and TI

lntel has developed a
graphics coprocessor chip. .
the 82786, that can manipu-
late windows and other

‘graphics elements as much

as 100 times faster, the com-

pany says, than is possible

through software. Designed
(continued)
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to work alongside an 8-, 16-,
or 32-bit general-purpose
processor such as the 8088,
80286. or 80386, the 16-bit
82786 is made by the same
CMOQOS process as the 80386
processor. It handles up to
32 DRAMs in a dedicated
graphics memory and has
its own complete DRAM
controller.

The chip includes two pro-
cessors: a graphics pro-
cessor (GP) and a display
processor (DP). The system
processor sends a command
to the 82786’s GP, which
executes the command and
updates graphics and text in
graphics or system memory.
This execution can run con-
currently with further pro-
cessing by the main pro-
cessor. The DP operates in-
dependently from the GP: It
collects bits from memory
and sends them to display
devices such as CRT5, LCDs,
and laser printers.

The GP works with several
bit maps to perform line
drawing, color filling, or
polygon creation. To change
the size, shape, or informa-
tion content of a window,
the processor changes only
the pointers to the proper
bit maps. Bit maps in the
chip’s linear. 4-megabyte
memory can be as much as
32,000 pixels on a side and
8 bits deep (for color or
gray scale).

According to Intel, the
82786 working on a 6-MHz
IBM PC AT with a 640 by
480 by 8 screen resolution
shows a speed increase over
software-driven graphics of
100 times in line drawing,
25 times in bit-blitting, and
15 times in displaying bit-
map characters. Windowing,
panning, and scrolling are
virtually instantaneous. The
technical specs are: 2.5
million pixels/second on
lines and polygons. 2 million
pixels/second on circles and
arcs, 24 million bits/second
for bit-blt, and 30 million
bits/second for fills.

TI's TMS34010 is a 32-bit processor for graphics operations.

The 82786 supports the
ANSI CGI (Computer Graph-
ics Interface) standard and
IBM’s CGA (Color Graphics
Adapter) standard. Ashton-
Tate, Digital Research,
Graphic Software Systems
(GSS), Lotus Development,
and Microsoft are support-
ing the chip.

82786 samples are in the
hands of hardware design-
ers, and Intel expects pro-
duction runs in the fourth
quarter of 1986. At that
time, the chip should cost
approximately $100 in quan-
tities of 1000 and $80 in
quantities of 10,000. The
company foresees the large-
quantity price eventually
dropping to approximately
$50 per chip. Contact Intel
Corp., 1900 Prairie City Rd.,
Folsom, CA 95630, (916)
351-5000.

Inquiry 552.

Texas Instruments has
released the Software
Development Board, which
incorporates the company’s
recently developed
TMS34010 Graphics System
Processor (GSP). In addition
to the GSP processor, the
Software Development
Board contains 2 56K bytes
of multiport display
memory, 512K bytes of pro-
gram memory, and the
TMS34070 Color Palette
chip with three high-speed
DIA converters for driving
analog RGB outputs. The
board is priced at $3995.

TI describes the GSP as a
high-performance (6 MIPS or
a draw rate of 48 million
pixels per second) CMOS
32-bit microprocessor op-
timized for graphics display
systems.

The processor has a I-
gigabit address space, ad-
dressable on bit boundaries
using variable-width data
fields. The GSP also features
31 general-purpose 32-bit

registers, a 256-byte on-chip
instruction cache, an instruc-
tion set containing 79
general-purpose instructions,
27 specialized variable field
MOVE instructions, and 23
graphics instructions, in-
cluding the specialized
PIXBLT instructions.

The PIXBLT instructions
manipulate pixel data, ac-
cessed via memory ad-
dresses or x.y coordinates.
These instructions provide
the capability for array and
raster operations as well as
individual pixel processing.
windowing, plane masking,
and transparency.

The company is sampling
the GSP now and plans to
have large-volume shipments
of the final version early
next year. In quantities of
50,000, the company antici-
pates a price of about $40;
in single-unit quantities, the
chip will cost about $155.

Tl provides hardware and
software support tools for
GSP developers. The hard-
ware consists of a Color
Graphics Controller Board
with Debugger interface
software (an IBM PGA
emulator) for the Tl Profes-
sional Computer and IBM
PC and compatibles, as well
as the Software Develop-
ment Board, which works
with the same computers.

Software tools include a C
compiler, an assembly sup-
port package, graphics func-
tion libraries, and a CGlI
standards package. The C
compiler is a full-featured
Kernighan and Ritchie C
with in-line assembly exten-
sions, 64-bit IEEE floating
point, and memory-manage-
ment run-time support. The
assembly support package
includes an assembler,
linker, ROM utility, software
simulator, and librarian/
archiver.

Contact Texas Instruments
Inc., PO. Box 809066, Dallas,
TX 75380-9990, (800)
232-3200.

Inquiry 553.
(continued)
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It you cant put a Hayes modem

oneyery PCin

your IBM network,

heres the next best thing,

© 1986 Hayes Microcomputer Products, Inc.

It's new communications software
from Hayes called Smartcom II® for
the PC Network.

It lets you share modems. So even
PC s without their own modems can
communicate outside the network.

Before now, if you needed to com-
municate outside the network, you
had to physically go to wherever the
modem was. That, in turn, meant
bumping the operator off his
modem-equipped PC, so that you

could handle your communications.

Hayes Smartcom II for the PC
Network puts an end to all the delay
and inconvenience. Now, when a
PC needs the modem, the user is
automatically connected from his
own desk. So communications

capabilities are immediately avail-
able to everyone on your network,

whether their PC has a modem or not.

You only buy one software pack-
age per modem. The workstation
part of the software can then be
duplicated for each PC on the net-
work, at noextra cost. It's better than
having a site license!

Each PC can have its own pass-
word, define its own log-on proce-
dures, set its own macros, and use

lll//////llll II/I///// Wt

/////% /// Z //'%”//
//%///I/m il /////////////0/ %///// //7/ / /%
l

/////////////////// 7////////////
Say yes to the future

Inquiry 128

*Manufacturer’s estimated retail price.

all the other outstanding operating
features of our standard Smartcom II
while connecting with any of the
shared modems on the network.

You get all this for only $599*!
And it's backed by Hayes, the PC
communications leader.

So if you currently utilize, or are
contemplating adding, IBM PC
networks, you should also add
Smartcom II for the PC Network.
For efficient communications.
Without delay.

See your authorized Hayes dealer
for details. Or contact Hayes at
404/441-1617.

Hayes Microcomputer Products,
Inc., P.O. Box 105203, Atlanta,
Georgia 30348.



WHAT'S NEW

Smalltalk for $99

malltalk/V. an implemen-

tation of the Smalltalk
environment for IBM PCs
and compatibles, comes
with a Prolog compiler that
allows integration of object-
based and rule-based pro-
gramming techniques. The
package’s graphics capabil-
ities provide bit and form
editors for making icons and
fonts. Each graphical object
has its own behavior and
can be linked to other ob-
jects through the language’s
message-passing paradigm;
as a result, you can build
simulations using algorithms
or rules.

This version of Smalltalk
lets you object-swap to a
hard or RAM disk, which
means you can write large
programs (up to 32,000 ob-
jects and 4 megabytes of
memory). The package
comes with a source-level
debugger: you can check
and change local variables
and then resume the pro-
gram or execution of a par-
ticular method.

Smalltalk/V costs $99. Con-
tact Digitalk Inc., 5200 West
Century Blvd. Los Angeles,
CA 90045, (213) 645-1082.
Inquiry 554.

Object-oriented
Graphical Modeling
Program

herrill-Lubinski's Object-

Oriented Graphical Mod-
eling System consists of
software for drawing, ani-
mating, coloring, or rotating
pictures and objects. The
company describes it as a
tool for programmers who
are modeling data or view-
ing it graphically. Typical ap-
plications include develop-
ing realtime process control
displays, building worksta-
tions for graphics design,
and creating graphically
oriented interfaces.

OOGMS comes with a

drawingfediting program
called SL-Draw: a collection

of C function calls termed
the Graphical Modeling
Function Library; and a
graphics interpreter. called
the Graphical Modeling Lan-
guage Interpreter, for han-
dling and animating models.
SL:Draw is $2400 in binary
form, $6000 in source; the
function library and the in-
terpreter are sold as a
package for $3500 in binary
form, $35.000 in source.
Contact Sherrill-Lubinski,
Suite 110 Hunt Plaza, 240
Tamal Vista Blvd. Corte
Madera, CA 94925, (415)
927-¥724.
Inquiry 555.

Amiga Math
Coprocessor

esigned for the Com-

modore Amiga and
other 68000-based systems,
the math coprocessor board
from Netch Computer Prod-
ucts features a Motorola
68881 chip and 68010
microprocessor. The com-
pany says the board can
boost the processing speed
of math-intensive software
by 300 to 500 percent.

The board is sold as an in-
ternal piggyback replace-
ment for the Amiga’s 68000.
The 68010 runs on the
68000's system clock, while
the 68881 operates asyn-
chronously with a maximum
clock rate currently at 16.5
MHz. Because the 68010 is
not directly compatible with
the 68881, the company
provides a software emula-
tion of the 68020's copro-
cessor interface, which is in-
stalled in AmigaDOS. Soft-
ware libraries for Aztec C
and Lattice C compilers and
assembler tools are also in-
cluded with the board.

A bare-board kit is priced
at $149. Assembled and
tested without the 68881,
the board costs $269;
assembled and with the

68881, the board costs
$529. The company says the
board should work in any
68000-based system with
adequate board clearance
and software-accessible trap
vectors. Contact Netch Com-
puter Products, PO. Box
645, Monrovia, CA 91016,
(818) 334-1002.

Inquiry 556.

DEC’s Engineering
Workstation

Digital Equipment Corp.
introduced the VAXsta-
tion 1I/RC. an entry-level
member of the firm's VAX-
station series of computers.
According to the company,
the workstation is designed
for applications in elec-
tronics, mechanical com-
puter-aided design, software
development, computer-
aided software engineering,
technical publishing, and
others that require compu-
tation-intensive performance
and networking.

The workstation is based
on DEC's MicroVAX Il 32-bit
processor and is available in
configurations with 3 mega-
bytes and 5 megabytes of
RAM, priced at $14,995 and
$16.995, respectively. Both
versions of the workstation
are equipped with a 19-inch
monochrome monitor with
1024 by 864 resolution, a
71-megabyte hard disk and
disk controller, an Ethernet
interface, a 95-megabyte
streaming tape drive, a
video controller, a keyboard.
and a three-button mouse.
The workstation supports
the MicrovMS and ULTRIX-
32m (DEC’s implementation
of UNIX) operating systems;
a license for one of these
operating systems is in-
cluded in the system price.

Fully compatible with the
company’s line of VAX com-
puters, the workstation can
be linked with the systems
via Digital's network. Contact
Digital Equipment Corp.,
Maynard, MA 01754-2571.
Inquiry 557.

Smalltalk-80
for IBM PC AT

Softsmarts has combined
its ST80 "virtual ma-
chine” with Xerox's “virtual
image” to put Smalltalk on
the IBM PC AT. The com-
bination converts the AT in-
to a fully functional
Smalltalk-80 version 2
workstation with as much as
2 megabytes of memory
space and a 640 by 350 bit-
mapped graphics interface.

The company says that be-
cause it designed the under-
lying virtual machine specifi-
cally for the AT, users get
complete PC-DOS compati-
bility and the full power of
the 80286.

Softsmarts ST80 runs on
an AT with 640K bytes of
base memory, at least 512K
expansion memory (I mega-
byte preferred), an IBM
Enhanced Graphics Adapter,
a Mouse Systems three-
button mouse, and a mono-
chrome or IBM enhanced
color monitor. An 80287
math coprocessor enhances
performance. The system
can run on an AT with a
single 1.2-megabyte floppy
drive, but a hard disk is
needed for full source
browsing. ST80 for the AT
costs $995. Contact Soft-
smarts Inc., 4 Skyline Dr,
Woodside, CA 94062, (415)
327-8100.

Inquiry 558.

Drives Work with
Apples and Macs

he ProAPP 10 and Pro-

APP 20, 10-megabyte
and 20-megabyte hard disk
drives. can be used with
Apple II and Macintosh
computers without the need
for changing or adding disk
controllers. Moving a drive
from one Apple machine to
another requires disconnect-
ing the subsystem from the
first, reconnecting it to the
second with the appropriate

(continued)
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Bookyour trip
) from start to finish.

All on your own PC.

Now you can get quick information and énmmediate
reservationss for flights, hotels and rental cars with EAASY

SABRE, the American Airlines personal reservations system.

EAASY SABRE lets you look directly at schedules and
fares, 24 hours a day. On any type of PC that has a modem
or on any kind of communicating terminal. And, all the
help you need is available on line.

This special service will showyou flights for over 650
airlines worldwide. And the quickest routes to almost
any place you want to go.

It will also show you more than 13,000,000 fares. Our
exclusive Bargain Finder™ feature assures that you'll get
the lowest possible fares available for the seats you book.

In addition, you can reserve a room at more than
12,000 hotels — by name, by price or by location. You
can also confirm a car from over 20 rental car compa-
nies. Look at your personal AAdvantage® account. And
even check the weather in the city you'll be visiting.

Once your reservations are booked, EAASY SABRE
lets you decide where to pick up the ticket — from your
SABRE Automated Travel Agency or Corporate Travel

Office, at the airport, at an American Airlines City Ticket
Office, by mail or from any other American Airlines
authorized distribution channel.

Access the worlds most sophisticated travel automa-
tion system. It that simple. And economical. Because
there$ currently no surcharge for using FAASY SABRE. You
just need to subscribe to one of the data networks listed.

For more information on subscribing to a network, call:

Dialcom, Inc.
1-800-258-3311
General Electric Information Services Company
1-800-433-3683
QuantumLink (for Commodore computers only)
1-800-392-8200

CEAASY )

SABRE

A‘!Adv.mmge‘E is a regitered service mark of American Airlines, Inc.
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WHAT'S NEW

cabling, and then reconfigur-
ing an 8-pin DIP switch on
the bottom of the drive.

The drives attach to the
floppy disk ports on the
Apple lle/lic and 128K and
512K Macintoshes or the
SCSI port on the Macintosh
Plus. You can use the drives
to transfer text files between
lIs and Macs, the company
says. The drives also include
a printer/spooler interface
that's compatible with the
Apple Imagewriter.

The ProAPP | sells for
$795; the ProAPP-20 costs
$995. For more information,
contact ProAPP Inc., 1475
South Bascom Ave, Suite
101, Campbell, CA 95008,
(408) 559-3552.

Inquiry 559.

CAD in Three
Dimensions

&W Systems has devel-

oped a module that
works with the company’s
VersaCAD Advanced for
three-dimensional computer-
aided design. VersaCAD 3D
is a true three-dimensional
surface modeling system
that accomplishes geometric
design in x, y, and z coor-
dinate space, absolute or
relative; isometric and
perspective views include
real 3D lengths rather than
lengths created by 2D con-
version, T&W says.

Cones, cylinders, spheres,
and boxes are among the
primitives in the package.
They can be rotated about
the x, y. and z axes, and
most can be shown as par-
tial objects. The program
has four display modes:
sketch, for a quick preview
showing only front vectors;
wireframe, which shows all
vectors; hidden line removal,
which cleans up the design;
and hidden line conversion,
which displays hidden lines
as dotted ones.

VersaCAD 3D runs on IBM
PCs and compatibles. It

VersaCAD 3D adds 3D modeling to VersaCAD Advanced.

costs $495. Contact T&W
Systems Inc., 7372 Prince
Dr., Suite 106, Huntington
Beach, CA 92647, (714)
847-9960.

Inquiry 560.

Sony'’s StillVideo
Recording System

Sony's ProMavica system,
a still-frame video re-
corder, is designed for
recording, storing, and
manipulating video images
on 2-inch stillvideo floppy
disks. According to the com-
pany. the system can con-
nect with IBM PC—compat-
ible computers, allowing you
to store computer-generated
text and color graphics and
mix them with video images
on the floppy disks. The
system enables you to dis-
play the images on a moni-
tor, project them on a wall,
or transfer them to hard
copy. The system also lets
you generate computer-
controlled video presenta-
tions that can be reordered,
edited. duplicated. and com-
bined with other audio/
visual media.

On each video 2-inch disk.
the ProMavica unit can re-
cord 50 frames of still-video
pictures or 25 frames with
double the vertical resolu-
tion and with up to 360
lines of horizontal resolu-

tion. The recorder can ac-
cess images, which are
keyed with a 6-digit code, in
2 seconds or less.

The system is compatible
with all composite video
and analog/digital RGB
signals from computers,
cameras, videodisks, and TV
tuners. The RGB input con-
nector on the back of the
unit works with IBM PC—
compatible computers. The
recorder has an RS-232C
port as well as two 6-pin
remote control ports for the
company’s Program Editing
Controller, which enables
you to make dubs between
two recorders.

The ProMavica Still Video
Recorder is priced at $3400;
10 video floppy disks sell

for $100. Contact Sony Corp.

of America. 9 West 57th St.,
New York, NY 10019, (212)
418-9470 or (201) 930-6432.
Inquiry 561.

on either side of the server.
Longer distances can be
achieved by adding re-
peaters to the cable.

Up to 63 workstations can
be supported by a dedi-
cated disk and print server,
which must be a PC-
compatible computer with a
hard disk. The server itself
can be a workstation on a
higher-level Imaginet net-
work. Workstations in the
network have access to
several simulated disk drives
and a simulated printer,
which -are resident on the
server.

The network costs $900
for the first IBM PC, $800
for each additional IBM PC,
and $500 for each Atari ST.
Contact BMB Compuscience
Canada Ltd. 500 Steeles
Ave., Milton, Ontario,
Canada L9T 3P7, (416)
876-4741.

Inquiry 562.

Networking Atari STs
and IBM PCs

MB Compuscience

Canada released a ver-
sion of its Imaginet network
that connects IBM PCs and
Atari STs. The network runs
at speeds of up to 2
megabits per second and
can transmit data over
distances of up to 1500 feet

Public Domain,
User-Supported
Programs on CD-ROM

C-SIG, a clearinghouse

for public domain and
user-supported software, is
selling a CD-ROM optical
disk holding 490 “volumes”
(equivalent to 490 floppy
disks) of applications and
utilities for PC- and MS-DOS
machines. The collection
covers word-processing,
communications, accounting,
and programming software.
Educational programs,
games, printer utilities,
languages, and BASIC devel-
opment tools round out the
disk.

The CD-ROM collection
costs $195; youre asked to
send a donation to authors
of programs that perform
“satisfactorily.” PC-SIG also
sells a Hitachi CD-ROM
player, PC controller, ca-
bling, and software drivers
for $995. Contact PC-SIG
Inc.. 1030D East Duane Ave.
Sunnyvale, CA 94086, (408)
730-9291.

Inquiry 563.
(continued)
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Enhanr“‘... EGA d, $399

he EVEREX Enhancer is the 11 Display Modes Software Switched

IBM compatible EGA card There’s 16 colors from a palette  The Enhancer comes with
that delivers value with price, of 64 in 640x350 resolution. Text EGMODE menu-driven software
performance, and features! is displayed in readable 8x14 that lets you change display
No Options Needed. character format in text mode. modes, even monitors, without
With other EGA cards you have to  And the Enhancer’s monochrome opening your chassis, with the
pay extra for options like 256K mode can support monochrome push of a button. Useful help
screen memory and a parallel graphics on a monochrome windows take all the mystery out
printer port. With the Enhancer monitor. In addition to 6 EGA of each possible display mode.
these features are standard and modes and a monochrome mode, The Perfect Adapter

there are no extras to buy. there’s 4 color modes. For enhanced color graphics

monochrome text, and standard

1'800'82 1'0806 1 '800'82 1 '0807 color text and graphics, the
In California  EVEREX Enhancer is the perfect

48431 Milmont Dr. adapter to pair up with your

Fremont, CA 94538 EVERE_Vr software library. Call your local
(415) 498-1111 “ dealer for a demo, or call EVEREX
EVER for EXcellence to get all the facts on our new

Enhancer is a trademark of EVEREX SYSTEMS, INC. IBM is a trademark of Intemational Business Machines Corp. line Of VidCO adapters
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WHAT'S NEW

SYSTEMS

Two-Board
Multiuser System

mpro has released a

two-board computer
that offers multitasking,
multiuser capabilities. The
two-board set occupies
nearly the same space as a
half-height 5%-inch disk
drive, according to the
company.

The set consists of the Lit-
tle Board/186 single-board
computer and an Expansion/
186 daughterboard. The
boards include an 8-MHz
80186 microprocessor. |
megabyte of RAM, 128K
bytes of EPROM, four serial
ports, a floppy disk con-
troller, an SCSI port and a
printer port, an 8087 math
coprocessor, a battery-
backed clock, and an /O ex-
pansion bus. The boards
support RS-232C or RS-422
asynchronous or synchro-
nous serial protocols.

The two-board set sells for
$895 without a math copro-
cessor, which costs an addi-
tional $119. A two-user
(82 50) or four-user ($300)
version of Concurrent DOS
4.1 for the Ampro hardware
is also available. For more
information, contact Ampro
Computers Inc., 67 East
Evelyn Ave, Mountain View.
CA 94041, (415) 962-0230.
Inquiry 564.

System for Scientists
and Engineers

ompatible with the IBM

PC AT, the System 488
computer is designed
specifically for use by scien-
tists and engineers. The
system runs on an 8-MHz
80286 microprocessor and
comes with 512K bytes of
RAM, a serial and a parallel
port, an IEEE-488 interface
card, a hard disk and floppy
disk controller, and a 1.2-
megabyte floppy disk drive.
An enhanced graphics dis-

The System 488 comes with an |IEEE-488 interface and specialized
software.

play adapter for color or
monochrome monitors and
a monochrome monitor are
also standard features with
the base model.

In addition to MS-DOS 3.1
and BASIC, software bun-
dled with the computer in-
cludes SuperKey, PCWrite,
HP-85 graphics emulation,
and application programs
for use with digital oscillo-
scopes, IEEE-488 printers
and plotters, and other com-
mon instruments such as
digitizers and digital volt-
meters. According to the
company, about 90 files are
provided on disk. including
source code.

Expansion options include
an additional 512K bytes of
RAM, 128K bytes of ROM. a
second floppy drive, an
enhanced color monitor,
and three serial ports.
System configurations with
20~ 30-, or 40-megabyte
hard disks and a profes-
sional color monitor are
also available.

Priced at $3980, the sys-
tem runs IBM PC—compat-
ible software and the UNIX
operating system. Contact
Capital Equipment Corp.. 99

South Bedford St. #107,
Burlington, MA 01803, (617)
273-1818.

Inquiry 565.

Networking AT
Compatible

he A=+Star, an IBM PC

AT-compatible com-
puter from Wells American,
is "network-ready.” according
to the company. The com-
puter incorporates multiuser
circuitry that enables it to
connect to up to 255 units
when used with the firm's
Network Adapter card.

The AxStar is based on a
6- and 8-MHz 80286 micro-
processor. The machine is
equipped with 512K bytes of
memory (expandable to |
megabyte on the mother-
board). a 1.2-megabyte flop-
py disk drive, and a hard
and floppy disk controller.
Other features include a
keyboard, eight available ex-
pansion slots, and a
220-watt power supply. The
computer has space for two

additional half-height drives.

The base unit sells for
$1495; additional configura-
tions are available. A Net-
work Adapter card costs
$295 for AxStar computers
and $495 for IBM PCs, XT5,
ATs, and compatibles. Con-
tact Wells American, 3243
Sunset Blvd., West Columbia,
SC 29169, (803) 796-7800.
Inquiry 566.

Datavue’s Single-
Board Computer

atavue Technical Sys-

tems announced the
Datavue 8612, a single-
board computer that can be
used to replace an existing
IBM PC XT motherboard.
The 8612 comes on a full-
size expansion card and in-
cludes an NEC V30 or Intel
8086-1 microprocessor oper-
ating at 10 MHz, as well as
a 16-bit data bus.

The 8612 is available with
512K bytes of RAM and a
Master Interconnect Board,
which can be installed in a
passive backplane as the
bus control device for IBM
PC expansion cards. The
computer's proprietary ROM
BIOS. the company says, is
fully compatible with IBM
PC hardware and software.
The 8612 sells for $695.

The company also an-
nounced the Datavue Series
30 computer, which is pow-
ered by the 8612 single-
board computer. The base
model is equipped with an
IBM PC AT-type keyboard, a
360K-byte floppy disk drive,
a Master Interconnect
Board. a monochrome video
controller, and a power
supply. Prices for a mono-
chrome system start at
$1695; prices for a system
with an RGB monitor start at
$1895. Contact Datavue
Technical Systems, 4355 In-
ternational Blvd., PO. Box
2687, Norcross, GA 30093,
(404) 564-5783.

Inquiry 567.
(continued)
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CLIPPER. THE dBASE COMPILER
A WINNING PERFORMANCE EVERY TIME.

Nantucket ™

Nantucket Corporation

5995 South Sepulveda Boulevard - 5
Culver City, California 90230 .

(213) 390-7923

Qutside California call toll-free:

1-800-251-8438

dBase, dBase 111, and dBase 111 Plus are trademarks . 2
of Ashton-Tate, Inc.

IBM PC, XT, AT, and 3270 are trademarks 4

of International Business Machines Corporation. .

Clipper and Nantucket are trademarks

of Nantucker Corporation.




WHAT'S NEW

PERIPHERALS

Removable
Hard Disks

SyOuest announced the
SQI500, an external re-
movable hard disk sub-
system that provides up to
90 megabytes of fixed and
removable storage for IBM
PCs, X5, Als, and com-
patibles. The SQI500 is
available with single or dual
5Y-inch 15-megabyte re-
movable drives; with a
45-megabyte fixed drive and
a 15-megabyte removable
drive; or with two 45-mega-
byte fixed drives.

The company reports that
the subsystem transfers data
at 7.5 megabits per second.
A controller, utility software,
two removable hard disks,
cables, and mounting brack-
ets come with the unit.

The company also sells
the SQ319, an internal ver-
sion of the SQI1500. It fea-
tures a 5%-inch 15-megabyte
removable hard disk drive
and includes a controller,
utility software, and installa-
tion hardware.

Prices for the SQI500 start
at $2499; the SQ319 kit is
$1395. Contact SyQuest,
47923 Warm Springs Blvd.,
Fremont, CA 94539, (415)
490-7511.

Inquiry 568.

Universal
Development Lab

rion Instruments’

UniLab II, a develop-
ment system for computer-
aided engineering, connects
to IBM PCs and compatibles
and provides support for
more than 120 microproces-
sor types. The system com-
bines an advanced 48 chan-
nel bus-state analyzer, a
real-time in-circuit emulator
that uses a target micropro-
cessor for code execution, a
stimulus generator for
special test cases, and a
built-in EPROM programmer.

Like the firm’s original
Universal Development
Laboratory. the UniLab Il
can be used for program-
ming 2708 through 27256
EPROMs.

According to the company,
the device can be used on
virtually any 8- or 16-bit
microprocessor. Personality
Paks are also available for
specific microprocessor
types and include cables
and software.

The standard UnilLab 1I-32
with 32K bytes of emulation
memory is priced at $4980
and works with processors
running at speeds of up to
10 MHz. A model with 128K
of memory works with pro-
cessors operating at up to
13 MHz and costs $6080. A
Personality Pak for an 8-bit
processor typically costs
$575: for a 16-bit processor,
$675. The Unilab I runs
under PC-DOS 3.1 or later
on IBM PCs or compatibles
with a minimum of 256K
bytes of RAM and two flop-
py disk drives. Contact
Orion Instruments Inc., 702
Marshall St., Redwood City.
CA 94063. (800) 245-8500;
in California, (415) 361-8883.
Inquiry 569.

Professional
Graphics Tablet

he Professional Series

graphics tablet from
Summagraphics works with
the IBM PC and compatibles
and the Macintosh. The 18-
by 12-inch tablet has a
resolution of 1000 lines per
inch, and the tablet’s active
area can accommodate a B-
size drawing or two A-size
sheets of paper.

The Professional Series
comes with an interface
cable, stylus, four-button cur-
sor, and power supply.

The tablet costs $995.
Contact Summagraphics
Corp., 777 State St. Exten-
sion, Fairfield, CT 06430,
(203) 384-1344.

Inquiry 570.

Ink-jet Printer
from H-P

ewlett-Packard's Quietjet

Plus ink-jet printer of--
fers draft and near-letter-
quality printing. It works
with the IBM PC, XT, AT,

and compatibles, as well as
the Apple I series and Mac-
intosh computers.

According to the company.
the wide-carriage printer
operates at 40 characters
per second for near letter
quality, and 160 cps
(10-pitch) and 192 cps
(12-pitch) for draft quality. It
offers three graphics resolu-
tions: 96 by 96 dots per
inch, 192 by 96 dpi, and
192 by 192 dpi.

The Quietjet handles
tractor-feed and cut-sheet
paper in widths from 5 to
15 inches. It features
RS-232C and Cent onics in-
terfaces and comes with
Hewlett-Packard's Printer
Command Language.

The QuietJet costs $799.
For more information, con-
tact Hewlett-Packard, 1820
Embarcadero Rd.. Palo Alto,
CA 94303, (800) 367-4772.
Inquiry 571.

Low-Cost Network

esigned to work with

IBM PCs and compat-
ibles, Macintoshes, and
other computers, the Micro-
link network can connect up
to 255 computers and pe-
ripherals capable of com-
municating asynchronously
through a V.24/RS-232C or
current loop interface. The
network consists of twisted-
pair cables and connector
units, one of which is re-
quired for each peripheral
or port. Each connector
costs approximately $520.

According to the manufac-
turer, the network can
operate over distances up to
1200 meters. It uses a trans-
mission rate of 125K bits
per second, which permits
more than 10 simultaneous
connections at 9600K bits
per second.

For more information, con-
tact Tech Trade ab, Box 197,
191 23 Sollentuna, Sweden,
08-92 01 35.

Inquiry 572.
(continued)
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NX vs UNIX

QUES

I TITIALRRRRR
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What do QNX and UNIX have to do with
architectural design?
The design determines the envrronment in which you
and your apphcatrons must survive. If the shear weight
of the UNIX operating system brings the PC to its knees,
all applications running under it will suffer. Unix was
- conceived more than a decade and a half ago and the
product today is the result of modifications, additions
and patches by hundreds of programmers. The result is a
large and convoluted piece of software whrch needs the
resources of an AT or more. .

QNX'’s superb performance and compact size is the result of
‘one dedicated design tearn with a common purpose, and
complete understandlng of both the software and the
environment in which it must run. It runs quickly and

efficiently on PC’s and soars on an AT. Unlike Unix, QNX i is

capable of real time performance and is the undisputed
choice for real time process control, and office systems. You
can buy an OS that offers you a ! to 3 user dead end on
an AT, OR, you can consider QNX which allows you
anywhere ffom 1 to 10 users on both PC's and AT’s. And
we don't stop there. Unlike other Unix-type systems for
PC’s, QNX is also a networked operating system, Not a

patch-on network, but a fully integrated networking system :;‘

for up to 255 micros. QNX allows you to start with a
single machine and grow if and as required. There are no
dedicated file servers and you can attach terminals (users)
to any machine. To choose a solution which ignores
networkrng is closing the door on your future.

Everyone is talking about Unix like systems but no one
wants to abandon the tremendous amount of DOS
software available. QNX does not force you to make that
decision. You can run either PC DOS 2.1 or 3.1’ as one of
QNX's many tasks. (DOS File compatibility and DOS
development tools are also available). Don't misunderstand
us. We at Quantum have a great deal of respect for Unix. It
was a maJor force in moving operating systems out of the
1960's and into the 70’s. QNX however, was designed in

o HARDWARE SUPPORT:

the 80's and wrll be a drrvmg force of the 1990 s. Over
20,000 systems have been sold since 1982. ,

Quantum strongly. believes that there are good reasons for
buying QNX, DOS and Unix. If you want more than DOS
and a working alternative to PC Unix, glve us a call and we
will discuss your needs.
End-Users, VAR's, OEM’ s and software developers are
invited to take the QNX challenge.
® MULTI-USER; i . ~10 serial termlnals per PC, AT
® MULTI-TASKING . -40 tasks per PC, AT. ‘
* NETWORKING: ~ -255 machines.

‘ ... rupto 10,000 tasks and 2000
.~ usersinetwork.
- -2.5 Megabit token ring.
~ —2800 task switches/sec (AT).

-Intertask communication between
any of 1000’s of tasks on any
machine.

. ~88K to 110K for ONx
_ -Executes as a task under QNX.

~ ~Standard Kernighan and Ritchie.
~ -single machine or networked.

One to thousands of users. Full

___resource sharing of disks and
. devices on all machines. '

* REAL TIME: .
® MESSAGE PASSING:

® C Complier:
© Flexibility:

. Support: -

_ -Online update system allows
downloading of new releases
__over the phone. '
L -Technical support hot line.
® COST: ~From US 5450

—Call for runtime prices.

-IBM PC, XT, AT™™ (both real
& protected) and compatibles.

Y .. A N B Wid. .l 4L . W AmEm
- EER | IR W, . N A R V. I
OPr un s wy__ un =R EE W EL 4 S
C:“‘A'I‘T“-'_"ﬂr_
SO WA VIS

A

- Moodie Drive HiTech Park 215 Stafford Rd. Ottawa, Ontarlo Canada. KZ2H 9C1 Phone (613) 726~ 1893

M FC AT XT AND PC-DOS ARE REG. TM OF INTERNATIONAL BUSINESS MACHINES CORP.  UNIX IS A REG. ™ OF AT&T BELL LABS

Inquiry 247




WHAT'S NEW

PERIPHERALS

AST’s Hard Disk
with Tape Backup

ST Research announced

an external 3%-inch
hard disk and tape backup
subsystem for the Macintosh
Plus and Apple lle. The
AST2000. which uses an

SCSI port, incorporates a
20-megabyte hard disk drive
and a 20-megabyte cartridge
tape drive. The Macintosh
Plus version of the unit can
be expanded to 60 mega-
bytes.

The company reports that
the disk’s transfer rate is 5

ADD -

megabytes per second; the
tape’s is 500K bytes, and it
backs up 20 megabytes in 8
minutes. The tape drive
allows file-by-file backup and
restore operations.

The AST-2000 connects to
the Mac Plus via cable and
to the Apple lle with a

INS

cable and a controller card
that plugs into an /O slot.
The system costs $2795; if
purchased separately. the
tape drive is $1695. Contact
AST Research Inc., 2121
Alton Ave, Irvine, CA 92714,
(714) 863-1333.

Inquiry 573.

AutoSwitch EGA

he Autoswitch EGA

Card from Paradise Sys-
tems supports IBM's En-
hanced Graphics Adapter
and other display modes
and automatically switches
to the appropriate mode
depending on the software
being used. The half-slot
card includes 256K bytes of
memory and supports Color
Graphics Adapter, Mono-
chrome Display Adapter,
Hercules graphics, and Plan-
tronics ColorPlus display
modes.

Suggested retail price is
$599. For more information,
contact Paradise Systems
Inc.. 217 East Grand Ave,,
South San Francisco. CA
94080, (415) 588-6000.
Inquiry 574.

DualTasking
Turbo Board

he Bilurbo board, an

accelerator board from
Alloy Computer Products,
offers dual-tasking capabil-
ities for IBM PCs, XT5, ATs,
and compatibles. The board
has an 8-MHz NEC V20
microprocessor, 640K bytes
of RAM for applications pro-
grams, 256K bytes of RAM
for disk caching, and a
COM2 port for use by the
second task. It comes with
Alloy's proprietary BTNX
software that can control
two tasks from the com-
puter's keyboard and
monitor.

According to the company.

the board is based on the
multiuser technology incor-
porated in the firm's
Slave/16 boards. The Bi-
Turbo sells for $995. For
more information, contact
Alloy Computer Products
Inc., 100 Pennsylvania Ave,
Framingham, MA 01701,
(617) 875-6100.

Inquiry 575.

Data Acquisition
Processor

he Data Acquisition Pro-

cessor installs in a
single slot in an IBM PC or
compatible and offers real-
time processing of analog
data, according to Microstar
Laboratories, the product's
manufacturer.

The board has an 8-MHz
80186 microprocessor, 128K
RAM, and one serial port. It
features a 16-channel analog
section with a program-
mable gain amplifier, dual
sample and hold circuits, a
16-bit A/D converter. and an
8-bit analog output port.
The board's 64- by 16-bit
FIFO and direct memory ac-
cess allow it to run real-time
computations while the host
computer operates other ap-
plications simultaneously.
The board also has a multi-
processing operating system
that handles control and
communication functions.

The Data Acquisition Pro-
cessor sells for $2500. Con-
tact Microstar Laboratories
Inc.. 2863 152nd Ave. NE,

Redmond, WA 98052, (206)
881-4286.
Inquiry 576.

Graphics Card for
IBM RT PC

icrofield Graphics™ T4

Color Graphics Con-
troller card plugs into a
single slot on the IBM RT
PC's peripheral bus and pro-
vides high-speed 1024 by
800, 4-plane color graphics.
The T4's proprietary archi-
tecture uses the 2901 bit-
slice processor chip.

The board supports the
ANSI CGI interface and
works with applications on
the RT's RISC processor or
the optional DOS coproces-
sor. Applications can access
the line drawing, polygon
and text manipulation, bit-
blt (bit block transfer), and
window-management micro-

code of the T4 directly from _

subroutines written in C.
Microfield's terminal emula-
tor for the T4 lets the board
act as a console device for
the RT's AIX (Advanced In-
teractive Executive) operat-
ing system.

The T4 costs $2850 and
works with the IBM RT PC
or the PC AT and com-
patibles. The price includes
a first-level graphics package
but not the CGI software
($300/board). The RT sup-
port package costs $150.
Contact Microfield Graphics

Inc.. 8285 Southwest Nimbus

Ave., Suite 161, Beaverton,
OR 97005, (503) 626-9393.
Inquiry 577.

PC Compatibility for
Sun Workstations

he Sun Integrated Per-

sonal Computer (Sun-
IPC) from Sun Microsystems
is a 10-MHz 80286 copro-
cessor board with | mega-
byte of memory that pro-
vides Sun workstations with
IBM PC AT compatibility
and the ability to run MS-
DOS applications in a
window under UNIX.

The SunIPC, a VMEbus
board, executes MS-DOS
color or monochrome ap-
plications requiring the IBM
PC AT color graphics
adapter or the Hercules
monochrome adapter. The
board includes one parallel
port, which allows the use
of two workstation ports as
standard serial ports. Op-
tions include an 8-MHz
80287 coprocessor and ex-
ternal 360K-byte and 1.2-
megabyte floppy drives. The
accompanying software in-

" cludes MS-DOS 3.1, GW-

BASIC, file-sharing software
for the Sun Network File
System, and utilities.

The SunIPC board costs
$1995 in single quantities
plus $395 for a single-user
version of the software. A
multiple-access version is
available for $995. Site
licenses are also available.
Contact Sun Microsystems
Inc., 2550 Garcia Ave,
Mountain View, CA 94043,
(415) 960-1300.

Inquiry 578.
(continued)
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Multiuser & LAN Solutions

MULTIUSER

KT-7/PC? PC Work-a-like Terminal

Compatibility: Multilink Advanceds,
PC-Slave/16*

Display: 80 x 25, IBM PC character
set, PC look-a-like attributes, 14"
green or amber

Keyboard: AT style std. IBM
scan/ASCII codes. 5161 /AT and
RT style opt.

Pages of memory: 1 std. 2 or 4 opt.

Communications: 2 bi-directional
RS-232C serial (data & printer)
ports

Operating systems: works with
PC-DOS!, MS-DOSS, QNX§,
UNIX?, XENIX®, THEOSS, PICKS,
and Concurrent DOS?,

Retail price: $695.00

QUARTET? 4-port 1/0 card,
RS-232C
Retail price: $299.00

For IBM

U &

PC/XT/AT

LAN

K-Net? Local Area Network

Compatibility: NETBIOS, Token-
Ring! software, (Advanced
Netware!! 8,/86)

Data Rate: 1 million bps

Cable: Twisted-pair/phone wire

Distance: Up to 4000 ft.

Addressable users: Up to 255

Physical: Half-sized card

Operating systems:
PC-DOS!/MS-DOS5 2.0 or later

Dedicated file server: Not needed

Message communication:
Interactive

Multiuser solutions supported:
Multilink Advanced?
PC-Slave/164

Other features: electronic mail, net-
work data management, and
print spooling

Retail price: $395.00

WORKSTATIONS

KW-1 8088, 4.77 MHz, 512 Kbytes
Retail price: $995.00

KW-2 8088-2, 8 MHz, 512 Kbytes
Retail price $1,195.00
KW-3 80286, 6 or 8 MHz,
640 Kbytes
Retail price $1,995.00

All the above include: monochrome
monitor with video board, AT style
keyboard, 8 slots, built-in K-Net?
with remote boot, upgradeable to
“complete” PC.

(800) 828-8899
(408) 436-6550 (In CA)

1705 Junction Ct., Bldg. #160
San Jose, California 95112

{<{Kimtron

Trademarks: '1BM 2Kimtron 3Software Link *Alloy 5Microsoft 8Quantum 7Bell Labs *THEQS Software *PICK Technologies “Digital Research "Novell © Copyright 1986

by Kimtron Corp.

Inquiry 155 for End-Users. Inquiry 156 for DEALERS ONLY.
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WHAT'S NEW

SOFTWARE ® PROGRAMMING LANGUAGES AND AIDS

MS-DOS Version
of C++

Oasys is selling a version
of ATET's programming

language, C++, for MS-DOS
computers. Called Designer
C++, it works with the Lat-
tice 3.0 or Microsoft 3.0 C
compilers. It functions as a
translator/preprocessor that
generates compilable C
source code from C++
source files. The generated
C code adds no run-time
overhead, Oasys says.

Developed by Glockenspiel
Ltd. (Dublin, Ireland), De-
signer C++ features strong
type checking, function and
operator overloading, data
abstraction and hiding using
classes, virtual functions,
stream-oriented 1/O, and
other facilities for object-
oriented programming.

Priced at $500, Designer
C++ comes with a tutorial
and release notes. It runs on
a 512K-byte IBM PC or work-
alike. Contact Oasys. 60
Aberdeen Ave, Cambridge,
MA 02138, (617) 491-4180.
Inquiry 579.

Two Prologs

halcedony Software an-
nounced two Prologs,

one for the IBM PC and the
other for the Macintosh.

Prolog/i. the IBM PC ver-
sion, features floating-point
arithmetic, transcendental
and trigonometric math
functions, a built-in inte-
grated editor, and interactive
debugging facilities. This ver-
sion requires PC- or MS-
DOS version 2.0 or later,
true IBM compatibility,
ANSI-standard support, one
disk drive, and at least 2 56K
RAM (320K is recommended).

Prolog/m, for the Macin-
tosh, has the following fea-
tures in addition to those of
Prolog/i: 8087 support, calls
to subroutine function li-
brary, calls to DOS, and
screen and graphics man-

agement. System require-
ments are the same as
those for the MS-DOS ver-
sion except that 512K RAM
is needed and an external
disk drive is preferred.
Prolog/i costs $69.95; Pro-
log/m, $99.95. Contact Chal-
cedony Software Inc., 5580
La jolla Blvd. Suite 126, La
Jolla, CA 92037, (619) 483-
8513.
Inquiry 580.

A Toolkit for
Framework’s FRED

he FRED Development

Toolkit is a collection of
user-defined functions, util-
ities, abbreviations, macros,
and templates for use with
FRED, the object-oriented
language built into Ashton-
Tate’s Framework 1I. FDT
turns many of FRED’s func-
tions into tools for system
development and macro
programming.

According to vendor PCE
Inc., all of Framework II's
pull-down menu options and
function and navigational
keys are accessible through
the FDT. A “toolkit com-
piler” converts FDT functions
into FRED code.

The package includes
source code and costs
$49.95. You also get a
subscription to, and on-line
support from, PCE's Expert
WorkBench NETwork, a pri-
vate network on The Source.
Contact PCE Inc., 6033 West
Century Blvd., Los Angeles.
CA 90045, (213) 757-75317.
Inquiry 581.

OS for Software
Development

AX (Personal Applica-

tions Executive), an op-
erating system for software
development, runs with PC-
DOS on IBM PCs or compat-
ibles.

Included are high-speed
device drivers and a demon-
stration system. The drivers
include assembly language
procedures for video dis-
play, interrupt-driven serial
/O over multiple channels,
printer output, and interrupt
management.

Baker & Rabinowitz reports
that the PAX System 8632
can execute 32 tasks concur-
rently and that individual
tasks can be written and de-
bugged under DOS, then
ported to PAX.

The system requires 128K
RAM, DOS 2.x or 3.x, and a
macro assembler.

PAX System 8632 sells for
$149.95. Contact Baker &
Rabinowitz Inc., 3869 Kil-
bourne Ave. Cincinnati, OH
45209-1814, (513) 871-0886.
Inquiry 582.

Three 68020
Operating Systems

Technical Systems Con-
sultants announced the
UniFLEX/DA, the UniFLEX/RT,
and the UniFLEX/MX op-
erating systems, all of which
are written in assembly lan-
guage.

UniFLEX/DA is a ROM-
based operating system in-
tended for process control
and dedicated applications.
You can configure it with or
without a file system.

UniFLEX/RT is a real-time
OS with communications fa-
cilities. Each real-time task
has control of its own priori-
ty. RT also has a com-
munications driver intended
for transferring data, and a
named enqueue/dequeue
mechanism, which the com-
pany says allows you to run
semaphore and resource-
control operations.

UniFLEX/MX, an enhanced
version of the original
UniFLEX/VM, is a virtual-
memory OS designed for
use in a multiuser, multitask-
ing environment. MX has all
the features of DA and RT
plus the ability for the user

to create and control multi-
ple RAM disks.

These three systems can
be configured for most
hardware built around the
68010 or 68020 micropro-
cessors, according to the
company.

Prices range from $400 to
$1000. Contact Technical
Systems Consultants Inc., 111
Providence Rd., Chapel Hill,
NC 27514, (919) 493-145]1.
Inquiry 583.

Display Management
for IBM and Ti
Machines

ydetech’'s C-Display Util-

ities include C-Display
Compiler, a screen-manage-
ment utility that has editing
capabilities and supports
color and character-
generated graphics. Re-
quirements include 128K
RAM, one disk drive, a color
monitor (with a CGA for the
IBM PC model), MS-DOS
2.11 or higher, and a Micro-
soft C 3.0 or Lattice C
2.15/3.0 compiler.

C-Display Librarian is a
collection of C functions
that allow you to execute
BIOS video services, per-
form virtual display manage-
ment, create bit-mapped
graphics, and conduct inter-
active screen 1/O via high-
level function calls. System
requirements are the same
as for the C-Display
Compiler.

C-Display Utilities are
available for the IBM PC, XT,
AT, and PCjr and for the
Texas Instruments Profes-
sional or Business Profes-
sional. C-Display Compiler
sells for $125, Librarian for
$145; the two combined in a
package called the C-Display
Manager costs $245. Con-
tact Sydetech System Devel-

(continued)
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resentations! Newsletters! Flyers!
Signs! Overhead Foils! Invita-
tions! Menus! Logos! An-
nouncements! Banners! Layouts!
When you need a goodlooking visual
quickly you need FONTASY — superb
tvpefaces and simple drawing in one
easy-to-use package. -
FONTASY gives vou a “what-you-sec-is-
what-you-get” picture, as you type and draw
on the graphics screen of your IBM-PC. You

can create a page at a time, see 4 mini-pic-

ture of that page, print it, and save it on disk.
Page size is limited only by memory, not by
screen size.

Features

Proportional  space, justify, kern, bold:
face, rearrange, magnify, black/white rever-
sal, rotate, mirror image, lines, rectangles,
ovals, draw, fill-in, undo (and un-undo), on-
line help, 200-page book, and easy control
from keyboard or mouse. Corporate
licenses available.

Fonts, fonts, and more fonts! We have
over 275 typefaces in our growing library,
and will be happy to send vou free print
samples on request.

When you deal directly with the manufac-
turer (that's us), you pay rock-bottom dis-
tributor prices. If you order FONTASY now,
we will give you 28 fonts (a $50 value) at no
extra charge. With so many features at such a
low price, FONTASY belongs in vour soft-
ware library even if you already have a
“font™ program.

Inquiry 239

S

Equipment Needed
~IBM-PC, XT, AT, or true compatible (Compag,
- ¢te)) with IBM or Hercules graphics adapter and
graphics monitor. 250K memory needed for partial
pages, 448-640K rccommended for full pages.
Dot- matrix printer. Mouse optional. MS-DOS
2.00 or above.

FONTASY supports: IBM graphics printer,
Proprinter; Epson FX, JX, LX, MX, RX, and
L.Q-1500; C. Itoh 8510, 1550, 1570, Pro-

writer-Jr; H-P LaserJet. ThinkJet: Microline 92,
93 Gemini 10X, 15X; Radio Shack DMP 1053-
430, 2100; Toshiba 351, 1340-1351: Star; and
most Epson-compatibles.

Money-Back
Guarantee

Fontasy is not copy-protected and has a
30-day money-back guarantee. So, take
advantage of our breakthrough price and
order now TOLL-FREE:

95

Includes 28 Fonts
and free ClipArt.

*6

r—————_——————————————————-——-—-—1

| 1-800-824-7888
i 1-60U-624- , Operator 669 (0RDERS ONLY) |
For further information and same day shipping, call: (818) 765-4444
: b FONTASY §69.95
g Tax
| PROSOTT |
| 7248 Bellaire Ave., Box 560 Shipping
[ No. Hollywood, CA 91603-0560 Total
I Name Company I
l Address Telephone
City, State, Z1P
I Visa/MC Exp. Date
l Computer Memory Printer
I Terms: M/C. Visa, checks. Please add $ 3.00 shipping and handling in US. or

l Canada, $ 20.00 overscas, $ 2.00 for C.O.D.. and sales tax in Calif.
L L ) ) ) ) ) ) ) ]
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WHAT'S NEW

SOFTWARE ©® PROGRAMMING LANGUAGES AND AIDS

opment Technologies, 43-23
Colden St., Suite 17C, Flush-
ing. NY 11355, (718) 886-
0221.

Inquiry 584.

Programming Tools
for True BASIC

True BASIC Inc. has ex-
panded its True BASIC
Programming Libraries with
tool and utility companion
products; the Developer's
Toolkit, Communications
Support, Forms Manage-
ment Library, Btrieve Inter-
face, Sorting and Searching,
and Advanced String Library.
The company reports that

SOFT

Communications Support
allows simultaneous use of
two COM ports at up to
19,200 bits per second. The
Btrieve file management -
package is from SoftCraft
Inc. and allows for database
management of up to 4
million bytes per record and
24 key fields per file, ac-
cording to True BASIC. Sort-
ing and Searching provides
14 subroutines for string
and numeric sorting. And a
38,000-word dictionary is in-
cluded in the Advanced
String Library, which also pro-
vides pattern matching, pars-
ing, and text manipulation.
All libraries are available
for the IBM PC or compat-

WARE © SCIENTIF

ibles running DOS 2.0 or
higher. Communications
Support and Sorting and
Searching also run on the
Macintosh and Amiga. Each
package costs $49.95. Con-
tact True BASIC Inc., 39
South Main St., Hanover, NH
03755, (603) 643-3882.
Inquiry 585.

C Cross Compiler
for ATET 6300 Plus

niPress announced a

Lattice C Cross Com-
piler for ATET's 6300 Plus
operating under UNIX. You
can use UNIX software tools
with the Lattice C Compiler

to develop MS-DOS code
for 8086 and 80186 micro-
processors. Relocatable
machine code is produced
by the compiler; then, using
the linker, you can produce
MS-DOS executable code.
The compiler supports the
Kernighan and Ritchie C
standard and library. It
comes with a linker, li-
brarian, disassembler, and
floating-point support, and it
requires a hard disk drive
with 1 megabyte of RAM.
The cost of the compiler is
$795. Contact UniPress Soft-
ware; 2025 Lincoln Highway,
Edison, NJ 08817, (201) 985-
8000.
Inquiry 586.

IC AND ENGINEERING

Mac Package for
Structural Engineering

rez Anzel's Frame-Mac

helps in the analysis and
design of any two-dimen-
sional frame or truss, with
any number of nodes, ele-
ments, and supports (limited
by RAM only). The package
utilizes scrollable windows,
the mouse, and pull-down
menus. You never need to
type in commands. Any
number and type of loads
can be applied or changed
at any time, as can the
structure, units, and deci-
mal formats. 1/0 is shown
in numeric and graphic
form.

Frame-Mac does linear
analysis by using the modi-
fied Cholesky method to
solve a structure’s stiffness
matrix; this matrix is made
and calculated as a band
matrix. At your request, the
program provides values
such as displacements, inter-
nal forces, and bending
stresses.

The package runs on a
512K Mac with a 400K-byte
internal drive (or bigger con-
figuration). Price is $495.
Contact Erez Anzel, 5800

Arlington Ave, #5T, River-
dale, NY 10471, (212) 884-
5798.

Inquiry 587.

Statistical Analysis
Package for
Macintosh

LR ANOVA, for the 512K

Macintosh and Macin-
tosh Plus, can compute up
to a 10-factor analysis of
variance with unequal sam-
ple sizes and repeated
measures. It lets you plot in-
teractions by clicking the
mouse and making a menu
selection. Marginal means,
pairwise comparisons (Neu-
man-Keuls, Duncan, Tukey
hsd, and t-tests), simple ef-
fects, and specific contrasts
(planned or unplanned)
among means can also be
computed. A desk-accessory
editor lets you enter or
change data even after an
analysis has been started.
Data from MacWrite, MS-File,
MS-Word, Multiplan, Excel,
and MacTerminal can also
be analyzed.

The package sells for $50

until September I; there-
after, it's $75. Add $3 ship-
ping. Contact Clear Lake Re-
search, 5615 Morningside
#127, Houston, TX 77005,
(713) 523-7842.

Inquiry 588.

Protein Programs

NASTAR is selling two

packages for research-
ers dealing with protein
data. The first product, an
analysis program, plots
secondary structural predic-
tions and hydrophilicity. It
includes programs for deter-
mining optimal DNA probes
for specific proteins or pep-
tides, titration curves,
isoelectric points, molecular
weights, and other analytic
functions.

The other package. Gene-
man, helps search protein
and genetic databases and
retrieve information based
on keywords, sequence ma-
trices, and a combination of
terms. It lets you create
screen, printer, or subindex
files from a search. GenBank
and the Protein Identifica-
tion Resource databases are
supplied with the package.

Other databases, such as
PGtrans and EMBL. can also
be used.

Both programs run on IBM
PCs and compatibles. Each
is packaged with other pro-
grams and sold for $3000.
For more specific informa-
tion, contact DNASTAR Inc.,
1801 University Ave,
Madison, WI 53705, (608)
233-5525.

Inquiry 589.

Stat Package
for Apple lis

istogram Plot, a statis-

tics program for the
Apple 1l lle, and compat-
ibles, lets you input, edit,
print, and save data. It can
display and print raw and
computed data and can
compute means, medians,
standard deviations, ex-
pected cell frequencies, and
actual cell limits and fre-
quencies. Graph sizes are
variable. The price is $29.
Contact Andent Inc., 1000
North Ave.. Waukegan, IL
60085, (312) 223-5077.
Inquiry 590.

(continued)
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Explore Al on your PC

Smalltalk/V transforms your PC into a versatile Al workstation

Only Smalltalk/V lets
you experience the thrill
of a responsive Al work-
station while learning
artificial intelligence
techniques and using
them to create
practical applications.

“Smalltalk/V
gives me the feel of an
Al workstation on
my PC.”
—Darryl Rubin,
Technical Editor,
Al Expert
Magazine

Watching someone use an Al

workstation is a vision of what the

computer was meant to be. Fingers dance
across the keys as windows dilate, shift, overlap,
and disappear on the bit-mapped display. Ideas
spring to life as program fragments execute, are
modified, expanded, combined and tried again in
a creative arabesque of text and graphics. The
interface vanishes, man and machine are one.
Smalltalk/V brings that experience to

your IBM-PC.

“We use Smalltalk
as our primary language
for teaching artificial intelligence.”
—Dr. Jobn Pugh
Director, School of Computer Science
Carleton University

Of the three main Al languages, Smalltalk, LISP,
and Prolog, only Smalltalk was intended for
individual use on a personal computer. Only
Smalltalk was designed to provide a match
between human and computer models of
reality. Only Smalltalk is easy to learn, easy to
read, and easy to use.

“We found Smalltalk/V excellent
for developing advanced decision-
support tools based on decision
analysis and Al techniques.”

—Dr. Samuel Holtzman,
Professor, Stanford University

Smalltalk/V is pure object-oriented programming
— a powerful tool for designing frame/script-
based knowlege representations, inference
engines, expert systems, simulation environments,
intelligent interfaces, network control software,
communications interfaces, and much more.

~€gq.00

Methods, our character-based Smalltalk, is now
available for $79. It has all of the features of
Smalltalk/V except graphics, rules, source-level
debugger, and object-swapping. However, it
supports color, includes the communication
package, and does not require a mouse.

BYTE and BIX are trademarks of McGraw-Hill, Inc. IBM, IBM-PC, and
IBM PC-AT are trademarks of International Business Machines
Corporation. Unix is a trademark of Bell laboratorres.

Inquiry 91

YES! I want to turn my PC into an Al workstation. Send me . . .

[] smatiabrv .. $99
(] communicatons for Smaltak/y .. 49
D Methods (including
Communications) . ........ $79
Shipping and Handling . .. ....... —
CA residents add applicable
SAleSIAK . » o-sisin s oo s (SR
TOTAL . = . . . oo o . s saams L,
Shipping and Handling
US.. Canada, and Mexico . ..................... $5.00
Elsewhere ... ... o e L L LR e $15.00

I enclose [] Check [] Money Order

[] Credit card information [ Mc ] VISA
Number: Expiration
Sig e

Name:

Street Address:

City/State/Zip:

Phone:

“Smalltalk/V is the
highest performance
object-oriented
programming system
available for PCs.”
—Dr. Piero Scaruffi

Chief Scientist

Olivetti Artificial Intelligence Center

S

—

Smalltalk/V Features

® High-performance

object-oriented programming

® Integrates object-based and rule-based
programming with object-oriented Prolog

® A user-extensible, open-ended environment

® A responsive graphical user interface

® Supports exploratory programming and
prototyping

® (Class hierarchy with inheritance creates highly
re-useable code

® Smalltalk source code included, with browser
windows for easy access and modification

® A huge toolkit of classes and objects for
building a variety of applications

® Object-swapping creates virtual memory on
hard or RAM disk

® Bit-mapped graphics with bit and form editors

® A sophisticated source-level debugger

® Automatic change log for easy recovery
from errors

® Powerful directory/file browser system for
organizing DOS files

® Optional communications interface to
Unix™ and other systems

® Access to other languages and DOS functions

DOS command shell

® Detailed owner’s manual designed for both
beginners and advanced programmers

L K N N _§ 1 N N §N N N |
NOT COPY PROTECTED, 60-DAY MONEY-BACK GUARANTEE
ON-LINE USER-SUPPORT CONFERENCE ON BYTE'S BIX™

Smalhalk/V requires DOS and 512K RAM on IBM PCs (including AT) or
“compatibles,” a Microsoft or compatible mouse, and a CGA, EGA, Hercules,
or AT&T Ii-Res graphic controller.

5200 West Century Boulevard
Los Angeles, CA 90045

(213) 645-1082



WHAT'S NEW

SOFTWARE @ BUSINESS AND OTHER

Mac Comics

omicWorks is a Macin-

tosh program that lets
you play Stan Lee and draw
comic strips. The package
incorporates drawing and
painting tools, text editing,
and the ability to mix text
and graphics anywhere on a
page. You can pull in images
from other ComicWorks
documents or from Mac-
Paint (using Art Grabber).
The program also includes
graphics objects you can
move independently, comic-
book fonts, panels, and
voice balloons.

ComicWorks, developed by
MacroMind Inc. (Chicago). is
being sold by Mindscape for
$79.95. It runs on the 512K
Mac. Contact Mindscape
Inc., 3444 Dundee Rd.,
Northbrook, IL 60062, (312)
480-76617.

Inquiry 591.

Access to
Random Data

RAM:-resident program

for IBM PC-type ma-
chines, Tornado Notes is de-
signed to let you store and
access random information.
You enter text into logical
modules. When you need to
find a note, the program
uses a search tool based on
an “and-or-not” system. You
can hunt for related notes
based on any word, phrase,
or combination.

The publisher says that.
unlike spreadsheets and
databases, which handle
structured data, this package
uses a form of parallel text
processing that treats win-
dows of data according to
content. The software in-
cludes an editor with cut
and paste, a “pile-of-paper
simulator,” and a note-
joining function.

Tornado Notes runs under
MS- or PC-DOS 2.0 or later,
does not use bit graphics.

Comic-book art created with ComicWorks and a Macintosh.

12 INC. €
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Random data arranged by Tornado Notes.

and supports most 80-char-
acter monochrome and
color displays. The publisher
says the program works with
most software and uses 50K
bytes of RAM, plus space
for notes. It's not copy-

protected, and it costs
$49.95. Contact Micro Logic
Corp.. PO. Box 174, 100 Sec-
ond St., Hackensack, NJ
07602, (201) 342-6518; by
modem, (201) 342-8101.
Inquiry 592.

WHERE DO NEW PRODUCT ITEMS COME FROM?

The new products listed in this section of BYTE are chosen from the thousands
of press releases, letters, and telephone calls we receive each month from
manufacturers, distributors, designers, and readers. The basic criteria for selection
for publication are: (a) does a product match our readers  interests? and (b)
is it new or is it simply a reintroduction of an old item? Because of the volume
of submissions we must sort tArough every month, the items we publish are
based on vendors statements and are not individually verified. 1f you want
your product to be considered for publication (at no charge), send full infor-
mation about it, including its price and an address and telephone number
where a reader can get further information, to New Products Editor, BYTE,
One Phoenix Mill Lane, Peterborough, NH 03458.

Personal What'sBest

General Optimization has
released the Personal
Version of its “spreadsheet
optimization” package,
What'sBest. This edition (not
copy-protected) functions
like the original but runs in
256K RAM and can opti-
mize spreadsheets with as
many as 800 numeric cells.
Up to 250 of these can be
variable (manipulated by the
program during the optimi-
zation process).

What'sBest is designed to
generate solutions to busi-
ness problems modeled in
Lotus 1-2-3 or Symphony. It
uses a linear programming
approach and a spreadsheet
interface to answer “what if”
questions.

It runs on IBM PC-type
computers and costs $149.
Contact General Optimiza-
tion Inc., 2251 North Geneva
Terrace, Chicago. IL 60614,
(312) 248-7300.

Inquiry 593.

Idea Processing
on the Amiga

ew Horizons Software

has developed a pack-
age for helping you process
your ideas on an Amiga.
The company says the pro-
gram’s primary use is in
organizing and rearranging
information in preparation
for writing, or for planning
and decision making. You
enter your ideas in an
outline fashion and use the
mouse or keyboard to ma-
nipulate them. The program
provides pull-down menus
for command entry. Because
Flow opens its own window
on the Workbench, you can
use the computer's multi-
tasking capabilities, New
Horizons says.

Suggested retail is $99.95.
Contact New Horizons Soft-
ware, PO. Box 43167, Austin,
TX 78745, (512) 280-0319.
Inquiry 594.
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TE

2236 100 MHZ
OSCILLOSCOPE

THE ANSWER
BY ANY MEASURE

100 MHz scope, counter, timer,

multimeter: All one integrated system.

100 MHz dual

time base scope.

3.5 ns risetime;
sweeps from 0.5 s
to 5 ns/div; alter-
nate sweep; 2%
vertical/ horizontal
accuracy; vert-

9-digit fluores-
cent display.
Digitally accurate
readouts accom-
pany the CRT
waveform. Error
messages and

Dc volts and ac
coupled true

Gated measure-
ments. Use the
scope's intensified
marker to measure
frequency, period,
width and to count

Auto-ranged,
auto-averaged
counter/timer.
Frequency, period,
width, delay time,
A-time, plus total-
ize to more than

8 million events

Auto-ranged

DMM side inputs
with up to 5000-
count resolution.
Get precise read-

and true RMS volt-
age. Measure

ical sensitivity to prompts also RMS volts. Mea- events within —with 7 digits resistance from
2mV/div @ appear on the sured through the specified portions plus exponent milliohms to
90 MHz. display. Ch 1 scope input. of the signal. displayed. gigohms.

DMM. Use floating

outs of average dc

1-800-426-2200

Now make measurements
faster, easier, with greater
accuracy and user confidence.
The Tek 2236 makes gated coun-

At just $2650; the 2236
includes the industry's first 3-year
warranty on all parts and labor,

\ . manual, 15-day return policy, full
including the CRT.

warranty and worldwide service

ter measurements, temperature, Integrated measurement back-up.

time, frequency, resistance and system. 3-yearwarranty. 15-

\éoltage meaiurements lejsh- day return policy. And expert Order toll-free:
utton easy. You seeresults con- advice. One free call gets 1-800-426-2200

currently on the 9-digit numeric itall! You can order, or obtain lit-

readout and CRT display.

Its complete trigger system
includes pushbutton trigger view,
plus peak-to-peak auto, TV
line, TV field, single sweep and
normal modes.

Extension 57

In Oregon call collect:
(503) 627-9000 Ext. 57
Orwrite Tektronix, Inc.
P.0.Box 1700
Beaverton, OR 97075

erature, through the Tek National
Marketing Center. Technical per-
sonnel, expert in scope applica-
tions, can answer your questions
and expedite delivery. Direct
orders include probes, operating

Tektronix:

COMMITTED TO EXCELLENCE

Copyright ©1984, Tekltronix, Inc. All rights reserved. TTA-324-1. “U.S. Domestic price F.O.B. Beaverton, Oregon. Price subject to change
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Inquiry 186

Languages

Atari ST Amiga™ QL”

LATTICE® C
The well known LATTICE® C compiler, full featured
portable implementation.

MCC™ PASCAL

An IS0/ ANSI standard Pascal. A fast single pass com-
piler, ideal for commercial, educational and personal
use.

MCC™ ASSEMBLER
A professional standard macro assembler with many
powerful features.

CAMBRIDGE LISP
LISP interpreter/compiler providing a complete LISP
development environment.

BCPL
A powerful compiler offering the convenience of a high
level language with the flexibility of an assembler.

APL

Keyword and symbolic versions of this important
language from MicroAPL.

MCC™ BASIC

68000 BASIC interpreters and compilers from
MetaComCo.

MENU +™

An easy to use program environment with pull-down
menus. Menu+ comes free with Atari software.
Upgrades ready for registered users.

TOOLKIT

Provides useful tools and utilities. From the people who
wrote AmigaDOS.
e

Atari™
Product ST
Lattice C  $149.95  $149.95
Pascal $99.95 $99.95
Assembler $79.95 i
Lisp TBA $199.95
BCPL TBA TBA
APL $199.95 TBA
Basic il e
MENU+  $29.95 TBA =
TOOLKIT TBA $49.95 —

Commodore™

Sinclair™
Amiga QL

$129.95
$99.95
$49.95
$79.95
$79.95
$129.95

* = available from Commodore

1 = available from Atari

Cambridge LISP is available for CP/M-68Ktm
QL Lisp includes interpreter only

METECOMED

The Quality Source for 68000 Software
5353 #E Scotts Valley Dr., Scotts Valley, CA 95066

Contact your local dealer or call:

Tel: US 800-AKA-META

Cal 800-GET-META, Eur (UK) 44-272-428781
Telex (UK) 444874 METACO G mmm (o
Add 6.5% tax if CA resident. O S
Lattice is a registered trademark of Lattice Inc.

Amiga and AmigaDOS is a trademark of Commodore-Amiga Inc.

Atari ST is a registered trademark of Atari Inc.
CP/M-68K is a trademark of Digital Research Inc.
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CLUBS AND
N-EW-SLETTERS

DisABILITY NEWS ONLINE, Robert Mauro,
257 Center Lane, Levittown, NY 11756.
Electronic newsletter by and for the dis-
abled.

PC TecH Reporr, William ]. Claff, 7 Roberts
Rd. Wellesley. MA 02181, (617) 235-9505.
Technical code and techniques for profes-
sional software developers; $18 subscrip-
tion rate includes back issues.

MADISON MACINTOSH USers Group, PO.
Box 1522. Madison, WI 53701. $15 sub-
scription to the Mad Mac News; frequent
meetings.

FOREFRONT, C-128 NATIONAL USERS
Group, PO. Box 21836, St. Louis. MO
63109. Send SASE for information.

PC Users GrRoup oF NEW YORK, PO. Box
560, Wall St New York, NY 10005. Free
publication with 98-cent-stamped. 8- by
11-inch self-addressed envelope. $25
membership includes newsletter and dis-
counts; send SASE for details.

CompAaQ CORNER, 714 Ocean Ave. Sea
Bright, N 07760. 300- or 1200-baud BBS,
on-line 24 hours a day at (201) 530-5639.

SMALL COMPUTERS IN THE ARTS NEWS
(SCAN), PO. Box 1954, Philadelphia. PA
19105. Triannual newsletter, annual sym-
posium; $15 subscription.

PC-HUG (HunTINGTON PC USERS GROUP),
PO. Box 1958, Huntington, WV 25720,
(304) 526-5189. Monthly meetings, no ad-
mission fee; dues only for use of public
domain library.

THE INSTITUTE OF INTELLIGENCE TECH-
NOLOGY, 571 Ontario St., Toronto, Ontario.,
Canada M4X 1M9, (416) 924-3819. Cor-
respondence courses, bimonthly newslet-
ter, IQ evaluator. One-time fee of $25 US.,
$35 Canadian.

MINDSET BBS—EAST COAST CHAPTER OF
THE FIRST MINDSET USERS GROUP (FMUG),
James Pallack, 23 Hayward St. #8. Bur-
lington, VT 05401-4759, (802) 658-1255.
Operating 7 days a week at 300 and 1200
baud at (802) 658-2494.

THE McSPIRITT NEWSLETTER, 185A Smith
Ave., Garden City, GA 31408, (912)
966-2323. ISPF techniques and programs.
Subscription: $51 annually.

PHILADELPHIA AREA COMPUTER SOCIETY'S
MACINTOSH SPECIAL INTEREST GROUP
(MAC SIG), Melanie Hoag and Simon
Edkins, Drexel University. Biosciences and
Biotechnology, Philadelphia, PA 19104,
(215) 895-2628. Public domain library,
regular meetings, monthly newsletter; $10
annual subscription.

INTERNATIONAL COMPUTING ASSOCIATION
(ICA), clo Markus Mage, Robbek 6. 2000
Hamburg 52, West Germany. BBS, global
BBS information. quarterly newsletter. $20
annually.

CLAck! AMIGA USER GROUP, Stefan Ram,
Claszeile 27. 1000 Berlin 37, West Ger-
many. English and all European languages
welcome for information exchange about
the Commodore Amiga.

TELECOMMUNICATIONS USERS GROUP
(TUQ), PO. Box 45254, Seattle, WA 98145-
0254. Monthly journal, regular meetings.
$12 annual dues.

MICRO BULLETIN BOARD SYSTEMS, MBBS
Headquarters PDSE. 8033 Sunset Blvd.
#975, Los Angeles, CA 90046, (213)
653-6398. Clearinghouse for sysops and
users. Membership: $10 per year.

ANKARA APPLE Users CLuB (AAUC).
Caglan M. Aras, 4. cadde 165/31. 06490
Bahcelievler, Ankara, Turkey. (90) 41 23 43
69. Regular meetings, monthly newsletter.
Annual fee: 2000 Turkish liras, or about $4.

SANTA BARBARA ATARI COMPUTER EN-
THUSIASTS (SBACE), PO. Box 3678, Santa
Barbara, CA 93130. Regular meetings,
newsletter, BBS at (805) 965-5709. m

CLUBS AND NEWSLETTERS is an
acknowledgment of new clubs and newsletters
received at BYTE. Allow at least four months
for your club’s mention to appear. Send infor-
mation to BYTE. Clubs and Newsletters, One
Phoenix Mill Lane, Peterborough, NH 03458.




IT'S TIME
YOU SAW
THE ALPS.




Only $995. Fast. Top speed
250 cps in draft mode.

iy 4, 1986

o ness iove
. 2t 001N 3001 the future. Pleasebesive Lo vISit us Ihe next timeyoure in
p— Caltorong

F
A Thank you again
- Sincerely, $
L " . " . - Jq

'ALPS r2000/

Manufactured by Alps Fully compatible

Electric, a $1.5 billion with all the most

Japanese maker of computer popular business PCs BuiltIrke a tank.
and electronic products, and software.

and member of the
International Fortune 500.

Welcome to the Alps. drafts at an amazing 400 characters per
The Alps P2000" and new P2100™ second (cps), the P2000 at an almost
Dot Matrix Printers. They just may amazing 250 cps.
be the perfect printers for a department They're reliable. With normal care,
full of PCs. they'll last for over five years without
They're tast. The P2100 prints a breakdown.



THEY ARE.

Sold, serviced and
supported in the
US.A. by Alps

America.

Very fast. Top speed
400 cps in draft mode.

11 faster. TheP21801135 3 10p specd of 400
the P2000 Dririts 3t 25G¢0s,

Wit you, and We hope Lo Continue
ure 10 VIS Us the next tme Youre In

ALPS r2g|

Likewise. Only $1,595.
And they're versatile. They'll It's your chance to see something
print most anything, and run with all you probably don't see every day.
the most popular PCs and software. Printers that work as hard as you do.

Now, if you'd like to explore these
Alps further, our tree tour begins on
the next page.



MEET
DISTINGUIS

Diagnostic self-test A choice of paper
signals errors with feeding controls.
flashes and beeps.

Go off-line to change
type styles and modes
without lengthy soft-
ware commands.

ON LINE ADJUST

ONLINE

/

12 pushbuttons Lets you feed paper

control printing line-by-line, by

functions. 1/216-inch increments,
or continuously.

The first thing that sets Alps involved in lengthy software com-
printers apart from similarly-priced mands. Just push a button on the front
models is their sheer wealth of printing  panel instead.
functions. And the ease with which Which is about all you'll ever have
you can perform them. to do to handle any Alps printing job.

For example, you can changetype = Whether vou're feeding paper in
styles or print modes without getting 1/216-inch increments or reprinting




HED PANEL.

Clears print buffer 17 LEDs indicate
of data without functions in
printing it. operation.

| W HOST ' mm
. mmm DRAFT

b e ‘
RESET  STYLE

ITCH  SPACING

|

Automatically reprints Select type styles, Boy, is it fast. 400 cps
data stored in print printing modes, print in draft mode.
buffer. pitches and spacing
quickly and easily.
data stored in the print buffer. diately diagnose the problem and
The built-in print butfer (4K inform you.
expandable to 256K) also frees up With distinguished beeps and

your PC for other jobs while the Alps flashes.
is still printing.

And in the unlikely event of an
operating error, our panel will imme-



FEED IT A

iy A ' m PLEASE REMIT PAYMENT TO.
Can print 6-part forms. ‘ R chse FEMTERY MENTITD. .,
n‘ m PLEASE REMIT PAYMENT TO:
- = P.O. BOX 7225 BINCON POSTAY £F
PLEASE REMIT PAYMENT TO
S AMERICA sl g s T

PLEASE NE
»

0. 60! NCON POSTAL CF
SAN FRANCISCO, CA 94120

CAN-DT COMPUT 1NG £ EA1-DA  CONPUT ING
2% coNal STREET 2 22 CANAL STREET
KANBAS C.ITY, KANBAS 6&222 5 ANBABA CITY. KANS:

£
J 778186

T RecwounnG.

P2000 9-PIN DOT MATRIX PRINTER
B _STARTUR KL otk

3 standard paper
feeding methods,
including top, bottom
and rear feed.
ALPS r2100|
TS S e T

Most business printers are very But Alps printers are ditferent.
picky. They're made to print almost

They simply refuse to deal with anything your business will ever need.
some of the jobs you have to deal From letters and graphs to six-part
with. Like printing on heavy stock. Or forms and 16-inch-wide spreadsheets.
on oversized sheets. And they not only handle most



NYTHING.

e 16.5-inch carriage Paper-thickness
— T handles paper from adjustment enables
- 4 to 16 inches printing on heavy stock.
. INVUDICE ! ]} in width.

INVOICE

Paper-saving
push/pull tractor feed.

W HOST  =mm HOST e HOST e HOST
ERROR ADJUST -1 w—CRATT w0 - NORM.

a2 HD ” PROP.
A . Lo NQ 1 :‘H;H“} A " :
:;’T@_Ln MODE PITCH  SPACING R — You won .t 'b elieve
i L how fast it is. 400 cps.
v

everything, they handle it more paper feeding methods, all standard.
etficiently. Allin all, you'd be hard pressed

Both come with a built-in two-way  to find printers with a greater appetite
tractor feed (push and pull) that saves for work.

paper other printers would normally
waste. Plus a choice of three ditfferent




P2000 prints at S
speeds of 250, 125 T -

and 50 cps, fast
enough for high-
volume work.

FEasily accommodates
16-column spreadsheets.

Multiple font cartridges
let you change type
styles quickly.

ALPS r200|

P2100 printsatspeeds
of 400, 200 and 80
cps, fastestin its
pricerange. (We're
not kidding, it's fast.)

Kept adequately fed, Alps The P2100 prints drafts at 400 cps,
printers will handle more workthanany ~ memos at 200 cps and letter-quality
printers in their class. documents at 80 cps, while the P2000

Each offers a choice of three prints at 250, 125 and 50 cps in its
speeds. All fast. three modes.



e ¥ 3 print modes:
e e — draft, memo and

—————— .. letter quality.

Precision-engineered
print headisdesigned
for high-speed,
heavy-volume
printing.

4K print buffer
| (expandable to 256K)
: can store up to
‘ 128 pages.

So either printer can easily take built-in tractor feed, expandable print
onallthe work an office fullof PCscan  buffer and multiple type font cartridges.
dish out. In fact, for heavy volume work,

And they'll take care of it faster, Alps printers stack up favorably against
thanks to time-saving features like a much more expensive machines.



LISTEN TO

July 4, 1986
Superb print quality
) inti AlpS America
in all three printing 3553 North First Street
modes. San Jose, CA 95134 F

Can-Do Computing

22 Canal Street

Kansas City, Kansas 66222
Dear Mr. Candleman

This is to inform you that your order for 2000 Alps P2000 printers and
2100 APs P2100 printers is now belng processed.

your shipment will be sent in about a week's time; so you can expect
detivery well before the end of this month.

Alps printers are made to print almost anything a business will ever need.
From letters and graphics to 6 part forms and 16~-inch-wide spreadsheets.

And theyTe Made to print it all faster. The P2100 has a top speed of 400
characters per second, while the P2000 prints at 250 ¢cps.

In addition, hoth rodels are extremely reliable. With normai care, theyl!
printover five years wilthout a breakdown

it's been a great pleasure doing business with you, and we hope to continue

dolng so in the future. Please be sure to visitus the next time you're in
Californmia

Thank you again.

Rugged print head
has life span of over
200,000,000
characters.

With normal care,
will last over five years
withouta breakdown.

& X 4 &

w — ——

One-year warranty. PR

Even when the volume's up all the But Alps printers aren't just built
way, you won't hear much. Because to run quietly. They're built to run a
Alps printers are built to print up a long, long time.
storm without sounding like one. Our precision-engineered print

Every open space is covered with ~ head will deliver over 200 million
sound-absorbent layers, keeping characters of superb output. No matter
noise in and dust out. how hard you work it.



v
3&%} Builtlike a tank, but
,:i doesn 't sound like one.

Sound-absorbent
layers ensure quiet
operation at noise

level under 55 dBA.

o

Have we mentioned
how fast itis?

What's more, if you give our manufacturing computer printers for
printers normal care, they'll give you

over a decade.
over five years of trouble-free printing. And though our printers are quiet,
Which is not surprising when we'e sure you'll be hearing a lot
you consider that they're built by Alps about them from now on.
Electric, a $1.5 billion Japanese

company that's been successfully



THE ALPS

AND SEE

THE ALPS.
FREE.

The one thing better than an Alps
demonstration on paper is an Alps
demonstration in person.

Especially when it could get you
a free trip for two to the Japanese
or Swiss Alps. For 10 days. With all
expenses paid, including airfare, hotel
and meals.

Justfill out and send in the attached
coupon. Or, if it's been removed,

ALPS

AMERICA

you can call or write us at the address
shown below.

We'll then contact you to arrange
a free demonstration of the Alps P2000
or P2100 at your convenience. And
we'll enter your name in our drawing
for a free Alps vacation.

Atfter all, anyone working without
an Alps printer could certainly use
a vacation.

3553 North First Street
San Jose, CA 95134

(800) 828-ALPS

In California, (800) 2577872

P2000 and P2100are trademarks of Alps Electric Co., Litd.
©1986 Alps America.



SEE THE ALPS FREE.

O Yes, I'd like to see the Alps P2000 and P2100 Dot Matrix Printers in action. Please
contact me to arrange a free demonstration. And enter my name in your drawing for
afree 10-day vacation to the Japanese or Swiss Alps.

O No, I'm not interested in a free demonstration right now. But please enter my name
in your drawing anyway.

NAME:

COMPANY: TITLE:
ADDRESS:

CITY: STATE: ZIP: PHONE:

NO PURCHASE NECESSARY TO ENTER OR CLAIM A PRIZE.

1. To enter sweepstakes, filloutthe information on this card and return itto Alps America, 3553 North First St, San Jose, CA 95134. Only oneentry per person.
Mechanically reproduced entries not eligible. All entries must be received no later than Sept. 30, 1986. Not responsible for late, lost, or misdirected mail

2. Winner will be selected in a random drawing on or about October 15, 1986, from all entries received under the supervision of Marden-Kane, an independent
judging organization. By participating in the sweepstakes, entrants agree to be bound by the rules and the decision of the judges, which shali be final. Winner will
be notified by mail and must be reaquired to sign an Affadavit of Eligibility and Release which must be returned within 14 days, or an alternative winner will be
selected. The awarding of the prize to an individual shall be made at the discretion of your employer and/or in accordance with your employer’s written policies
governing promotion awards, where applicable. Winner grants permission to the use of their name, photograph/likeness for advertising and promotion for this and
similar promotions without additional compensation Odds of winning depend upon the number of entries received. All taxes are the responsibitity of the winner.

3. Prize structure (1) Grand Prize: a 10-day trip for two to the Japanese or Swiss Alps. Trip consists of round trip air transportation (coach) from a major airport
nearest to the winner's residence, 9 nights and 10 days hotel accommodations, 2 meals daily and $500 spending money. No prize substitution permitted, nor is prize
transferable. Trip must be completed by June 30, 1987, and is subject to availability

4. Sweepstakes open to individuals who purchase, specify, evaluate, recommend or use printers for personal computers, and are residents of the United States,
except foremployees and their immediate families of Alps Electric (USA), Inc , theirsubsidiaries, affiliates, advertising or public relations agencies, and Marden-Kane.
Void where prohibited by law.

5. For the name of the winner, send a stamped. self-addressed envelope to “See the Alps” Winner, Alps America, 3553 North First St, SanJose, CA 95134

B886
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San Jose, CA 95134




FIXES AND UPDATES

Man Baffled by Méryland Move

FIX

Boy. was Mike Barlow surprised when he
found out he had moved from Pierrefonds,
Quebec, to Wheaton, Maryland. We told
him about his relocation in the Clubs and
Newsletters section of our February issue.
Mike edits the newsletter of the American

Software Exchange for Turbo Pascal Users

Cryptogram Association, and he still does
that job at his place in the Great White
North. It's the ACA's treasurer who lives in
Maryland.

You can get information about the news-
letter for cryptologists by writing to Mr.

BYTE'S BITS

Barlow at 5052 Chestnut Ave., Pierrefonds,
Quebec, Canada H8Z 2A8.

If you want tojointhe association, write
to the ACA treasurer, who is still staking
out the 12317 Dalewood Dr., Wheaton,
MD 20902 address.

Steve 'Wood, author of Using Turbo Pascal
(Osborne/McGraw-Hill, 1986), tells us he’s
organized Turbo SIX, the Turbo Pascal
Software Information Exchange. Mr. Wood

says the objective is "to collect, analyze,
and disseminate information and soft-
ware” to users of Borland International's
Turbo Pascal. The software is from the

public domain and from members. For
more information, contact Turbo SIX at
2012 Lake Air, Waco, TX 76710, (817)
753-2182.

\

Publications We'd Like to Tell You About and Can’t Find an Appropriate Place for Anywhere Else

Ken Knecht is offering his booklet Macin-
tosh Hints and Kinks on a shareware basis.
It describes undocumented command-
and optionkey combinations, the Mac-
Paint/Write/Draw trio, and other programs.
"I will encourage the recipient to, in turn,
send me $3 or whatever seems fair,” Mr.
Knecht writes.

Send a 6- by 9-inch SASE (with 39 cents
postage) to Ken Knecht, 1340 West 3rd St.
#130, Yuma, AZ 85364, (602) 783-9259.

Howard Boyet writes to tell us about a
book he cowrote with Ron Katz called The
16-Bit 8096—Programming. nterfacing, Applica-
tions: 122 Hands-On Experiments with Intel's
iSBE-96 Emulator. Mr. Boyet says, "The aim

New and Improved MicroTEX

of this book is the complete understand-
ing and mastery of this formidable chip
and all its functionality.”

With Intel's emulator, the programs for
the 122 experiments can be entered in
ASM-96 and downloaded with anIBM PC
AT, PC XT, or compatible.

The book sells for $39.95 (plus $2 ship-
ping). Contact MTI Publications, 14 East 8th
St., New York, NY 10003, (212) 473-4947.

The Society of Manufacturing Engineers
has bound 22 technical papers represent-
ing highlights of the CIMTECH Conference
sponsored recently by SME and its Com-
puter and Automated Systems Associa-
tion. The papers present models for im-

UPDATE

plementing computer-integrated manufac-
turing theories and applications.

Contact SME, Publication Sales, One
SME Dr.. PO. Box 930, Dearborn, MI
48121, (313) 271-1500. ext. 418.

John Wiley & Sons has begun publishing
a new journal "devoted to the systematic
development of the theory necessary for
the construction of intelligent systems.
Wiley says its International Journal of Intelligent
Systems includes “scholarly, peer-reviewed”
articles on expert systems, knowledge rep-
resentation, interactions between man and
computer, and machine learning.

Contact Wiley at 605 Third Ave., New
York, NY 10158, (212) 850-6000.

Addison-Wesley has informed us of an up-
date to its MicroTgX typesetting package,
reviewed by Hal Varian in our April issue.
Anew version, 1.5A1, has since been pub-
lished and features the following changes:

Micrdl'gX now has drivers for all Post-
Script printers and phototypesetters,
Hewlett-Packard Laserjet Plus and com-
patible printers, Imagen Impress laser
printers, QMS Quic laser printers, Epson
FX. MX, and RX printers, and IBM's Graph-
ics Printer and Proprinter.

The package now lets you create and
read FMT files.

Preview software lets you check your
output on the screen and see what youre
going to get.

It's smaller. A fully loaded version of
“Plain TEX" fits on one 360K floppy disk;
A-W says you can run Micrdl'gX on a two-
floppy system.

It can run BibBTEgX and other big macro
packages. .

Most recent versions of LaTEX and AMS

TgX are available to let users format work
in predefined document styles.

MicroTEX with either a PostScript printer
driver or a LaserJet Plus driver is $495;
with an Epson or IBM driver, $369.95.
Owners of older versions can upgrade
to 1.5A1 for $50; owners of Personal
TgX Inc's PCTEX can upgrade to the
new MicroTgX for $100. For further in-
formation, contact AddisonWesley Pub-
lishing Co. Reading. MA 01867, (617)
944-3700. m
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Conducted by Steve Ciarcia

APPLE IIE
Dear Steve,

I am an Apple lie user looking for infor-
mation in a few areas. First, | would like
to find DOS 3.3 source listing and docu-
mentation.

| am interested in controlling a cutting
tool from my computer. 1 am thinking of
a machine with x, y coordinates and up-
down control. This would be for light work,
such as cutting thin cardboard.

I need information on an arithmetic pro-
cessor for three-dimensional graphics
operations. Where can | obtain informa-
tion about the 9511 or 9512 APU?

Finally, I would like some information
on three-dimensional digitizing equip-
ment.

Thanks for your help.

Jose Luis DARIAS GARCIA
Caracas, Venezuela

DOS 3.3 source code can be obtained
from these two sources:

Apple Assembly Line
PO. Box 280300
Dallas, TX 75288
(214) 324-2050

Nibble

MicroSparc Inc.

42 Winthrop St.
Concord, MA 01742
(617) 371-1660

Nibble magazine published the source
code as part of the “"Disassembly Lines"
column by Sandy Mossberg. Beneath
Apple DOS from Quality Software (6660
Reseda Blvd., Suite 105, Reseda, CA
91335) also contains source code infor-
mation.

I know of no products available that are
the same as your cutting tool description.
However, the mechanism you describe is
functionally similar to some of the two-
axis plotters available for the Apple from
several manufacturers. If a knife with a
freely swiveling blade were substituted
for the felttip pen, you might have a
workable system if cutting forces are ex-
tremely low. Suitable knives can be ob-
tained from art and drafting supplies
distributors. Some manufacturers of plot-
ters are

50 BYTE * AUGUST 1986

Houston Instrument
8500 Cameron Rd.
Austin, TX 78753
(800) 531-5205

Mannesmann Tally

8301 South 180th St.
Kent, WA 98032

(206) 251-5524, ext. 5645

Roland DG

7200 Dominion Circle
Los Angeles, CA 90040
(213) 685-5141

Information on the 9511 and 9512°

arithmetic processors can be obtained
from

Advanced Micro Devices
PO. Box 3453
Sunnyvale, CA 94088
(408) 732-2400

At least one company is manufactur-
ing a high-speed plug-in arithmetic card
for the Apple li-series computers. The
MicroSPEED Il uses an Inte] 8231 math
processor at 2 or 4 megahertz, depend-
ing upon the version (two are available).
The manufacturer is

Applied Informatics Inc.
15104 St. Thomas Church Rd.
Upper Marlboro, MD 20772
(301) 627-6650

A source of image-digitization hard-
ware and software for the Apple Il series
is

HAL
PO. Box 293
Scotch Plains, N] 07076

—Steve

FRANKLIN
Dear Steve,
| have a Franklin Ace 1200 with Franklin's
version of VisiCalc known as AceCalc.
While 1 was using AceCalc, 1 cleared the
worksheet and saved a file instead of load-
ing it. This literally wiped out the file. How-
ever, the catalog still shows the file as 28K
bytes in size. Can I do anything to rescue
or restore it?
ROBERT A. KELLY
Florham Park, NJ

If your copy of AceCalc uses the stan-
dard Apple DOS 3.3 file format and you
did not use DIF as a data format, rescu-
ing the file should be fairly easy (as long
as you did not save additional data to
that disk since your “accident”). If the
DOS is radically different from DOS 3.3,
you used DIF, or overwrote the original
file with a subsequent file save, things will
be much more difficult or impossible. The
following suggestions assume a standard
DOS and a non-DIF type of file format,
The fact that the disk catalog still shows
a 28K-byte file size (I assume it shows sec-
tors and that you have translated to
bytes) strongly suggests a fairly standard
DOS 3.3. The erroneous file-size indica-
tion is the result of a bug in DOS 3.3 that
results in an incorrect file-size indication
if a file is shortened and then saved
under the same name without first
deleting it.

At least two versions of AceCalc were
produced; most, apparently, had a
customized version of Apple DOS 3.3. If
you have one of the DOS 3.3 versions,
the method below will rescue the file
under the conditions stated.

Several utility programs are available
that can be used to ‘undelete” files and
otherwise manipulate the contents of
disks. You will have to restore the catalog
and the track-sector list for the file. I sug-
gest that you obtain a book called
Beneath Apple DOS (Quality Software,
6660 Reseda Blvd,, Suite 105, Reseda, CA

(continued)

IN ASK BYTE. Steve Ciarcia answers questions on
any area of microcomputing. The most representative
questions received each month will be answered and
published. Do you have a nagging problem? Send
your inquiry to
Ask BYTE
do Steve Ciarcia
PO. Box 582
Glastonbury, CT 06033
Due to the high volume of inquiries, personal replies
cannot be given. All letters and photographs become
the property of Steve Ciarcia and cannot be returned.
Be sure to include "Ask BYTE" in the address.
The Ask BYTE staff includes manager Harv
Weiner and researchers Eric Albert, Bill Curlew, Ken
Davidson, Jeannette Dojan, Jon Elson, Roger James,
Frank Kuechmann, Dave Lundberg, Edward Nisley,
Dick Sawyer. Andy Siska. and Robert Stek.

COPYRIGHT © 1986 STEVEN A. CIARCIA. ALL RIGHTS RESERVED.



MICROSOFT LANGUAGES NEWSLETTER Vol. 1, No. 8
News abogt the Microsoft Language Family

Improved Microsoft® C Compiler Version 4.00 Is Now Available

ANSI compatibility: Microsoft C Compiler Version 4.0 provides increased support for the
developing ANSI standard. Library support: Over 30 new library functions have been added, -
including UNIX™ System V functions vprintf, vscanf, and setvbuf. More memory models: Compact
and huge memory models have been added for increased versatility, bringing the number of
supported memory models to five. Optimizations: Elimination of common sub-expressions joins our
list of optimizations to make your generated code tighter than ever before. Source code: Full
start-up and exit source code is provided. In addition to these new features, Microsoft C Compiler
Version 4.0 allows you to compile and optimize larger programs, get mixed source and disassembly
listings, control floating-point math better, and use improved overlay capabilities. And MAKE,
the program maintenance utility, helps ensure up-to-date program components by automatically
recompiling and relinking to keep up with your source code changes.

The New CodeView™ Source Debug Utility Is Bundled with Microsoft C. All the power of
SYMDEB plus full windowing orientation make CodeView the debugger you will want to grow
into. See source code and disassembly interspersed. Use drop-down menus, multiple windows,
independent graphics screen swapping, and a read-only source code editor to navigate through your
code and locate logic errors more quickly than ever before. Exercise your code with the dynamic C
expression evaluator instead of recompiling multiple test cases. Set conditional breakpoints. See regis-
ters and variables (even locals) change as you watch an animated trace program execution. Special
offer for CodeView demo: Words can't say it all here, but our freely copyable demo disk is available
for only $5. Take a test drive!

New Microsoft QuickBASIC Version 2.00 Makes Programming in BASIC Easier and Faster

Microsoft QuickBASIC has undergone a major transformation in its new Version 2.0 release. We
think that it will change the way you program in BASIC. The Microsoft QuickBASIC programming
environment features an integrated editor, compiler, and runtime.

The editor uses a Microsoft Windows-like interface for full screen editing with pull-down menus.
The editor supports the Microsoft Mouse and the IBM® 43-line Enhanced Graphics Adapter. The
faster compiler can be invoked directly from the editor, compiling Microsoft QuickBASIC programs
directly into memory and bypassing the link step. If no errors are detected the program can start
executing immediately. Both compilation errors and runtime errors will restart the editor and place
the cursor on the troublesome line.

Debugging compiled programs is easier with Microsoft QuickBASIC 2.0. The TRON statement
enables the new source display animated trace and step modes. The tracing features can be toggled
on and off using the function keys.

Large BASIC program development is supported by an additional new method of separate com-
pilation. User libraries of BASIC and assembly language routines can be loaded into the in-memory
compilation and execution environment. Microsoft QuickBASIC 2.0 also supports stand-alone
application development.

New Microsoft QuickBASIC language features include block [F/ THEN/ELSE, Enhanced Graphics
Adapter support including the new 640 by 350 graphics modes, and dynamic arrays that can now
use all of available user memory.

For more information on the products and features Latest DOS Versions:

discussed in the newsletter, Ml i 400
write to: Microsoft Languages Newsletter it '
16011 NE 36th Way, Box 97017, Redmond, WA 98073-9717 Microsoft COBOL 2.10
Or phoneg Microsoft FORTRAN 3.31
(800) 426-9400. In Washington State and Alaska, Microsoft Macro Assembler 4.00
call (206) 882-8088. In Canada, call (416) 673-7638. Microsoft Pascal 331
Microsoft is a registered trademark and CodeView is a trademark of Microsoft Corporation. UNIX is a trademark of AT&T MiCI‘OSOft QUICkBASIC 200
Belt Laboratories. IBM is a registered trademark of International Business Machines Corporation.

Look for the Microsoft Languages Newsletter every month in this publication.



ASK BYTE

91335) and a suitable utility program like
Bag of Tricks, Copy Il Plus, or Locksmith.
The book explains how the disks are for-
matted and how information is stored on
them. The utility programs permit
modification of individual data bytes on
the disk. These items are available
through local computer dealers and

. those that advertise in publications like
BYTE and Computer Shopper. You
should be able to fully recover your data
as long as you have not saved any files
to that disk since your inadvertent save
of a blank file.

The first thing you should do is copy
the disk using a copy program that copies
tracks rather than files. COPYA on the
DOS 3.3 system master is such a pro-
gram; FID on the same disk is not. Then
work only with the copy in attempting to
recover your data. | suggest first trying
the FIXCAT program on the Bag of Tricks
disk, instructing it to scan the disk for lost
files. It will locate all sectors on the disk
that contain valid data but aren't listed
in the catalog. Once they are located,
these sectors can be marked as "used”
in the VTOC. You may have to do a bit
of looking and patching with a sector

editor to fully reassemble the missing file.
If DIF was used, you may have to use a
sector editor to change the file to a stan-
dard text file.—Steve

AT COMPATIBLES
Dear Steve,

I am currently using an IBM PC AT with
640K bytes of memory, a 1.2-megabyte
floppy disk drive, a 20-megabyte hard
disk, a Princeton HX-12 color monitor, and
an Epson FX-185 printer/plotter. This
machine is on loan to me, and | am using
it for scientific computations.

In the near future, | would like to buy
an AT-compatible machine. | was thinking
of the Columbia microcomputer, but Co-
lumbia is out of business now. What ma-
chines do you recommend? Should | wait
for the new 32-bit computers or the new
reduced instruction set computers?

Also, would it be possible for me to at-
tach an array processor to an AT (or AT
compatible) without spending a large
amount of money? If so, what program-
ming languages should be used to get the
most out of such a configuration?

GEZA SZONYI
Lexington, MA

If you haven't seen the November 12,
1985. and February 25, 1986. issues of
PC Magazine, you should get copies. Be-
tween these two issues, more than a
dozen alternatives to the AT are reviewed
and compared. | haven't had the oppor-
tunity to try any of these machines, but
one of them should come close to your
criteria. If you are using the machine to
do a lot of number crunching, you should
probably invest in the 80287 coprocessor
(assuming your software can make use of
it). I have seen three-dimensional rotation
of complex molecules run on such a ma-
chine, and it is quite impressive.

There will always be a trade-off be-
tween programming efficiency and run-
time performance. Nothing beats good
assembly language programming for
speed, but it is intensely time-consuming.
A good optimizing compiler is never as
fast, but the time to develop applications
is greatly reduced. FORTRAN is still used
for many scientific applications; a good
version for MS-DOS is available from

Lahey Computer Systems Inc.
31244 Palos Verdes Dr. W, #243

(continued)

Get with the program!

Object-oriented programming
. for better productivity

—— e e e o e .

O I've enclosed a check for $ , the total
of my order plus my local state sales tax (Addison-
Wesley will pay postage and handling).
Please charge: J VISA [J MasterCard

(Interbank # )
Acct. # Exp. date

Signature

Please ship [} UPS [ U.S. Mail

et Lt e

O Object-Oriented Programming:
An Evolutionary Approach, by
Brad J. Cox. You won't find a
better way to learn object-
oriented programming (OOP)
than from Brad Cox. His is the
first book written on OOP, and
he brings to it all the experience
he’s gained in devoting a great
part of his career to making
OQOP a practical, everday tool for
production programming. Cox
introduces “software ICs,” which
enable you to encapsulate tested
code for use in future projects.
This eliminates having to re-code
each line from scratch and allows
you to increase your software
design productivity significantly.
0-201-10393-1/hardcover/274 pp./
1986 $24.95*

U The C++ Programming
Language, by Bjarne Stroustrup.
The definitive reference to the
C++ language that Stroustrup
developed after years of on-the-
job experimentation and research
at AT&T Bell Laboratories. C++,
an extension of C, can produce
programs that are shorter, easier
to understand, and easier to
maintain than traditional C pro-
grams. Plus the book allows vou
to conduct actual programming
projects while still learning the
new capabilities of C++.
0-201-12078-X/softcover/ 328 pp./
1986 $22.95*

Also Available:

U Smalltalk-80: The Language and

Its Implementation, by Adele
Goldberg and David Robson.
0-201-11371-6/ hardcover/ 736 pp./
1983 $41.95*

(0 Smalltalk-80: The Interactive

Programming Environment, by

Name/Title

Adele Goldberg. 0-201-11372-4/
hardcover/1984 $34.95*

(] Smalltalk-80: Bits of History,
Words of Advice, Glenn Krasner,
Editor. 0-201-11669-3/ softcover/
1984 $25.95*

*Prices good in U.S. only.

Address

City

State

Zip
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Send order with payment to Addison-Wesley Publishing Company, Attn: Denise Descoteaux, Reading, MA 01867
vv Addison-Wesley Publishing Company ¢ Reading, MA 01867 * (617) 944-3700. e We publish the leaders.
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A DECADE OF SERVICE

*
TURBO XT AT&T*t 6300 IBM* PC Turbo* AT-Enhanced
Dual Spd CPU, 2-FD, 256K, = 2-FD, Graphics 20-Megabyte Hard
2-FD, 640K l( ] ; Keyboard, AT&T mono monitor, Disk, 1.2-MB FD,
Grn Monitor, /1 Hi-Res Mono 256K, list 2810 512K, Keyboard,
complete Monitor — o Amber Monitor
$895 $1,795 $1,579 $2,495
: video/graphics
Co_mplete systems MASS STORAGE AST PREVIEW i $289 Specialists in complete computer
shipped overnight. floppyriives HERCULES COLOR $188  Systems for business applications.
M”%{FJ@*)“ V2t 360k sop  HERCULESGRAPHCS — $319
SOFTWARE MITSUBISH! 1/2ht TN ot s PRINTERS
ANDREW TOBIAS MANAGING 1.2 mb (gry) $147 QUADRAM EGA + 399 dot matrix
YOUR MONEY $129  TANDON TMI00-2 $125  )ADRAM QUADCOLOR | BROTHER HR1509 $398
ASHTON TATE FRAMEWORK I call  TOSHIBA ¥z ht. call COLOR CARD w/par call  EPSON LX-80 call
ASHTON TATE dBASEIll plus ~ call internal hard drives MONOCHROME GRAPHICS EPSON FX-85/FX-286 call
BORLAND SIDEKICK $39 All hard drives complete with Herc comp. $198 EPSON LQ-800/LQ-1000 call
BORLAND TURBOQ PASCAL $45 controllers, mounting hardware & IBM PROPRINTER $425
BORLAND TURBO LIGHTNING $59 instructions. All are formatted, network OKIDATA 182 $268
BORLAND SUPERKEY $59 tested & have 1 year warranty. ORCHID PCNET call  OKIDATA 192/193 ~ $399/545
BORLAND REFLEX T e S ago S b G GLERIS call  QOKIDATA 2410 call
CLIPPERGBASECOMPILER  call  Qtadite SR s emulation TOSHIBA 321 call
COMPUTER ASSOCIATES AST 5251 mod 11/12 call TOSHIBA341/351  $859/1159
IUS Acctg Series_from$299 ~ SEAGATE 30MB call  poaRMA call ;
SEAGATE20MBfor AT $689 laser/letter quality
DECISION RESOURCES BROTHER HR15 2
CHARTMASTER $239 SEAGATE 30 MB for AT $796 : BROTHER HR25/HR35
DECISION RESOURCES PRIAM 40MB/60MB $1395/1595  [VIONITORS HEORIER Hiepl R 2 aoR(7as
PRIAM 40MB/60MB h $2395
SIGNMASTER $189 mofgr oms EPSON DX20/DX35 call
EDEIS N i L Sl Bty
! 259 disk cards .
DIGITAL RESEARCH GEM HARDCARD PRINCETON MAX 12 BT A DASER i stockd
DRAW/COLLECTION call 10MB/20MB $695/895  QUADRAM AMBERCHROME $166 plotters
DIGITAL RESEARCH CMS 10MB/20MB ~ $499/699 hiod HOUSTON INSTRUMENTS ~call
GEM COLLECTION call  MOUNTAIN 10MB/20MB call AMDEK 600/772 call/$528 all models available
FUNK SOFTWARE SIDEWAYS  $48 disk subsystems IBM ENHANCED COLOR $594 for quick delivery
HARVARD TOTAL PROJECT BERNOULLI BOX 20MB/40 MB PRINCETON
MANAGER call $2005/2695 Hxi2He  saserss2e  IMIISCELLANEOUS
HAYES SMARTCOM || $89  SySGEN FLATPACK call QUADRAMQUADCHROME Il call  MOUSESYSTEMS PC
IBMDISPLAYWRITER Il $369  Ta[| GRASS all models call  QUADRAM ENHANCED Color NEW! MOUSE w/PAINT $149
LATTICE C-COMPILER $298 MICROSOFT MOUSE
LIFETREE VOLKSWRITER tape drives serial/bus $129
DELUXE $249 IRWIN 10MB/20MB inter. call MODE MS KEYTRONICS
MICROSOFT WINDOWS ~ $79  IRWIN1OMB/20MBexter.  call  yavesp00/12008  $398/329 5151/5153 call
MICROSOFT WORD $319  TALLGRASS 4060 call ' HAYES 2400/24008  $596/526 AT Keyboard $149
MICROSTUFF XTALKXVI  $99 US ROBOTICS PASSPORT QUADRAM MICROFAZER 8k $129
MULTIMATE latest cal BOARDS 1200/2400 QUADRAM MICROFAZER I New!
MULTIMATE ADVANTAGE call multifunction 1200BAUD EXTERNAL MODEM $196 TRIPPLITE ISOBAR from ~ $45
NORTON UTILITIES $69  QUADRAM QUADPORTAT = $119  VENTEL 1200 w/XTALK call  TRIPPLITE UPS 400w/800w call
OPEglE%\,(EgEMS ACCOUNTING " QUADRAM LIBERTY call CURTIS PROTECTORS from  $29
call  QUADRAM EMS + call
ROSESOFT PROKEY $99  AST SIXPAK 384K s219 SUPPLY HOUSE CHIPS
SATELLITE SOFTWARE AST RAMPAGE XT/AT call PCMARTDISKETTESbox  $18  gay/198K/256k call for
WORDPERFECT 4.1 call  QUADRAM QUADBOARD case $159 rarket el
SOFTWARE PUBLISHING CO. 384K call; new low, lowprice  VERBATIMDISKETTESbox ~ $28  g0g7/80087 ol fOr
PFS SERIES from$79  THESYSFASTCARDV Ok  NEW!  case 258 A IR
SORCIM SUPERCALC Il $197  RAM BOARD 384k half card  $169
*Registered Trademark  tSome systems available to qualified accounts only.
R, [} AR S CEEEN e R
N A AN ADEED N NN EEn e 1-800-241-0286
RS AN R EERadly N TM T —
— ] ORDERS TR
] BN VvV ST DS S G Qs Ql
Personal Computer Centers INFORMATION —

1485 Northeast Express NE e Atlanta, GA 30329 s
Visit our showrooms in Atlanta, Charlotte, Durham and Ralelgh

SALES * SERVICE * FINANCING * DELIVERY * SUPPORT
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Rancho Palos Verdes, CA 90274
(213) 541-1200

I don’t know of an array processor for the
AT right now, though someone is bound
to come up with one sooner or later.
IBM's RISC machine is now available.
But remember that it does not run MS-
DOS, so any packages that you now use
on the AT will not run on this new ma-
chine. l understand that IBM will offer an
80286 board for the RISC machine, but

this will not run any faster than a stan-
dard AT. The 32-bit machines are on the
drawing board, but it is anyone's guess
as to when they will appear in the mar-
ketplace. | understand that the 80386s
will run three to five times faster than the
80286s. Since they will run the same MS-
DOS software, this will provide an easier
upgrade path than waiting for specific
software for the RISC machine or devel-
oping your own.

I've always adopted the philosophy

USRobotics’ COURIER 2400™
...The most dependable
at 2400- or 1200-bps

ou get 2400/1200/300-bps
data communications and

with a full two-year parts and service
warranty.

Quality, performance, value—your
modem should be this good. It is, if
it's the Courier 2400 from USRobotics.

that it is better to jump on the computer
bandwagon now than it is to wait. If you
wait until next year. yetanother develop-
ment will be just over the horizon, and
another one beyond that. If you get your
feet wet now. you will be that much more
knowledgeable and further ahead when
the next generation of machines comes
out.—Steve

CIRCUIT CELLAR
FEEDBACK

every first-class feature you'd

expect in an auto-dial, auto-
answer modem...at a surprisingly
affordable price.

But a modem at any price is only
as good as its performance...And
that's where Courier 2400 really shines.
Don’t take our word for it. Ask any of
the nearly 2,000 electronic bulietin
board system operators who have
chosen the Courier 2400 for one of
the most demanding modem applica-
tions imaginable.

Listen to the unanimous chorus of
praise for the Courier 2400 from tough
reviewers at more than a dozen highly
respected computer magazines.

Consider Courier 2400's perform-
ance record—Iless than one percent
of all Courier 2400s sold have been
returned for service, a record we chal-
lenge the industry to match. And we
back up our confidence in Courier 2400
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I~ Robotics

The Intelligent Choice in Data Communications

8100 McCormick Blvd., Skokie, lllinois 60076

Phane toll free 1 (800) DIAL USR

In lllinois (312) 982-5001
o
To learn more, send for our

FREE booklet: *'24 Questions

and Answers on 2400-BPS

Modems:'

NAME

ADDRESS

CITY.

STATE ZIP

COMPANY

TITLE

PHONE ( )

PERSONAL Use (J  Businessuse OJ

LiquiD-CRYSTAL DISPLAYS
Dear Steve,

In some of your articles, you have made
reference to LCDs. | am having great dif-
ficulty finding them at any price. I'm look-
ing for a multiline dot-matrix LCD. | would
also like to find a small keyboard with a
QWERTY configuration similar to those on
HP 70 hand-held computers. If you could
steer me to a source of these items, |
would be most grateful.

Ric BRANDT
Hamilton, OH

LCDs with fixed alphanumeric charac-

- ters can be found in the hobbyist market

from a number of sources. You will have
difficulty finding the multiline dot-matrix
variety in this market due to their price—
they are expensive items.

Keyboards similar to that found in the
HP 70 series are custom items, usually
consisting of solid key caps that push
down onto a membrane switch panel.
Since these items are custom, most com-
panies keep a supply on hand for repair.
| suggest contacting such a company to
purchase a keyboard assembly. If you
can't find a company willing to sell you
one, you can always pick up a relatively
inexpensive compact keyboard from
many mail-order electronics parts
companies.

Two mail-order electronics firms that
carry alphanumeric LCDs and keyboards
are the following:

Digi-Key Corporation

PO. Box 677

Thief River Falls, MN 5670/
(800) 344-4539

Jameco Electronics
1355 Shoreway Rd.
Belmont, CA 94002
(415) 592-8097

For information on dot-matrix LCDs,
contact

{continued)



“Information Is

The Next Frontier”

Michael B. Shane

Chairman, Leading Edge World Trade, Inc.

and Leading Edge Products, Inc.

- ACCESS INFORMATION®

Model “D”™

ix
P %.eft/
$1345.00

The Leading Edge Model ‘D’
comes complete with more stan-
dard features than most others list
as options. It's IBM®-compatible,
itcomes with a 15-month warranty
and when configured with a single
drive is priced at $1345.00. A dual
disk-drive version and a 30MB
Fixed-drive version of the Model
“D"” are also available.

Model “L"™Modem

$149.95

The Leading Edge Model "L"
Series 1200B Modem fits in full
or half-size slots of the Leading
Edge Model “D"™, “M"™, and
“MH’"" the IBM PC,AT,and IBM
compatibles. It's Hayes®-compat-
ible, yet at $149.95 is priced at
about a third the price of Hayes'
equivalent.

JOrmanon IRform.
RMATION inforr
nformation Info
INFORMATION
RMATION inforn

~fnrmatinn Infr

Electronic data bases like the
Source®™, CompuServe®™, and
2,500 others, give you instant
access to information on just
about every topic under the sun.
(Access charges vary.)

If you were to buy a Leading Edge® Model “D”™ Personal Computer and plug into it a
Leading Edge® Model “‘L” Series™ Modem, you’'d have created one of the most powerful
information gathering and processing tools ever to sit on a desktop — for $1495.

How Powerful?

Think about instant access to current and historical financial quotes, up-to-the-minute

news on all topics, detailed statistics on companies, industries, or even the entire economy.

Think about instant access to information on topics like medicine, law, finance, real estate,

politics, farming, and automotive repair —to name only a few.

Think about having immediate access to documented information on every subject from

astrology to zoology.

Just think about what you could do with all that information ; think of how profoundly it

could improve your life.

Now, stop thinking about it and call 1-800-USA-LEAD for more informaAtion and a Leading
Edge Dealer near you. For our Fortune Fleet Division, call 1-800-457-7286.

* To obtain a copy of the Leading Edge Corporate Philosophy on Information, please write to this address.

In MA, (617) 828-8150. Fortune Fleet Division (617) 769-8050

Leading Edge Hardware Products, Inc.

225 Turnpike Street
Canton, MA 02021

Inquiry 160

Leading Edge and Logo are registered trademarks of Leading Edge Products, Inc. Model "D", “M", M-H, Model “L" Series, and Information System are trademarks of
Leading Edge Products, Inc. IBM is a registered trademark of International Business Machines Corporation. Hayes is a registered trademark of Hayes Microcomputer
Products, Inc. The Sourceis a service mark of Source Telemarketing Corporation, a subsidiary of the Readers Digest, Inc. CompuServe is a service mark of CompuServe

Information Services, Inc.

LEADING EDGE®



Inquiry 306

Copying diskettes will never be easier
than pushing one button.

While your computer is copy virtually any 5%4, 3% copy protection, acommu-
busy doing other things, or 8-inchdiskette. The system  nications port, a four-month
your Victory Duplicator can tests for quality and accuracy warranty and much more —
be making as many as eight at every stage of the process.  allfor one low price.
copies ofa diskelle auonce 1y practically services Call 1-800-421-0103.
ggr:(}))otcrlnlgﬂgﬂt\zasterc’%ples itself. . Call today for more
models can even make Each d{lve has a separate 'gﬁgggg&é&; ():xas,
multiple copies of two different ~ CONt oSI_er to maximize up- ] )
diskettes simultaneously. e d‘mp'e Fmgnostlcs (th
Just insert the diskettes ye(;lfy Ve a(;gn(rjnder}t gy V
and press one button. ;rlllolf/tr y standarddrives

you to maintain your
Copy different formats, system without waiting for VICTORY
flawlessly. outside service. ENTERPRISES
Anautomaticformat analysis All at an attractive price.  Technology, Inc.
pEbgram makes i passihle Victory Duplicators offer 8910 Research Blvd., Suite B2
for the Victory Duplicator to fast copying, serialization, Austin, Texas 78758

©1986 Victory Enterprises Technology, Inc.

DataSaver

Standby UPS

Power proteetion for the most powerful micro-
computer systems with peripherals is here, now, with
the 400 Watt DataSaver. Protect your investment in
application software and hardware with reliable,
continuous power. 90 and 200/ Watt capacities and
international models are also available.

" Cuesta Systems Corporation ©1985, Made in US.A.
' 3440 Roberto Court ‘ Write of call 805/541-4160

San Luis Obispo, CA 93401 Dealer; ©.E.M. inquiries invited
TLX: 4949381 CUESTA
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CIARCIA FEEDBACK

Sanyo Semiconductor Corporation
7 Pearl Court

Allendale, N] 07401

(201) 825-8080

Seiko Instruments US.A. Inc.
2990 West Lomita Blvd.
Torrance, CA 90505

(213) 530-8777

—Steve

ULTRASONIC RANGING
Dear Steve,
| recently became interested in building
your ultrasonic ranging system described
in the October 1984 BYTE. so | bought the
kit from Micromint. | have scoured back
issues of BYTE, Radio Shack stores, parts
stores, the Canal Street area of New York
City, and every other source that | can
think of. But so far I have been unable to
locate the UXD LCD that was described
in figure 10 as being available from Liquid-
Crystal Displays Inc. Would you please let
me know this company’s address?
| thought that | would try the LCD ver-
sion of your project so that I could isolate
mistakes that | may make in wiring from
errors in communication between the
sonar unit and my Osborne computer. |
want to use the device to measure and
price 1000 Christmas trees that we want
to sell to raise money for my daughter’s
school.
JEFFREY T. ELLIOT
New York, NY

I don’t have a current source for the
LCD unit mentioned in the article, but
you should be able to use the Amperex
LC513040-301.15/1S sold by Digi-Key as
part no. LCD003. The address is

Digi-Key Corporation

PO. Box 677

Thief River Falls, MN 5670}
(800) 344-4539

—Steve

SPEECH SYNTHESIS
Dear Steve,

I have been following your articles on
speech synthesis and recognition in BYTE
for several years, hoping to come across
something practical that can help me in
my job as a speech pathologist. | teach
speech to deaf children.

Since | have an Apple lle in my clinic
room, | ordered your Lis'ner 1000 board
(November 1984) and have had fun using
it with my deaf kids. You wouldn't believe
how they light up when they see the
Lisner 1000 recognize their speech and
the words flash on the screen! Although

(continued)



Those who insiston compiler performance
are very big on Mark Williams.

And the compiler is just part of our total C Programming System.

These and other powerful
utilities now included in the C
Programming System:
* make: compiles only what's necessary
from multiple modules, a powerful pro-
gramming discipline
» diff: identifies differences between two files
* m4: macroprocessor expression editing

and substitution
« egrep: extended pattern search
* MicroEMACS: full screen editor with source

COMPILER FEATURES

* Runs under MS-DOS

* Full Kernighan & Ritchie C with recent
extensions including void and enum

* Register variables for fast, compactcode

* Full UNIX™ compatibility and complete
libraries

* Large and small memory models

| * MS-DOS linker compatibility

* 8087 Support

* One-step compiling

* English error messages

* ROMable code

* Linker, assembler, archiver

* Extensive third party library support

csd C SOURCE DEBUGGER

* Debugs at C source level without assembly
language

* Separate evaluation, source, program and
history windows

* Can execute any C expression

* Capabilities of a C interpreter, but runs in
real time

* Set trace points on any statement or variable

© 1985 Mark Williams Company
UNIX is a registered trademark of Bell Labs.

Inquiry 179

Mark Williams' C compiler has eamed a place
in some very big companies for some very good reasons:
it proves the benchmarks right with the speed, code
density, consistent performance and expert support
required in professional development environments.

But a total development tool shouldn’t stop with
compiling. Or go on and on with extras thatadd up and up.

Only Mark Williams' C Programming Systems
includes the csd C Source Debugger with true source
level debugging to speed your programming job.

And only Mark Williams' new 3.0 version includes
utilities like “make” to make quick work of even the
largest projects.

From source code to final product, only one takes
you all the way: Mark Williams' C Programming System.
All for only $495. Ask about our 60-day money back
guarantee when you call
1-800-692-1700 to order today. m Mark
You'll be big on the total C Williams

Programming system from Company
Mark Williams, too. Chicago, inol 60614

*In Hllinois call 312-472-6659.
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Try It
Then Buy It.
PC-Write.-

A fast, full-featured word
processing package for the
unbelievable price of $10.
Complete. You get a manual
on disk, mail merge, split
screen, keyboard macros,
on-screen formatting, full
printer support, and more.

Try PC-Write for $10.
Then register for $75 to get:

* latest diskette

e printed manual

* two updates

® phone support

* newsletter
Registration supports our
“shareware' concept that
keeps our prices low, and
allows our development of
PC-Write enhancements.

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

Byte
August 1986

Soon
Version 2.7

has a built-in spelling checker
plus new 2.6 features like our
new manual, bracket matching,
extended directory, and menus.
New 2.7 registration price $89.

Order PC-Write Today.

Satisfaction Guaranteed.

01';/“ -
(206) 282-0452

219 First N. #224y
Seattle, WA 98109
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the Lis'ner doesn't really give them any ar-
ticulatory feedback, except for right or
wrong. | am using it to get them used to
computers in speech therapy while | wait
to find a visible speech display system that
can give them useful feedback on their
production of consonants and vowels, Of
course, several systems are commercially
available now. but [ am not particularly im-
pressed with their performance. and the
price is prohibitive.

To date, I think the system you described
in your March 1982 article ("Use Voice-
prints to Analyze Speech”) appears to do
the best job of visually displaying critical
consonant-vowel information that deaf
children could use as articulation models.

Could the system described in March
1982 be easily modified to display spec-
trograms on an Apple lle monitor in place
of an oscilloscope?

Would it be possible to use the Lis'ner
1000 to visually display speech wave-
forms?

CHARLES FRAME
Oneida, WI

The voice analysis system described in
March 1982 was an experimental system
designed solely to test and experiment.
It was never intended to be, nor is it, a
commercial product. The system de-
scribed uses an oscilloscope, which is not
suitable for display of the test data on an
Apple system. The only information avail-
able is contained in the article.

It would be reasonable to use the data
from the Lis'ner 1000 to display speech
waveforms using the high-resolution-
graphics capability of the computer, al-
though not in real time. The chief require-
ments for using the system in this way
would be a knowledge of 6502 assem-
bly/machine language, microcomputer in-
terfacing, and the Apple hardware. Given
the extremely specialized nature of your
application, doing it yourself may be the
most practical approach.

“If you are unable to handle the hard-
ware/software required, | suggest contact-
ing local users groups. These groups fre-
quently contain highly skilled assembly
language programmers and hardware in-
terfacers who would be willing to assist
you.

A system to display voice waveforms
can be made from a microphone, a suit-
able adjustable preamplifier/amplifier,
and an oscilloscope. A bit of research in
a local library should provide specific cir-
cuits and methods.

Some additional sources of information
and inspiration you might find useful:

An article in the April 1984 issue of BYTE

by Richard C. Hallgren ("Putting the
Apple 1l Work, Part I: The Hardware")
describes a high-speed data acquisition
and analysis system for the Apple. This
is a more general form of what you are
trying to do, minus the display. This issue
has several articles on real-time data ac-
quisition that contain valuable informa-
tion.

De Jong, Marvin L. Apple Il Assembly
Language (Howard W. Sams, 1982)

Lancaster, Donald E. Don Lancaster's
Micro Cookbook, Vol. 2 (Howard W.
Sams, 1983)

Lancaster, Donald E. Assembly Cook-
book for the Apple ll/lle (Howard W.
Sams, 1984)

Sather, James. Understanding the Apple
lle (Quality Software, 1985)

Titus, Jonathan S. David Larsen, and
Christopher A. Titus. Apple Il Interfacing
(Howard W. Sams, 1981)

Titus, Jonathan S., Christopher A. Titus,
and David Larsen. Microcomputer—
Analog Converter Software and Hard-
ware Interfacing (Howard W. Sams, 1978)

Goldsbrough, Paul, et al. Analog Elec-
tronics for Microcomputer Systems
(Howard W. Sams, 1983)

—Steve

Between Circuit Cellar Feedback. personal ques-
tions, and Ask BYTE, | receive hundreds of letters
each month. As you might have noticed, in Ask
BYTE | have listed my own paid staff. We answer
many more letters than you see published, and it
often takes a lot of research.

If you would like to share the knowledge you have
on microcomputer hardware with other BYTE
readers, joining the Circuit Cellar/Ask BYTE staff
would give you the opportunity. We're looking for
additional researchers to answer letters and gather
Circuit Cellar project material.

If you're interested. let us hear from you. Send
a short letter describing your areas of interest and
qualifications to Steve Ciarcia. PO. Box 582,
Glastonbury. CT 06033. m

Over the years | have presented many dif-
ferent projects in BYTE. | know many of you
have built them and are making use of them
in many ways.

| am interested in hearing from any of you
telling me what you've done with these projects
or how you may have been influenced by the
basic ideas. Write me at Circuit Cellar Feed-
back. PO. Box 582, Glastonbury, CT 06033,
and fill me in on your applications. All letters
and photographs become the property of Steve
Ciarcia and cannot be returned.
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/illiam:

Now the biggest name
in C compilers comes in a size
everybody can afford.
Lets C.
$75

Introducing Mark Williams’ $75 C compiler: Want to explore C programming for the first time? Or just
on your own time? Now you can do it in a big way without spending that way. With Let’s C.

This is no little beginners model. Lets C is a powerful programming tool, packed with all the
essentials of the famous Mark Williams C Programming System. The one chosen by Intel, DEC, Wang
and thousands of professional programmers. The one that wins the

Mark Williams Let’s C : .
il benchmarks and the reviewers' praise:
MS-DOS “Let’s C is a thoroughly professional C environment loaded with tools and
¢ f:;:sctoe';‘gzgaﬁg: plus programming utilities, It is also another fine Mark Williams Co. product.”
* Full Kernighan & Ritchie C —Christo pher Skelly, Computer Language Magazine, Feb. 1986
and extensions And now for more big news. Get our revolutionary csd C Source
* 5“.','332.‘3&;‘.’-‘.‘,‘3:32;"‘” Debugger for just $75, too
n 1 i { ) .
o Small memory model Use this coupon or charge by calling toll-free: Yoy can breeze through
o Many powerful utilities 1-800-MWC-1700. In IIL. call 312-472-6659.

including linker, debugging at the C source

assembler, archiver, cc ORDER NOW! 60-DAY MONEY BACK GUARANTEE! J{a7dBfuslelvieledullile] 7
one-step compiling, egrep,

pr; tail, we Mark Williams Let’s C assembler code.
® MicroEMACS full screen Please send me: Aﬁordable, p()werful,
editor with source copies of Lets Cand copies ofcsd (C Source Debugger) debuggable. Mark Williarns

® Supported by dozens of
third party libraries

® Upgradeable to C
Programming System for

at 8§75 cach. (111. residents add 7% sales tax.)

[ check [ Money Order [ Visa, MasterCard or
American Express

Lets C is the big name C
compiler at a price you can

I
|
|
|
|
|
|
| itnow.
|
|
I
|
|
J

large scale applications Name handle. Get your hands on
development
Let's C Benchmark Done on Address.
an IBM-PC/XT, no 8087.
Program: Floating Point City. State Zip Mark
from BYTE, August, 1983. illi
Exec Time in Seconds Card # Exp. Date. goll I |al'|'a|§
Le C 134.20 BY086 mp y
MS 5.0 347.45 Signature 1430 West Wrightwood
___________________ Chicago, lllinois 60614 Inquiry 180

© 1985 Mark Williams UNIX is a trademark of Bell Labs.



DATABASE SYSTEMS
ASHTON-TATE
dBase Il1+
BORLAND
95. Reflex
MICRORIM
375. R:Base 5000
369.

$479.

NANTUCKET
Clipper
PAPERBACK
65. VP Info

WORD PROCESSING
DAC
Easy Word

$ 39. y
LIVING VIDEOTEXT
59. Ready
109. Think Tank
MICROSOFT
Word
MICROPRO
79. Easy
179. WordStar 3.3
249. WordStar Professional
295. WordStar 2000+
MULTIMATE
69. Just Write
229. Multimate
245. Executive
289. Advantage
SSI (Satellite)
69. The Library

259.

235. WordPerfect 4.1

SPREADSHEETS
LOTUS

$339. 1-2-3
MICROSOFT

124. Multiplan
PAPERBACK

65. VP Planner

INTEGRATED
PACKAGES

ASHTON-TATE
Framework Ii
LOTUS
Symphony
MICROSOFT
65. Windows
SOFTWARE PUBLISHING
75. Report
84. File, Write, Graph, Access or Plan
QUARTERDECK
65. Desqview

$415.
459.

ACCOUNTING

BPI
$325. GL, AR, AP or Payroll
DAC
39. Easy Payroll
55. Easy Accounting
EVERGREEN
165. One-Write-Plus
STATE OF THE ART

379. GL, AR, AP, Inv or Payroll

PERSONAL FINANCE
MECA

$ 85. Managing The Market

109. Managing Your Money

MONOGRAM

109. Dollars & $ense
SIMON & SCHUSTER

55. J. K. Lasser Money Manager
TIMEWORKS

75. Personal Financial Planner

CAD SYSTEMS

AMERICAN SMALL BUSINESS
Pro Design |

FORESIGHT RESOURCES
Drafix 1

GENERIC SOFTWARE

Generic CAD With Dot Plot

$185.
239.
119.

COMMUNICATIONS
HAYES

$ 99. Smartcom II
MICROSOFT

169. Access

MICROSTUF

105. Crosstalk

165. Transporter

VM

95. Relay

149. Relay Gold

Use Your Credit Card

We're your

UTILITIES
ALPHA SOFTWARE
§ 57. Keyworks
AMBER
40. Homebase
BORLAND
46. Superkeys
55. Sidekick (copiable)
CENTRAL POINT
23. Copy Il PC
23. PC Tools
81. PC Option Board
FIFTH GENERATION
105.

full line, full service

Business Accounts Program
Second Day Air Shipping
Toll Free Technical Support

Fastback
FINOT GROUP
64. Keep Track
FUNK °
39. Sideways
NORTON
55. Utilities
ROSESOFT
83. Prokey

PROGRAMMING .
LANGUAGES

ORDERING INFORMATION

Most orders shipped second day air.

Shipping Charges:

US & Puerto Rico — 3% ($6 minimum)

Canada — 12% ($15 minimum)

Foreign — 18% ($25 minimum)

APO, FPO — 6% (310 minimum)
PRICES AND AVAILABILITY SUBJECT TO CHANGE WITHOUT NOTICE

e large products may require
additional shipping charges.

e No additional charges for Visa,
MasterCard, American Express.

e Your credit card not charged
until we ship.

BORLAND

Turbo Tutor

32. Turbo Todlbox

35. Turbo Graphix Toolbox

33. Editor Toolbox

46. Word Wizard

46. Turbo Pascal

46. Traveling Sidekick

49. Turbo New Pack

65. Turbo Prolog

65. Turbo Lightning

79. Turbo Pascal w/8087 & BCD

79. Traveling Sidekick Combo

. Jumbo Pack
MICROSOFT

99. Macro Assembler

Pascal Compiler

C Compiler

Fortran Compiler

GRAPHICS

DECISION RESOURCES

Sign Master

Diagram Master

Chartmaster

Map Master

GRAPHICS COMMUNICATION
Freelance

Graphwriter Combo
MICROGRAFX

Windows Draw (Req. Windows)
PC Draw

In-A-Vision

MICROSOFT

229,

§155.
209.
235.
245.

219.
329.

115.
229.
275.

Conroy-LaPointe
The IBM° Compatible With

789

640K, Dual
Floppy Drives

*979

640K, Dual Floppy
Drives, Graphics
Card & Monitor

199. Chart

LASER 128:
Better than Apple

With Monitor & Cable & *~

¢ 128K RAM, 32K ROM

® 65C02 CPU

® 5Y%" Floppy Drive, Internal
e | Expansion Slot, Ile ® Supports Double Hi Res
e | Parallel & 2 Serial Ports ® Mouse/Joystick Port

$ With Monitor, Printer,
949 2nd Floppy Drive, Cables

e External Drive Port
® Numeric Keypad
® 4 Cursor & 10 Function Keys

MA@N UM. vomruncrion
e, BOARDS

PC MASTERCARD
“o” KB s 1 29 e Serial Port

384 KB $185 - cloct/Caiendr

e Game Port

Utility Sof
1 15 MB $309 :] tchlel;i, Li?n}t‘zzr::\/arranty

ECONORAM™
384 KB $ 1 09 :IShY(c)eratr(l:_?r:Sted Warranty

e Full 384K Installed

¢ Expandable to 1.5 MB

In Oregon 1-800-451-5151
Hours 6-6 Pacilfic
Mon-Frl, 8-4 Sat

B41
Mall To:

12060 SW Garden Place
Portland, OR 97223

1-800-547-1289

Business Accounts Call: 1-800-4-CONROY



. » « No Extra Charge!

$ 99. Half Height 360K
119. Full Height 360K
. IRWIN
539. 10 MB Tape Backup Kit
SILICON VALLEY COMPUTER
° 599. Goldcard 21 MB Hard Disk Card
SEAGATE Hard Drives
479. 20 meg for PC XT
649. 20 meg for AT
¢ No Credit Card Surcharge | &oprocessons | 53 e pui rerrcs
COPROCESSORS 89 g“’{;’gggm AT
RAM CHIPS . tefnal
¢ Conroy-LaPointe Credit Card |*} %55 . 0 B e B
14. 64K, 150 NS Kits 1 20 MB Hard Disk, 20 MB Tape For P
! 225, 20M k, 20 MB Tape For PC
23- 2133.5 E::: for AT 1999. BOMEI;?rdDisk.GOMBTapeForAT
d TEAC Floppy Drives
e No Sales Tax — Anywher e! 1iay EEAGE 109. 558V Hall Height 360K
. TOSHIBA
175. 80872 Chip 115. i
229, 80287 Fast 5 for AT 18, genRmhopDy DrineiFor AT
349. 80287 Fast 8 for AT :
EXPANSION BOARDS | MODEMS
BUSINESS ACCOUNTS e
. : . $225. SixPak Plus, 384K ‘;}{g- }zggBE;“:’-mal
Not just for business, but for schools, government agencies, and other 3908 iRghiiee lan P 629, 2400 Extornal
. . . g . . . . ixral remium *
institutions. In addition to our regular low prices, wide selection and 495. Rampage Pl 579. %2336$EER¥OINTE
professional service, we now accept purchase orders from organizations e ﬂ?‘fz‘ o KIE T 185. 1200B Internal w/Software
who qualify. To receive an application, just call 1-800-4-CONROY (or || CALL Above Board 128K for AT 19941200 Extexnaliw/Coftwire
S o s N MAGNUM 389. 2400 External w/Software
503-684-7261 in Oregon). Orders shipped FOB shipping point. Call for 109. EconoRAM 384K PRINTERS & PLO
3 i i 129. PC MasterCard No RAM NT LOT
full ordering information. 185 PCINET o Gt sAK T“’
329. PC MasterCard 1.5 MB CANON
™ ORCHID 2199. Laser Printer Al-P
279. Conguest No RAM EPSON
TALLTREE 389. FX 85 160 cps, 32 NLQ
269. JRAM 3, 256K EMS Board, PC 419. HI 80 Plotter
279. JRAM AT3, No RAM for AT 499, Eé 286 200 cps, 40 PLJ(LJQ
. 649. cps,
More Standard Features N e
EVEREX 995. LQ 1500 200 cps, 67 LQ, 15"
§265. The Edge OKIDATA
CALL 182 Sor P, 192 S or P, 193, 292, 293
¢ 640K RAM ¢ 5 Slots & Clock/Calendar 159.  Color Graphics PANASONIC
- Graphics Car 275, P1091 120 cps,
On Motherboard e MS-DOS 2.11 o GRCHID 439, P3151 Daisywheel
g - Turbo TOSHIBA
¢ Dual 360K e Limited Warranty: GUADRAM 959, 341 Printer 216 cps
419. Quad EGA+ Board :
. STB 1249. 351 Printer 288 cps
Floppy Drives 1 Year Parts, 90 Days Labor | | ;4. S8 pus R NITOnS
113 o 10 VIDEO 7
¢ Dual Speed 4.77 * FCC “B” Approval 185. Mono Graphics Adapter AMDEK
& 8 MH Pl’ SSOr 399. VEGA Board §125. 300G 12" Green Composite
e = INPUT DEVICES & 125, 3008 5. Ao SqmPoste
¢ 135 Watt Power Supply F REE DIGITIZERS 409, Color 600
. HITACHI o R0.0n
* Selectric, PC/AT $969. Tiger Tablet Il (4 Buttons) 690, Lutur 723
HIPPIN :
Style Keyboard 185. KB 5151 Keyboard PO L
5 ynch
. 319. KB 5153 Keyboard PRINCETON
* Parallel Printer Port on purchase of 5o, MICROSOFT o TN
. jouse
. : ! 459, HX-12 12" Color RGB
¢ 2 Serial Ports Conroy-LaPointe XT/Model 2 139, Serial Mouse 435 HReIP 12 Color REH a
MOUSE SYSTEMS 599, SR-12 Hi Res RGB
to US. and Canada 129. Mouse With Software & PC Paint .
POWER & SURGE

NUM

o
XT/MARK 2

Ju
J=SPERRY PC/NT

IBM° PCI/AT
Compatible

DRIVES &
TAPE BACKUPS

CDC Floppy Drives

PROTECTION

$ 93.

CONROY-LAPOINTE

130 Watt Power Supply
CURTIS Surge Suppressors
Diamond, 6 outlets

. Emerald, 6 outlets, 6" cord
. Sapphire, 3 outlets, RFI filter
. Ruby, 6 outlets, cord, RFI Filter

92.
129.

KENSINGTON -
Masterpiece
Masterpiece Plus

DISKETTES &

$2599 ACCESSORIES
IBM PC/XT Compatible with ¢ 512K RAM Expandable to 5 MB || s 6. B0 "N PXErTes
Twice the Features, and Nearly *6, 7.16, & 8 MHz Processor 275; DS/HD 100 for AT
Twice the Speed at Half the Price.|| 1 Parallel & 2 Serial Ports g, E%J;Jf:’,% oy

¢ 8 Expansion Slots 1. GENERIK DISKETTES

$ With ¢ Clock/Calendar 89. DD 100
1249 640K, Dual * Hard Disk Systems Available o DYSAN
Floppy Drives, " MAXELL

Graphics Card & Monitor $2899 with Mono Card & Monitor || 1 22310, ur

sM

Conroy-LaPointe Inc.

Inquiry 77 for Apple. Inquiry 78 for IBM Peripherals. Inquiry 79 for all others.



$2000?
That's Too Darned High!

Why should a CAD package cost more than a Word
Processor? It shouldn’t! Lots of people ask how we can
offer a CAD system as good as ProDesign |l at a price as
low as $299. It's easy. A PC Software Package does not
cost $2000 to manufacture. It doesn’t even cost $200. It
makes us ask the questions, “"Why do comparable CAD
packages cost $2000 and more?” “What makes a CAD
package cost more than a Word Processor?”

ProDesign Il doesn’t. ProDesign It is the complete
CAD package you get for $299. With ProDesign Il, you
get such advanced features as Auto Dimensioning, Area
Fill, Fillets, Mirroring, Isometrics, Curve Fitting, Object
Snap, Attributes, Drawing Merge, and many, many more.
Features once available only for $2000 or more. Features
you get at no extra charge with ProDesign Il.

But there is another, very important reason you
should get ProDesign Il. ProDesign Il is very unique
among CAD packages. It is easy to learn and use. When
we call ProDesign Il “The Easy To Use CAD System”,
we're not joking. You will be productive with ProDesign |1
inan hour or two instead of a week or two.

What else does ProDesign Il offer? Compatibility.
Compatibility with over 100 printers. Compatibility with

over 50 plotters. Compatibility with most graphics adapt-
ers, digitizing tablets, and mice. Compatibility with most
display adapters. Compatibility with any software that can
produce HP plotter commands. Compatibility with main-
frame CAD systems (IGES). All at no extra charge! (You
can also get an AutoCAD Interchange Utility for $99 that
converts drawings to or from the AutoCAD format.)

What additional hardware do you need? None! An
IBM PC compatible and 512K RAM are all you need.
ProDesign Il produces high resolution drawings on your
dot matrix printer - better than .005" resolution on an
IBM/Epson compatible printer. Andyou don’t have to get
a mouse or digitizing tablet. ProDesign Il is designed for
easy and efficient keyboard use. You won’t even need a
math coprocessor, although it is supported. From a small
drawing on a dot matrix printer to an E-Size drawing on a
large plotter, ProDesign Il is the one to use!

ProDesign || — Affordable, Compatible, and Usable!

Where do you getit? See your local dealer or contact:
American Small Business Computers, Inc.
118 South Mill Street
Pryor, OK 74361
918/825-4844

PRODESIGN Il — ONLY $299!
e I A F _1 8 H@ RNE T

«  MINOSCREEN . TAILPLANE HYDRAULIC ACTURTOR
. INSTRUNENT PANEL « TURBOFAN ENGINE

. WERDS-UP DISPLAY . AILERON WYDRAULIC ACTURTOR

. CANOPY . WING FOLD ACTUATOR

. EJECTION SEAT . SIDEWINDER RIR-AIR MISSILE

. AVIONICS EQUIPNENT . LEADING FLAP ACTUATOR

DRAWN USING PRODESIGN I1I

. SECOMD SEAT SPACE « MING TANK

. LEMDING EDGE RODYT EXTENSION
. FUSELAGE TANKS

. LERDING EOGE FLAP

. MING TANK

. SIDEMINDER AIR-ALR HISSILE
. MISSILE LAUNCH RAIL

. MAVIGATION LICHT

. MING FOLD WINCE JOINT

. RILERON

« FLAP VANE

. FLAP

. MYORAULIC RESERVOIRS

. STROBE LIGHT

. RUDDER WYDRAULIC ACTUATOR
« NAVIGATION LICHT

. RADAR MARNING ANTEWNA

. FUEL JETTISOM

. MOVING TAILPLANE

. ECN ANTEWNA

. RADAR WARMING ANTEWNA

. FORNATION LIGHTING STRIP
. AFTERBURNER NOZZLE

« LERDINC FLRP DRIVE SHAFT
48. EQUIPNENT GEARBOX 20 21 22 232y 25 26 272829 38

. RAUXILIARY PONER TURBINE

. REAR LANDINC CERR

+ SPARROM AIR-AIR NISSILE

. LERDINC FLAP DRIVE NOTOR

. PAIN RETRACY ACTUATOR

+ FORMARD RETRACY ACTUARTOR

+ LIDUID OXYGEN CONVERTER

+ BOARDING LADDER

. FORMARD LANDING GEAR /‘/

. CATAPULT LAUNCH STROP

« CONTROL EﬂLym‘

+ RUDDER PEDALS

. APNUNITION FEED CHUTE

. PAMGLE OF ATTACK SENSOR

+ PITDT HERD

. FORNATION LICHTING STRIP

. RRADAR EQUIPNENT BAY

+ FORWARD ECh ANTENNR

+ RADAR PIVOT NECHANISN

. RADAR SCANNAR

M
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B-O-O-K REVIEWS

THE C++
PROGRAMMING
LANGUAGE

Bjarne Stroustrup
Addison-Wesley
Reading, MA: 1986
327 pages, $22.95

ADVANCED ,
PROGRAMMER'S GUIDE ”/
TO UNIX SYSTEM V
Rebecca Thomas,
Lawrence R. Rogers,
and Jean L. Yates
Osborne/McGraw-Hill
Berkeley, CA: 1986
575 pages. $21.95

MIND OVER MACHINE
Hubert L. Dreyfus

and Stuart E. Dreyfus
Free Press

New York: 1986

231 pages, $16.95

THE C++ PROGRAMMING
LANGUAGE

Reviewed by

G. Michael Vose

ne of the tenets of evo-

than the white book. C++
adds considerably to the
complexity of an already
obtuse lexicon. Further-
more, C++ provides the
tools to allow an obiject-
oriented approach to pro-
‘ gramming in C
i ‘ £ Evaluating a book like
‘ 2 Stroustrup’'s is difficult
' because microcomputer im-
plementations of C++ are
just becoming available (see
the What's New section). |
have no concrete experi-
ence with the language and
no facility for using the
tutorial sections of the
book. Therefore, the judg-
ments | can make are
limited to two areas: Does
the book adequately de-
scribe the concepts of C++,
and do the C++ extensjons
seem useful? The historical
significance of both the
book and the language will
have to wait for the judg-
ment of some future

lutionary theory states
that changes in the environment cause subtle mutations
in an organism that transform it into a new organism. The
changing nature of the hardware environment of computers
causes an analogous evolution of programming languages.
Bjarne Stroustrup's The C++ Programming Language describes
one recent language mutation.

Following the example of its parent, Brian W. Kernighan
and Dennis M. Ritchie's The C Programming Language (also
known as K&R or the “white” book), this book defines the
superset of C called C++. Both books provide multiple-
chapter tutorials for their respective languages as well as
the languages' official reference manuals. Both contain ex-
amples and exercises for readers to solve.

Stroustrup's book assumes a familiarity with C (referring
the beginning reader to K&R) but is nearly 100 pages longer

ILLUSTRATED BY MARGERY MINTZ

reviewer.
People familiar with C in-
stantly recognize the

significance of the name
C++. C's increment operator is symbolized using two plus
signs (++). The suggestion is that C++ increments the
power of the language, and this is certainly true. But for
many C programmers, adding new constructs takes a back
seat to fixing some of the awkward aspects of the original
language. The authors provide some of these fixes.
Programmers enjoy using C because of the freedom of
expression it provides due to a rich set of operators and
great flexibility in declaring and manipulating data types.
C++ increases this freedom substantially by offering ad-
ditional data types and constructs that permit programmers
to more easily build complex data structures (a process
known as data abstraction). The emphasis in C++ is on
types and structure.
(continued)
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Your PC represents a substantial investment, so it does not
make sense to risk costly downtime or system failure due to
the use of a so-called “BARGAIN"" power supply.

At Fortron we insist on quality and reliability. That's what
has earned us a UL rating. For your complete satisfaction we
offer a one-year warranty and full technical support.

b\

MEETS
FCC CLASS B

200 WATTS
PC AT
$189.00

* 150 WATTS
PC XT
2212600

* U.L. Recognized
® Meets FCC Class 8 requirements
® 115/230 VAC. selectable
® OVP. OCP short circuit protection
® Power failure signal
® Al US. made connectors
provide better connection to
drives and CPU board
® Meets European safety specs.
® 100% burn-in & pre-shipping test.
one full year warranty
 Direct replacement for original IBM® power supplies
* FARADAY® type pin-out available upon request

PC EXPANSION CHASSIS

Provides easy expansion to your PC, PC XT, Tandy 1000™,
Compagq Portable™, Compaq Desk Pro™, and other PC
clones by having extra expansion slots for video controllers,
disk drives or I/O boards.

FC 640 ... $388.00
® 5 siot mother board
* 100 w. power supply
® Capacity for 3 drives
® 15%2"x12"x 6"

FC650 ... $398.00
* 8 slot mother board

FC 660 ... 5438.00
® 12 slot mother board

® 150 w. UL. reg. power supply

® Capacity for 4 drives

® 19Y%"x15"x5"

® 100 w. power supply

® Capacity for 2 drives p
® 15%"x15%"x15%" j
*Prices above include system interface adaptors

SPECIAL OFFER

® 20MB hard disk drive with
controller and cables
¢ 20 MB Internal tape back-up with
controller, cable and software
! {Special prices valid with expansion chassis purchase only|

B FORTRON CORPORATION

3225 Seldon Court Orders Only: {800} 821-9771
Fremont, CA 94538 In Calif: (415) 490-8171
Telex: 559291 FORTRON  Technical Service: {415) 490-8403

Compagq Portable; Desk Pro™/ Compagq Corp.
IBM™/IBM., Tandy 1000™/Tandy Corp.

$385.00

. $545.00
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BOOK REVIEWS

For example, you create objects by using the class
declaration. Objects have common characteristics. and the
definition of objects in a class specifies how they behave,
how they get created and destroyed, and how they can be
used and manipulated. Therefore, a class is a type. but a
type defined by the programmer. While an int or a char
have definitions imposed by the compiler, a class and the
objects that are instantiations of that class are under your
control.

Classes have many unique characteristics; the internals
of a class can be made invisible to the rest of the program
or made public, known to the program (a public class is
just a structure); class internals can be hidden from the rest
of a program but still known to data types declared as
friends; and derived classes permit adding to a class with-
out revising the source code or recompiling.

The emphasis of the extensions of C++ is on the easy
creation of new data types. Secondarily, C++ classes pro-
vide a way to “hide” data to-make it invisible, and there-
fore uncorruptible, by other parts of a program.

How might these powerful new types be used? Stroustrup
provides examples of simple classes that manipulate sets,
manage symbol tables, and manipulate a stack. You might
well wonder if there is a price to pay for thisability to create
new types and if it will lead to programs voluminous in
source text. Apparently not, according to Stroustrup, who
claims that more freedom of expression in creating types
leads to economy of expression and slightly shorter
programs.

The C++ compiler is actually a translator that uses a C++
source file to generate a C source file that can in turn be
compiled into an executable file. The C++ translator
features strict type checking at the translation stage, offer-
ing the kind of checks that previously required a separate
utility like lint.

One of the principal advantages of C++'s data abstrac-
tion richness is modularity. Since you can build objects, soft-
ware “black boxes” that take an easily defined input and
generate a predictable output, teams of programmers can
more easily generate large programs. AT&T's new Ada com-
piler was written by a team of programmers using C++.

C++ also provides operator and function overloading.
Function overloading allows the multiple definition of a
function. You can define the function foo() so that it acts
differently when passed an integer argument than when
passed a character argument. Overloaded operators per-
mit the definition of how an operator affects a data stream.
For example. addition of integer and real numbers is de-
fined in C++, but addition of complex numbers is not. You

"can overload the addition operator by declaring its effect

on the combining of a real number and a complex number
with syntax similar to that of a data declaration.

FIXING C

For many programmers, the intrinsic object orientation of

C++ is less important than its streamlining of C. As the

theme articles of this issue relate, object-oriented program-

ming as a paradigm for conceptualizing problems is still
(continued)



THE PROFESSIONALS CHOICE

dBase III FrameWork MultiMate Word
II 3319 Perfect 4.1 -
hics Lan s/Utilities Display Boards Monitors
SOftwar e 7 S HERCULES GRAPHICS AMDEK 600/722 $429/539
CHARTMASTER $219  CONCURRENTDOS  $179 Ay 4
DIAGRAM MASTER $199 €86 C COMPILER $299 . CARD : Ngc MULTl'ﬂ‘x - %240
Word P ing Editors EXECUVISION 249 FASTBACK $ 99 HERCULES COLOR PRINCETO &
Qre krOCRSSING: ECIOT CARD $159  PRINCETON MAX-12E  $179
ENERGRAPHICS $179  LATTICE C COMPILER  $269
FANCY FONT $119 PARADISE COLOR/ PRINCETON SR-12 $579
AN S FREELANCE $209  MARK WILLIAMS C $319 Arsthr il
GEM DRAW $149 MICROSOFT C MONO $169 PRINCETON HX-
MICROSOFT WORD $239 PARADISE MODULAR PRINCETON HX-9 $529
MULTIMATE $219 GRAPHWRITER COMPILER $249 52
Wb COMBO $299  MS BASIC COMPILER  $249 GRAPHICS $259  TAXAN 122 AMBER i %sg
ADVANTAGE i IN-A-VISION $259  MS FORTRAN $229 QUADRAM EGA+ $379  TAXAN 630/640 69,
St My, MS CHART NEW $189  NORTON UTILITIES 59 SIGMA EGA 350 $379
HcEh 39 OVERHEAD QUICK BASIC 75 SIGMA COLOR 400 $a49
PFS: WRITE 89 EXPRESS $139 TURBO PASCAL 49 STB EGA PLUS $399  Networks
PCDRAW $209  XENIX Call TECMAR GRAPHICS AST PC NET $Cal
RAMNAWORD. ) 253, PC PAINTBRUSH $ 89 MASTER $469  ORCHID PC NET $Call
THINK TANK 109 PES GRAPH $ 89 ; TSENG ULTRA PAK $429 3CoM $Call
EgsggWLlli?;giN;NG 1?3 SIGNMASTER $149  Accounting TSENG ULTRA PAK-S  $369
BPI $299
B N b 259 Project Management GREAT PLAINS 479 Emulation Boards Printers/Plotters
WORD PERFECT 4.1 209 HARVARD TOTAL IUS EASYBUSINESS 309 AST 5251-11 + $649 BROTHER TWINWRITER $939
WORDSTAR 2000 249 PROJECT MANAGER $279  ONE WRITE PLUS 159 AST 5251-12 $499 DIABLO $Call
WORDSTAR 2000+ 289 MICROSO OPEN SYSTEMS 409 AsTBSC $489  EPSON FX-85 $399
WORDSTAR PRO 259 PROJEC © $249  PEACHTREE 259 ASTSNA $599  EPSON FX-286 $589
XYWRITE Il $239 PROJECT SCHEDULER REAL WORLD 399 CXI 3278/9 Plus $849 EPSON LQ-800 589
NETWORK $339 STAR ACCOUNT'NG IRMA $799 EPSON LQ-1000 $729
SUPERPROJECT + $269 PART $529 IRMALINE $999 HP 7475A $Call
Database Systems TIMELINE 2.0 $259 JUKI 6300 $699
ALPHADATA BASE T Matere NEC 3550 $869 -
B AGER 179 Communications/ AST REACH 1200 $359  OKIDATA 192 $379
CLIPPER 359 Productivity Tools OKIDATA 193 $519
i B y HAYES 1200 $389 23
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ENABLE $349 DESK ORGANIZER $ 69 F&mo $279 MAYNSTREAM 60MB TAPE DATASHIELD BACKUP
FRAMEWORK II $369 GEM DESKTOP $ 39 ORCHID ECCEL (0K) $459 SNT) $1199 POWER $Call
JAVELIN $549 SIDEKICK $ 39 PC TURBO 286 (0K) $899 MOUNTAIN DRIVECARD GILTRONIX SWITCHES $Call
LOTUS 1-2-3 $319 - PC TINY TURBO 286  $549 20MB $899  MASTERPIECE PLUS  $135
MULTIPLAN $135  Network Applications PERSYST TIME SPECTRUM PLUS HARDCARD 10MB ssss MICROFAZER INLINE
OPEN ACCESS $259 DBASE Ill LAN PAK $599 384K ; 279 PRIAM 42MB AT 1295 BUFFERS $cail
SMART SYSTEM $489 KMAN 2 $899  QUADBOARD (384K)  $249 SYSGEN SMART IMAGE TRIPPLITE BACKUP
SPREADSHEET OPEN SYSTEMS $459  SILVER QUADBOARD 20 MB (| ) $625 POWER $cail
AUDITOR $ 99 R BASE 5000 $799 (0K) $219 TALLGRA! $Call 256K RAM SET $ 39
SUPERCALC 3 $209 REVELATION $989  TECMAR CAPTAIN TECMAR QIC 60AT TAPE 8087 MATH CHIP $135
SYMPHONY $449 WORD PERFECT $450 (384K) $269 (INT) 80287 MATH CHIP $199,

Mountain
Drivecard 20

AT-3 Boa.rd

free! |

LOWEST PRICE
GUARANTEE!

We will match current Diskette
nationally advertised Library
prices on most products. Case

Call and compare. with your order

TERMS:

Checks—allow 14 days to clear. Credit processing—add 3%. COD orders—cash,
M.O or certified check—add $5.00. Shipping and handling UPS surface—add $3.0C
per item (UPS Biue$8.00 peritern). NY State Residents—add applicable sales tax.
All prices subject to change.

Softline Corporatlon

7/ P.O. Box 729, Brooklyn, N.Y. 11230
TELEX: 421047 ATLN U!

FAX: 718-972-8346

ﬁ MON.-THURS. 9:00AM-8:00PM !'v-\\
asterCard
mmmmmm SUN. & FRI. 9:00AM-4:00PM
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COMPUTER WARE

CALL TOLL FREE 1 800 528-1054

REE ex"“eﬂ

Air Express Shipping

See Details Below

PRINTERS

Anadex All Models Calt

Brother All Models Call

Cannon Laser Printer $1949

Citizen MSP-10 $250

MSP-15 $349

MSP-20 S315

MSP-25 . $485

Premier 35 S409

Datasouth All Printer Models .Call

Diablo D-25. S489

635 ..... $1035

Other Printer Models . Call

EPSON
All Printer Models

FUjitsu . wvmmn e v voevinnanennn

Juki

6100 S349

L7, 0o S S669

NEC

3510, 3550, 3515, 3530

8810,8830.8850 ... ....

P5, P, P7

EIf360 ......

EIf 370

OKIDATA
All Printer Models ......... Call

$199

Panasonic 1080 ...........

\

~

HARDWARE
N\ ~_|BEST PRICES

-

—
NOW »No Charge for Bank Cards | —
MONITORS/ =———— /LOMPUTERS BOARDS —~
Amdex All Monitors Call PANASONIC ASTAdvantage ....... ....$329
NEC All Monitors Call St. PartnerDualDrive .......... $1309 Rampage PC . .. =3 ..$239
Princeton Graphics Call Exec. Partner Dual Drive ....... 51899 Six PackPlus......... ...$159
Zenith AllModels. .. ............ Call oS Hercules Color Card ...$149
VIDEO TERMINAL TR T e e T e S DR Call ﬁ‘raglhlcCard. .S305
QumeQVTGreen 101 ... S$299 SperryIT. ... SPERRV “““““ 1999 Above Boards . e .....Call
QVT Amber 101 .. .. .S314 Other Models Calt Maynard Hardcard ...... . ...... s549
Wyse 30 S299  [Eaameiian e e e R iy Paradise ModularGrapmc061 ....S239
50 sa19 WYSE Five Pak s115
Wysepc1100-1 ................ $979 —
75. S559 i e 1539 Quadram
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Wyse 350 s$859 Quadlink ....... ... .. $329
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r raphics Master o
Z-49 .Call Products Captain No Memory . .$169
MODEMS ;i MSdI\IVE Up to 50% - SLOTTEHE
AT&T Er—————| KoETeTSE”S """"""" | EpsonHi-80 ... ..Call
4000 External . ] S309
Anchor Aulomahon Maxell MD-2 (Qty 100) s125 KEY B(?A RDS
ANChOT EXPress .. ................ $235 Sony MD/2 (Qty 100) s$119 Keytronics 5151
HAYES
COPIERS

Prometheus All Models.
US Robotics Courier 2400 .
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10091 . Microlink 2400 .
o DISK DRIVES CanonPC-10
KXPBIST oo : Alpha OmegaTurbo 10 ...... ...S379 CanonPC-14 ..
Turbo 20. . S439 Canon PC-20 . .
STAR MICRONICS Turbo 30. . e .$569 Canon PC-25
All Printer Models ......... Call lomega , Bernoulli 10meg .
B Il
Toshiba 321 Parallel & Serial ... saag  ponouiaomes: . x E R ox SANYO
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in its infancy. Smalltalk showed the way for an object-
oriented approach to programming, but implementations
of it and other object-oriented languages have been too
slow to be useful or are restricted in some other way.

Does C++ fix enough of C's problems to warrant its
adoption independent of its object-oriented extensions?
Probably not. C++ does provide for single-precision floats,
adds enumerated and constant types, and comes with a
stream-oriented /O library that simplifies I/O for UNIX pro-
grammers (unfortunately, the stream.h library itself is writ-
ten in C++ and cannot, at present, be used in regular C

programs). But in order to be a superset of C, C++ had
" to retain the original syntax and organization of its pre-
decessor; C++ could not differ markedly from C and still
translate existing programs.

There are significant lexical improvements in C++. Unlike
macros, the constant data type follows normal C scoping
rules. Two new keywords. new and delete. eliminate the
need to use malloc( ) and free( ). simplifying the manage-
ment of memory. Using classes eliminates the need for
typedefs. C++ even lets you specify default values for
arguments to a function so that the function can be called
without argument values.

PURPOSE SERVED

As a study of sophisticated data structures, The C++ Pro-
gramming Language makes interesting reading. For example,
C++ permits the use of virtual functions, those that use
the same name with the proper function chosen by the
program according to an input parameter. A class Shape
using a function Draw( ) might have virtual functions for
the derived classes of Shape called Circle and Square.
Each of these classes has its own function Draw( ), and the
program employs the one necessary to do Circle or
Square, depending on which is called.

A couple of things confused me as | delved into this
book. First, Stroustrup calls attention to a new stream 1/O
library that comes with C++ and uses its conventions in
his example programs right from the beginning of the book.
Without a more detailed explanation of the stream /O func-
tions (which doesn’t occur until the final chapter). | had
trouble following the examples. While the stream I/O syn-
tax of C++ is much cleaner than that of C, I missed not
seeing familiar functions like printf( ) in the early examples.
Second, | found Stroustrup’s use of the jargon of C++
(classes, friends, references, derived classes) distracting
because he tends to use these terms before defining and
explaining them.

Another legitimate question to ask about this book is,
Will ATET try to push C++ as the next incarnation of C?
If so, will the rest of the world follow? It seems more likely
that the world will follow the ANSI/ISO standard that is
nearing completion and that may be in place by mid-1987.
The standard does provide some of the extensions of C++,
but it falls far short of implementing its major facilities, like
classes and stream 1/O. C++ may turn out to be only an
interesting curiosity, not the next evolutionary stage of C.

However, C programmers embarked on an object-

(continued)

STATISTICAL
PACKAGES

Complete, high-performance
data-analysis software from:

i
|
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StatSoft -

Unbeatable power and flexibility for
unbeatable prices!

1. STATS-2™ (release 2.1): A complete,
superfast statistical package. Can also
be used as a statistical supplement for
Lotus 1-2-3™ and other spreadsheet
programs. Runs on IBM™ and compat-
ibles, 256k, 2dd, 8087 support

2. STATFAST-2™ (release 2.1): The
most powerful statistical package
developed for the Macintosh™
128k/512k/Plus, 1dd. ... ............ $119

3. APP-STAT™: A complete statistical
package for the Apple [I™ family of

computers,1dd .. .................. $99
4. PSYCHOSTAT-3™: A complete sta-
tistical package, available for Kaypro™
and all CP/IM™ computers, 1dd . ...... $99

All of these statistical packages are user friendly and super-
easy to use. They include the full range of basic statistical
analyses (descriptive statistics, t-tests, correlations, cross-
tabulations, nonparametric statistics, and much more) and
advanced multivariate statistics (comprehensive multiple
regression with forecasting, general multifactor ANOVA/AN-
COVA up to 5 factors including a covariate, repeated mea-
sures, contrasts, unbalanced designs, and more). All pack-
ages can handle data files of unlimited size, include flex-
ible Data Editors with complex transformations and com-
plete data-base management functions, and can access
data files from spreadsheets, data-bases, and mainframes.

Ask for our statistical packages for other computers.

TO ORDER: Send check, credit card number, or money order
(plus $5 shipping and handling) to:

/] statsoft”

2832 EAST 10TH STREET, SUITE 4, TULSA, OK 74104

(918) 583-4149 —
A
)

==
VISA'
To order by phone (Visa, MasterCard, C.0.D. orders accepted) or talk to
our technical staff for more information, call {918) 583-4149.

| |

STATSOFT, STATSOFT logo. STATS-2. STATFAST. APP-STAT. PSYCHOSTAT.3. LOTUS 1.2-3, IBM.
Macintosh. Apple Il. Kaypro. and CP/M are trademarks of resoective compantes
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AT LAST: Professional
Typesetting Capability
For PC Users

With PCTEX"™ — the best-selling full
implementation of Professor Don Knuth's
revolutionary typesetting program TpX.
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WIDEST Range Of Output Device Drivers:

e Epson FX, LQ e HP LaserJet*

e Toshiba e Apple LaserWriter

e Corona LP-300* e APS-5 phototypesctter
e Screen preview, with EGA or Hercules card

MOST COMPLETE Product Offering:

PCTEX (not copy protected) includes the following:

e Qur specially written PC TEX Manual, which en-
ables you to start using TX right away.

e Custom “macro packages” that provide formats
for letters, manuals, technical documents, ctc.

e The IATEX document preparation system, a full-
featured macro package for preparing articles,
books, reports, etc., and IATEX User’s Manual.

o AMS-TEX, developed by the Amer. Math. Society
for professional mathematical typesetting.

Site licenses, volume discounts, and interfaces to
PC Paintbrush, PC Palette, FancyI'ont and Fontrix
are also available.

PRICED FROM ONLY $249.00!

(Printer drivers and interfaces additional.)

Laser printer,
fonts & software

from $2995.00

For IBM PC/XT, AT or compatible, DOS 2.0 or higher, and
512K RAM. Hard disk required for printer drivers and fonts.
*HP LaserJet and Corona require additional interface boards.

For more information call or write:

Personal TEX, Inc.

20 Sunnyside, Suite H, Mill Valley, CA 94941 (415) 388-8853

This ad, with space for the photograph, produced by PC TgX.
Typeset on the Epson FX80, the Corona LP-300 laser printer,
and the Autologic APS-5 phototypesetter.

T X is a trademark of the American Mathematical Society. Manufac-
turers' product names are trademarks of individual manufacturers.
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oriented programming odyssey and others interested in
object-oriented languages should investigate this book.

Because the style of Stroustrup's exposition approximates
that of his colleagues Kernighan and Ritchie, I expect that
there will be an outpouring of books on C++ if it catches
on, just as there has been on C. A rich and complex lan-
guage needs much explanation.

G. Michael Vose is a senior technical editor at BYTE (One Phoenix
Mill Lane, Peterborough, NH 03458).

ADVANCED PROGRAMMER'S GUIDE
TO UNIX SYSTEM V
Reviewed by Gary D. Kendall

Advanced Programmer’'s Guide to UNIX System V by Rebecca
Thomas, Lawrence R. Rogers, and Jean L. Yates sum-
marizes material also found in the UNIX System Adminis-
trator's Manual, Text Processing Guide. Program Development Tools
Manual, and the System Utilities Manual. If you have access
to these manuals, you may not be interested in this book.,
although the examples may prove helpful to you. But if
you are in the unfortunate position of having to work on
a UNIX system without benefit of the accompanying
manuals, this book will give you the information you need
to develop useful programs on a UNIX system. Although
the authors deal with some aspects of UNIX that could
be considered advanced, such as signals, named pipes.
semaphores, and shared memory, the abundance of pro-
gram examples makes the book a good tutorial intro-
duction to programming on UNIX System V.

From reading the preface. | have the impression that
most, if not all, of the book. including the sample code.
was written by Lawrence Rogers with Jean Yates as tech-
nical consultant, and that Rogers is somewhat new to
UNIX. I could find no mention of Rebecca Thomas any-
where (except on the cover). It also seems that Rogers's
programming experience is based in FORTRAN. This is
evidenced by his use of nested if. . .else statements in-
stead of a switch, by his heavy use of subscripts as array
indexes rather than pointers, and by his use of the word
“subroutine” when making reference to a function. I found
his style of coding very difficult to read at best.

TopricS COVERED
The book explains the operation of the UNIX kernel and
the structure of the file system. Yet the diagram on page
19 of the book. which illustrates the mounting of a file
system on a directory, is in error. The mount directory (/usr)
is shown to belong to the file system being mounted, when
actually it is a part of the root file system. Later. in the
section describing the sequence of events from boot to
log-in, there is no mention of the execution of the /etc/rc,
letc/profile, and /etc/login scripts. This is an unfortunate
omission, since the user can modify these scripts to in-
clude such things as the mounting of file systems, the ini-
tialization of demons, and the maintenance of spooling
(continued)



Put RUN/CPM " in your PC today

and run 50,000 programs that
you couldn’t run yesterday!

RUN/CPM V-20/30 CP/M Emulator

RUN/CPM is a revolutionary new product which combines
software and hardware to allow your PC to run 1,000's of pro-
grams written for the CP/MB8O0 operating system. For years,
poputar 8 bit computers such as **Kaypro™*, *‘Osborne™. and
**Morrow'* have relied on this vast library of high quality, in-
expensive software, which can now be accessed by your PC.
A simple replacement of your PC's 8088 or 8086
microprocessor with a dual 8/16 bit N.E.C. V-20 or V-30
microprocessor creates a system capable of running both
CP/MB0. and MS-DOS/PC-DOS software. In addition to ad-
ding 8 bit CP/M compatibility, your PC's overall performance
will improve by up to 30% as a resufl of the speedup
characteristics of the V-20 and V-30 microprocessors. Runn-
ing CP/M software directly from CP/M disks is easy thanks
to RUN/CPM's disk emulation feature, which will allow your
PC’s floppy drives to directly READ, WRITE, and FORMAT
over 175 different CP/M disk formats! You will also be able
to run CP/M programs in full color, from a hard disk or RAM
disk, and you can even run MS-DOS background programs
such as Borland's ''Sidekick'* on top of CP/M programs!.
Add pop-up windows, terminal emulation, and help screens
and it is easy to see why RUN/CPM is last becoming the de-
facto standard in CP/M emulation software.

READ/CPM CP/M Disk Emulation

READ/CPM adds CP/M disk compatibility to your PC, XT, of
AT. Now your PC can directly READ, WRITE, and FORMAT
over 175 different CP/M disks using DOS commands such as
"'COPY," “TYPE," "DIR" elc. READ/CPM supports a varie-
ty of disk drives including 5¥a “, 3%z “, and with the proper
disk controller even supports 8” disk drives, READ/CPM is
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Run CP/M°Z80 for
the incredible price of

* Requires V-20 or V-30 microprocessor

The RUN/CPM Z-80 co-processor gives you
all of the incredible features of RUN/CPM,
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set at a price you can afford. Never before has
it been easier to add Z-80 compatibility to your
PC, XT, or AT. The RUN/CPM Z80 co-
processor board comes complete with 64K of
memory, a SMhz clock, and of course the in-
credible RUN/CPM emulation software. Plug
this card into one of your PC's slots and within
minutes you will be running the most powerful
CP/M software available, including the most
popular assemblers, compilers, debuggers,
and wide variety of application programs such
as word processors and spreadsheets. Our
ISIS-Il emulation option will even allow you to
run “Intel'" development languages on your
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ultimate in high speed Z80 processing, then
check out our RUN/CPM Z80-H full size co-
processor available for only $499.95. Running
in excess of 9mhz with 128 K memory on
board, this co-processor virtually blows away
the competition! Both the RUN/CPM Z80 &
280-H co-processors come with the
RUN/CPM emulator
software and are backed
by our 30 day

money back guarantee.

Micro Interfaces
6824 N.W. 169th Street, M

(305) 823-8088 — T
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Here is what
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ROBERT ATHEY
Micro Times
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powerful of all the
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TED DRUDE
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RUN/CPM is aregistered trademark of Micro Interfaces Corporation; Sidekick is a registered trademark of Borland International; Kaypro is a registered trademark of the Kaypro Corporation; Intel is a registered trademark of the Inte!
Corporalion; CP/M is a registered trademark of Digital Research: Z80 is a registered trademark of the Zilog Corporation; 1SIS-II & ISIS-IIl are registered trademarks of the Intel Corporation.

RUN INTEL SOFTWARE ON IBM PC’s

Transform an IBM PC, XT, AT, or compatible into a totally integrated Intel Micro Development System, capable of running 8 bit ISIS-!I, and 16 bit ISIS-1l (UDI) software while
remaining 100% MS-DOS compatible. MICRUN 80 and MICRUN 86 are Universal Development Interfaces which will allow you to increase your development capabilities with
faster, morereliable and affordable PC based work stations. The MICRUN8O (UDI) utilizes the N.E.C. V-20/30 microprocessor to execute 8 bit Intel software on a PC, or XT, 2
10 3 times faster then an Intel MDS! For ultra fast execution speed, our Z80 co-processor version of MICRUN 80 runs in excess of 9 Mhz and is PC **AT" compatible. The
MICRUN86 (UDI) is the perfect solution for running 16 bit 1SIS-11l software on PC’s or XT's, and AT's and does not require any additional hardware. Both MICRUN8O, and
MICRUNB6 come complete with a full featured communication program for transferring Intel software to your PC or choose our 8” compatibility option, which will allow you to
connect an 8” disk drive to your PC and directly access single density 8" Intel format disks. Micro Interfaces Corporation has brought the power of Intel development to the
PC, and in doing so provided you with an affordable alternative to the high cost of Intel development. To order, or obtain more information call the toll free number listed above

or refer to the order coupon.

Inquiry 333 for RUN/CPM. Inquiry 334 for Intel on PCs.
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directories and log files.

There are chapters on the interactive use and program-
ming of the shells, /bin/sh and /bin/csh. The sample scripts
should be read carefully where the command substitu-
tion operator (') is involved. At first glance, these charac-
ters appear to be single quote marks ('), but a close ex-
amination shows the difference. A different choice of font
for the sample code could have removed this ambiguity,
because the font used in the text portions clearly shows
the difference. Moreover, on page 527, figure 9.L.3 is pur-
ported to be a csh script but is actually written in the lan-
guage of sh (the Bourne shell).

The rest of the book deals with the use of the vi and
ex text editors, the C compiler, and the make and ar
utilities for creating software tools. Thomas, Rogers, and
Yates expound some design philosophies in UNIX pro-
gramming, which should help you in the creation of error-
free programs, but they do not always follow them. The
authors, however, always follow the “one exit” philosophy
(often associated with structured programming); unfor-
tunately, it's at the expense of readability of the code.
Moreover, the authors state that software tools should
handle multiple file specifications to encourage the use of
the shell's filename expansion metacharacters, but the pro-
gram for line numbering accepts only one file argument
and cannot be made to read the standard input. so it can-
not be used as a “filter” in a pipeline. There are chapters
covering the use of the standard library functions and
system calls, with emphasis on the new System V inter-
process communication features. The examples of how to
use these will be a boon to System V neophytes and may
prove helpful to experienced UNIX programmers also.

While this book contains some very worthwhile infor-
mation, I don't recommend it as a substitute for the full
set of System V documentation. In conjunction with the
UNIX documentation, however, it would be very appro-
priate as a tutorial guide to UNIX programming.

Gary D. Kendall (Creative Computing. 96 Forest St.. Danvers, MA
01923) is a consulting systems analyst/programmer who specializes
in operating systems.
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MIND OVER MACHINE
Reviewed by Stan Czarnik

I n Mind Over Machine, Hubert and Stuart Dreyfus contend
that traditional digital computers can never be pro-
grammed to produce genuine artificial intelligence
because they cannot replicate intuition. Educators and
business people who believe otherwise, they claim, are
in for disappointment, if not catastrophe. The argument
thus feeds on a mix of pessimistic prognosis and it-ain’t-
gonna-work-anyway philosophy.

COMMON SENSE AND EXPERTISE

Standard von Neumann computing systems process

discrete, finite. isolated units of binary data in sequential
(continued)
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MS-DOS, PC-DOS, CPIM-86, XENIX,
8086/80x86 ROM

Manx Aztec C86
‘A compiler that has many strengths .. . quite valuable
for serious work"

Computer Language review, February 1985

Great Code: Manx Aztec C86 generates fast executing
compact code. The benchmark results below are from a
study conducted by Manx. The Dhrystone benchmark
(CACM 10/84 27:10 p1018) measures performance for a
systems software instruction mix. The results are with-
out register variables. With register variables, Manx,
Microsoft, and Mark Williams run proportionately faster,
Lattice and Computer Innovations show no improve-
ment.

Execution  Code
Time Size

Compile/
Link Time

Dhrystone Benchmark
Manx Aztec C86 33 34 secs 5,760
Microsoft C 3.0 34 secs 7146
Optimized C86 220] 53 secs 11,009
Mark Williams 20 56 secs 12,980
Lattice 214 89secs 20,404

93 secs
119 secs
172 secs
113 secs
117 secs

Great Features: Manx Aztec C86 is bundled with a powerful
array of well documented productivity tools, library routines
and features.

Optimized C compiler
AS86 Macro Assembler
80186/80286 Support
8087/80287 Sensing Lib
Extensive UNIX Library
Large Memory Model

Z (vi) Source Editor -
ROM Support Package-c  INTEL HEX Utility -c
Library Source Code - Mixed memory models -¢
MAKE, DIFF, and GREP «¢  Source Debugger -c

One year of updates - CP/M-86 Library -

Symbolic Debugger

LN86 Overlay Linker
Librarian

Profiler

DOS, Screen, & Graphics Lib
Intel Object Option

CP/M-86 Library -

Manx offers two commercial development systems,
Aztec C86-c and Aztec C86-d. Items marked -c are
special features of the Aztec C86-c system.

Aztec C86-c Commercial System  $499
Aztec C86-d Developer’s System  $299
Aztec C86-p Personal System $199
Aztec C86-a Apprentice System $49

All systems are upgradable by paying the difference
inprice plus §10.

Third Party Software: Therearea number of high qual-
ity support packages for Manx Aztec C86 for screen
management, graphics, database management, and soft-
ware development. ‘

C-tree $395 Greenleaf $185
PHACT $250 PC-lint $98

HALO $250 Amber Windows $59
PRE-C $395 Windows for C $195
WindScreen $149 FirsTime $295
SunScreen $99 CUtil Lib $185
PANEL $295 Plink-86 $395

The C for Microcom

PC-DOS, MS-DOS, CP/M-86, Macintosh, Amiga, Apple II, CP/M-80, Radio Shack,
Commodore, XENIX, ROM, and Cross Development systems

MACINTOSH, AMIGA, XENIX,
CP/M-68K, 68k ROM

Manx Aztec C68k

“Library handling is very flexible . .. documentation is
excellent ... the shell a pleasure to work in ... blows
away the competition for pure compile speed .. . an ex-
cellent effort.”

Computer Language review, April 1985
Aztec C68k is the most widely used commercial C com-
piler for the Macintosh. Its quality, performance, and
completeness place Manx Aztec C68k in a position be-
yond comparison. It is available in several upgradable
versions.
Optimized C
Macro Assembler
Overlay Linker
Resource Compiler
Debuggers
Librarian
Source Editor
MacRam Disk -c
Library Source -¢

Creates Clickable Applications
Mouse Enhanced SHELL

Easy Access to Mac Toolbox
UNIX Library Functions
Terminal Emulator (Source)
Clear Detailed Documentation
C-Stuff Library

UniTools (vi,make,diff,grep) -c
One Year of Updates -c

Items marked -c are available only in the Manx Aztec

C86-c system. Other features are in both the Aztec C86-d
and Aztec C86-c systems.

Aztec C68k-c Commercial System $499
Aztec C68d-d Developer’s System $299
Aztec C68k-p Personal System $199
C-tree database (source) $399

AMIGA, CP/M-68k, 68k UNIX call

Apple O, Commodore,
65xx, 65C02 ROM

Manx Aztec C65

“The AZTEC C system is one of the finest software
packages I have seen"
NIBBLE review, July 1984

A vast amount of business, consumer, and educational
software is implemented in Manx Aztec C65. The quality
and comprehensiveness of this system is competitive
with 16 bit C systems. The system includes a full optim-
ized C compiler, 6502 assembler, linkage editor, UNIX
library, screen and graphics libraries, shell, and much
more. The Apple Il version runs under DOS 3.3, and
ProDOS, Cross versions are available.

The Aztec C65-c/128 Commodore system runs under
the C128 CP/M environment and generates programs for
the C64, C128, and CP/M environments. Call for prices
and availability of Apprentice, Personal and Developer
versions for the Commodore 64 and 128 machines.

Aztec C65-c ProDOS & DOS 3.3 $399
Aztec C65-d Apple DOS 3.3 $199
Aztec C65-p Apple Personal system $99
Aztec C65-a for learning C $49
Aztec C65-¢/128 C64,C128, CP/IM $399

Distribution of Manx Aztec C

Inthe USA, Manx Software Systems is the sole and ex-
clusive distributor of Aztec C. Any telephone or mail
order sales other than through Manx are unauthorized.

puters

Manx Cross Development Systems

Cross developed programs are edited, compiled, assem-
bled, and linked on one machine (the HOST) and trans-
ferred to another machine (the TARGET) for execution.
This method is useful where the target machine is slower
or more limited than the HOST, Manx cross compilers
are used heavily to develop software for business,
consumer, scientific, industrial, research, and education-
al applications.

HOSTS: VAX UNIX ($3000), PDP-11 UNIX ($2000), MS-
DOS ($750), CP/M ($750), MACINTOSH ($750),
CP/M-68k ($750), XENIX ($750).

TARGETS: MS-DOS, CP/M-86, Macintosh, CP/M-68k,
CP/M-80, TRS-80 3 & 4, Apple II, Commodore C64,
8086/80x86 ROM, 68xxx ROM, 8080/8085/Z80 ROM,
65xx ROM.

Thefirst TARGET is included in the price of the HOST
system. Additional TARGETS are $300 to $500 (non
VAX) or $1000 (VAX).

Call Manx for information on cross development to the
68000, 65816, Amiga, C128, CP/M-68K, VRTX, and
others. [

CP/M, Radio Shack,
8080/8085/Z80 ROM

Manx Aztec CII

“I've had a lot of experience with different C compilers,
but the Aztec C80 Compiler and Professional Develop-
ment System is the bestI've seen.”

80-Micro, December, 1984, John B. Harrell 111

Aztec CII-c (CP/IM & ROM) $349
Aztec CII-d (CP/M) $199
C-tree database (source) $399
Aztec C80-c (TRS-80 3 & 4) $299
Aztec C80-d (TRS-80 3 & 4) $199

How To Become an Aztec C User

To become an Aztec C user call 1-800-221-0440 or call
1-800-832-9273 (800-TEC WARE). In NJ or outside the
USA call 201-530-7997. Orders can also be telexed to
4995812.

Payment can be by check, COD, American Express,
VISA, Master Card, or Net 30 to qualified customers.

Orders can also be mailed to Manx Software Systems,
Box 55, Shrewsbury, NJ 07701.

How To Get More Information

Tb get more information on Manx Aztec C and related
products, call 1-800-221-0440, or 201-530-7997, or write
to Manx Software Systems.

30 Day Guarantee

Any Manx Aztec C development system can be return-
ed within 30 days for a refund if it fails to meet your
needs. The only restrictions are that the original pur-
chase must be directly from Manx, shipped within the
USA, and the package must be in resalable condition.
Returned items must be received by Manx within 30
days. A small restocking fee may be required.

Discounts

There are special discounts available to professors,
students, and consultants. A discount is also available on
a “trade in” basis for users of competing systems. Call for
information.
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HERE’S 118 REASONS AND

IS AMERICAS

LOW PRICES. Micro Mart specializes
in giving you the best value on all your
PC product needs.
QUALITY PRODUCTS. We've got a
_huge selection of national brand name
products. Computer systems, printers, per-
ipherals, and more!
' FULL SERVICE SALES. Our friendly,
'knowledgeable sales staff will help you

choose the right product at the right price.
COMPLETE TECHNICAL SUPPORT.
'For pre-sale or post-sale advice, give us
a call. We're here to help.
' CUSTOMER SATISFACTION.
' It's made us famous. Drop in at one
of our many store locations or give us a
call today.

Shop us today and save on these specials...

for only $995!

Here's a system value that
can't be beat. Features
full PC compatibility.
640K RAM memory. One
360K half height floppy
drive. Six expansion slots.
Monochrome graphics
card and monitor. Printer
and communications
ports. Clock/calendar.
Game port. MS DOS
with GW BASIC.
Enhanced IBM-style
keyboard. UL and &
FCC approved. ™
Full 1 year parts exclu-
sive warranty.

All systems built and
configurations!

tested! Call for custom

With the purchase of our
ProLine XT

This complete accessory pack: 10 pk.
DS/DD Maxell Diskettes. SRW Media Storage
Case. Six-outlet Curtis power strip with surge
protection. Texwipe PC careware kit with anti-
static solution and CRT cleaning fluid and
wipes. Perfect Data 5% drive head clean-
ing kit. ProLine XT dust cover. Total
Retail Value—$89.95!
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ProLine XT—A complete system |

ProLine AT — Powerful AT
performance for only $2,289!

All the speed and
power you need.
Features full PC
compatibility. 512K
RAM memory.
One 360K floppy
drive. Eight
expansion slots

Monochro
8f;ph'cs card *xMﬂlUH‘UH\IUI»Ull!ilhl‘lﬂ\l*li
Printer port wr
Clock/calen-
dar. MS DOS. M
UL and FCC approved. 90 day exclusive warranty.
All systems built and | tested! Call for custom
configurations!

With the purchase of our

American AT
This complete accessory pack:
10 pk. tpi quad density Maxell Diskettes.
SRW Media Storage Case. Six-outlet Curtis
power strip with surge protection. Texwipe PC
careware kit with antistatic solution and
CRT cleaning fluid and wipes. Perfect
Data 5'%" drive head cleaning kit.
American XT dust cover. Total
Retail Value—$99.95!




MORE WHY MICRO MART

PC SPECIALIST!

MULTIFUNCTION BOARDS

We have a complete line of Multifunction Boards compatible
with the PC, XT & AT and all compatibles.
8. SIX PAK 64-384K, multifunction, fully

loadedw/384K ............ ... .. $239
9. AST I/0O MINI I/O shortboard for
Portable & AT -cu'e s s sl wrs sms w0 w5sin New Low Price!

10. ADVANTAGE 128K-3Mb, expansion for AT . . .
11. RAMPAGE 64K-2Mb with Deskview .............
12. QUADRAM QUADBOARD

loaded, 384K ... . .o von von smne wne s s g s o CALL!
13. QUADRAM GOLDBOARD, 384K .. .............. $459
14. TECMAR MEGA FUNCTION, 1 Meg of

nonvolatilememory ............. .. $369
15. TALLTREE JRAMIIL ... CALL!
16. INTELABOVE BOARD, PC&AT .. ..From $280
17. THESYS FASTCARD up to 1 MB From $235

GRAPHICS CARDS

18. HERCULES Mono & Color

Graphicscards . . ....o.ooiiii New Low Price!

19. TECMAR Graphics Master, HiRes Color &

MonosupportsLotus . ...
20. QUADRAM Quadcolor | & Il color cards . . .
21. QUADRAMEGA, Includes 256K memory.
22. STB EGA + Mono & Graphics cards

alsoavailable . .............o il CALL!
23. Generic monographiccards................. From $99
24. SIGMA Color 400 for
PGSSR-12 ......... SRRy New Low Price!
FLOPPY DISK DRIVES

25. 1/2 HEIGHT Disk Drives from Panasonic,
Mitsubishi, & Teac; 360K &
26. 1.2 MEG Floppy drives for the PC, XT, AT

andCompatibles ................... ... ... From $99
HARD DISCS

27.IRWIN Tape Back-upsystems ................... Call!

28.SYSGEN Completeline ................... Callforour

special Sysgen pricing!
29. BERNOULLI TECHNOLOGY Hard disc
Subsystems (20&40MB) ................. From$2B75
30. SEAGATE Fast 10, 20, 30Meg. for PC&AT ... ....... Call!
31. PRIAM Superfast40&60Meg. forAT ............ CALL!
32. TALLGRASS 25, Through 80 Meg. Hard drive systems,
including 60 Meg. tapeback-up ................... ..
33. WESTERN DIGITAL 10 & 20MB File cards CALL!
34, Best availability of voice coil and stepper motor hard drives

COMMUNICATIONS
52. MICROSTUF Crosstalk X VI, Latest version . ........ $105
53. HAYES Smartcom Il .
54. MICROSOFTACCESS . ... CALL!
WORD PROCESSING
55. MUITIMATE Advantage. . ...............c...... $294
56. MICROSOFT Word,
NEWVEISION .\ vvvneinn e, New Low Price!
57. LIFETREE Volkswriter Deluxe, ver3.0 .. ........... $169
58. SSI WordPerfect,
Version 4.1 ... New Low Price, CALL!
59. MICROPRO Wordstar
Professionalseries ................... New Low Price!

60. LEADING EDGE Nutshell . .......
61. LEADING EDGE Word Processor .. ..

62. HARVARD Total Project Manager . .
63. SORCIM/IUS Super Project . . . .. .. .
64. MICROSOFT Project, vers. 2.0 .......o.vvvvvnnnnn

DATA BASE MANAGERS
Call For Unadvertised Data
BaseManagers...............oooi e i e
66. MICRORIM 5000, Report Writer
&CloUL . 5 s s s ws 200s 55008 0% S5 &
67. MICROSTUF Infoscope .
6B.DBASEIlllplus. . ........... ... i,

NETWORKING PROTOCOI.
CONVERSION
69. SNA & BISYNC 3780, 5251, Mod 11 &

12,3274, 3278 . ... ... .00 o s omin wiw snn s i e o
70. PC TURBO 186/187 board, 128K,

6

L

8087 Serial Boardattached ..................... $875
71. IRMA Complete line From $849
PRINTERS

DOT MATRIX
72.EPSONFX85/286 .. ..ottt ‘NEW!
73.EPSON LQ800/LQ1000 .+ .. ....oovnven.. NEW PRICES!
74. OKIDATA 192, 193, 292, 293, Pacemark 2410.. ... ......
75.TOSHIBA P-341, P-351, & NEW 321 . .. .. New Low Prices!
76. NEC New P-5,P-6, &P-7 Low Price!
LETTER QUALITY

77. NEC Spinwriters 2050,

3550,8850 . ... .. New Low Prices!
7B.EPSONDX20&DX35 .........ovvivnnn. NEW LETTER

QUALITY PRINTERS

MONITORS & CRTS

85. PGS Max 12(E), HX12, HX12(E),

&ISR-12y. . e i .- .......NewLlow Prices!
86. AMDEKColor600 ...........covuuuennnnnnnn. CALL!
87. AMDEK 722, New alternative to IBM

enhanced Monitor. . .....vvuuveveennennnnnns
88. AMDEK310A E
B9. MAGNAVOX Monochrome monitors . .
90. SONY, monitorsinstock ......................

MISCELLANEOUS

91. MOUSE SYSTEMS PC Mouse, optical

W/SOftWAre . . ...t $139

MICROSOFT Mouse, bus or serial

mechanical . ......... .. ...

93. KEYTRONICS 5151 Keyboards

94. KEYTRONICS 5153 Keyboard
WIMOUSE ..ot v v won swm o e s wiaris o o

95. GRAVIS Joysticks ..........ooiiiiiiiiiiiin. .

96. QUADRAM Microfazer print
buffer8-128K . ......cooviiiiiiiiii

DISKETTES

Following items available only in sets of 100 each brand.
97. Precision Diskettes by Xidex,

9

[

SSIDD .o e n e e G e S R $ .65/ea.
98. Precision Diskettes by Xidex,
DS/DD . ivaieniinn e e e e e i g ST TR . $ .69/ea.

99. Maxell SS/DDMD1 . ..
100.Maxell DS/DDMD2 . ... . ..
101. Maxell High Density MD2 ...
102. Maxell 3%z inch SS/DD MF1 ..
103. Maxell 3%2 inch DS/DD MF2. . ..$2.35/ea.
104. FujiSS/ODDMD1T ........... ..$ .89/ea.
105. FujiDS/DDMD2 ...t $1.15/ea.

MEDIA STORAGE

106. Flip N File Original, stores fifty 54" diskettes withfreetwin
pack of Fuji diskettes ($25 retail value)
Nowlaprice ......oooviiiiii e
107. Flip N File, stores 25 5%
disketteswithlock..........................
108. Flip N File, stores 50 5%"
disketteswithlock. ..............
109. Innovative Concepts Data Case
110. Microdex by S.R.W., stores

..$ 99/ea.
..$1.25/ea.
..$2.60/ea.
..$1.60/ea.

with highest quality controllers ............. From $495 We carry a full range of farm handling options. " ﬁ.B:‘/z‘;idileettssR R o e (R
. Microdex by S.R.W., stores
SOFTWARE CHIPS 605" diskettes ... ........................
ACCOUNTING All our chips are tested and priced for quick sale. Call us!
35. SORCIM/IUS Complete line B R SURGE PROTECTORS
includingwindows . ................. From $295/each math coprocessors .............. all for Market Price. B N
g 80. 64K-256K RAMCHIPS. . .......... Call for Market Price. ¥"2 Curtis 6 outlet power strip with
SPREADSHEETS & 81. 128K Piggy-back chips surge protection ...l $19.99
INTEGRATED PACKAGES foryourAT ....oviiiieniinn.. Call for Market Price. ::i g“g,‘s ED‘a"'Olgd - : :;;33
. Curtis Emerald . g
g \S/g:lgloM Supe.rC/‘TL-C 3 New Low Price! MODEMS 115. Curtis Sapphire. . .................. $49.99
ENHANCEMENTS & UTILITIES L3 mﬁzﬁiigﬁwﬁgzr&?ﬁ’ L TR S Wech:lf, }:g (r:dt:tuso’::b\)’:/ue Tree, 4 outlet surg.e. and .sp-llée 85699
T RO - 3a 83, VEN-TEL 1200 Baud Half Cad 18, Networx Ve Tree P, & ouletsurge, st
. rokey3.0. ... WICTOsStalk . v o5 i s v 208 w5 SR 85 e 0 oo $399 N e ’
39_55NTI||(;(% POINT SOFTWARE - 84. PEACHTREE TECHNOLOGIES P-1200 spike, and modem protector. . ................ $64.99
OPYUFL Wovenaniininn o iieinineeineas (Hayes compatibleexternal) .................... 249
40. SOFTSTYLE Set FX+ and Printworks, yes compatible external .
printer Control . sws wes s s v w5 vios v o sane v
41. SIDEWAYS Inverts printout . ..............co.n... $51 404 44 - Orders
42. BORLAND SideKick and SuperKey .. .. . .From$40 Only - - -
43. BORLAND Lightning and
Reflex .........cooeii i, NEW! CALL! >
COMPILERS & LANGUAGE TOOLS
44. LATTICEC-Compilers ..ot innn.. $279

45. MICROSOFT Complete line .
46. MICROSOFT Quick-Basic . .
47. BORLAND Turbo Pascale, Turbo Toolbox,

.New Low Price!

QMOTE - v et et et et From $35/each
GRAPHICS
48.Z-SOFT PC Paintbrush, mouse graphics. . ........... $95
49. DECISION RESOURCES Diagram
Master ... ... ...

50.MICROSOFT Chart

Inquiry 189
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ACCESS TO
FULL MEMORY,

STRUCTURE,

COMPATIBILITY
WITH
GW- & PC-BASICA,

AND WITH THE

POWER AND
FLEXIBILITY
'OF C OR PASCAL

BetterBASIC runs
existing GW-BASIC/PC-
BASICA programs on IBM PCs

and true clones yet gives you structure

and access to full memory. BetterBASIC has more
than 150 statements in addition to the standard
Microsoft syntax. There is optional 8087/80287
math chip support. The Runtime System creates
stand-alone EXE. files. Call us or ask your local
dealer for. . .

BXSIC

1-800-225-5800

In Canada, call 416-469-5244

Summit Software Technology, Inc™
106 Access Rd. Norwood, MA 02062

BetterBASIC is a registered trademark of Summit Software Techinology, Inc. IBM PC
is a registered trademark of International Business Machines Corp. Microsoft is a
registered trademark of Microsoft Corp.
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fashion. On/off, yes/no, trueffalse—any kind of digital sym-
bolic representation can be processed in a conventional
computer with swift and sure logical precision. Mind Over
Machine is an elaboration of the idea that while human
understanding avails itself of the power of logical reason-
ing, logical reasoning fails to account completely and con-
sistently for how people actually think.

For example, consider everday visual identification. Rec-
ognizing the face of a friend in a crowd instantaneously
seems to require no conscious analysis of the presence
or absence of individual physical facts or traits. Spotting
someone you know is, apparently, just that. Recognition
does not follow neatly logical chains of reasoning, at least
none that we know of. According to the authors, this in-
volves no little packages of binary information, no com-
puterlike processing at all. What occurs, in fact, is an in-
tuitive leap from one holistic state of being out in the real
world to an equally holistic counterpart stored as an im-
age in the mind and formed from past experience. Tradi-
tional computational techniques cannot easily simulate
this kind of mental picture matching. If the limits of logic
are the limits of Al then conventional Al is in for a long
hard climb. The formal representation of knowledge that
resists formalization is a complicated and difficult task.

Professional expertise is another example. The authors
explain why the mechanization of human expertise with
conventional Al technology is neither possible nor
desirable. Imagine a seasoned driving instructor with a
new student. The rules of the road are systematically
described and explained: Don't speed. don't pass on the
right, don't go through red lights, and so on. Now imagine
the same instructor rushing an injured child to the hospital:
He passes on the right, goes through all the red lights,
speeds like crazy, and gets the car to the emergency room
without a scratch.

So how does he do it? The Dreyfuses would say that
our anxious expert driver who knows all the rules is not
following any rules. He's just driving, with most of his
behavior guided not by reference to a calculated collec-
tion of factual material on automobiles and traffic laws,
but by intuition. And so it is with all human experts, from
chess masters to virtuoso jazz pianists. There is, the
authors claim, a qualitative difference between the rule-
following behavior of any novice, like someone learning
to use a typewriter, and how any true expert implements
his or her expertise. Consider an experienced touch-typist
zipping along at 60 words per minute while thinking about
something entirely different.

MICROPROCESSING THE MIND
The final chapters of the book focus on the social and
pyschological ramifications of computerized expertise. The
automation of education receives first priority: The authors
sense a serious danger here. If this trend is permitted to
continue in our schools. we can look forward to a twenty-
first-century population of maladjusted logic choppers. To
whatever extent digital computers are allowed to replace
human teachers, the chances of students going beyond
(continued)



Programming Ease for

Scientific & Engineering
plications

No matter what your programming language;
FORTRAN, BASIC or C, Wiley Professional Soft-
ware's technical programming tools enable you to
save programming time and development costs.
These tools allow you to generate dependable,
accurate and errorfree code, quickly and easily.

\ Ve T4
A Brand
New
Subroutine
Library:

The S0 More:
FORTRAN Library,
developed by Peerless
Engineering Service,
offers you a collection
of subroutines and util-
ities previously unavail-
able inour first FORTRAN
Library, most are pro-
vided in single and
double precision ver-
sions. This second
volume prov1des pre tested and precompiled
subroutines covering such areas as: Matrices,
Polynomials, Differential Equations, and Numerical
Analysis (including FFT’s) plus utilities for more
effective screen handling. SOURCE CODE
INCLUDED.

MICROSOFT FORTRAN or
Professional FORTRAN version .. .. ... $1925

LabSoft,

A Powerful
Programming
Tool For IBM

LabSoft, developed
by Cyborg® Corpora-
tion, provides over 40
programming tools for
developing data acqui-
sition and control
programs on the IBM®
PC. If you need to
customize your data
acquisition & control
programs, then LabSoft
can provide you with
more power and flexi-
bility than IBM Pro-

Data |
Acquisition
and Control

AdapterUsers.

* Subroutine
Library For
BASIC,

gramming Support software at a very affordable
price. Choose from 3 versions: FORTRAN, BASIC or
a C language supplement.

MICROSOFT FORTRAN version. ... . . ... 350
BASIC Version .............oou.... $350
C Language supplement ............. 75

This Library, also
developed by Peerless,
B provides 114 (C Library
112) pre-tested and pre-
compiled mathematical
and statistical sub-

FORTRANI routines covering such

& C areas as; Analysis of
9l Variance, Regressions,

Programmers’ andTimeSeries Analysis.
The Library is supplied
on disk as a linkable library and as source code.
Extensive documentation and reference material
make using these subroutines fast, dependable and
error-free. SOURCE CODE INCLUDED.

MICROSOFT FORTRAN Library ........... 175
CLanguage Library ................. 175
BASICA LIDRAry .....ooveeeennnn.. 125
IBM Professional FORTRAN

LOrary . .. oo 175

To order any of Wiley’s scientific
and engineering programming

tools, call: 940-850-6788
— )=

‘ Wiley Professional Soﬁware // 'I
John Wiley & Sons, Inc.

Attn: Leslie Bixel

605 Third Avenue

New York, NY 10158
Dealer Inquiries Invited

PROFESSIONAL

n SOFTWARE

THE TECHNICAL SOFTWARE SOURCE.
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ACIOR
debuts in two
months.

There's a better way to program coming
in October.

It's like an advanced research system.
Instead of data structures and procedures, it
uses active objects. But it produces finished,
useful programs. Not experiments.

It's easy to optimize,
and it has a new way to re-
claim unused memory. As
a result, it runs so fast on
microcomputers, it's good
even for real-time control.

And it's built around
MicrosoftzWindows, which
help when you write your
programs. And when other
people use them.

It's called ACTOR;"and it will perform like
nothing you've ever seen. To find out more
about it, just call.

TheWhitewater Group

906 University Place, Evanston, IL 60201
(312) 491-2370

New Quarkol PC:

Base model 5.75” x 8”

V495,

Quantity discounts available

° IBM PC® compcmble single board
computer mounts to 514" drive

@ Includes Floppy Disk & Color Graphics
CRT Controllers plus more

Also includes: Legal BIOS « Boots PCDOS® 21 e Printer
Port ¢ 2 Serial Ports « 256K RAM e Clock Speed at4.77 MHz o
Alphanumerics and Graphics Modes for Color Video
Controller e Standard IBM® Keyboard Port.

OEﬁﬂons include: 512k RAM « Piggyback IO channel
Expansion Board e XT- Compatible Hard Disk SCSI
Interface ¢ Real Time Clock with baitery-back-up ¢ Clock
speed of 9.5 MHz (Twice asfastas a PC)

The Megatel Quark/PC is for OEM and end user
applicationsthat require PC compatibility in a compact
single board computer. The Quark/PC BIOS will run most
IBM PC?® software including Flight Simulator and Lotus®. To
meet your specifications a set of options let you add
memory, speed and an XT-compatible hard disk interface.
Not only does it quickly mountto a § ¥ " drive, it also comes
with floppy disk and CRT color graphics controllers — all for
just $495.

Toorderorenquire call ustoday. Dealer enquiries welcome. Megalel Computer
Technologies (416) 745-7244150Turbine Drive Weston, Ontario M9L252

Telex: 065-27453 US. Address: 1051 Clinton St., Buffalo, N'Y. 14206 Distributors: NCS
Electronics Varese, Italy « SES Electronics Nordlingen, Germany ¢ Perdix
Microtronics Biggin Hill, UK. » Microcomputing Ghent, Belgium ¢ Asp

Microcomputers Melbourne, Australia.

Quark 1saregsstered trademark of F. and K- MFG.CO. LID. IBM. IBM PC and PCDOS are tegislered
trademarks af International Business Machines Corp Lotus 1s a registered trademark of Lotus
Development Corp. MSDOS is a registered trademark ol Microsolt Corp.

megatel
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the mechanical rule-following phase of instruction and on
to genuine mastery and expertise may deteriorate. Logic
in, logic out, and nothing more: "Thinking like a computer
will retard passage to the higher levels of proficiency and
expertise”” The problem of Why Johnny Can't Read may
become Why Johnny Has No Expert Intuition. But how
many concrete cases of computer retardation are the
Dreyfuses able to cite? Not one.

They argue that veteran business professionals do not
typically reason their way through predicaments in any
purely detached, objective, structured manner. The
decision-making process is driven not by logic but by a
close “intuitive understanding” of the problem at hand.
Since computerized expertise can be neither involved nor
intuitive, it follows that automated decision support
systems may not improve but may actually “degrade per-
formance” and encourage "regressive thinking:” Yet here
again, how many real degraded performances and regres-
sive meditations can the authors find? None.

INTO THE FUTURE

Intuitive forms of judgment and comprehension do exist.
But the question remains, What is intuition and how does
it work? With the exception of a few pages, the authors
tend to avoid the issue. The closest they come amounts
to saying that since human thinking seems often to involve
holistic visual imagery, then perhaps the mind is like a
holographic pattern recognizer. Without rules, features,
or descriptions, we sense similarity by matching mental
pictures. This accounts for the instantaneousness of so
much intuitive thought. Mind Over Machine makes it plain
that experimentation is only beginning to shed light on
how a holographic mind might operate.

The Dreyfuses are careful to leave the back door open
for massive parallel networks and the “connectionist” ap-
proach to computer architecture. The basic point: Com-
putational models that permit many things to happen at
once in adynamic weblike configuration in which relations
among elements are changing seem much closer to how
the brain functions than traditional von Neumann designs.

It is of the utmost importance to note that Mind Over
Machine is not about "what computers can't do.” Not quite.
It's mostly about what conventional computers can't do and
a well-worded reflection on the problems Al researchers
have been talking about for a long time. Hubert and Stuart
Dreyfus successfully patch together a “sad history of arti-
ficial intelligence” However, the authors cannot extend
their skepticism into the future. To articulate the limita-
tions of traditional Al may serve to accelerate develop-
ment in heretofore exotic technical areas.

The authors believe that current Al has been brought
to a standstill, but their book itself contains evidence that
the interlude may be coming to an end. Mind Over Machine
is a crucially important book. and no one interested in
the destiny of artificial intelligence, or our technological
way of life in general, can afford to miss it.

Stan Czarnik is a teacher, musician, and technical writer. He can
be reached at 2716 West Evergreen Ave.. Chicago, 1L 60622. m
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B File capacities limited only by disk space - dynamic allocation of

file sizes.

GET THIS FOR
%99.95. ..

.. .AND GET RID OF

THIS IN 3 MINUTES
UNLIMITED MULTT-COMPANY ACCOUNTING PACKAGE

B Standard charts of accounts provided - easily modified.
B Help screens on line to assist you at all data entry levels.

B Fully menu driven - totally integrated to General Ledger.

B No complicated Balance Sheet/Income Statement setup required.
System operable after corporation details entered. (+3 minutes)
B Incredibly easy to use - no expertise, either computing or ac-

counting, required.

B Allfinancialaccountspreparedfromsource documents- noneed

to duplicate accounting work.

GENERAL LEDGER
Variable report format on all finan-
cial statements.

Department & sub-accounts
unlimited (financial reports on a
department or consolidated
available on demand.)

| All transactions have automatic
| audit trails.

Monthly budgeting/variances and
| 3 years history.

Cash book included.

ACCOUNTS RECEIVABLE

Open item or balance forward -
automatic or manual cash pay-
| ment aging.

Large variety of reports- all variable

as per your needs, on demand
(Aging lists, etc.)

Automatic generation of arrear
interest on overdue accounts.

ACCOUNTS PAYABLE

Cash requirements report on
demand.

Unlimited General Ledger alloca-
tions per invoice.

Large variety ofreports - all variable
as per your needs - on demand.

INVENTORY CONTROL

2 years on line trend history - up-
dated automatically by the system.

Detailed stock movement reporting
by product.

Inquiry 52 for End-Users. Inquiry 53 for DEALERS ONLY.

Supports Standard & Average
costing methods.

BILLING

Automatic updating of all filesattime
of invoice production.

Allows invoicing of inventory items
not usually held (eg. - buyouts).

Supports 3 price breaks & 5
warehouses.

Please note that this is a very short
summary of some of the features of the
Foundation Series Accounting suite. Space
prohibits us listing them all.

SEND THIS COUPON C.0. ORWITH YOUR CREDIT CARD INFORMA- §
TION. MONEY ORDER OR CHECK FOR$99.95PLUIS $5.00 POSTAGE AND  §
HANDLING TO:
FOUNDATION
ERIES

KALGAN SOFTWARE INC.
17975 SKYPARK CIRCLE, SUITED, IRVINE.CA92714
TELE. (714) 770-7660

OF THE FOUNDATION SERIES ACCOUNTING PACKAGE.
................... COD..................MONEYORDER ....................
CHECK......ooemiiccteccnns (o131 0 R ———
NAME

SIGNATURE

30 DAY MONEY BACK GUARANTEE

SYSTEMREQUIREMENTS: IBM(PCJR., PC, XT, AT) OR COMPATIBLES
256K RAM 80 OR 32 COL. PRINTER
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E-VENT

QUEUE

August 1986

BUYING AND SELLING RIGHTS
TO HARDWARE, SOFTWARE,
AND SERVICES, various sites
throughout the US. Data-
Tech Institute, Lakeview
Plaza, PO. Box 2429, Clifton,
NJ 07015, (201) 478-5400.
August

UNDERSTANDING DATA COM-
MUNICATIONS—A PRACTICAL
GUIDE, various sites
throughout the US. Data-
Tech Institute, Lakeview
Plaza, PO. Box 2429, Clifton,
NJ 07015, (201) 478-5400.
August

APPLYING MACHINE VISION
TO YOUR MANUFACTURING
PROCESS: A HANDS-ON
WoRksHop, Cambridge, MA,
and Minneapolis. MN.
Joanne Rogers, Society of
Manufacturing Engineers,
One SME Dr., PO. Box 930,
Dearborn, MI 48121, (313)
271-0039.

August—September

DATA COMMUNICATIONS; NET-
WORKING, PROTOCOLS, AND
COMPATIBILITY; LOCAL NET-
WORKS; TELECOMMUNICA-
TioNs; and related courses,
various sites throughout the
U.S. Datapro Research Corp.,
Educational Services, 1805
Underwood Blvd., Delran, N]
08075, (800) 328-2776.
August—October

WRITING PROCEDURES,
POLICIES, AND DOCUMENTA-
TION, Boston, MA. Mary
Ann Cluggish, Information
Mapping Inc.. 275 Wyman
St. Waltham, MA 02154,
(617) 890-7003. August 4—8

1986 NATIONAL PROFES-

SIONAL ELECTRONICS CON-
VENTION, Tropicana Hotel,
Las Vegas, NV. NPEC ‘86,
2708 West Berry St., Fort
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Worth, TX 76109, (817)
921-9061. August 4-9

INTERNATIONAL CONFERENCE
ON COURSEWARE DESIGN
AND EvALUATION (ICCDE),
Tel Aviv, Israel. Benjamin
Feinstein, ICCDE Organizing
Committee, Israel Associa-
tion for Computers in
Education, PO. Box 130009,
Hakirya Romema, Jerusalem
91130, Israel, telephone:
521930; telex: 361931
HUAGR IL, ATTN FEIN-
STEIN. August 8-13

24TH ANNUAL CONFERENCE
OF THE URBAN AND
REGIONAL INFORMATION SYS-
TEMS ASSOCIATION: WHAT'S
THE DIFFERENCE? Marriott
Hotel, Denver, CO. URISA,
319 C St. SE, Washington,
DC 20003, (202) 543-7141.
August 9-14

ADVANCED RECORDS MAN-
AGEMENT, Washington, DC.
Darold Aldridge, Continuing
Engineering Education, The
George Washington Univer-
sity, Washington, DC 20052,
(800) 424-9773; in DC, (202)
676-6106; in Canada, (800)
535-4567. August 11-12

DESIGN AND MANAGEMENT
FOR EFFICIENT SOFTWARE
DEVELOPMENT, Milwaukee,
WI. John T. Snedeker, Center
for Continuing Engineering
Education, University of
Wisconsin-Milwaukee, 929
North Sixth St.. Milwaukee,
WI 53203, (414) 224-4193.
August 11-15

NATIONAL CONFERENCE OF
THE AMERICAN ASSOCIATION

FOR ARTIFICIAL INTELLI-
GENCE, University of Penn-
sylvania, Philadelphia, PA.
AAAI-86, AAAI 445 Burgess
Dr.. Menlo Park, CA 94025-
3496, (415) 321-1118 or
321-3123. August 11-15

THIRD INTERNATIONAL
ROBOTIC SYSTEMS EDUCATION
AND TRAINING CONFERENCE,
and MACHINE VISION FOR
EpucaTors: A HANDS-ON
CLINIC, Plymouth, MI. Mary
Dombrowski, SME Special
Programs Division, Society
of Manufacturing Engineers,
One SME Dr., PO. Box 930.
Dearborn, Ml 48121, (313)
271-1500, ext. 392.

August 11-15

MACWORLD Expo, Bayside
Exposition Center, Boston,
MA. Mitch Hall Associates,

PO. Box 155, Westwood, MA"

02090, (617) 329-7466.
August 14-16

FOURTH ANNUAL HAM &
CHIP FLEA MARKET, La Salle
University parking lot,
Philadelphia, PA. Phila-
delphia Area Computer
Society, 20th and Olney
Ave., Philadelphia, PA 19141,
(215) 951-1225.

August 16

SIXTH ANNUAL NOTRE DAME
SHORT COURSE SERIES: COM-
PUTERS IN BloLogy, Notre
Dame. IN. Ronald A. Hellen-
thal, Biocomputing Short
Courses Coordinator,
Department of Biological
Sciences, University of Notre
Dame, Notre Dame, IN
46556, (219) 239-7255.
August 17-22

IF YOU WANT your organization's public activities listed in BYTE's Event
Queue, we need to know about them at least four months in advance. Send
information about computer conferences, seminars, workshops, and courses
to BYTE. Event Queue. One Phoenix Mill Lane, Peterborough, NH 03458.

EFFECTIVE ANALYSIS AND
DESIGN OF INFORMATION
SysTemMs, Worcester, MA.
Kathy Shaw, Office of Con-
tinuing Education, Worcester
Polytechnic Institute, Higgins
House, Worcester, MA
01609, (617) 793-5517.
August 18-20

ACM SIGGRAPH 86: 13TH
ANNUAL CONFERENCE ON
COMPUTER GRAPHICS AND
INTERACTIVE TECHNIQUES,
Dallas Convention Center,
Dallas, TX. Conference
Management, Smith, Bucklin
and Associates Inc.. 11 East
Wacker Dr. Chicago. IL
60601, (312) 644-6610.
August 18-22

INTRODUCTION TO TELECOM-
MUNICATIONS, Cambridge,
MA. Charlotte Scannell,
Lesley College Graduate
School, Division of Educa-
tion and Special Education,
29 Everett St., Cambridge,
MA 02238-9990, (617)
868-9600. August 18-22

COMPUTERFEST '86, Dayton,
OH. Computerfest ‘86,
Dayton Microcomputer
Association, 143 Schloss
Lane, Dayton, OH
45418-2931, (513) 268-7225.
August 23-24

TIDEWATER VIRGINIA 1ITH
ANNUAL COMPUTER FAIR-
RADIO AMATEUR HAMFEST,
Pavilion, Virginia Beach, VA.
Manny Steiner, 3512 Olym-
pia Lane, Virginia Beach, VA
23452, (804) 340-6105.
August 23-24

RED ROSE FOURTH ANNUAL
COMPUTERFEST, Guernsey
Sales Pavilion, Lancaster, PA.
Computerfest Committee,
PO. Box 5029, Lancaster, PA
17601. August 31 B



Pick acard
and get $50%0

y
|

Putting your money on a

we'll send you a check for $50.00.
Hercules™ Graphics Card or a a See your local Hercules
Hercules Color Card has 8 dealer. When you've made your
always been a safe bet.

best deal, ask him for one of
our rebate applications and

After all, Hercules is b OQO
the industry standard in o

Cko send it in with your
high resolution graphics C Hefcu;’ the 66‘6' Purchaser Registration
hardware. And we back Olor ~'€s 90 Card and dated sales

each of our cards with a o,
full two-year warranty. R
Which explains why we've already

receipt.
We'll pay off in short order.

' Your Hercules card, on the other
sold more than 500, 000 cards to owners of hand, will pay off for a lot longer than that.
IBM® PCs, XTs, ATs and many compatibles.

But there are still some people out there who
have yet to buy a Hercules card. HERCULES
So we're sweetening the pot.

GraphlcsCard

Between now and August 31, when you buy a
Hercules Graphics Card or a Hercules Color Card,

HERCULES

Hercules. Were strong on graphics.

Trademarks/Owners: Hercules/Hercules Computer Technology; IBM/IBM. Offer valid in the United States, U.S. Territories and Canada from May 1 through August 31,
1986. Rebate application, accompanied by Purchaser Registration Card and dated sales receipt must be sent to Hercules Rebate Offer, PROMARK Depot, P.O. Box 3947,
Milford, CT 06461-0397 no later than September 15, 1986. Applications received after that date will not be honored. Rebate will be pmd in the same currency in which the
card was purchased. Offer void where prohibited, taxed or restricted. Dealers are not eligible to claim rebate. Offer limited to one rebate per product serial number and
original Purchaser Registration Card. Each rebate must be applicd for on an individual basis. Other application constitutes fraud. Rebate offer applies to Hercules Gmphlcs
Card (model GB102) and Hercules Color Card (model GB200). Other Hercules products are not eligible. Allow 6-8 weeks for redemption. For additional information in
the United States call (800) 532-0600 ext. 708, In Canada call (800) 323-0601 ext. 708.
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Simply put: THE "highest quality and
best value in computer products anywhere.

THE ™ commitment to our |

customers is compatibility, §

quality, value, i
service and support

THE ™ backs
every product with a

45 DAY

MONEY BACK
GUARANTEE

and a

FULL 1 YEAR
y PARTS AND LABOR

THE "MULTI 384

This multi-function card features
0-384Kmemory, a parallel printer port,
a serial port for communications,

a clock/calendar with battery backup,
and a software bonus that includes
RAMdisk and other utilities. retail $90.00

$72.0

Special Wholesale Price

BEST
BUY

Functional
Clone of
AST
SixPackPlus

THE “COLOR CARD

100% compatible with the IBM"™ colorcard
with display modes of 80x25 alphanumeric
and 320x200 graphic. Retail Price $75.00

$60.00*%

THE ™ 576K MEMORY +

Supports 0-576K of available memory and is

compatible with all IBM"™ PC’s. Retil $46.25
Price

$37.00%
THE " PRINTERFACE

Supports all text and graphics features
and is fully compatible with third party

soft ware. Retail Price $23.13
18.50*
L]

Special

Wholesale
Price

“All llems Subject to Availability —Prices Subject to Change

TM —Registered Trademarks of IBM Ast Research

Microsoft/Hercutes/Hayes

Special
Wholesale
Price

Special
Wholesale

Thompson,

THE "MODEMS

100% Hayes compatible

THE 1200 COM EXTERNAL

This self-testing 1200 BPS modem comes
with autoanswer,auto dial, auto redial and
a built-in speaker. Retail Price $161.25

$129.00*

Special
Wholesale
Price

THE 1200 COM INTERNAL
Features auto answer, dial and redial, with
a built-in speaker, RS 232-C serial port
and PC Talk III. Retail Price $148.75

$119.00*

THE 2400 COM EXTERNAL

Eight times the speed of a 300 BPS unit
makes this 2400 Baud modem truly
affordable, and we've made it truly
compatible. With auto answer, auto dial,
auto redial, and a built-in speaker with
volume control. Retail Price $346.25

$277.00*

THE ™H720 MONO .

This monochrome graphics card with
printer port features 100% IBM™ and
Hercules™ compatibility, at a fraction of
their prices. Retail Price 591.25

$73.00*

Special
Wholesale
Price

Special
Wholesale
Price

Special
Wholesale
Price

BEST
BUY

Functional
Clone of

Hercules
Graphics Card

20.00 VALUE!

ADAM OSBORN'’S
PAPERBACK SOFTWARE
+; ® Paperback Writer
§| ® Paperback Speller
® Numberworks

Spreadsheet

$32.00%

With the purchase ofa PC +

A S!

PC+
STARTER
KIT

THE™20MB HARD DISK
Featuring a half-height IBM™ PC
compatible internal 20MB disk drive,
controller card, connecting cables
and installation manual. Retail $458.75

Special
Wholesale
Price

$367.00*

THE "MULTI I/O

Feature for feature, THE ™ matches

the AST™I/O+ and comes up a winner,
with serial/parallel and game ports
standard, (a second serial port
optional), a clock/calendar, RAMdisk
and print spooler. Retail Price $75.00

$60.00*

Special
Wholesale
Price

Functional
Clone of
AST™ /O +

THE ™ EGA PLUS

With 256K standard this 100% IBM™ EGA
and Hercules Graphics compatible card is
ideal for high resolution graphics display

of Microsoft™Windows, Lotus™ and
AUtOCAD L . Retail Price $283.75*
= 8227.00%
Wholesalc

Harriman and Edwards Computer



| Thompson, Harriman and Edwards
Computer Products Company Ltd.

THEM”" PCf COMPU;'ER ‘ :
business, profescional and personal THE MOST INCREDIBLE
software written for the IBM™ PC. It will

oy mwicn o o meganerdoce | LIMITED TIME OFFER IN

rate, enabfling YOL;I toI gll\;[l ygér ;ﬁféw&lljr(e: :
wice as fast as the "PC.THE™PC+

a i .

;Isobcorrclies standard \;klnth arflf ‘AT" style COMPUTER HISTORY PROM
eyboard, corrgcting the inefticiencies :
Ii?al;rtl)coiat;\c/i.IE%Kos?atgggrZie(g6u4{a(‘)rKP§ptionaI) ‘ THE L and PC NBTWORK”‘ -

on the mother board will allow you to run

memory intensive programs such as

Lotus 1-2-3, DBase III and Framework

without adding extra memory cards. Plenty

of power, with a 135 Watt source and

lots of room for expansion

with 8 card slots is also

standard. Base unit

Siin ————— 256K RAM,

Computer with gesa _

One 360K 5Y4" Floppy , '

Drive, Dual Turbo Clock : IBM ™ PC

compatible

patiole,

360K 5.25”

Slots, 135 Watt Power
Supply, "AT" Style
Keyboard, Full

1 Year Warranty

and 45 Day

Money Back

Guarantee!
Retaif Price $586.25*

Special .

giic:esale ‘
$444.00* DiSk Drtve
(Monitor Not Included) ’ - g ’

ALTHE IR = Turbo Speed \
spéCiaI. . AR “AT” StYIe

sale

5l A , / : KeYboard

offered

e R R S b s B ST e e 4 Special Wholesale Price

PC Network | Ya T X
T $ 4 4 4 o 0 ~
(800) 621-SAVE '~ ' , [ -

~ In llinois (312) 280-0002 $469.00* for 640K System

Dealer Inquiries Call THE™at (312) 642-9626
PrOdUCtS Company Ltd' 319 West Ontario Street, Chicago, Illinois 60610
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BUY HARDWARE AND SOFTWARE AT WHOLESALE + 8%,
AND GET 14-30 DAY SOFTWARE RENTALS!...

Listed below are just a few of the over 30,000 products available at our EVERYDAY LOW PRICES!
The Network carries products for Apple, IBM, CP/M and most other popular computer families.

GAMES & EDUCATIONAL SOFTWARE FOR YOUR APPLE // & MACINTOSH

{Please add $1 shipping and handling for each title ordered from below.)

Wholesale Wholesale
Arrays Home Accountant-Mac Only §65.00* Miles Computing Mac Attack-Mac Only §22.00°
Axion At Portfolio & Card Shoppe 31.00° Palatir Mac Type-Mac Only 23.50°
Bluechlp Baron/Millionaire/Tycoon 19.75* Penguln Graphics Magician 28.97"
Broderbund Lode Runner 17.25° Penguin Pensate/Xyphus/Transylvania-Mac Only 20.00*
Broderbund Choplifter 17.00° Professional Software Trivia Fever 19.00°
Broderbund Print Shop 24.75° Pryority Software Forbidden Quest 21.00°
Broderbund Dazzle Draw 31.97* Scarborough Master Type 19.75°
CBS Maslering the GRE 53.50° Scarborough Run for the Money 26.00°
CBS Murder by the Dozen 20.97° Simon & Schuster Typing Tulor Il 28.25°
CBS Goren Bridge Made Easy 45.00° Sir-Tech Wizardry 17.25°
Counterpoint The News Room 26.97° Sir-Tech Knight of Diamonds or Rescue Raiders 18.97*
Davidson Speed Reader if 31.00° Subloglc Night Mission Pinball 19.25*
Davidson Math Blaster or Word Atlack! 21.50° Subloglc Flight Simulator It 27.25*
1st Byte Smooth Talker-Mac Only 44.00° pSpinnaker Alphabet Zoo. Face Maker. 15.25°
Hayden DaVinci-House/Interiors/landscapes 23.00° Kinder Comp. Hey Diddle Diddle.
Hayden Sargon /it 24.75° Rhymes & Riddles. Story Machine
Infocom Deadline or Suspended 24.00° p-Splnnaker Most Amazing Thing Delta Drawing ~ 20.77°
Infocom Enchanter, Planelfall, 19.75°  p-Splnnaker Delta Drawing 20.75°

Cutthroats, Witness or Zork | T/Maker Click Art-Mac Only 25.00*
Infocom Hitchhiker's Guide or Seastalker 19.75° Warner Desk Organizer 65.00°
Infocom Suspect. Sorcerer, Intidel, Zork I or Il 21.75" Videx Fun Pack-Mac Only 19.25°
Layered Front Desk-Mac Only 65.00° Videx Mac Checkers & Reversal 25.17°
Mirage Concepts Trivia 21.00° Virtual Combinatics Micro Cookbook 17.50°

BUSINESS SOFTWARE FOR YOUR APPLE // & MACINTOSH
(Please add $2.50 shipping and handlingforeachtitie ordered from below.)
pApple Apple Works §160.00° MECA Managing Your Money $87.50°
Asslmilatlon ProcessMac Memory Disk 17.75°  pMicrosoft Word/File/Multiplan for Macintosh 97.50°
Borland International Turbo Pascal or SideKick 37.50" Microsoft Excel for Macintosh 197.500°
BPI GL, AP, AR, PR or INV 190.00° Microsoft Basic for Macintosh 75.00°
Broderbund Bank Street Writer 35.25° Microsoft Chart for Macintosh 62.50°
Central Point Copy Il Plus or Copy Il Mac 16.25° Monogram Dollars & Sense for Apple It 55.00°
Funk Software Sideways 26.50° Monogram Dollars & Sense for Macintosh 63.00*
Funsoft Macasm 60.00° Odesta Helix for Macintosh Reg's 512K 200.00*
Haba Habadex 40.00* Provue Qvervue-Mac Only 130.00*
Harvard Mac Manager 29.95° Sensible Software Sensible Speller IV 67.50°
Human Edge Mind Prober 21.00° Softcraft Fancy Fonts 109.00°
Human Edge Sales Edge 21.00° Softech Microsystems UCSD Pascal 37.00°
Human Edge Communication Edge 98.00* Software Publishing PFS: File, Write, or Graph 61.00"
PLiving Videotext ThmnkTank-Mac Too! 65.00" Stoneware DB Master-Mac Too! 90.00°
Main Street Filer-Mac Only 67.00° Telos Filevision for Mac 85.00°
HARDWARE FOR YOUR APPLE I/ & MACINTOSH
(Please add shipping and handling charges found In Italics next to price.)

DISK DRIVES Wholesale MODEMS Wholesale

Apple MAC 800K8 External Drive $349.95° (7.50) Hayes Micromodem lle w:Smartcom $125.00°  (2.50)
PHaba 800KB Double Sided Mac Drive 215.00° (4 64) Novatlon Apple Cat Il 174.45*  (3.50)
I0mega Macnoulli 5MB Removable 999.00° (21.58) Prometheus 1200 A 225.00° (6.00)

Drive for Macintosh Low Cost 1200 Baud lnlemal Modem for Apple It
10mega Dual 10MB Bernoullifor Mac 1,805.00° (38 99) Pr ack 299.00°  (6.00)

with SCS! Port Prentice Popcom MacPark 219.00° (250)
Micro Sci A2 143KB Drive 150.00°  (5.00) 1200 Baud Modem, Cable. Straightalk

Just like Apple’'s Own
Micro Scl Floppy Controller 5500 (2.50) ACCESSORIES

’Paﬁ:::eDrxf‘cSngyle’::d priee S Apple Macintosh Carrying Case $69.00° (1.49)
. Apple Macintosh Secunty Kit 29.00° (1.50)
bpa’::{';eoxjcsi%gyi::;:d Dive RS 0 (e 0S) Curtis Auby Surge Prolector 39.00° {1.50)
. Hayes Mach Il! Joystick 26.50° (1.50)
)PC/:I,&;;;;I(”LJOK External Drive 95.00 (2 50) wiFire Button for lle )
PP Network 140K Drve for Applelle 9500 (205 ensington DusiCoverfor MAC (R
Tecmar 5MBRemovable Drive lorMAC 999.00° (21.58) 9 ' |
Tecmar 10 M8 MAC Drive 999.00° (21.58) Kensington Starter Pack 49.00 (300)
Kensington Surge Prolector 29.50° (250)
BOARDS AND BUFFERS Kensington System Saver Fan 56.97  (1.50)
AST™ MultiliO—2 SerialiClock $155.00° (250)  Koala MacVision 150.00°  (3.00)
Microsoft Premium Softcard fle 24367° (250)  Koala Koalapad Touch Tablet 78,007 (150)
Microtek Dumpling/GX 55.00° (250) MBR SupA-Mod AF Modulaiion 44.00°  (150)
Orange Micro Grappler + 66.00° (250)  PC Network Cooling Fanwith Surge  25.00°  (250)
Orange Micro Serial Grappler 66.00° (250) Protector & Dual Oultets
PC Network 280 Card 35.00°  (250) PC Network SSDDDiskeltes(Boxof10) 7.95°  (1.00)
Quadram APIC/G Graphics Inlerface ~ 62.00° (250) ~ PC Network Maciniosh Diskelles 12503 8(7:50)
Quadram E RAM.80 88.00°  (250) bl e AN 2 )
Quadram Mullicore-1 Parallel 140.00°  (250) These Diskettes are Guaranteed!or Life! No Generics'

1 Serial/Clock Expandable lo 256K Sony Mac Diskettes (Box of 10) 19.00°  (1.50)
Thunderware Thunderclock 104.00°  (2.50) Thunderware Thunderscan 155.00°  (3.35)
Titan Technologles Acceleralor lle 207.35° (4.48)

MEMORY CHIPS MONITORS
(Al Memory Chips Guaranteed for Life!) Wholesale
Wholesale Amdek Video 300G Composite Green $110.00°  (300)
p64K Memory Upgrade Kits (9 Chips) §9.00° (1.00) Amdek Video 300A Composile Amber 120.00°  (300)

Quantity Discounts Avaitable! Amdek Video 310A IBM Type Amber ~ 130.00°  (300)

p-64K Dynamic Ram Chips (Each) 1.00" (7 00) Amdek Color 600 NEW!High Res AGB 365.00° (788)
»256K Dynamic Ram Chlps (Each) 2.90° (100) Amdek Color 722 Enhanced Graphics 424.00°  (9.16)
128K |BM AT Mother Board Chlps (Each) 3.50* (100) Magnavox 12°TTL IBM Type Amber 79.00° (5.00)
A greal looking/performing monochrome
EXTERNAL MODEMS NEC SC-1401 Multisync AGB 48000 (10.37)
. Princeton HX-12 AGB Monitor 399.00° (860)
Anchor f,’g,’,’,f",’;’,’;"zfgg’”s £20500: ;;23,’ Princeton HX-12E CGAOrEGA Monior 445.00°  (9.61)
Hayes Smartmodem 300 125.00° (500) Princeton MAX-12e 132.00° (500}
Hayes Smartmodem 1200 340.00°  (500) Works with Color ot Mono Card
pHayes Smartmodem 2200 525.00° (500) Quadram Amberchrome 12" TTL 125.00° (2.70)
Prometheus Promocdem 1200 276.00° (600) Non Glare/Slow Phosphor
U.S.Robotlcs Courier2400BPS Modem 345.00°  (500) Taxan 630 High Res AGB Monitor 383000 (827)
US. Robotlcs Password 172.00°  (400) Taxan 640 Highest Res (740x400) 439.00° (10.69)
e ~T",§',;0MC%DME?S, ARE 1007 ”A'Eﬁg%"'of’”'(gﬁ' Currently Available—Works with Persys!
S o o ; BOB Card & the AT&T Compuler
THES 2400 ComExtemal 277.00°  (554) 2enith ZVM 1230AHighResiNonGlare  B1.00°  (2.50)
TERMS & CONDITIONS
*PCNETWOI TIcelpius ShiphIngLA adtcashd 0
Mimmum shipping S2.50 neroldev d scalllcr h & Money Orders. personal

and company checks please allow 10 working days to clear. All prices subject to change without notice!

+RENT BEFORE YOUBUY —-Members arzefigible 10join the NETWORK sBusinessand Game sofiware Rental Libraries
andevaluate products lor afuli 14 {Regular) or 30 (VIP) days to see if it meets your needs. And The NETWORK's rental
chargesare far lessthan other software rental services—Just 20% OF THE MEMBER WHOLESALE PRICE. Renlal titles
available in IBM/Apple/MAC and CP/M Formats. Hardware prices highlited oy ¥ rellect recent major price reductions.

Copynght © 1985, PC NETWORK, INC.

GAMES & EDUCATIONAL SOFTWARE FOR YOUR IBM
(Please add $1 shipping end handling for each title ordered from below.)

Wholesale Wholesale

ATI Iniro to PC DOS Vol. | & If or BASIC §23.00° pInfocom Deadline or Suspended §24.00°

Bluebush Chess (Your Toughest Opponent) 34.00° Microsoft Flight Simulator 27.00°

Bluechlp Mullionaire/Oil Baron or T coon 19.75° Mouse Systems PC Paint— Turn your PC 59.95°

Broderbund Lode Runner 17.25° Into A Color Macintosh!

CBS Goren Bridge Made Easy 40.00° Scarborough Master Type 19.75°

CBS Mastering the SAT 50.00° Sierra On-Line Crosslire 18.00*

CDEX Training for Wordstar 37.25° Sierra On-Line King's Quest If 24.75°

Comprehenslve Iniro to Personal Computing 26.50° Spectrum Holobyte GATO 18.00°

Davidson Math Blaster, Word Allack! 21.50° p-Spinnaker Alphabet Zoo. Kinder Comp. 15.25°

Davidson SpeedReader Il 31.00° Story Machine, Face Maker. Hey Diddle, Diddle.

Hayden Sargon il 24,00 Anymes & Aiddles

Indlvidual Professor DOS 29.75° p-Spinnaker DeltaDrawing or Most Amazing Thing  20.75°

Individual The Instructor 24.50" Sublogic Night Mission Pinball 19.25°
pinfocom Zork { or Wilness 19.75° Virtual Combinatlcs Micro Cookbook 21.00°

BUSINESS SOFTWARE FOR YOUR IBM
(Please add $2.50 shipping and handling for each title ordered from below.)

PAshton-Tate DBase Ill or Framework If $365.00° MicroPro Wordstar 2000+ §262.50"
Borland Turbo Pascal 35.00° MicroRim ABase 5000 285.00°
Borland SideKick (Protected) 24.50° Microsoft C Complier 205.00*
Borland SuperKey 34.50° Microsoft Word—Latest Version 3.0 197.50°
BPI GA., AR or AP 262.00" Microsoft Muitiplan 101.00°
BPI Personal Accounting 43.75° Microsoft Mouse 107.00*
Breakthrough Timeline 203.00° Monogram Dollars & Sense 85.00°

pCentral Point Copy I/ PC 20.00° pMultimate Multimate (Latest Version) 180.00°

Conceptual Instruments Desk Organizer 47.00° Norton Norton Utiltties 3.1 43.00"

Digital Research DA Logo 75.00° Open Systems PO Sales a.270.00*

Digltal Research Gem Desklop 25.00° A/R INV GA. AIP Team Mgr.

Digltal Research Gem Draw 117.00* Power Base Power Base 200.00*

Enertronics Energraphics 143.00° Real World G/L A/P A/R or OE/INV a.350.00°

Funk Software Sideways 32.00° Rosesoft ProKey Version 3 65.00°
p-Harvard Harvard Project Manager 175.00° Ryan McFarland AM COBOL (Dev. System)  520.00*

Harvard Total Project Manager 225.00° p.Samna Samna Ilf Word Processor 207.75°
p-Hayes Smartcom It—New VT100 Emulator 68.00° p-Samna Word + 340.00°
p-Human Edge Management Edge or Mnd Proter 24.00°  p-Satellite Software Word Perfect 180.00°

Infocom Cornerstone 65.00° Softcraft Fancy Fonis 125.00°

Lifetree Volkswriter 11l 126.50° Software Group Enable 293.00°
pLotus Development Lolus 1-2-3 270.00° Software Publishing PFS:File, Write.Graph 68.00°

MDBS Knowledgeman/2 229.00" Software Publishing PFS:Report 59.50°

MicroPro Wordstar 2000 209.00" Sorclm Supercalc Il 169.00°

Xanaro Abilitv 247.50°
HARDWARE FOR YOUR IBM
{Please add shipping and handling charges found In Italics next to price.)
DISK DRIVES MODEMS

p10mega Bernoutli Box §1.849.00° (39.94) Hayes Smartmodem 12008 §305.00° (250)
Dual 10MB Drives with New Smartcom It VT100 Emulator

BPC Network 10MB INTERNAL 12 340.00° (7 34) Hayes Smartmodem 12008 Alone 265.00° (2.50)
Height Autoboot Drive: New lower price Pr 225.00° (250)

PC Network 10MB Tape Backup 395.00° (894) pTHE “Internal 1200 12008PS Modem 119.00°  (2.50}

Same unit used in Compaq's DeskPro! Lowes! Cost Hayes Compatible w/FREE PC Tatk Il

PC NetworkAT 42MB Internal HD 1,050.00° (2495)

35MS Access Time-Comes Complete VIDEO CARDS
PC Network 20MB Tape Backup 495.00° (10.69) Hercules Color Card w/Parallel Port  $126.00°  (2.50)
Half Height Internal w/conlroliler p-Hercules Monochrome Graphics Card 259.00°  (2.50)

B-PC Network Hall Height DS,DD Drives 8».00°  (1.27) Paradise Modular Graphics Card 219.00° (2.50)

pTandon TM-100 120.00° (2 20) Persyst BOBCard UltraHighResColor 299.00°  (2.50)
2 Full Height DS/DD Drives Quadram Quad EGA + Enhanced 323.00° (250)

P THE = 20MB Internal 1,2 Height 367.00° (793 Graphics Adapter
Autoboot Drive: By Seagale or Microscience P THE “EGA Plus EGA Clone 227.00° (250)

w/256K Slandard
MULTIFUNCTION CARDS P THE “H720 Mono Mono Graphics 73.00° (250

Apparat AT Ram Expansion Card  §139.00°  (2.50) 2ih paraltel port, 100° Hercules Compatible!

AST SixPakPremium “2MB Multi/0OK  315.00*  (2.50) - “Cotor Card 60.00° (250)
P AST SixPakPlus “with 64K 139.00° (2 50) 100% I1BM Compatible!

AST*“ VO Plus II' 120.00° (2.50)

AST™ Advantage for AT™* 325.00°  (250) ACCESSORIES

Everex Magic Card 64K 160.00°  (250) p.Brand Name DS/DD Diskettes §7.95° (1.00)

Ouadram Gold Card 340.00°  (250) Guaranteed for Life! Not Generic!

384K Muiltifunction/Color Card w/OK » DS/DD Bulk Rate Special each.54*

Tecmar Captain Muli Card w/0K 146.00°  (2.50) Packaged in 50 with sleeves and labels
P THE576K Plus Memory Board w.0K 37.00°  (250) Guaranteed lor Life!

P-THE “Multl 384 A functional clone 72.00° (250) pPCNetwork Aeplacement 130 Walt  79.00°  (500)
of AST's "SixPakPlus. * IBM-PC Power Supply—Gives your PC the same
Includes up to 384K of expansion memor Capacity as an XT Good for add in Tape Drives
1 senal, 1 parallel. 1 game pon. (without need for a piggytack unit) and large
a clock/calendar and 3 software standard capacily disk drves

B THE “Multi /O Plus Il Clone 60.00° (250) SMAPCDocumale: Kevboard 9.99°ea. (1.00)

COMPLETE SYSTEMS
Wholesale Wholesale
Apple Macintosh Base System CALL PCOMPAQ Hard Disk Portable $1,835.00° (43.18)
pCentral Point Laser 128 §355.000 (767) 20MB Hard Disk/1 Floppy: 256K

Apple lle anc fic Compatible PIBMPCBaseSystem2SDD/FDC/256K 1,159.00° (2503)
AT&T 7300 Unix PC 3,699.00° (79.90) pIBM PC Professional Harc Disk 1.499.00° (32.38)

10MB Hard Disk/! Fioppy/512K IBM PC/AT Base System—1.2MB  2,875.00° (62.10)
COMPAQ DeskPro w/256K 1,805.00° (38.99) Floppy/256K

1 Floppy/10MB Hard Disk IBM AT Professional System CALL

. 1.2MB Floppy/20MB Hard Disk/1 Ser/1 Par/512K
PRINTERS
P Citlzen AISP-10 NEW! §225.00° ¢+ 86) PNEC 353033CPS LO Parallel $888.00° (19 18)
160CPS80COLFnc + Trac »NEC 3550 33CPS LO 920.00° (1787)
pCitizen MSP-15 NEW'’ 315.00° (680) PNEC 8850 55CPS 1,330.00° (2873)
160CPS 132COLFric + Trac Okidata ML 182 New 120CPS/.LO 188.00°  (4.06)
p-Citizen MSP-20 NEW! 299.00° (646) Model Fric/iBM Graphics & More
200CPS/80COL/Fric + Trac Okidata ML 192 New Sleek Design 299.00° (6.46)
pCitizen MSP-25 NEW! 435.00°  (9.40) 160CPS/LQ/Fric/IBM Graphics

200CPS/132COL/Fric + Trac Okidata Color 20 80CPS/100+ 109.00° (2.18)
p-Citizen Prenvere 35 NEW! 360.00° (778) Colors/LO/IBM Graphics & More

35CPS Daisywheel/132COLFric + Trac (Requires Interface)

Citizen 120-D 125CPS 107/Trac 169.00° (363) Okidata ML 193P 60CPS 425.00° (9.18)
»Epson LX 80 100CPS80COL-LO 199.00° (430) Okidata /BM Interface 69.00° (1.50)
»Epson FX85 335.00° (724) for Okidata Color 20
PEpson FX 286 NEW! 485.00° (1048} Okidata ML 84P 200CPS/132COL 599.00° (12.94)
PEpson LO 1000 NEW! CALL Okidata 2410 P Pacemark 350CPS CALL

180CPS60CPS NLO Qume Sprint 11/40 40CPS LO 1,155.00° (24.00)

Epson SO 2000 Inkset Printer 1,359.00* (29.35) Star Micronics Power Type 300.00° (648)

Epson DX 35 35CPS LO Mode! 569.00° (12.29) 18CPS Letter Quality
P-NEC 2030 20CPS LO Paralle! 605.00° (73 05) Toshlba P341 210CPS/132COL 699.00° (1509)
P»NEC 2050 20CPS Letter Quality 570.00° (1300) Toshiba P351 288CPS/132COL 426.00° (920,

Prices subject to change without notice.
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IBM PC BASE

SYSTEM
IBM PC w/256K
Floppy Drive Controller
2 Double Sided Double
Density Disk Drives
Mix and Match with
your Favorite Monitor

IBM PC

HARD DISK SYSTEM
IBM PC w/256K
Floppy Drive Controller
1 Double Sided Double
Density Disk Drive
Half Height Hard Disk

HARD DISK SYSTEM
256K /1 Floppy/Hard Disk

ARAMAARAIARRS. vou
L ANE N 133 ¢
NRNER \\“,w‘

$1,910.00* w2oms

call for 10MB

and Printer! ‘ wIZGME
$1,159.00* _ $1,499.00*
| & CALLFOR
CONFIGURATIONS LATESTIBM
WELCOME ANNOUNCEMENTS
PORTABLE

DESKPRO SYSTEM
256K CPU/1 Floppy/Hard Disk

$1,805.00* wione
$1.910.00* wzous

APPLE lic

7

APPLE lle

MACINTOSH
SYSTEMS

Quantity Discounts Available.
Guaranteed for Lifg!

v

64K 1BM PC MEMORY EXPANSIONKITS

'Y X &4
st $9.00*

5[] (= =] 5%'DS/DD  5%’'SS/DD  31%"SS/DD
Guaranteed for Life! 7.95* 6.95% Bx1)
Brand name diskettes 310 Bx. 50 M $1 2.95*
available in boxes of 10 )
S S e ea. .54* ca. A 7T* &?ﬁ:égge
/2 HEIGHT DS/DD INTERNAL PC HARD DISK
DISK DRIVES LowPower/Automatic Boot. Works on standard PC's

The Network buysdirect
and makes fantastic deals
withmanufacturers like MPI/
Tandon/CDC/Shugart/Qume/
TEAC and othersto bringyou
fantastic prices on Name
Brand drives for your PC/AT/

XT/jr/or Compatible.

$85.00*

Quantity Discounts Available

and Compatibles. Includes drive/controller/cables/
rnoumlnghardwareand instructions.

Full one year warranty!
10MB

- $367.00*

20MB

| $367.00*

Quantity Discount Available

PC I

SEE WHY OVER 150,000 HAVE JOINED
MAKING US THE NATION’S #1 SOURCE
FOR EVERYTHING IN COMPUTING

® Our 600 Page Wholesale Catalog
Over 30,000 products priced at Wholesale + 8%. Anything
you will ever need at a Consistent low price...

® Quarterly Catalog Updates
Your Catalog is never obsolete! Keep on top of the newest
products and latest price changes.

e The Printout
Our newsletter gives you fantastic specials alog with
unbiased analysis of new products and industry trends.

e 10 Day Returns on any Hardware!!
If you don't like any hardware product—for any reason
—return it for a refund.

® 1000 + Title Rental Library
14 to 30 day rentals on over 1000 different titles.
Try before you buy!!

e Size, Strength and Stability
The I(Ietwork as over 150 employees, 45,00 square
feet of office and warehouse space, inventory valued in
excess of $15,000,000 and is ranked the largest computer
product supplier in the nation! Our commitment is to serve
our customers and our 90% repeat business rate is proof!!

® OnLine ™Bulletin Board
Download “Freeware” from the nation’s largest single
concentration of Public Domain software available! Get tied
into the nation’s largest technical information network! Place
orders, get tech support or contact customer service from the
Network'’s OnLine, "“not just a bulletin board but a complete
customer information network.

CALL TOLL FREE
1-800-621-S-A-V-E

(Orders—Membership and Advice!)
In lllinois call (312) 280-0002
Your Membership Validation Number B386
You can validate your membership number and, if you wish,
place your first money-saving order over the phone by using

¥ your VISA, MASTERCARD or AMERICAN EXPRESS. Our
knowledgeable sales consultants are on duty Mon.-Fri. 8: 00 “
AM to 7:00 PM, SAT. 9:00 AM to 5:00 PM CST.
PERSONAL COMPUTER NETWORK
320 West Ohio
Chicago, lllinois 60610
Call now...Join the PC NETWORK and start saving !oday'
Customer Service and Order Status (312) 280-1567
8:30AM to 4:30 PM,Mon.-Fri.CST
I_————————————————_——_——_

PC NETWORK « MEMBERSHIP APPLICATION
YES! Please enroll me as a memberin the PC Network™ and send my
catalog featuring thousands of computer products, all at just 8% above
DEALER WHOLESALE PRICES. | will also periodically receive “THE
PRINTOUT." a special up-date on merchandise at prices BELOW even
those in my wholesale catalog, and all the other exclusive. money-

saving services available to Members. 386 E

I am under no obligation to buy anything. My complete satisfaction is
guaranteed. Please check (v) all boxesthatapply:

$270.00*

Word Perfect
$180.00*
MultiMate"

Basic Membership

[ One-year membership for $8

O Two-year membership for
$15 (Save $1)

O Business Software Evaluation
Library for $25 add'l. per
year—with 14-day returns

0O Games Software Evaluation
Library for $10 add'l. per year

with optional 14 Day Evalua ion.

Special V.1.P. Membership*
with o tional 30 Day Evaluation.

O One-year membership for $15

O Two-year membership for $25
(Save $5)

OBOTH Business and Game
Software EvaluationLibraries for $30
add'l. per year—with 30 day returns
*VI.P members may receive

advance notice on limited quantity
merchandise specials

OBill my credit card: O VISA O MasterCard O American Express

Account
Number:

HEEREENERRNREEER

Exp. Date.
mo. year

Name.

[ Check or money order enclosed for $.

Address.

City

State Zip

*Members pay 8% above this wholesale price plus shipping.
CALLTOLL FREE 1-800-621-S-A-V-E (mnseine:)
In lllinois call (312) 280-0002 Validation code: B386

Customer Service and Order Status (312) 280-1567
TM & R—Registered trademarks of IBM/COMPAQ/APPLE/AST Research/LOTUS/Multimate Int./IOMEGA.

Inquiry 220

Telephone (
My computer(s) is: 0 IBMPC O IBM-XT OIiBM—AT O Applell
OMacintosh O Other.

Signature

(Signature required to validate membership) w
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SIMILARITY MAPPING
by Rob Spencer . . ..................

Ci1ARCIAS CIRCUIT CELLAR:
PARALLEL INTERFACING:

A TUTORIAL DISCUSSION,
PART 2: APPLICATIONS

by Steve Ciarcia

THE DEFINICON 68020 COPROCESSOR
PART 2: SOFTWARE SUPPORT

by Trevor Marshall, Christopher Jones,

and Sigi Kluger . ...................

MATHEMATICS
OF PROGRAMMING
by CA.R.Hoare..................

POLAR NORMAL DISTRIBUTION

by Alain Latour. .. .................

SUPPOSE YOU WERE ABOUT TO START on a long car trip, but the road atlas
in the trunk was soggy and all you could salvage was a large table of distances
between cities. Rob Spencer tackles this interesting problem in *“Similarity Map-
ping” by using a Microsoft BASIC program for the Macintosh that creates
"maps” from distance or difference data.

Two features this month are conclusions of two-part articles. Steve Ciarcia
concludes his discussion of parallel interfacing in the Circuit Cellar by look-
ing at a number of interface adapters and suggesting applications for them.
Steve doesn't have the space to give a complete functional description of each
adapter. Instead, he points out their significant differences. Steve hopes this
two-part article will answer many of the interfacing questions he receives. In
part 2 of “The Definicon 68020 Coprocessor,” Trevor Marshall, Christopher
Jones, and Sigi Kluger focus on the software available for the DSI-020
coprocessor board for IBM XTs, ATs, and work-alikes.

In honor of BYTE's 10th anniversary, a reception was held at the Boston
Computer Museum. The guest speaker was Dr. C. A. R. Hoare, who chose the
topic “"Mathematics of Programming.” It is Dr. Hoare's thesis that program-
mers should follow mathematical laws in the construction of programs. This
type of construction would promise benefits in systems software, safety-critical
programs, silicon design, and standards.

Finally, in this month’s Programming Insight, “Polar Normal Distribution,’
Alain Latour explains the “polar method” of generating normal deviates and
evaluating the cumulative probability of a normally distributed random
variable.
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At last, the world's
best-selling portable computer
has a little competition.

e

= It's 30% snialler

Now there's a portable personal
computer so small, solight, and
so fast it defines a new industry stan-
dard. From the same company that
set the standard—COMPAQ? The new
COMPAQ PORTABLE II™ has all the -
advantages of the world's best-selling E“

Expansion potential? The
COMPAQ PORTABLEII can handle
an optional 10- or 20-Megabyte
fixed disk drive and up to 4.1 Mega-
bytes of RAM. And you can add a
modem, a networking board, or a
board for communicating with your
mainframe.

full-function portable—the original

Gl SR

COMPAQ Portable—plus it's even
more portable. And it's far more
powerful than most desktop
computers. Never before has
a computer this small been
capable of so much.

With its 80286 processor,
the COMPAQ PORTABLE II
can run all of the popular
business software written for IBM® personal comput-
ers. At speeds three to five times faster than the COMPAQ
Portable, IBM PC/XT™" and other compatibles.

And because of its standard 360-Kbyte diskette
drive format, your data diskettes will be fully inter-
changeable with other COMPAQ, IBM, and compati-
ble personal computers.

It simply works better.

) Introducing
the remarkable new
COMPAQ PORTABLE I &2

The new COMPAQ PORTABLE 11
puts tremendous computing poten-
tial within the grasp of every
computer user. It's backed
by the service and support
of over 2900 Authorized

made by the undisputed
world leader in portable personal computers.

For the name of the dealer nearest you, call toll-
free 1-800-231-0900 and ask for Operator 16. In
Canada, call (416) 449-8741. In Europe, telex
84117898630AB; 898630 COMPAQ TTX D.

IBM:" is a registered trademark and IBM PC/XT™ is a trademark of Interna-
tional Business Machines Corporation. ©1986 COMPAQ Computer Corporation.
All rights reserved.

—_—Loa
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ILLUSTRATED BY FRANK BOZZO

BY ROB SPENCER

SIMILARITY
MAPPING

A Macintosh program

that creates “'maps’ from
tables of distance data

magine that youre about to
start a long car trip, but you
can't find the maps. After a
frustrating search, you find a
road atlas in the trunk of the car—but
it's soggy and torn, and only the last
page is legible. All you have on that

page is a big table of distances be-
tween cities. Can you recreate a good
map from that distance table?

In another scenario, let’s say you're
a market researcher about to make a
presentation. You have lots of data
from supermarket taste tests in which
people tried to tell the difference be-
tween your brand of soft drink and
the other major brands. Is there a suc-
cinct and accurate way to present all
these results without showing a huge
table of numbers?

Finally, suppose you design printed
circuit boards. You know what chips
you need to do the job and how
they're connected. Is there a method
that will suggest the layout of the
board so as to minimize signal path
distances and the need for jumpers?

These problems have a common
theme: They start with a large set of
known distances (or, conversely, similar-
ities), and they seek a graphic solution
in the form of a map. In this article I'll
present an algorithm and a program
to solve such problems. The tech-
nique is called multidimensional scaling,
but I prefer the term similarity mapping.

| wrote the program Mapper in
Microsoft BASIC 2.0 (binary version)
for the Macintosh, and it demon-
strates the language's avoidance of
line numbers, reference by name,
potential for Pascal-like structure, and
use of the Mac’s mouse-driven menus,
dialog boxes, and buttons.

OVERVIEW OF THE METHOD

Similarity mapping has four major

parts: input of the data, generation of
(continued)

Rob Spencer (4230 Fieldgate Dr. #5,
Mississauga, Ontario, Canada L4W 2M5)
is a biochemist at Syntex Inc.
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SIMILARITY MAPPING

Boston NY. DC.
Boston
New York 206
Washington, D.C. 429 233
Miami 1504 1308 1075
Chicago 963 802 671
Seattle 2976 2815 2684
San Francisco 3095 2934 2799
Los Angeles 2979 2886 2631
Denver 1949 1771 1616

Table [: The distances between nine major US. cities.

Miami Chicago Seattle S.F. L.A. Denver

1329

3273 2013

3053 2142 808

2687 2054 1131 379

2037 996 1307 1235 1059

| “Intercity distances”
9

206

429,233

1504,1308,1075

963,802,671,1329
2976,2815,2684,3273,2013
3095,2934,2799,3053,2142,808
2979,2786,2631,2687,2054,1131,379

Boston, NY, DC, Miémi, Chicago, Seattle, SF, LA, Denver

| 1949,1771,1616,2037,996,1307,1235,1059

Figure [: The data file Cities, based on the information contained in table 1 and used

by the program Mapper.

an initial map, iterative refinement of
that map, and generation of the dis-
play. These can be seen directly in the
first main section of the program,
which consists of eight sequential
subroutine calls followed by a WHILE
.. .WEND loop. Some of these sub-
routines, like Initialize and InputData,
are part of any program. Some deal
with more Macintosh-specific things:
SetMenus, WaitForMenu, and
HandleMenus. Two are for screen
display: Showlable and ShowMap.
The heart of the algorithm and all of
the mathematics are in the remaining
subroutines, InitializeMap and Refine-
Map.

I'll go through the program in order.
using the soggy road atlas problem
as an example. The input data (table
1) consists of the distances, in miles,
between nine US. cities. Since you
know what the final map should look
like, it's easy to tell if the program is
working.

INITIALIZE

The first subroutine in Mapper, Ini-
tialize, sets up the screen (WINDOW,
CALL TEXTFONT. etc.), defines

86 BYTE * AUGUST 1986

several variables (R and Criterion are
the most interesting; I will discuss
them later), and defines the plotting
functions (DEF FNPx, DEF FNPy) in
a way that makes it easy to manipu-
late the map after it is drawn on the
screen.

SETMENUS

The SetMenus subroutine creates a
single pull-down menu titled Control.
It has three options: Change Map,
Show Table, and Quit. You control the
program by selecting these options
with the mouse.

INPUTDATA

Using the InputData subroutine, Map-
per reads its data from simple text
files. You can write such files with any
word processor as long as you save
them as “text only.” The program
begins by asking you to choose a data
file from the “minifinder” box created
by the FILESS function. Figure 1 is a
data file called Cities, which is based
on table 1. Note that between n cities
there are n x (n—1)/2 distinct dis-
tances, as assigned to the variable
NumPairs. (Thus, the nine cities in

table | have 36 distances.) The names
of the cities are assigned to Label$( ).
and the distance between the ith and
jth cities to both d(i,j) and d(j,i).

INITIALIZEMAP

As in many iterative techniques, the
speed and stability of convergence to
a final answer depend on having a
good initial guess. The method I've
used is an exercise in geometry as il-
lustrated in figure 2. First, the program
InitializeMap searches the distance
table for the two most distant points;
in the example these are Miami and
Seattle, which are 3273 miles apart.
These points now define the horizon-
tal axis, and they're labeled j1 and j2
(figure 2a).

The program searches the distance
table again for the next most distant
point, in this case Boston, which is
labeled 3. Boston is given the map
coordinates (x(j3), y(j3)) such that the
triangle formed by these three cities
has sides of the correct lengths (figure
2b). Note that the program places
Boston below the Miami-Seattle line;
this is because the Macintosh, like
most microcomputers, defines (x.y)=
(0,0) to be in the upper left corner of
the screen. You can change the orien-
tation and scaling of the map later;
remember that the input data is just
distances and there's no information
about north, south, east, or west.

Now the program assigns all the
other points. It assigns the ith city just
as it did Boston, except that the city’s
placement above or below the
Miami-Seattle line is no longer ar-
bitrary. The decision is based on
whether the distance between Boston
and the point p is greater or less than
the distance between Boston and
(i)(below) (see figure 2c¢). In other
words, the program uses Boston to
break the symmetry of the map.

Finally, the program shifts the coor-
dinates of all points so that (0,0) is at
the center of the screen. This helps
with later scaling and rotation.

SHOwMAP

A frequently called subroutine, Show-
Map, simply draws the map on the
screen. Note that the map coor-
dinates x(i).y(i) of the points retain
their units—in this case, miles. This is



SIMILARITY MAPPING

so that calculated distances and
errors will have familiar units. The pro-
gram does the conversion to screen
units (ie., pixels) with the functions
FNPx and FNPy. The initial map from
our example is shown in figure 3.

REFINEMAP

The iterative refinement of the map
is done by the subroutine RefineMap.
RefineMap consists mostly of a
WHILE . . WEND loop that calls the
subroutine IterateMap to do the
math; checks to see if you have
selected a menu item, and. if so, goes
to deal with it; draws the new map;
and checks for convergence and exits
appropriately. The map has con-
verged if two successive iterations
produce average errors differing by
less than the variable Criterion, which
| set at 0.2 percent.

ITERATEMAP

In forming the initial map, I gave the
three most mutually distant points
(Miami, Seattle, and Boston) special
status; they were fixed, and all the
other points were assigned relative to
them. Now, in iteration, all of the
points are allowed to move to mini-
mize the error between the input
distances d(i,j) and the calculated
distances based on the current map
coordinates. An analog computer
equivalent of this would involve put-
ting pegs in a pegboard at the initial
guess coordinates, connecting each
pair of pegs with a spring cut to the
length d(i,j). cutting the pegs free from
the board, and letting go! When the
oscillations died down, you'd have a
minimum-error map.

In lterateMap. moving the points is
done in two nested FOR.. NEXT
loops by using the variables Dx(j) and
Dy(i) to add up. as vectors, all the
errors between each pair of points.
These resultant vectors are then multi-
plied by R and added to the coor-
dinates. Figure 4 shows the changes
this makes in the first iteration; the
cities move in various directions for
various distances, all movements serv-
ing to improve the map. The constant
R is analogous to the “stiffness” of the
springs in the analog model. If R is
too big (in my experience, more than
about 0.2), the springs are too stiff,

and the map will oscillate and may
not converge. If R is too small, con-
vergence will be very slow.

MANIPULATING THE MAP

Even though the map has converged,
you may want to change it for presen-
tation purposes or see the results in
tabular rather than graphic form. The
subroutines called in the final WHILE
.. .WEND loop of the main program

When ycu look at a road map, you
usually put north at the top and west
at the left—but, as mentioned above,
there’s nothing in the distance table
data to suggest an absolute orienta-
tion. When you select Change Map
from the menu, a panel appears (via
subroutine ShowPanel) that allows
you to reorient the map. Figure 5
shows this panel and the final map,
after rotation (by 205 degrees) and ex-

allow for this. (continued)
@ Miami 3273 ( = dmax) Seattle
(n (j2)
b
( ) Miami 3273 Seattle
Ggmn (j2)
1504 2976
Boston
(j3)
= __a (i) (above)
\
\
N d(j2,1)
\
\
\\ Seattle
>
P 7 (j2)
/
/
/
/
/
(i) (below)
Boston
(j3)

Figure 2: The geometry used to construct the initial Cities map. (a) Mapper uses the
pair of points that are the farthest apart to define the x axis. (b) It then places the next
most distant point so that the triangle formed has sides corresponding to the correct
distances. (c) Finally, the program places all other points relative to the first three.
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SIMILARITY MAPPING

pansion to fill the screen.

The menu option Show Table gives
the original distance table as well as
the distances calculated from the map
coordinates; it also shows the root
mean square error, which for the
Cities example is 33 miles.

| have not put any printer output
statements in the program, but Com-
mand-Shift-3 will send a screen snap-
shot to disk, Command-Shift-4 will
send it to the printer, and you could
easily make a printed table by chang-
ing the subroutine ShowTable to have

LPRINT instead of PRINT, or with
PRINT#2 where file #2 is opened to
the screen or the printer.

MISSING DATA AND ERROR
LOCATION

Remember the soggy road atlas? Im-
agine further that even the distance
table is torn up and that some of the
distance values are missing. One
bonus of similarity mapping is that it
can give reasonable estimates even for
missing data. Mapper makes provision
for this: If any input distances are

€ Control

Intercity distances
lteration 0

e LA
e SF
e Denver
® Miami ® Seattle
e Chicago
e DC
e NY
® Boston

Figure 3: The initial map drawn by Mapper using the Cities data file.

O initial positions

e afterone iteration

O Miami

O pC

N &

(Q

Boston

Chicago

o/‘ LA

o® SF

o)

Denver

@ Seattle

Figure 4: The Cities map during iteration, showing the movements of the cities
between the initial map (open circles) and the first iteration (filled circles).
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negative, the program treats them as
unknowns in the iteration process. For
example, if the data file lists the
Washington, D.C., to San Francisco
and the Chicago to Los Angeles
distances (2799 and 2054 miles, re-
spectively) as —1, and you run the
program, the map converges normal-
ly. The calculated distances are 2804
and 1974 miles, errors of +5 and —80
miles, or +0.2 and -3.9 percent. If
too many values are missing or the
map isn't as intrinsically flat as in the
Cities example, the initial map deter-
mination or convergence may fail.

Another advantage of similarity
mapping is that it can find the likely
sources of error in appropriate data
sets. What if one input distance is very
wrong—how could you find out which
one? The program can easily be
changed to show all the differences
between input and calculated dis-
tances. A single difference that is
much larger than the average might
be due to experimental error. This
sort of error finding might be useful
in surveying, where the expected
errors are small.

OTHER EXAMPLES: DEFINING
DISTANCE

At the beginning of this article, 1 sug-
gested three applications. The Cities
example is quite intuitive, since we ex-
pect that the distances in the table
should produce a good, flat map. and
weTre comfortable with distances mea-
sured in miles. How about the other
examples? How do you define “dis-
tance” in the soft-drink marketing case
or the circuit board design problem?
Why should either of these produce
a flat map?

How you define distance depends
on the type of data available. In the
marketing case, suppose that you ask
the customers, "Which soft drink is
Brand A?" and let them taste two
unlabeled cups of Brand A and Brand
B. The “distance” between Brands A
and B could be defined as d(A.B) =
200 x (W/N-0.5), where n is the num-
ber of times that Brand A was correct-
ly identified in N trials. If the two
brands taste very different, n will ap-
proach N and d(A.B) will approach
100. If the brands are indistinguish-

(continued)



$4 REBATE

Desk-Top Premium Trays

$2 REBATE

Portable Files

Eichner—the recognized name for quality and
dependability in diskette storage—is offering a
special rebate on our most popular products.
And if you're serious about computers, you have
to be serious about organizing and protecting
your diskettes. So choose the Eichner product
that fits your special needs and save money! But
you'd better hurry—this is a limited time offer.
Available at participating computer and office
supply stores nationwide.

N FELLOWES.
MANUFACTURING CO.
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Security Mailers

Rebate offer good only from July 1 to September 30, 1986 on the model
numbers displayed in this ad.
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SHIPPING NOWw !l
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The power of dBASE III
for the Macintosh has
arrived!!!

This new software product,
named dMac III, is fully
compatible with dBASE III
nd  is three times faster.

dMac I features a powerful
programming language that
offers its owners the ability
to develop professional
business applications for
the Macintosh.

SHIPPING NOW !!! SHIPPING NOW

ow

In addition, you can transfer
your dBASE III applications
and databases to the Macintosh
where dMac III will allow you
to use them without modi-
fication.

MON SNIddIHS iii MON YNIddIHSiii MON ONIddIHS

SHIPPING N

Of course you can use dMac III
along with the other popular
Macintosh software products
such as Microsoft WORD and
Microsoft FILE.

As a dMac III owner you get
the best of both worlds. All of
the features of the most popular
programmable database for the
IBM PC plus the user friend-
liness of Apple's Macintosh.

“ y,
To order dMac III contact;

MON DSNIddIHS

SHIPPING NOW

FORMAT SOFTWARE
11770 BERNARDO PLAZA CT.
SAN DIEGO, CA 92128
(619) 487-6946

dBASE III is a trademark of Ashton-Tate
IBM PC is a trademark of IBM
Microsoft WORD and Microsoft FILE
are wrademarks of Mircosoft

dMac III is a trademark of FORMAT
Software

SIMILARITY MAPPING

Two-dimensional

maps are the easiest

to display and
to reproduce.

able, n will be N/2 (ie. random) and
d(A.B) will be zero. Such “distances”
can be used directly in similarity map-
ping. The final map will not have any
meaning in the north-south-east-west
sense, but it will quickly and easily
show which brands are closest to
each other in taste.

In the circuit board design problem,
you might define distance as follows:
If two chips are directly connected, let

their distance be 1/n, where n is the -

number of connections between
them. If they arent directly con-
nected. let their distance be the
minimum sum “hopscotch” distance
required to bridge them through
other chips that are directly con-
nected. On the final map., after appro-
priate scaling, you can interpret the
distances as centimeters or inches of
circuit board.

As for the question of map "flat-
ness’: There is no reason why either
of these latter examples should result

in a low-error two-dimensional map;
we are just forcing them to do so.
Two-dimensional maps are simply the
easiest to display and reproduce. In
trying many examples with this pro-
gram, I've found that final errors are
often in the [5 to 20 percent range.
If the final error were much larger, I'd
be concerned that too much informa-
tion was being lost by forcing the
distances to lie in the plane.

OTHER APPLICATIONS AND
REFERENCES
The book by Schiffman, Reynolds, and
Young (reference 1) is an excellent
general reference. It has many diverse
examples and discussions of algo-
rithms and error analysis. Tobler and
Wineburg (reference 2) and Kendall
(reference 3) present some fascinating
applications in archaeology and
sociology in which distances defined
by historical records of marriage or
trade are used to recreate maps of an-
cient Assyria and Oxfordshire. Fitch
and Margoliash (reference 4) tabulate
the "minimum mutation distances”
between different species for the pro-
tein Cytochrome C. I've given the final
map resulting from their datain figure
6. Distances on this map are a
measure of similarity of DNA se-
quences, that is, genetic similarity.
(continued)
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Figure 5: The final Cities map, after convergence. rotation, and expansion. Note the
panel at the top of the screen, with buttons that let you adjust the map size and

orientation.




Two great reasons

to buy Turbo Pascal:
System Builder *99°° and Report Builder *75*°

From the Designer Series™ by Royal American Technologies.
Now, experience the magic of 5th generation software.

It's a state-of-the-art program gen-
erator that automatically builds a
relational database application for
you in just seconds. You just paint
your screen and datafile layouts.

SOEASY. . .idealforentrylevel “‘coders”

to produce relational database systems
without coding. (Entry level guide with
sample On-disk systems is provided.)
SO POWERFUL . .. itprovides program-
ming professionals with more flexibility
and horsepower than any development
tool on the market (guide is provided.)

REPORT BUILDER CYCLE:

Key in the report parameters on screen

Print your listings
e Newreportformatfor reference
¢ Report element layout

Press’\ Key in the report data elements on screen

:'a(iet}g Report Builder automatically writes the
secs* program code and links it to your datafile

Print your listing
¢ Report program source code listings

Compile the report builder code using the
Turbo Pascal™ compiler

Attach the new report module to your

system menu

SYSTEM BUILDER CYCLE:
Paint the menu screens

Paint the application screens

Press\ Define the datafile(s) on the screen

2 kfyé System Builder automatically writes the
:I:c‘s' program code and combines the datafiles

into a relational database

Print your listings

e Programsourcecode listing  Datafile
layouts e Self-documenting program
(includes screen schematics)

Compile the System Builder code using
Turbo Pascal™ compiler

Startusing the completed system

*System Builder will generate 2,000 lines of program code in approximately 6 seconds.

REPORT BUILDER FEATURES:

* Automatically generates Indented, Structured Source
Codeready for compiling Turbo Pascal (no program-
ming needed)

¢ Automatically interfaces to a maximum of 16 Datafiles
created with System Builder

e Supports Global Parameters such as Headings, Footers,
Lines Per Page, Print Size and Ad Hoc Sorting

* Produces reports containing an unlimited number of
Sub-Headings, Sub-Totals and Totals

¢ Pagebreaks on Sub-Totals

¢ Report Builder will generate Report Programs which
can contain Report Elements not just restricted to Data
Elements. Reports can also include Text Strings, Vari-
ables or Computed expressions containing references
from up to 16 Datafiles

¢ Use range input screens produced by System Builder to
allow End Users to select portions of a report as needed
(i.e. specific account ranges can be requested)

¢ Produces standalone Report Modules

® Easy-to-use Interface Program to access dBase Files

SYSTEM BUILDER PERFORMANCE

| (Typical 10 screen 8 file/index application)

SYSTEM

TASK BUILDER DBASE ™
Planning and Design 60 minutes 60 minutes
Screen Painting 15 minutes 3 hours
Programming 2minutes 10 hours
Elapsed time to 1hourand 14 hours
completed system 17 minutes

YAL
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SYSTEM BUILDER FEATURES:

* Automatically generates Indented, Structured, Copy
Book Source Code ready for compiling with Turbo
Pascal (no programming needed)

* Paint Application and Menu screens using Keyboard or
Microsoft Mouse™

* Finished Applicationscreens all use System Builder’s

In-Line machine code for exceptional speed

Use fully prompted Screen Guidance Templates™ to

define up to 16 Datafiles per application, each record

having an Unlimited Number of fields

Define up to 16 Index Keys per application database

Paint functions include:

—Center, copy, move, delete, insertorrestorea line,
Go straight from screen to screen withone keystroke

—Cut and paste blocks of text screen to screen

—Draw and erase boxes, Define colors and intensities

— Access special graphic characters and character fill

Supports an unlimited number of memory variables

File Recovery Program Generator to make fixing of

corrupted datafiles an automatic process

Automatically modifies datafiles without loss of data

when adding/deleting a field

Menu Generator with unlimited Sub-Menu levels

Develop systems for Floppy or Hard Disk

Modify System Builder’s outputcode to include Exter-
nal Procedures, Functions and Inline Code
Easy-to-use Interface to access ASCII and dBase Files

Experienced developers can modify the System Builder

VARS, System Integrators and Dealers,

let’'s work together. Your inquiries
are always welcome. (415) 397-7500.

I think it’s wonderful . . . prospec-
tive buyers should seriously con-
sider DESIGNER even before |
dBASEIII.” Mr. Greg Weale
Corporate Accounts Manager,
Computerland

“We used DESIGNER last year to
program a major application. It
saved our programmers so much
time. Wenow use DESIGNER
instead of dBASE III as our devel-
opment standard?’

Mr. Peter Barge, Director
Services Division, Horwath & Horwath

“DESIGNER has resulted in signi-
ficant time savings . . . Weuse iton
classical database applications’
Mr. Andy Rudevics, Director
Andrasoft Corporation
§ Royal American Technologies
I 201Sansome, Suite 500
San Francisco, CA 94104

(800)654-7766
California (800) 851-2555

Ask for Operator 105.
Please rush me: _—_ copies of SYSTEM
BUILDER at $99.95 per copy;
__copies of REPORT BUILDER at
$75.00 per copy. I’ve enclosed $5.00
for postage and handling. California
residents add 6% sales tax.

Name

Address

City

State Zip
Phone
Payment: [JCheck [JMoney Order
[ Cashiers Check [JAMEX

OVISA OMASTERCARD

Expiration date
Card Number

Signature

30-Day Money-Back Guarantee. Not copy
protected. $10 restocking fee if envelope is
opened.

System Requirements—System Builder/Report
Builder: IBM PC/XT/AT!, or similar, with minimum
256K RAM, dual floppy drives, or hard disk, color
ormonochromemonitor, MS? or PC DOS' version
2.0 orlater, Turbo Pascal Version 2.0 or later
(Normal, BCD or 8087 versions).

YTrademarks of International Business Machines Corp.
2Trademark of Microsoft Corp.

-—------_---------J

f . e TM I “Turbo Pascal is a registered trademark of Borland International, I
i j “dBASE is a registered trademark of Ashton-Tate.
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It's easy to see at a glance how the
birds are closely related to each other
and distant from the others, how close
the primates are, and how the mam-
mals form abroad group from horses
to humans. Streich, Dove, and Franke
(reference 5) discuss the use of a
similar mapping technique in
medicinal chemistry.

Finally, similarity mapping can be
compared to cluster analysis, a tech-
nique | discussed in an earlier BYTE
article ("Cluster Analysis.” September
1984, page 129). Both techniques
have the same general goal: simple
graphic presentation of large amounts
of data. In cluster analysis the input
datais often tabulated characteristics

€ Control
Cytochrome C sequence distances” (final>
| teration 9
16.2 ® error .
A pigeo% chicken
® duck
® monke
® human oY e turtle
® rabbit
® dog
® kangaroo
® pig
e donkey
® horse

Figure 6: A Mapper application drawn from biology. The “distance” between any two
species relates to the similarity between the genetic sequences of the protein Cytochrome
C found in the species. Note how the birds and mammals are widely separated.

€ Control
Cluster Example (final)
[teration 9
15.5 ® error
e |BM PC
® Comm 64
e Uic 20
® Apple lle
® Atari 800
¢ Compaq .;R;lcg?zzﬂ
e TRS 80-4
® Ace
® Osborne |
e Kaypro |1

Figure 7: A similarity map of microcomputers in which the “distance” represents
similarity in terms of price, amount of memory, and so on. In a previous BYTE article
("Cluster Analysis.” September 1984). this data was expressed as a dendrogram (tree

diagram) created by cluster analysis.
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and the output is a dendrogram (tree
diagram). In similarity mapping the in-
put data is distances and the output
is a map.

The two techniques are not mutual-
ly exclusive, however, and either may
be applied to a given set of data. For
example, the data used to create the
map in figure 6 was used by Fitch and
Margoliash to build a dendrogram.
Similarly. internode distances taken
from my cluster analysis article pro-
duce the map of figure 7 when run
through similarity mapping. In this
figure, nearby points represent micro-
computers that are similar to each
other in features such as price and
amount of memory.

The same conclusions that can be
drawn from the “Cluster Analysis”
dendrogram (figure | of that article)
are apparent in this map. In addition,
you might conclude from the map
that the Apple lle and the TRS-80
Model 4 are in the "middle” of the
space defined by the other com-
puters. On the other. hand, cluster
analysis does not “'squeeze out” infor-
mation by forcing points to lie on a
map. Experiment with both tech-
niques and choose the one that suits
your data or the presentation that you
prefer.
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Editor's note: Mapper is written in
Microsoft BASIC 2.0 (binary version) for the
Macintosh. The source code, MAPPER.BAS,
is available in a variety of formats; see page
405. Also available are CITIES.DAT,
CYTOC.DAT, and MICROS.DAT., data files
for the examples given in this article. m
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see ABOUT ANALYZ[N G be spread-
YOUR D AT A ing your spreadsheet a little too
o thin. Or maybe youre starting

from scratch. But if you're serious about data analysis,
youre ready for SPSS/PC+" —a full software family that
brings you five high-powered ways to complete any data
analysis task.

Enter it. SPSS/PC+ Data Entry™ —our latest option—
takes the effort out of entering and correcting data.

Analyze it. The SPSS/PC+ Base Package pro-
vides a powerful array of statistical and reporting
procedures.

Examine it. SPSS/PC+ Advanced Statistics™ lets you
get more serious with your data.

SPSSiInc.

Table it. SPSS/PC+ Tables™ produces presentation-
ready tables instantly.

Chartit. SPSS/PC+ Graphics™ featuring Microsoft®
Chart creates show-stopping graphs and charts.

SPSS/PC+ products are being put to productive use
by serious fact finders in business, government and edu-
cation. For countless purposes such as market research.
Wage and salary studies. Survey analysis. And quality
control. Plus each product is superbly documented and
supported by SPSS Inc., a leader in statistical software
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So if you're serious about data analysis, step up to
SPSS/PC+. For details, contact our Marketing

Department. CALL 1/312/329-3630

SPSS Inc. 444 North Michigan Avenue, Suite 3000 « Chicago, lllinois 60611
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looked this good.

Introducing the WYSEpc286  everything youneedfor the most
and a brilliant new range demanding single-user applica-
of display options. : tions, or to anchor the most effec-
tive, economical multi-user systems.
Now you can get higher
speed and higher reso-
lution, together, in ex-
tremely high style.

The WYSEpc 286
goes frorrflu‘ ‘normail{’ ’ ‘,
speed to full 10 MHz —
throttle —up to 25% faster S
than an IBM Personal Computer ~ And behind
AT—with the touch of a switch. this incredible
Anew lineup of graphics monitors  display of power and versatility
lets you choose exactly the display  is a company that ships more ter-
capability you need. minals than anybody but IBM

Combine the WYSEpc 286 Call toll-free or write, today,
withthe WY-530 monochrome or ~ for more information.

WY-630 color monitor and get
outstanding performance. For

enhanced color graphics, move up
to the WY-640 EGA monitor. Or, WYS E
bring CAD and desktop publishing

I I R |

applications into better focus, price-
Wyse and pixel-Wyse, with the YOU NEVER REGRET A WYSE DECISION.
WY-700 high
resolution gra-
phics display
(asshownwith
the WYSEpc
286 at left).
With the new
WYSEPC 286 , you can also choose | Please send me detailed information on the
the keyboard that’s the best fit: | WYSEpc 286 and the entire Wyse product line.
either the standard AT-style, or the I' _
IBM Enhanced PC keyboard. And | ™™ e
you get the complete compatibility | Compan Phone
you should expect in every other | T
V\?fay,hinclﬁd}?g rfnore than ?{50 tested " =L . .
off-the-shelf software packages. A e :
Upto80MDb of dick storage | ™1 i Menton:Mascom et 20
and 8 expansion slots give you I Call 1-800-GET-WYSE 876

Wyseisa registered trademark o fW yse Technology. WY SE pc 286, WY-640, WY-530. WY-630and WY-700 ar e trademarks of Wyse Technology. IBM and Personal Computer ATare trademarks of International Business Machines Corporation.
© 1986 Wyse Technology. *Dataquest 1985 terminal shipment update.
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... plus A MEGABYTE FOR DOS!
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THEY ALL NEED NUMBER SMASHER/ECM™

Turn your PC or XT into the machine it should have
been! The 12 MHz Number Smasher/ECM is the fastest
accelerator on the market Itis also the most powerful, provid-
ing a true megabyte for DOS!

To break the 640K DOS barrier Microway designed a
Memory Management Unit (MMU) that is tailored to DOS
plus a 2000 byte resident driver—- MegaDOS™. MicroWay
calls this breakthrough Extended Conventional Memory.
When you type CHKDSK with the board installed, your sys-
tem will report 1,036,288 bytes total memory and 1,010,016
bytes free! Any conventional DOS program can utilize a full
megabyte for data or code without changing a byte.

Downloading a mainframe application? ECM memory
runs with any program that uses DOS for screen services
including RM and MS FORTRAN and MS and LATTICE C!
This means you have an additional 384K available for over-
sized applications. Programs which write directly to the
screen require a simple patch to adhere to the new standard.
MicroWay has already developed patches for the Lotus,
WORDSTAR and AUTOCAD screen drivers. Release 1A of
1-2-3 jumps from 535,516 to 916,444 bytes available and
runs faster than Release 2 for most worksheets.

Micro

Number Smasher/ECM is 100% compatible with all
hardware and software including EMS and EGA boards. The
compatibility is a result of control: its speed is switch, key-
board or software selectable from 4.77 MHz to 120 MHz.
Applications which have notbeenupgradedto ECM canstill
be run by setting DOS to 640K or 704K and using the
memory above DOS for /O enhancers.

Number Smasher/ECM runs floating point bound pro-
gramsfasterthan an AT orany other 80286 based machine.
In fact, Number Smasher’'s 12 MHz 8087 runs a factor of
three faster than the standard 80287 on the AT, delivering up
to 125 kflops. Software is included for RAM Disk, print
spooler, and disk caching, which speeds up floppy and hard
disks by a factor of 2 to 10!

Number Smasher/ECM is the most cost effective pro-
ductivity tool you can buy. The base board which runs at
9.54 MHz comes with 512K and costs only $599! The com-
plete system which includes a motherboard accelerator, one
megabyte of memoryanda 12 MHz8087 is just $1199. Call
today to discuss your particular configuration. Remember:
“The advantage of buying from MicroWay i s outstanding per-
sonal service.” (PC Magazine, 6/10/86 — p. 162)

The World Leader in 8087 Support

Way
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P.O. Box 79, Kingston, Mass. 02364 USA (617) 746-7341
Tempo House, London, U.K. call 01-223-7662

Number Smasher, ECM and MegaDOS are trademarks of MicroWay, Inc. MicroWay is a registered trademark of Microway, Inc.
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CIARCIAS CIRCUIT CELLAR

PARALLEL INTERFACING:
A TUTORIAL DISCUSSION

PART 2: APPLICATIONS

BY STEVE CIARCIA

Steve discusses
and possible

Last month, | described
circuits that use LSTTL
(low-power Schottky tran-
sistor-transistor logic) and
ALSTTL (advanced LSTTL).
While these are workable,
it is frequently easier and
more advantageous to use a single LSI in-
terface adapter instead of many smaller
packages.

Interface adapters come in many forms:
disk controllers, CRT controllers, ACIAs
(asynchronous communications interface
adapters) and USARTSs, and various parallel
1/0 adapters. These devices are all program-
mable. You can alter their functions and the
way they perform those functions, within
reasonable limits, under software control.

As | indicated last month, this discussion
is about parallel interfacing. I will thus con-
fine myself to parallel I/O interface adapters.
I will not, however, attempt a complete func-
tional description of the parts that | men-
tion. This would take up too much space.
Instead, I'll point out some of the more sig-
nificant differences between them. (The
manufacturers’ data sheets should be con-
sulted if you need more detailed informa-
tion.)

ALPHABET SouP
When discussing parallel peripheral inter-
face adapters, we encounter more alphabet

various adapters
uses for them

soup. The 6820, 6821, and 6520 are PIAs
(peripheral interface adapters). The 6522 is
a VIA (versatile interface adapter), the 6822
isan llA (industrial interface adapter), the
8255 isa PPI (programmable peripheral in-
terface), and the Z80 family’'s Z8420 is a PIO
(parallel input/output controller). [Editor's
note: Figures included in this article show pin-outs
and functional block diagrams for five popular
parallel interface LSI chips.|

While these various devices have many
similarities, each has unique qualities and
capabilities that suit it to certain situations
better than the others. They could all be
programmed for single-package solutions to
the keyboard-input/printer-output functions
described last month.

We use interface adapters for several
good reasons. They act as buffers for the
system bus during output. While drive capa-
bility may be somewhat enhanced, a more
important function is protection: The
adapter helps isolate the system from out-
side problems. Although the external prob-
lems, if serious enough, may permanently
damage the adapter, the computer system

(continued)
Steve Ciarcia (pronounced “see-ARE-see-af’”) is an
electronics engineer and computer consultant with ex-
perience in process control, digital design, nuclear in-
strumentation, and product development. The author
of several books on electronics, you can write to him
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would continue to function.

If outside devices were tied direct-
ly to the bus, this protection would be
missing. If a peripheral device were
tied directly to the microprocessor
system bus, a failure in that device
could seriously damage many of the
components found in the
microcomputer.

Interface adapters can also be used
to compensate for timing differences
between the computer system and
slower peripheral devices, like print-
ers, or relatively slow special-purpose
integrated circuits. They are also ver-
satile, and inputs and outputs can
often be redefined at will without any
hardware changes. Inputs can become
outputs, and vice versa. The way the
system functions can be altered readily
to meet changing needs.

While most distinct functions of LSI
programmable interface adapters can
be implemented using LSTTL inte-
grated circuits, the ability to accom-
modate changing circuit requirements
without hardware modifications gives
interface adapters an advantage in ap-
plications where such capability is
either desirable or a requirement.
Also, using a single package rather
than many SSI and MSI chips can
greatly simplify printed circuit layouts
and shorten design time.

28420 PIO

A member of the Z80 family of micro-
processors and support circuits, the
78420 PIO differs from the rest of the
parallel interface adapters discussed
in thisarticle in that its design dictates
that all transfers of data through it are
interrupt-driven. Its two /O ports,
which are designated A and B, each
consist of eight data lines and two
handshaking lines. Four distinct oper-
ating modes determine how the ports
are configured.

In mode O, all eight data pins of a
port are configured as outputs; one
handshaking pin is an output, and the
other is an input.

In mode I, all eight data pins of a
port are inputs, and the handshaking
lines are used as in mode 0.

Mode 2 employs the A port data
lines, plus the handshaking pins for
both ports, for bidirectional data
transfers.
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Pin-out and functional block diagram of the R6520 PIA.
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Pin-out and functional block diagram of the R6522 VIA.
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Pin-out and functional block diagram of the 28420 PIO.
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In mode 3, each individual data I/O
pin is defined as either an input or an
output. A mask register determines
when input conditions generate an
interrupt.

Because of the versatility of its in-
terrupt capabilities, including exten-
sive prioritizing, this integrated circuit
is an excellent choice for a Z80 system
when many sources of interrupts are
incorporated and they must be care-
fully ordered and controlled.

8255 PPI

One of the earliest interface adapters
on the market was Intel's 8255 PPI.
This is also available from National
Semiconductor and NEC. It was de-
signed originally by Intel for use in
8008 and 8080A systems (which gives
away its age).

The 24 1/O pins are grouped as
three ports, designated A, B, and C.
Three modes govern how these ports
function. In general, the A and B ports
are data ports, while the C port can
be either a data port or a control port,
depending upon the operating mode
selected. The A and B ports can each
be programmed as all inputs or all
outputs (they are not programmable
on a line-by-line basis, as are the ports
of some other adapters).

In mode 0, each port is divided into
two groups of four pins; each group
of four pins is definable as all inputs
or all outputs.

In mode 1, the A and B ports can
be defined individually as an input
port or an output port. In this mode,
the upper half of port C handshakes
for port A; the lower half handshakes
for port B.

Mode 2 uses the eight port A lines
as a bidirectional port, with five lines
from port C used for handshaking and
control.

The I/O pins of this IC are functional-
ly similar to the B port of 6500- and
6800-series PiAs. N-channel tran-
sistors connect to both ground and
the positive supply when a pin is con-
figured as an output. Thus, when high,
the outputs get to TTL levels (2.4 volts
minimum) without pull-ups; to get to
CMQOS thresholds, the pull-ups (which
are typically 10 kilohms) are then re-
quired.

(continued)

AUGUST 1986 « BYTE 99



CIRCUIT CELLAR

This IC can be especially useful
where the largest possible number of
I/O lines is required: It has 24 lines,
whereas the other adapters discussed
in this article have only 20.

6821 PIA AND FRIENDS

These interface adapters (6820, 6821,
6822, and 6520) differ primarilyin the
characteristics of their A and B ports.
Except for the types of external
devices that they are designed to in-
terface to, these adapters are nearly
identical.

They all contain six registers oc-
cupying four addresses: Each port has
one control register, one data-
direction register, and one data reg-
ister. The data-direction register for
each port shares an address with the
port's data register. The active register
is selected by the status of a bit in the
port’s control register.

If the bit is clear, the data-direction
register is selected; if the bit is set, the
data register is accessed. The data-

direction register for the A port is
usually referred to as DDRA; the cor-
responding register for port B is called
DDRB. The state (0 or I) of each in-
dividual bit in the data-direction reg-
ister determines whether the corre-
sponding pin in the data register is an
input or an output. If the bit in the
data-direction register is a 0. the cor-
responding data-register pin is an in-
put. If the bit in the data-direction reg-
ister is set, the corresponding data-
register pin is an output. This line-by-
line programmability gives PIAs great
versatility.

Each port has two handshaking
pins. The pins for the A port are des-
ignated CAl and CA2; for the B port,
CBI and CB2. CAl and CBI can be
used only as inputs: An active transi-
tion on either pin sets a flagin the cor-
responding control register and will
cause interrupt output IRQ-A or [RQ-
B to go low if that interrupt is enabled.
CA2 and CB2 can each be configured
as either input or output, and both are

22]cs PAO
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Figure I: Using a PIA for keyboard-input and printer-output interfaces.
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able to generate interrupts when used
as inputs. The configuration of the
control pins is determined by the set-
tings of individual bits in the control
registers.

The two ports of a PIA, while in
many ways similar, differ significantly
in the way they are implemented.
Each line of the A port has an n-
channel transistor between the pin
and ground and a passive pull-up
resistor between the pin and the
positive supply. While this enables the
port, when used as outputs, to drive
CMOS without external pull-ups, it
prevents the port, when in the output
state, from sourcing more than a tiny
trickle of current. The A port is thus
not suited to driving NPN transistors
or other components requiring source
current.

The B port has an active transistor
between the pin and ground and an-
other between the pin and the posi-
tive supply. Thus, while the B port pins
can source current to drive, for exam-
ple, NPN transistors, they get only to
TTL levels when used as outputs. If
higher levels are required, such as
when driving CMOS, external pull-ups
must be used.

The 6820 and 6821 PIA designa-
tions are frequently used interchange-
ably, but significant differences are
found. and the 6821 is the only one
of the two in the current Motorola
6800-series microprocessor data
catalog. Each pin of the A port of a
6821 is specified as capable of driv-
ing two TTL loads when used as an
output and imposes a maximum of
one and one-half TTL loads when
driven as an input. The corresponding
figures for the 6820 are much lower.
Thus, the 6820 is preferred when a
component with limited drive capa-
bility is driving the A port. When
higher-output drive capability is re-
quired, the 6821 is the one that
should be used.

The 6822 is similar to the 6821, ex-
cept that all outputs are open-drain
and capable of withstanding voltages
as high as 18 V (although Motorola
specifies a maximum normal working
voltage of 15 V). The IIA can thus be
used to interface with devices oper-
ating at levels substantially higher
than standard 5V logic.
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Many specialized laboratory instru-
ments and industrial machine tools
output BCD data with levels ranging
from near ground to as high as 12 to
14 V. These devices are easy to inter-
face using this part. As the designa-
tion “industrial interface adapter” im-
plies, the high-voltage capability and
large noise margins of this device can
be quite useful dealing with the typi-
cally high noise and interference
levels in an industrial setting.

The 6520 differs only slightly from
the 6821. The 6520 outputs are speci-
fied to drive one TTL load, whereas
the 6821 is specified at two TTL loads.
The 6520's A port inputs impose one
TTL load on a driving circuit rather
than the one and one-half load max-
imum for the 6821's A port. Other-
wise, the two parts are essentially
identical.

6522 VIA

The 6522 is in many ways merely an
enhanced 6520. The drive levels and
loading of the A and B ports are es-
sentially identical, as are the pin des-
ignations for the ports. The 6522 has
16 internal registers occupying 16 ad-
dresses and uses four register-select
lines instead of two. Only one active-
high chip select is provided, and there
is only one interrupt output instead
of two.

The additional registers control a
number of other functions: the T1
one-shot 16-bit timer/counter that
decrements with the phase 2 system
clock. plus a second counter. T2, that
can decrement with each time-out of
the T1 timer or with each negative
transition on pin PB6.

The T2 counter is capable of count-
ing pulses from an external source.
The chip can generate a square wave
on pin PB7, whose frequency is deter-
mined by the T1 counter. A bidirec-
tional 8-bit shift register makes sim-
ple serial I/O possible. In addition, the
programmed handshaking capabili-
ties of the ports are enhanced. and
the 6522 has the ability to latch input
data under the control of an external
device.

APPLICATIONS
In general, it is easiest to match the
microprocessor to the interface

adapter by chip series. With a 780,
use a 28420 PIO. With a 6809, use a
6821. and so on. The 6500- and 6800-
series microprocessors and interface
adapters can usually be freely mixed
without timing or other problems. But
you can use an 8255 adapter in a

separate active-low READ and WRITE
strobes and provide an active-high
RESET signal.

A 6522 VIA is found in the 8088-
based Victor 9000 PC and in the
68000-based Macintosh, which also
uses a Z80-series dual serial-interface
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Figure 2. The essential PIA interface. (This example

is from an Apple 11 computer)

Photo 1: A dual PIA card for the Apple 1l computer.
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chip. A great deal of intermixing can
be done if circuit characteristics and
component capabilities are compati-
ble. It's often best to use a familiar
part if it will do the job satisfactorily,
rather than switching to an unfamiliar

component with an insignificant per-
formance increase.

In the 6500/6800 family, the 6522
should be used only if its enhance-
ments over the 6821/6520 are useful.
The built-in timer/counters and ex-
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Figure 3a: A dual PIA interface for the Apple 11 computer.
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tended handshaking abilities of the
6522 can be useful, but the part is
more complex and expensive than
the 6821, and its timing requirements
are more critical.

INTERFACING WITH THE 6821

Any of these interface adapters can
be usedto replace the LSTTL circuits
outlined last month in part 1 (figures
2-5). with functionally similar results.
They can generate the handshaking
signals necessary for printer interfac-
ing automatically, in hardware. Any of
them can be used for keyboard input
and printer output by programming
the appropriate handshaking.

The hardware example described
this month uses the 6821 since its
configuration for this purpose is
relatively straightforward and easy to
describe. The Z8420 and 8255 could
also be used. of course, but the con-
figuration procedure would be more
complex.

Figure | shows the A port of a 6821
used to interface a keyboard. The key-
board's data outputs drive PAO-PA7
on the PIA, configured as inputs. The
keyboard data strobe is connected to
CAl, and CA2 can be connected with
a keyboard input, if that is required.
A transition on CAl will set a control-
register flag and can be used to cause
a processor interrupt via output IRQ-
A. If the interrupt output IRQ-A is left
unconnected, keyboard 1/0O can be
handled through polling. The details
of the chip-select decoding were out-
lined last month in figure 2a on page
88.

Figure 1 also shows port B of a PIA
being used to drive a parallel printer.
PB0O-PB7 drive the printer data lines.
CB2 generates the DATA strobe
(active-low) one clock cycle after the
data is written to the B port. The
ACKnowledge from the printer trig-
gers CBI. This will set a flag in the B
port control register, and, if IRQ-B is
connected to the processor-interrupt
line, the ACKnowledge from the
printer will cause a processor inter-
rupt. Output to the printer can be con-
trolled either through an interrupt
subroutine or by polling.

An 8255 could also have been used
to perform these functions. With the
8255, the A port functions as the key-
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board input, with the four high-order
pins of the C port used for handshak-
ing. The B port outputs data to the
printer, with the four low-order pins
of the C port for handshaking. The
8255 would be configured for mode
| operation.

DUAL PIA INTERFACE

FOR APPLE Il

Figure 2 shows the essential elements
of a PIA interface connected to the
Apple II microcomputer bus. (See
photo 1.) The chip-select decoding
can be done various ways.

Each Apple Il peripheral slot has 16
exclusive /O addresses assigned to it.
Pin 41 on any given slot is low when
any of the slot's 16 addresses is ref-
erenced. In the interface depicted in
figure 3a, one PIA occupies the lowest
four addresses in the 16-byte range,
and the other PIA is addressed at the
next higher four addresses.

The pin 41 DEVICE SELECT micro-
processor bus signal partially enables
both PIAs when it goes low, driving
the single active-low chip-select input
oneach PIA. Microprocessor bus ad-
dress line A2 drives an active-high
enable of 1C3 through 74HCTOO
NAND gate IC2a, wired as an inverter.
A2 is tied directly to an active-high
enable of the second PIA, 1C4.

When pin 41 is low, the active inter-
face adapter will be selected by A2.
A2 will be low when the lowest four
1/0 addresses for the slot are refer-
enced, high for the next four higher
addresses, then low again for four,
and finally high for the highest four.
Each PIA occupies eight addresses
out of the sixteen total. However, the
chip still has only six internal registers
accessed through four addresses.

Thetwo PIAs occupy the eight lower
of the slot's sixteen 1/0 addresses
and, without further decoding, the up-
per eight addresses, also. If you had
a large enough prototyping card, you
could have four PIAs on a card, using
half of a 74LS139 decoder to divide
the 16-byte address range into four
4-byte ranges, with a PIA assigned to
each block.

Figure 3b shows this approach. The
74LS245 transceiver (ICI in figure 3a)
that buffers the data lines is enabled
directly by pin 41 on the micropro-

ACTIVE-HIGH SYSTEM CLOCK LR

EN (PHASE 2 CLOCK)
ALL FOUR PlAs

(PHASE 0 OR PHASE 2)

A0|2>

Al
ADDRESS LINES @

A0-A3 pa[a>—4no
a3[5>—3m

DECODED ACTIVE-LOW 1=
ENngLE LL>—8

DEVICE SELECT

REGISTER
RSO SeLecTs oF
grs1 ALL FOUR

" PIAS
Yo Ist PIA
12 2nd PIA ACTIVE -LOW
A ENABLE OF EACH
v2 3¢d PIA  PIA (CS3)
valZ ath PIA
(1/2)
7415139

Figure 3b: Using a 74LS139 decoder to put four PIAs in a single Apple 1l slot.

+5V
TR APPLE I
< <
&1 Sit S i MICROPROGESSOR
1Raa 38 4 IN914
FROM 2l J
Ic3 IRQB 32 ,
S1b Ic2
74HCO0
+5V
R3 SR4
Sle 10K 3
38 1y
FroM  'ROA oo e,
€4 ras Lo b
S 1c2 ?5514
INTERRUPT 74HC00
DISABLE
SWITCHES

Figure 3c: An interrupt circuit for the Apple 11. The DIP switches (Sla
through Sld) allow any of the four PlA-generated interrupts (IRQ-A and IRQ-B

from 1C3 and 1C4) to be disabled.

cessor bus and is always active when-
ever any of the slot's addresses is ref-
erenced.

For interrupt generation, two of the
gates in the 74HCO0 NAND gate
package (IC2b and IC2c in figure 3c)
are used to source base current to a
2N3904 transistor through IN914 or
similar switching diodes (CR! and
CR2). The 2N3904 transistor, in turn,
drives the IRQ pin on the bus, pulling
it low when active. Each interface
adapter has two interrupt outputs,
IRQ-A and IRQ-B. both open-drain.
active-low. Each is held high with a
10-kilohm pull-up resistor (R1 through

R4) and drives an input of a NAND
gate (IC2b and I1C2c).

DIP switches Sla through Slid
enable the user to disconnect the in-
terrupt outputs on the PIAs from the
NAND gates. Any of the four inter-
rupts can be enabled/disabled
through these switches. The choice of
the NPN transistor is not critical. Any
general-purpose NPN transistor will
do. The 2N3904 was selected because
it is easy to find. The collector of the
transistor is tied to the IRQ line on the
microprocessor bus, and the emitter
is connected to ground.

(continued)
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Both interrupt outputs of a PIA are
normally high. This causes the out-
puts of the NAND gates IC2b and
IC2c to be low and keeps transistor
Ql turned off. If a PIA interrupt out-
put goeslow, the output of the NAND
gate driven by it will go high, sourc-
ing base current to transistor Ql,

which turns on, pulling the IRQ line
nearly to ground. This interrupts the
6502 microprocessor (assuming the
interrupt has not been masked). DIP
switches Sla through Sld are pro-
vided so that each interrupt output
can be disconnected, allowing the
corresponding port to be used for

CMOS 555 ASTABLE
OSCILLATOR QUTPUTS
CONVERTER CLOCK AT
NOMINAL 500kHz FOR
RC VALUES SHOWN

UNCONNECTED PIA +5.12V
PORT PINS ARE CONVERTER
CONFIGURED AS cLocK 13
OUTPUTS 1| icm7555 |8
2 7
22 2 2 -—N/C
“cs1 PAO 31 a00 A e ~500kHz[ 4 -
2ics2 a1 2——2 oo B 10 A B
_ = N/
2REsET  Pazt 21 poo ¢ R1S
25 5 IC1 24K
L3ENABLE  PA3P—
36 6 ADC0809 ‘
RSO PAs |— A/D CONVERTER
2B1krs PAs | 61 START CONVERSION Cl—z .
+5.12V 56pF
2w 8 22 | ADDRESS LATCH 26
R/W PA6 ENABLE INO ===
23153 Y] E 21 ouTPuT ENABLE 1 R |
Ic2 28
6821 10 17 = N2 =
Al PBO LsB 1
pa1 k2 14 IN3[—\o0-512v
33 - ING 2 INPUTS
33150 ppzl12 15 =
32}, g 3 INs 2= |  THE USE oF A 5.2-voLT
=P PB3 DATA 4 POWER SUPPLY ALLOWS
35, 4 18 ouT IN6 [— |  RATIOMETRIC CONVER-
30 ) w7 15—] SIONS WITH 256 STEPS
—03 pas 23 19 Z OF 0.02 VOLT.
2240, 16 20
= Poe 512V
— s +b
D5 N b 2 o) o
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caz 2= . =
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9
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Figure 4: An ADCO809 A/D converter with dual PIA interface.
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Figure 5: Using an optoisolator to interface to the A port of a PIA.
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polled 1/0 with a control-register bit
for a flag.

INTERFACES FOR THE PIA CARD
Figure 4 shows an ADC0809 8-chan-
nel, 8-bit A/D converter (ICl) inter-
faced to the PIA card. Connection be-
tween the boards is through 40-con-
ductor ribbon cable with an appropri-
ate connector at each end. Typically,
a 40-pin edge-card or header-socket
connector would be used.

The PIA card and the external card
are connected so that the control pins
of the converter, ALE (address latch
enable), START CONVERSION, and
the address inputs (ADD A. ADD B,
and ADD C) are driven by the A port
of one of the PIAs. The guaranteed in-
put threshold for a high for the
ADC0809 is 1% V below the positive
supply. With the converter operating
at 5 V or somewhat higher (e.g.
5.12V, for ratiometric conversions),
the B port pins aren't guaranteed to
reach that minimum, 3.5-3.62 V. with-
out pull-ups.

The eight data outputs of the con-
verter are therefore connected with
the 6821 port B. The PIA's A port, with
its built-in pull-ups, easily meets the
threshold minimums of the converter.
Figure 5 shows how the A port of a
PIA. with its built-in pull-ups (RA
shown in figure), can be used with op-
tical couplers as an isolated input port
with up to ten 1-bit inputs (PAO-PA7,
CAl, and CA2).

The diagram shows an unbiased
phototransistor (Ql) and an LED
(CRI). They can be separate com-
ponents, as pictured, ,or combined
into one of the commercially available
isolator packages like the 4N26 or
4N28. This arrangement can be used
to sense switch openings or closings
and to monitor low-speed events in
circuits with incompatible voltage
levels.

The “switch” could be window foil
in a security system, or it could be
another phototransistor, illuminated
by its own LED, that is part of an in-
trusion alarm system.

You'll find a number of additional
uses for this type of interface. The
current-sourcing capability of the B
port could be used to drive NPN tran-
sistors, which in turn could drive



CIRCUIT CELLAR

relays or solenoids. Specialized relay
drivers, like the NE5090, could be
driven by either port, although the
built-in pull-ups of the A port could
guarantee that no relays would be ac-
tive on start-up.

CONCLUSIONS

Knowing the difference between a PIA
and an IIA might not be earthshaking
news, but there will be that trivia
question someday that only you can
answer. Discussing basic electronics
might seem redundant to many of
you, considering the usual Circuit
Cellar fare, but I do get a lot of inter-
facing questions. Perhaps this article
will help answer some of them.

I haven't spent the summer need-
lessly proving E=IR, however, and it
will be back to the snowy blizzards of
the past this fall.

CIRCUIT CELLAR FEEDBACK
This month's feedback begins on
page 54.

NEXT MONTH
Build the Circuit Cellar data encryp-
tor. m

Special thanks to Frank Kuechmann for his
contributions to this article. JDR Microdevices
provides the chips mentioned in this and many
previous Circuit Cellar projects.

There is an on-line Circuit Cellar bulletin
board system that supports past and pres-
ent projects. You are invited to call and ex-
change ideas and comments with other Cir-
cuit Cellar supporters. The 300/1200/2400-
bps BBS is on-line 24 hours a day at (203)
871-1988.

Editor’s note: Steve often refers to previous
Circuit Cellar articles. Most of these past ar-
ticles are available in book form from BYTE
Books, McGraw-Hill Book Co., PO. Box 400.
Hightstown, NJ 08250.

Ciarcia's Circuit Cellar, Volume [, covers articles
in BYTE from September 1977 through
November 1978. Volume 1l covers December
1978 through June 1980. Volume 111 covers july
1980 through December 1981. Volume 1V
covers January 1982 through June 1983.
\olume V covers July 1983 through December
1984.

Attention all FX80, FX100,]JX, & RX ownets:

You already own half of
a great prmter

Now for $79.95 you can
own the rest. You see,
today’s new dot matrix
printers offer a lot more.

Like an NLQ mode that
makes their letters print
almost as sharp as a daisy

in over 160 styles. But now,
a Dots-Perfect upgrade kit
can make your printer work
like the new models in
minutes. At a fraction of
their cost.

Call now and use your Visa
wheel. And font switching or Master Card. Don't replace
at the touch of a button — your printer, upgrade it!

1-800-368-7737

In California: 1-800-831-9772
8 (Dots-Perfect) =% O
#&Dresselhaus

837E. Alosta Ave, Glendora, CA 91740 Tel: (818) 914-5831
An upgrade kit for EPSON FX, JX and RX printers

1L
1" EPSON s a trademark of
EPSON America, Inc.

To be included on the Circuit Cellar mail-
ing list and receive periodic project up-
dates and support materials, please cir-
cle 100 on the Reader Service inquiry

card at the back of the magazine.

KE YS CAN TALK TOO?!

Function-Kease™ make your
keyboard talk at a glance.

_ Function-Kease™ for:

1-2-3 Wordstar
MS-DOS Symphony
Framework dBase Il
Crosstalk Pfs: Write

Microsoft Word
IBM Filing/Reporting Asst.

IBM-PC, XT, AT
Compagq
Epson

pple lle

Shurp PC-7000

Function-Kease™ are solid
plastic keycovers molded to fit
your computer.

$19.95

When Ordering specify software
and computer model. Check,
Visa, Mastercard and approved
POs are accepted.

Custom and dealer inquiries
welcome.

Pictured is example of Function-Kease™ for 1-2-3.

Synclronics
4901 Morena Boulevard, Suite 302

San Diego, California 92117
619 692-0695

Inquiry 287 for End-Users.
Inquiry 288 for DEALERS ONLY.
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1 purpose hardware Intel/IBM/Microsoft®
to make those teams Network File Access
more productive. protocols.
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PART 2: SOFTWARE SUPPORT

THE DEFINICON 68020
COPROCESSOR

Software to give you
32-bit capabilities
in a 16-bit machine

Editor's note: This is part 2 of a two-part ar-
ticle describing Definicon Systems lnc!s
DSI1-020 coprocessor board for IBM XT,
AT, and work-alikes. Part 1 (July BYTE)
described the hardware and operating system
kernel. Part 2 will focus on the software
available for the board. For full information
on the Motorola 68020 CPU chip. see “"The
MC68020 32-bit Microprocessor” by Paul
F. Groepler and James Kennedy (November
1984 BYTE).

ast month we presented the
schematics and hardware
theory of operation for the
DSI-020 coprocessor. Hard-
ware, however, doesn't function too
well without software tools; so this
month, after looking at the remaining
hardware topics, we'lll discuss the
available software support.

EFFECTIVENESS OF THE 68020’s
INSTRUCTION CACHE

A jumper has been provided so that
the internal instruction cache memory
of the 68020 can be manually dis-
abled. Running a program with and
without this jumper quickly demon-
strates how effective an instruction
cache can be.

Listing 1: Memory test program.
ORG $00004000
;set to 4030 if test on longword boundary
TSTORG EQU $00004032
éTART: MOVE.L #RWADDR,AQ
MOVE.L #$5555AAAA,D0
BEGIN: CLR.L D1
LOOP: MOVE.L DO,(A®) ;data memory access
CMP.L  (AQ),DO ;data memory access
BNE.L ERROR
SUBQ #1,D1
BNE.L LOOP
BRA.L BEGIN
ERROR: STOP  #0
' ORG TSTORG
RWADDR: DC.L  ©
END
]
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On short programs, such as the
memory test in listing 1, the speed ad-
vantage with the cache is about 40
percent. The reason for this enhance-
ment becomes evident if the scope
photograph of the bus activity with
the cache on (photo 1) is compared
to that with the cache off (photo 2).
Both photos were taken of the 68020
AS address strobe with a time base
of 1 microsecond per centimeter. A
high level on the AS signal indicates
no bus activity. If the AS signal is low
for 75 percent of the total time, the
bus is fully utilized. Note that bus ac-
cess occurs only during instructions
that actually reference data memory
when the cache is on, while the bus
has to also supply all the program
code fetches when the cache is off.

By comparison, on floating-point-
intensive programs, such as the Whet-
stone benchmark, the difference is
only a few percent. When the number
of CPU wait states is increased (for
slow memory) the speed enhance-
ment due to the cachebecomes even
greater. If you wish to investigate this
phenomenon further, pullthe 2WAITS
input of the DSACK20 PAL low to
simulate the effect of having slower
memory on the system. The program
execution in photo 1 was optimized
in that the data fetches are aligned on
a long-word boundary, while in photo
3 data fetches are not aligned on a
long-word boundary, and thus two
16-bit fetches are required for each
32-bit access. In photo 2 (cache off)
you can clearly see the execution of
each instruction. Note that the two
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CMPL (A0),D0 BNE.L LOOP

MOVE.L DO,(A0)

(target not L aligned)

SuUBQ #1,Dt

BNE.L ERROR
(target not L aligned)

CMPL (A0),DO

MOVE.L DO,(A0)

Photo 1: The two fetches referencing data locations are Photo 2: With the cache disabled, all data fetches are seen
displayed. All op-code fetching is from the cache. on the scope. Note that two fetches occur for each

of the conditional branches to non-long-word-aligned addresses.

conditional branches reference non-
long-word-aligned targets and require
two cycles.

THE EEPROM CONTAINING THE
DSI-020 SERIAL NUMBER
To get some of the larger software
houses to port their products to the
DSI-020, we had to provide a means
to ensure that the software was in-
deed running on the board for which
it was sold. The on-board 9306 COPS
EEPROM can be interrogated by the
kernel using function 3 3. It will return
the serial number as a 32-bit integer.
The most significant byte of the serial
(continued)
Trevor Marshall, Christopher Jones. and Sigi
Kluger are engineers with Definicon Systems
Inc. They can be contacted at 31324 Via Col-
inas #108/9, Westlake Village. CA 91362.

Photo 3: This photo shows two memory fetches for each

of the data locations due to the data not being aligned

on a long-word boundary. \nstead of fetching 32 bits of data,
two 16-bit transfers are executed.
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The kernel software,

a simple assembler, a

linker, and a debugger
are bundled with
the DSI-020 hardware.

number carries information about the
hardware revision level.

Some bytes of this EEPROM are
available for storing software
parameters (such as passwords).

OPERATING SYSTEM
The basic operating system for pro-
gramming or operating the DSI-020 is
MS-DOS, and all communication be-
tween the user program and the MS-
DOS host occurs via the 68020 TRAP
#14 instruction. Parameters are
transferred in registers. Data registers
are used for values, address registers
for pointers. All functions save only
the registers they use, but data regis-
ters used to pass values may return
with their contents altered. Abnormal
conditions, such as trying to execute
an invalid instruction. division by zero,
attempts to use privileged instruc-
tions, or undefined function calls, will
cause an error message on the host's
console and immediate termination
to MS-DOS or the debugger.

On entry to a program the kernel
sets up the stack at the top of RAM
and preloads the following registers:

AO.L program entry point (4000
hexadecimal)

AlL start of heap

A2.L top of heap/bottom of stack

4(A7)
8(A7)

ARGV pointer
ARGC

ARGC is the count of command-line
arguments that were used when the
program was invoked. ARGV points to
a list of ARGC pointers that address
the command-line arguments, saved
as ASCIIZ strings (zero-terminated
ASCII strings).

For HEX or IMAGE programs the
entry point must be 4000 (hexadeci-
mal). The remainder of your program
can be located anywhere in the user
program space. Files in DSI-LINK for-
mat (.E20) may be located at any ad-
dress above 3FFF

You can stop the program either by
executing a TERMINATE service re-
quest (function 15) or by returning to
the kernel using the RTS instruction.
The TERMINATE service request
always returns 00, while RTS supplies
a value in DO.B to MS-DOS as return
code. Since the return code may be
tested in a conditional MS-DOS batch
stream, the RTS method is preferred,
provided you can maintain the stack
integrity.

Your program may set up its own
stack pointer, which can be located
anywhere within the user program
space. Alternately, you can use the
system-provided default stack space
allocated to start at the end of RAM
and grow downward.

The interface kernel uses only 16K
bytes of the 68020's address space,
allowing your application to use
almost the full megabyte of available
RAM. Table 1 shows the memory map
utilization. Note that the 68020 uses
the first 400 hexadecimal bytes for its
trap vector locations, and the rest of
the address space to 4000 hexadeci-
mal is used for disk buffers and the
kernel code itself. After a pro-

68020 address space.

00000400-00003FFF used by the kernel

O00F7FEO3
00F00000

Table 1: Memory map of the DSI-020. The DSI-020 decodes 16 megabytes of

00000000-000003FF reserved for 68020 reset and trap vectors

00004000-000FFFFF user program RAM space

user default stack grows down from top of RAM
. 2681 DUART base address

addresses the VEC20 PAL

reads EEPROM and RS-232C channel B signals
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grammed or power-on reset, the
68020 picks up its initial stack pointer
from address 0 and its initial program
counter value from address 4. This
value points to the 2010 kernel code,
which loads your program from the
disk, relocates it to 4000. places the
stack at the top of RAM. points
HEAPLOW at the top of the program
code, and begins execution.

The kernel software, a simplified
assembler, a linker, and an assembly-
level debugger are bundled with the
DSI-020 coprocessor hardware. The
simple assembler supports all the
68000 op codes, plusthe 68881 float-
ing-point instructions. However, many
of the newer 68020 addressing
modes are not supported. In addition,
the syntax of those newer addressing
modes that are supported follow the
68000, rather than the 68020, con-
ventions. The debugger provides facil-
ities similar to those of DOS's Debug
or CP/M's DDT within the 68020
environment.

The kernel can load and execute
disk files that have been created using
Motorola S record format, absolute
image format, or the DSI-020 linker.
Programs created in S record or im-
age format must load and begin ex-
ecution at 04000 hexadecimal.

PROGRAMMING THE 68020
KERNEL IN ASSEMBLY LANGUAGE
Listing 2 contains a short program (in
simplified 68020 assembly language)
that takes an MS-DOS ASClI file of any
length and types it on the console.
Note that the program uses the (pre-
ferred) UNIX-like 1/O functions 5. 8,
and 9 to access the DOS file system.
On entry from the kernel the stack is
already initialized and pointers to the
command-line parameters have been
placed on it. The filename you give is
opened for reading using function 5.
The kernel returns a “handle” used to
identify this file on subsequent ac-
cesses. A multibyte read command
(80000 hexadecimal bytes) is ex-
ecuted. The return code, which is zero
(if nothing has been read) or the ac-
tual number of bytes read. is ex-
amined. If it is zero, the program ter-
minates. Otherwise, the number of
bytes actually read are written to the
(continued)
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Listing 2: Program to type an MS-DOS file on the console. Note the calls to the DSI-020 kernel for file /O and the
alternate console 1/O method for the error message.

;THIS PROGRAM TYPES A FILE ON THE CONSOLE USING THE DSI-020 CARD
;USE: LOAD TYPE FILENAME

ORG

ENTRY:

MOVE.L
MOVE.L
MOVE.L
CMPI.W
BEQ.B
MOVEQ
MOVEQ
MOVE.L

TRAP

CLR.B

RTS

OKAY :

MOVEQ
MOVEQ

TRAP

CMPI.W
BEQ.W

MOVE . W
MOVE. L
MOVE . W
MOVEQ

MOVE.L

LOOP:

TRAP

CMPI.L
BNE.B

RTS

RDOK :

MOVE .L
MOVE.L
MOVEQ
MOVE.L
MOVEQ

TRAP

BRA.B

NOTOPN:

MOVEQ
MOVEQ
MOVE.L

TRAP

RTS

MESS1: DC.
DC.
DC.
DC.

MESS2: DC.

DC

HANDLE : DC.
BYTES: DC.

BUFFER: DC

W rE ¥ EEEE

END

$00004000
8§A7;,DG
4(A7),A1
4(A1),A0
#2,00
OKAY
#1,00
#9,01
#MESS1, A0

#14
Do

#0,D1

#5,D0

#14
#$FFFF, DO
NOTOPN

DO, (HANDLE)
#BUFFER, AQ
(HANDLE),D1
#8,00
#$80000,D2
#14

#0,00

RDOK

DO, (BYTES)
#BUFFER, AQ
#1,D1
(BYTES),D2
#9,00

#14

LooP

#1,00
#9,D1
#MESS2, AQ
#14

$0DoA

'USE: LOAD TYPE

$0D0A
l$l

$0D0A

“e ws we we wE wE WE ve Wi we we ws we wE

wr e we wo we we we

FI

GET ARGC PASSED BY KERNEL INIT
GET *ARGV

GET POINTER TO ARGV[1]
DO WE HAVE AN ARG?

YES, GO ON

ELSE SET BDOS REQUEST
FUNCTION 9

ERROR MESSAGE TO PRINT
DO IT

CLEAR ERROR RETURN CODE
RETURN TO MSDOS

@ IN D! MEANS OPEN FOR READ
FUNCTION § = OPEN FILE

GET MSDOS TO DO IT

ERROR RETURN CODE?

YES, GO FUSS ABOUT IT

ELSE SAVE THE FILE’S HANDLE
STORE BUFFER POINTER

GET FILE HANDLE AGAIN

READ FILE REQUEST

READ UP TO 524288 bytes

DO IT

END OF FILE ENCOUNTERED?

IF NOT GO DISPLAY WHAT WE HAVE
ELSE JUST RETURN TO MSDOS

STORE # OF BYTES READ

SET UP BUFFER PTR

WILL WRITE TO STDOUT

# OF BYTES

WRITE FILE REQUEST

SEND BYTES AND IGNORE RET CODE
SINCE STDOUT SHOULD EXIST

TELL THE OPERATOR HE
BLEW IT
AND HAD BETTER LEARN TO SPELL

; THEN LET DOS MAKE HIM TRY AGAIN

CARRIAGE RETURN AND LINE FEED
LENAME’

; TERMINATES THE DOS OUTPUT STRING

*CANNOT OPEN FILE’,$0DRA,'$’

(%]
0

0 H

USED TO HOLD THE FILE HANDLE RETURNED BY DOS

; THE NUMBER OF BYTES WE ACTUALLY READ
BUFFER START, ENDS AT THE TOP OF RAM
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It is possible to

code specialized

multitasking software
using the 2681
DUART timer.

console by addressing it as stdout,
and the read operation is repeated.
The second read attempt after read-
ing the whole file will, of course, cause
the program to terminate. Thus, you
can display a file of any size up to the
disk or operating system limits.

The error message handler, how-
ever, uses the alternate console 1/O
method. Function 1 (BDOS call) is
used to send an MS-DOS interrupt
21H to the host with AH = 9. Refer-
ence to a DOS manual will show that
this causes MS-DOS to output the in-
dicated string until a $ character is
reached. Although this technique is
often simpler for an experienced pro-
grammer, you should not attempt it
if you are unfamiliar with MS-DOS
assembly language programming.
One of the pitfalls of this method is
that some DOS functions require a
buffer to be placed in 8086 memory

to receive the data (this is the func-
tion of system calls 23 and 24).

MULTITASKING

The structure of the DSI-020 kernel
makes it possible, but difficult, to write
specialized multitasking software
using the interrupt-driven timer in the
2681 DUART. Most programming ap-
plications typically require tasks such
as target program execution, editing,
and printing to be concurrent. This
allows you to set up an execution task,
the source code, and a link map in
windows on the display. Because the
host MS-DOS kernel is not reentrant
and the editor and typing functions
are usually performed in the host en-
vironment, a multitasking host DOS
will be necessary. We have found that
Concurrent DOS (Digital Research.
Pacific Grove, CA), which offers four
concurrent tasks windowed onto the
display. comes closest to the ideal en-
vironment. Unfortunately, it is not MS-
DOS and so is not 100 percent com-
patible. It also requires significant user
familiarization before all its features
become usable.

Other multitasking systems that
work fine with the DSI-020 include
DoubleDOS (SoftLogic Solutions,
Manchester, NH), Microsoft Windows,
and TopView (IBM). Note that early
versions of Windows did not allow a
background task to remain active.

DoubleDOS is by far the least expen-
sive solution, and although it offers
only two tasks plus a print spooler.
this is often as many activities as you
can concentrate on anyway!

With such a multitasking environ-
ment you can operate the DSI-020 as
an array processor. An application
can be set up in the DSI-020 to, for
example, invert some large matrices.
You can switch the DSI-020 to a back-
ground task and pass parameters to
it from a foreground program running
on the host computer. It is our ex-
perience, however, that this approach
is seldom worthwhile. This multipro-
cessor approach rarely gives equiva-
lent performance to having the entire
software package running on the
32-bit processor itself. If it is
necessary for you to examine the re-
sults using a package such as dBASE.
the results can be easily passed to the
8086 in a disk file.

SOFTWARE DEVELOPMENT
ToOoLS

Two sets of commercial compilers are
available for the DSI-020. In addition,
Definicon has ported Gordon
Brandley’s 68000 version of the public
domain Palo Alto Tiny BASIC inter-
preter and a minimal 8080 emulator
that can run CP/M-80 software. Tiny
BASIC provides the minimal environ-
ment to experiment with the 68020,

quality and service.

PROMPRO-8X™Model Il

A stand-alone programmer starting at $895.00 can
put you in business to program EE/EPROMs PAL/
PLDs,* Single Chip micros,* and Bipolar PROMs,*

+ EPROM IN-CIRCUIT EMULATION* capability that
can speed up your development time considerably
and an RS-232 communications port that lets you
integrate it with your IBM PC as a total firmware and
Logic development station.

All from a company with an excellent reputation for
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and its performance in no way com-
pares with that of the other DSI-020
software.

All of the specialized compilers are
fully optimizing compilers that pro-
duce compact and efficient code. As-
sembly language modules, written
using the bundled simple assembler,
can be interlinked with the code from
any of these compilers.

It should be noted that all of these
compilers produce object code direct-
ly. In order to see the efficiency of the
code being generated you must use
a disassembler or Definicon’s assem-
bly-level debugger.

Silicon Valley Software (Cupertino.
CA) has ported its FORTRAN, Pascal,
C. and BASIC to the DSI-020. SVS
compilers are currently sold (at much
higher prices) by most major worksta-
tion manufacturers. The linker and as-
sembler were written by SVS. In ad-
dition, Lattice Logic Ltd. (Edinburgh,
Scotland) has provided ports of its op-
timizing Pascal and C compilers for
the DSI-020.

The SVS FORTRAN is a 68020 ver-
sion of the company’s fully validated
ANSI-77 FORTRAN. It also includes a
number of the more common exten-
sions.

The SVS Pascal is an ANSI Level 0
Pascal enhanced with a number of ex-
tensions predominantly derived from
the UCSD system, including string

Table 2: Comparison of the LINPAK results with two versions of the DSI-020.
an IBM RT PC Model 20. and a VAX-11/780. All machines have floating-
point hardware or math coprocessors. VAX-11/780 LINPAK values courtesy

Argonne National Laboratories.

Double-Precision LINPAK

Performance is quoted in terms of total time taken, in seconds.
DSH020 (16.7 MH2)

DSI-020 (120 MHz)

100 738

IBM RT PC
191

VAX-11/780
496

handling and the ability to compile
code modules separately. Thirty-two-
bit integers and both single- and
double-precision floating-point data
types are supported.

LLL Pascal is a 68020 version of Lat-
tice's fully BSI (British Standards In-
stitute) certified compilers, which
comply with the standard for ANSI
Level | Pascal with conformant arrays.
The BSI uses the identical standards
required by the FSTC (Federal Soft-
ware Test Center). ANSI Pascal does
not support the string data type
directly. Strings may, however, be pro-
grammed using conformant arrays.

The SVS BASIC interpreter follows
the DEC BASIC Plus language defini-
tion. SVS will support this interpreter
only by paying prompt attention to
any bugs that may be reported. It will
not be enhanced from its current
capabilities.

Both SVS C and LLL C are full Ker-

nighan and Ritchie definitions as ex-
tended by the UNIX environment. The
compatibility of the SVS compiler is
sufficient to allow the entire UNIX
System V source kernel to be com-
piled without error.

Definicon has ported the BASIC-to-
C converter from Living Software
(Milton Keynes, Great Britain) to the
DSI-020. This converter takes Micro-
soft (IBM) BASIC and converts it to a
form that can be compiled using
either C compiler. The BASIC run-time
functions are implemented for the
68020. This converter provides pro-
grammers with the fastest possible
environment to execute BASIC code.
It is not. however. an interpreter.
Microsoft BASIC (on the host PC)
should be used to debug the program
before attempting to convert and run
it using the 68020.

Assembly language software devel-

(continued)
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opment has been supported by
Quelo Inc. (Seattle. WA). Quelo has
written a complete software develop-
ment package that enables you to
directly bootstrap a 68020 product.
The DSI-020 itself is testimony to the
effectiveness of Quelo software.
Quelo is offering a specially priced
subset of its complete package to
BYTE readers, consisting of an assem-
bler, macro preprocessor, and symbol

report generator. In addition it is pro-
viding LTXCON, a converter to allow
modules compiled using Quelo tools
to link and run on the DSI-020.
Quelo's assembler package is iden-
tical in capability to Motorola's Macro
Assembler. It implements complete-
ly all the 68020 instructions and ad-
dressing modes. The assembler
creates standard S record output files
in addition to the relocatable output

Sidelalk

It minds the phone while you do your work

No more interruptions! Because now SideTalk can trans-
fer your files or receive your mail while you're using your
computer for other important matters. And SideTalk is
programmable with its own BASIC-like language. What'’s
more, you're never more than a keystroke away from all

of the power of SideTalk.

When we say SideTalk is the best telecommunications
program on the market, we’re not just talking out of the

side of our mouth.

<4
e

>
<>O<>

Lattice

To place your order:
Lattice, Incorporated
Post Office Box 3072
Glen Ellyn, Illinois 60138
312-858-7950

TWX 910-291-2190

114 BYTE « AUGUST 1986

Sofiware dos
for T

Lattice

Inquiry 159

format. This package allows program-
mers to develop and test other (dedi-
cated) 68020 systems using the
DSI-020. Although the program's
starting point must be 4000 hexa-
decimal, all of the memory can be
used by a stand-alone program. If the
kernel is overwritten, however, no MS-
DOS support functions will be avail-
able to the user’s program.

Editor's note: For prices of the software men-
tioned in the section above, see part | of this
article (July BYTE) or contact Definicon
Systems.

CONCLUSION
Since the publication of the first part
of this article, we have obtained the
LINPAK benchmark results for the
DSI-020 board. The LINPAK test suite,
from the Argonne National Laborator-
ies, tests the ability of a computer sys-
tem to perform linear arithmetic, that
is. matrix algebra, addition, subtrac-
tion, multiplication, and division.
Specifically, it uses Gauss-jordan
elimination to solve a series of large
matrices. It is written in FORTRAN.
Table 2 gives the double-precision
results obtained with the DSI-020 at
12.0 MHz, the DSI-020 at 16.7 MHz.
the IBM RT PC. and a VAX-11/780.
Note: the CPU frequency for the pro-
duction model DSI-020 is 12.5 MHz,
while the benchmark times are for a
prototype board (12.0 MHz) and a
peak performance version (16.7 MHz).
The DSI-020 is the second 32-bit co-
processor to come from a Definicon
design team. As technology marches
on, it is often hard to stop and look
at where we are and where we are go-
ing. The DSI-020. we believe, repre-
sents the achievement of a goal we
set two years ago: to put VAX-11/780
power on every scientist's desktop.
Reaching that goal. however, is like
shooting at a moving target. Already
Motorola is talking about 25-MHz
68020s, bringing further memory and
peripheral interface problems. It often
seems that engineers are good at
creating more work for themselves.
Let's hope that while we press on with
faster and faster technologies, the
tools we leave behind get into the
hands of the applications program-
mers who can put them to good
use. m



ILLUSTRATED BY DAVE RIDLEY

BY C. A. R. HOARE

MATHEMATICS

OF

PROGRAMMING

Mathematical laws help

programmers control
the complexity of tasks

Editor's note: This article contains the text of
the speech given by Tony Hoare at the Boston
Computer Museum on the occasion of BYTE's
10th Anniversary celebration. For practical
reasons, some of the author's original nota-
tion has been modified slightly.

hold the opinion that the con-
struction of computer pro-
grams is a mathematical activi-
ty like the solution of differen-
tial equations, that programs can be
derived from their specifications
through mathematical insight, calcula-
tion, and proof, using algebraic laws
as simple and elegant as those of
elementary arithmetic. Such methods
of program construction promise
benefits in specifications, systems
software, safety-critical programs,
silicon design, and standards.

PRINCIPLES
To substantiate this opinion, | begin
with four basic principles:

1. Computers are mathematical ma-
chines. Every aspect of their behavior
can be defined with mathematical
precision, and every detail can be
deduced from this definition with
mathematical certainty by the laws of
pure logic.
2. Computer programs are mathemat-
ical expressions. They describe, with
unprecedented precision and in the
most minute detail, the behavior, in-
tended or unintended, of the com-
puter on which they are executed.
3. A programming language is a math-
ematical theory that includes con-
cepts. notations, definitions, axioms,
and theorems. These help a program-
(continued)
Professor C. A. R. Hoare (Oxford University
Computing Laboratory, 8-11 Keble Rd., Ox-
ford OX1 3QD. U.K.) has experience in soft-
ware development in industry and in research
and teaching in universities. He was educated
at Oxford in the classics, philosophy. and
statistics.
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mer develop a program that meets its
specification and prove that it does.
4. Programming is a mathematical ac-
tivity. Like other branches of applied
mathematics and engineering, its suc-
cessful practice requires the deter-
mined and meticulous application of
traditional methods of mathematical
understanding, calculation, and proof.

HOWEVER. . .

These are general philosophical and
moral principles. but all the actual
evidence is against them. Nothing is
as | have described it, neither com-
puters nor programs nor program-
ming languages nor even program-
mers.

1 find digital computers of the pres-
ent day to be very complicated and
rather poorly defined. As a result, it
is usually impractical to reason logi-
cally about their behavior. Some-
times, the only way of finding out
what they will do is by experiment.
Such experiments are certainly not
mathematics. Unfortunately, they are
not even science, because it is impos-
sible to generalize from their results
or to publish them for the benefit of
other scientists.

Many computer programs of the
present day are of inordinate size—
many thousands of pages of closely
printed text. Mathematics has no
tradition of dealing with expressions
on this scale. Normal methods of cal-
culation and proof seem wholly im-
practical to conduct by hand, and 15
years of experience suggest that com-
puter assistance can only make mat-
ters worse.

Programming languages of the pres-
ent day are even more complicated
than the programs you write with
them and the computers on which
they are intended to run. Valiant
research has attempted to formulate

mathematical definitions of these
standard languages. But the size and
complexity of those definitions make
them impractical in deriving useful
theorems or proving relevant prop-
erties of programs.

Finally, many programmers of the
present day have been educated in ig-
norance and fear of mathematics. Of
course, many programmers are math-
ematical graduates who have ac-
quired a good grasp of topology, cal-
culus, and group theory. But it never
seems to occur to them to take advan-
tage of their mathematical skills to
define a programming problem and
search for its solution.

Our present failure to recognize and
use mathematics as the basis for a
programming discipline has a number
of notorious consequences. They are
the same as you would get from a
similar neglect of mathematics in
drawing maps, marine navigation,
bridge building, air-traffic control, and
exploring space. In the older branches
of science and engineering. the rele-
vant physical and mathematical
knowledge is embodied in a number
of equations, formulas, and laws,
many of which are simple enough to
be taught to schoolchildren. The prac-
ticing scientist or engineer will be in-
timately familiar with these laws and
will use them explicitly, or even in-
stinctively, to find solutions to other-
wise intractable problems.

What then are the laws of program-
ming that would help programmers
control the complexity of their tasks?
Many programmers would be hard-
pressed to name a single one.

ARITHMETIC

But the laws of programming are as
simple, as obvious, and as useful as
the laws in any other branch of math-
ematics, for example, elementary

arithmetic. Consider the multiplication
of numbers. Figure | shows some of
the relevant algebraic laws: Multiplica-
tion is associative; its identity (or unit)
is the number I; it has the number O
as its zero (or fixed point); and, final-
ly, it distributes through addition.
Figure 2 gives the defining properties
of an ordering relation (<) like com-
parison of the magnitude of numbers.
Such an order is reflexive, antisym-
metric, and transitive. These laws hold
also for a partial ordering like the in-
clusion relation between sets.

Figure 3 describes the properties of
the least upper bound. or LUB, of an
ordering, denoted bythe cup notation
(U). These laws are equally valid,
whether the LUB is the union of two
sets or the greater of two numbers.
The first law states the fundamental
property that the LUB is an upper
bound on both its operands, and it is
the least of all such bounds. The re-
maining laws are derived from the fun-
damental law by the properties of
ordering. They state that the LUB
operator is idempotent (ie, x U x =
x), symmetric, and associative. Final-
ly, the partial ordering can itself be
defined in terms of LUB.

Figure 4 shows some additional laws
that hold for natural numbers or non-
negative integers. Here, the LUB of
two numbers is simply the greater of
them. If you multiply the greater of x
or y by z, you get the same result as
multiplying both x and y by z and
choosing the greater of the products.
This fact is clearly and conveniently
stated in the laws of distribution of
multiplication through the LUB. An
immediate consequence of these laws
is that multiplication is a monotonic
operator, in the sensethat it preserves
the ordering of its operands. If you
decrease either factor, the product
can only decrease, too, as stated in

XX (yxz)=(xxy xz
il =alex x =¥
xx0=0xx=0
kK+yxz=xx2+(y x2

X X
y&ysx —x =y

X yéy<z—x<z

IAIA 1A

Note: < can be interpreted as “is a
subset of; — denotes “implies”:
& denotes “and.”

xUy)<z-x<1&5y <z
xUx=x

xUy=yUx
xU@Uz=KxUyU?:
x<y-=xUy=y

Note: - denotes “is equivalent to.”

Figure 1: Some algebraic laws relevant
to the multiplication of numbers.

Figure 2: Defining properties of an
ordering relation or a partial ordering.

Figure 3: Properties of the least upper
bound of an ordering.
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the last law of figure 4.

In the arithmetic of natural num-
bers, multiplication does not in
general have an exact inverse. Instead,
we commonly use a quotient opera-
tor—which approximates the true
result from below. It is obtained from
normal integer division by just ignor-
ing the remainder. Thus, the result of
dividing y by nonzero z is the largest
number such that when you multiply
it back by z, the result still does not
exceed y. This fact is clearly stated in
thefirst law of figure 5. The same fact
is stated more simply in the second
law, which I will call the fundamental
law of division.

Other properties of division can be
easily proved from the fundamental
law. For example, the third law of
figure 5 is proved by substituting y
divided by z for x in the first law. The
last law states that division by a prod-
uct is the same as successive division
by its two factors. A proof is given in
figure 6. The proof shows that any w
that is bounded by the left-hand side
of the equation is bounded also by
the right-hand side, and vice versa; it
follows by the properties of partial
ordering that the two sides are equal.
The only laws used in the main part
of the proof are the associativity of
multiplication and the fundamental
law of division, which is used three
times to move a divisor from one side
of the inequality to the other.

PROGRAMS

| have selected these laws to ensure
that computer programs satisfy the
same laws as elementary arithmetic.
I will write programs in a mathemati-
cal notation first introduced by Edsger
W. Dijkstra. Some of the commands
are summarized as follows:

® The SKIP command terminates but

does nothing else. In particular, it
leaves the values of all variables un-
changed.

® The ABORT command is at the
other extreme. It may do anything
whatsoever, or it may fail to do any-
thing whatsoever. In particular, it may
fail to terminate. A computer that has
“gone wrong” or a program that has
run wild, perhaps by corrupting its
own code. can behave this way. You
would not want to write an ABORT
command; in fact, you should take
pains to prove that you have not
created such a situation by accident.
In such proofs, and in the general
mathematics of programming, ABORT
plays a valuable role. However much
we dislike it, there is ample empirical
evidence for its existence.

® The sequential composition of two
commands x and y is written (x @ y).
This starts behaving like x. If and when
x terminates, y starts in an initial state
equal to the final state left by x. The
composition (x @ y) terminates when
y terminates but fails to terminate if
either x or y fails to do so.

The basic algebraic laws for sequen-
tial composition are given in figure 7.
The first law of associativity states that
if three commands are combined se-
quentially, it does not matter in which
way they are bracketed. The second
law gives SKIP as the unit of composi-
tion. It states that a command x re-
mains unchanged when it is either
followed or preceded by SKIP. The
third law gives ABORT as a zero for
composition. You cannot recover from
abortion by preceding it or following
it by any other command. These three
algebraic laws for composition are the
same as those for multiplication of
numbers.

The next important feature of pro-
gramming is the conditional. Let b be

a logical expression that in all circum-
stances evaluates to a logical value,
true or false. If x and y are commands,
the notation

x € b ¥y (xifbelsey

denotes the conditional command. If
the logical expression b is true, the
command x is obeyed and y is
omitted. If the result is false, y is
obeyed and x is omitted. This infor-
mal description you will find sum-
marized in the first law of figure 8.

Interpreting the if symbol « and the
else symbol » to be brackets sur-
rounding the logical expression b, the
notation «bh% appears as an infix
operator between two commands x
and y. The reason for this novel nota-
tion is that it simplifies the expression
and use of the relevant algebraic laws.
For example, the conditional « 6% is
idempotent (ie. x €b» x = x) and
associative, and it distributes through
« ¢ » for any logical expression c.
Finally, sequential composition dis-
tributes leftward (but not rightward)
through a conditional.

Figure 9 shows a picture of the con-
ditional as a structured flowchart.
Such pictures are useful in first pre-
senting a new idea and in committing
it to memory. But pictures are quite
unsuitable for expressing algebraic
laws or for mathematical reasoning.
Unfortunately, some problems are so
widespread and so severe that flow-
charts must be recommended and ac-
tually welcomed as their solutions.

Listing I shows the expression of
the structure of a conditional in
BASIC. Programming in BASIC is like
doing arithmetic with roman numer-
als. For simple tasks like addition and
subtraction, roman numerals are
easier than arabic because you do not
first have to learn 100 facts about the

(continued)

x U y = the greater of x and y
kUyxz=xxz Ulyx2
X (xUy=exxUi@xy
wW<yébx<z—wxx<yxz

iffe =m0

y+z=max {x|xxz<y}
X < (Y+2)=(x X 7)<y
(y=2)xz < y
X+=xg=k=+2=+y

Giveny # Oand z # 0
w < x + (yxz)
—w X (yxzg<x
—wXxy xz<x
—~WwXYy<x=+z
—-W < (x+2) =y

Figure 4: Some additional laws for
natural numbers or nonnegative integers.

Figure 5: Properties of division of
natural numbers.

Figure 6: A proof of the last law of
division given in figure 5.
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addition and subtraction of the 10
digits, and you avoid most of the com-
plications of carry and borrow.

The disadvantages of roman nu-
merals become apparent only in
more complex tasks like multiplica-
tion, or worse, division for which the
only known technique is trial and
error. You have to guess the solution,
test it by multiplying it by the divisor
and comparing the dividend. and
make a new guess if you are wrong.
This is the way we teach beginners in
BASIC, but division of roman nu-
merals is much easier because the
fundamental law of division tells you
whether the new guess should be
smaller or greater than the last.

Thankfully. arabic numerals have
displaced roman ones in our schools,
and the effective algorithm for long
division has replaced the roman
method of trial and error with an
orderly process of calculation; when
carefully executed. it leads invariably
to the correct solution. In cases of
doubt, the answer can still be checked
by multiplication; but if this discovers
an error, you do not try to debug the
digits of your answer by trial and
error. You go back over the steps of
the calculation and correct them—or

computer’s desired behavior without
prescribing exactly how that behavior
is to be achieved. A simple example
of an abstract command is the union,
or LUB (x U y). of two commands x
and y which may themselves be
either abstract or concrete. The union
command can be obeyed by obeying
either of its operands. The choice be-
tween them is left open and can be
made later by the programmer, the
compiler, or even by some device in
the computer during program execu-
tion. For this reason, abstract pro-
grams are sometimes called non-
deterministic.

The properties of the union opera-
tor (figure 10) are exactly what you
would expect. A command to do x or
x leaves you no choice but to do x. To
do x or y gives you the same choice
as y or x. And in a choice between

Listing 1: The expression of the
structure of a conditional in BASIC.

410 IF b THEN GO TO 554
411

550 GO TO 593

three alternatives, it does not matter
in what order you choose between
them. Finally, ABORT (as defined
above) is the abstract program that
allows any behavior whatsoever.

Introducing abstraction permits you
to define a useful ordering relation
between concrete and abstract com-
mands. If y is an abstract command
specifying some desired effect, and x
is a concrete command that achieves
this effect, you can say that x satisfies
y and use the notation used here for
a partial order: x < y.

The command x can also be
abstract. If it is, the ordering relation
means that x is the same as y or that
x is more specific, concrete, or deter-
ministic than y. In either case, x meets
the specification y because every
possible execution of x is described
and therefore allowed by y. As stated
in figure [1, the satisfaction relation
is a partial order, and the abstraction
operator is its LUB.

Abstract commands can be com-
bined by all the same operators as
concrete commands. Figure 12 shows
that sequential composition distrib-
utes through abstract choice in both
directions. It follows that composition
is monotonic in both its arguments. In

else you start again. ik fact, all the operators of a program-
ming language are monotonic in this
ABSTRACTION . sense. There are good theoretical
An abstract command is one that 593 REM reasons for this, and there are also
specifies the general properties of a = (continued)
X8 (y7) = (xeyle:z x U y behaves like x or y
SKIP®x = x = x& SKIP xUx=%x
ABORT®x = ABORT = x® ABORT ANy
Note: @ denotes “composition.” xUUz=KxUyU:
x U ABORT = ABORT
Figure 7: The basic algebraic laws for
sequential composition of commands. Figure 10: Properties of the union, or
abstraction. operator.
X y
(xLtrue?y) = x = (y«false »x)

(XLb» x) = x
x€b#ytb»rz) = (x£bPy) Lb»:z
x€b*z

XLbPYLCPD) = (XLbPY) L£cF (xLbP2)

(xtbry) @z = (x®2) £bP (Yo2)

Note: « denotes “if"; » denotes “else.”

|

x<y-xUy=y

~x satisfies specification y

X WX

X<Yy&by<x—x=

rx<Yyby<i—x<
kUy<z—x<:z1&5y<:

Yy
z

Figure 8: The conditional operator.

Figure 9: A picture of the conditional as
a structured flowchart.

Figure 11: The satisfaction relation (<),
a partial order, with the abstraction
operator (U) as its LUB.
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very beneficial consequences for the
practical solution of programming
problems.

REFINEMENT

The task of a programmer can be de-
scribed as a problem in mathematics.
You start with an abstract description
of what you want the computer to do.
carefully checking that it is an ac-
curate description of the right prob-
lem. This is often the most difficult
part of the task and requires the most
powerful tools. So in the specification
y. you should take advantage of the
full range of concepts and notations
of mathematics, including concepts
that cannot be represented on a com-
puter and operations that could not
be implemented in a programming
language.

You must then find some program
x that solves the inequality x < y,
where y is the specification of the pro-
gram. Mathematics provides many
formulas and methods for solving
equations (and inequalities). from
linear and quadratic to differential
and integral. In all cases, the deriva-
tion of a solution can use the full
power of mathematics, but the solu-
tion itself must be expressed as a for-
mula in some more restricted nota-
tion. The same is true in program-
ming, where the eventual solution
must be expressed in the restricted
notations of an implemented concrete
programming language.

The most powerful general method
of solving a complicated problem is
to split it into simpler subproblems,
which can then be solved indepen-
dently. The same method can be ap-
plied again to the subproblems until

they are simple enough to solve
directly by some other more direct
method. In the case of computer pro-
gramming, this is often called top-down
development or stepwise refinement (see
figure 13). You start with the problem
of finding some command x (ex-
pressed in a concrete programming
language) that meets the specification
y (expressed in the abstract language
of mathematics). The first step re-
quires the insight to split this task in-
to two subproblems and the skill to
specify them as abstract programs v
and w. Before proceeding further, you
prove the correctness of your design
so far by showing that the sequential
composition of v and w meets the
original specification y, or more for-
mally, ve w<y.

Now these two subproblems v and
w can be solved sequentially or con-
currently by a single programmer or
by two teams of programmers, ac-
cording to the size of the task. When
both subproblems are solved, you will
have two commands, t and u, ex-
pressed in the restricted notations of
your chosen programming language,
each meeting their respective speci-
fications: t < vand u < w. All that
remains is to deliver their sequential
composition (t @ u) as a solution to the
original problem y. Correctness of the
solution has been established not by
the traditional laborious and ultimate-
ly unsound method of integration
testing and debugging after the com-
ponents have been constructed. but
rather by a mathematical proof, which
was completed on the very first step.,
even before the construction of com-
ponents began.

The validity of the general method

of top-down development depends
on monotonicity of the composition
operator and transitivity of the ab-
straction ordering. The method can
therefore be applied to any other
operator of a concrete programming
language. It has been treated at length
in many learned articles and books.
A characteristic of the simplifying
power of mathematics is that the
whole method can be described, to-
gether with a proof of its validity,
within the seven lines of figure 13.

| have drawn an analogy between
the multiplication of natural numbers
and the sequential composition of
commands in programming. This
analogy extends even to division. As
with division of natural numbers, the
quotient of two commands is not an
exact inverse. However, it is uniquely
defined by the same fundamental law,
as shown in figure 14. The quotient of
y divided by z is the most abstract
specification of a program x, which,
when followed by z, is sure to meet
the specification y. As a consequence,
the quotient itself, when followed by
z, meets the original specification.
And. finally, when the divisor is the
composition of two commands, you
can calculate the quotient by succes-
sively dividing by these two com-
mands in the reverse order. Since the
composition of commands is not sym-
metric, the reversal of order is impor-
tant here.

In factoring large numbers, division
saves a lot of effort: You only have to
guess one of the factors and obtain
the other one by calculation. The divi-
sion of commands offers the same ad-
vantages in the factorization of pro-

(continued)

xUyez= (xoz) U (yoz)
zo(x Uy =(zox U (zoy)
W<ybx<z—wex<yoz

Problem: find x such that x < y
Step I: find vw such that vew < y
Step 2a: find t such that t < v
Step 2b: find u such that u < w
Step 3: deliver teu
Proof: teu < vew
Steu <<y

® is monotonic
< is transitive

ko) < y—-x<(y=+72
y+-zez <y

x+yez =x+2 vy

Figure 12: Sequential composition of
commands distributes through abstract
choice in both directions.

Figure 13: Top-down development or
stepwise refinement.

Figure 14: The fundamental law of the
quotient of commands. Like the division of
natural numbers, the quotient of two
commands is not an exact inverse of their
multiplication. '
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MATHEMATICS

gramming problems. In refinement, it
replaces the guesswork required in
discovering two simpler subtasks by
“the discovery of only the second of
them, as shown in figure 5. Further-
more, the proof obligation in step |
of figure 15 has been eliminated. It is
replaced by a formal calculation of
the weakest specification that must be
met by the first operand of the com-
position. Reducing guesswork and
proof to calculation is how mathema-
ticians simplify their own tasks, as well
as those of users of mathematics—
the scientist, the engineer, and now
the programmer.

The quotient operator for com-
mands was discovered in a slightly re-
stricted form by Dijkstra, who called
it the weakest precondition (see ref-
erence 1). It is one of the most effec-
tive known methods for the design
and development of correct algo-
rithms, as shown in numerous ex-
amples by David Gries in reference 2.

PROGRAM MAINTENANCE
In my description of the task of a pro-
grammer, | have concentrated on the
more glamorous part of that task:
specifying, designing, and writing new
programs. But a significant portion of
a programmer’'s professional life is
spent making changes to old pro-
grams. Some of these changes are
necessitated by the discovery of
errors, some by changes in the speci-
fication of the program's desired
behavior. The program and the speci-
fication may be so large that it is not
practical to write a new program from
scratch; when only a small part of the
specification is changed, you hope
that only a small part of the program
will need changing to meet it.

Of course, such a hope is not always

justified. Consider again the analogy
of the division of numbers. A small
change in the least significant digits
of the dividend results in a small
change in the least significant digits
of the quotient and can be achieved
by a small amount of recalculation.
But a small change in the most signif-
icant digit of either operand requires
that you start the calculation again,
leading to a completely different
result. In the case of programs, it is
often difficult to know which small
changes in a large specification will re-
quire major changes to the program.
It is, therefore, most important for
the original programmer to decide
which parts of a specification are
most likely to be changed and to
structure the program design so that
a change to one part of the specifica-
tion requires a change to only one
part of the program. The programmer
should then document the program
with instructions on how to carry out
the change. This too can be done in
a rigorous mathematical fashion (see
figure 16). Let y be that part of a com-
plete specification g(y) that is liable to
change. Let x be that command in a
big program f(x) that is designed to
change when y changes. The problem
now is to change x to x' so that f(x')
meets the changed specification g(y').
The problem of program mainte-
nance is most easily solved when the
structure of the program f is the same
as the structure of the specification g;
in this case, it will be sufficient to en-
sure that the modified component
meets the modified specification.
However, it is not always possible to
preserve the structure of a specifica-
tion in the design of a program. A
specification is often most clearly
structured with the aid of logical oper-

Problem: find x such that x < y

Step I: choose suitable z

Step 2a: find t such thatt < y + z

Step 2b: find u such that u < z

Step 3: deliver teu

Proof: teu < (y + zy®z @ is monotonic
y+208z <y property of +
Lteu <y < is transitive

Given: f(x) < gly)
Problem: find x' such that f(x) < g(u)

Case I: f=g9g
solve ¥ < '
Case 2: f has approximate inverse [

solve x' < f*(g(y)

Figure 15: A simplification of figure 13,
using division of commands.

Figure 16: Mathematical treatment of
program maintenance.
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ators like negation and conjunction,
which are not generally available in an
implemented programming language.
Nevertheless, mathematics can often
help. Sometimes, the program f has
an approximate inverse (f™*). defined
in the same way as for the quotient;
it is then possible to calculate the
proof obligation of the modified pro-
gram as x < f™(g(y").

IN REALITY
| must inject a note of realism into my
mathematical speculations. Many
operators of a programming language
do not have suitable approximate in-
verses, and even if they do. their cal-
culation is impossibly cumbersome.
Would you like to calculate the inverse
of f, when f is a million lines of FOR-
TRAN code? The problem of the size
of mathematical formulas is exactly
the same problem that limits the use
of mathematics in other branches of
science and engineering. Many scien-
tists believe as fervently as | do in the
principle that the whole of nature is
governed by mathematical laws of
great simplicity and elegance, and
brilliant scientists have discovered
many laws that accurately predict the
results of experiments conducted in
a rigorously controlled laboratory en-
vironment. But when the engineer
tries to apply the same laws in prac-
tice, the number of uncontrollable
variables is so much greater than in
the laboratory that a full calculation
of the consequences of each design
decision is hopelessly impractical. As
aresult, the engineer uses experience
and understanding to formulate and
apply various rules of thumb, and
uses flair and judgment to supple-
ment (though never to replace) the
relevant mathematical calculations.
Experienced programmers have de-
veloped a similar intuitive understand-
ing of the behavior of computer pro-
grams, many of which are now re-
markably sophisticated and reliable.
Nevertheless, | would suggest that the
skills of our best programmers will be
even more productive and effective
when exercised within the framework
of understanding and applying the
relevant mathematics. The mathe-
matics has been demonstrated on
(continued)
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small examples, as it were, in the lab-
oratory. The time has come to start
the process of scaling up to an in-
dustrial environment. At Oxford Uni-
versity, we have a number of col-
laborative projects with industry to
attempt this technology transfer.
Preliminary indications are quite
promising, both for advances in
theory and for benefits in practice.

But it will be no easier to change the
working habits of programmers than
those of any other profession. I quote
from Lord Hailsham, the British
minister in charge of our judicial sys-
tem (see reference 3). He is conduct-
ing a review on the improvement of
judicial practices in the legal profes-
sion. He first lists the faults of our cur-
rent system, including delay, complex-
ity, and obscurity. He continues: "A
change in working methods is of
course immensely difficult. Habit, in-
terest, training all militate in favour of
the status quo. People must be per-
suaded, taught, if necessary possibly
even leaned on—or at least assisted.”

Pilot schemes may be necessary to
test new methods. They may be un-
popular, "but if the alternative is to let
all cases to continue subject to the
anomalies of a malfunctioning system,
we may have to contemplate unprec-
edented arrangements to allow new
methods to be tested”

Changes in professional practice will
be just as difficult for programmers as
they are for lawyers and judges. They
will occur first in the areas of greatest
necessity, where the lack of mathe-
matical precision leads to the heaviest
costs. In particular, I suggest five such
areas: specifications, systems soft-
ware, standards, silicon structures, and
safety.

SPECIFICATIONS
In the initial specification and design
of a large-scale software product, the
use of mathematics has been found
to clarify design concepts and enable
you to explore a wide variety of op-
tions at a time when less successful
alternatives can be cheaply discarded.
As a result, the final agreed-upon
specification may enjoy that simplici-
ty and conceptual integrity that char-
acterizes the highest quality in design.
{continued)
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MATHEMATICS

Furthermore, user's manuals, tutorials,
and guides that are based on mathe-
matical specifications can be better
structured, more complete, and more
comprehensible, even to users who
have no knowledge of the underlying
mathematics. This promises to
mitigate the greatest single cause of
error, inconvenience, and customer
frustration in the use of sophisti-
cated "software products, that is,
failure to read and understand the
user's manual.

SYSTEMS SOFTWARE

A computer's basic systems software
includes items like an operating sys-
tem, language compilers, utilities,
transaction-processing packages, and
database management systems. These
programs are written by large teams
of programmers and are delivered to
thousands or millions of customers,
who use them daily, hourly. or even
continuously. In the years after
delivery of such software, many thou-

sands of errors are discovered by the
customers themselves; each error
must be laboriously analyzed, cor-
rected. and retested; and the correc-
tions must be delivered to and in-
stalled by the customer in the next
release of the software. A reduction
in the number of corrections needed
would be cost-effective for the sup-
plier and convenient for the customer.
A reduction in the number of errors
discovered before delivery of the soft-
ware could also save a lot of money.
No method by itself can guarantee ab-
solute reliability. However, in com-
bination with management control, a
mathematical approach looks prom-
ising. Even when mistakes are made,
they can be traced to their source,
and steps can be taken to ensure they
do not happen again.

STANDARDS

The standardization of languages and
interfaces in hardware and software is
a vital precondition for free competi-

tion and for the propagation of tech-
nical advances. The construction of a
mathematical specification for these
standards offers the same promise of
improved quality in design that | have
just described; it also offers a hope
of reducing the ambiguities and mis-
understandings which lead to errors
and incompatibility in various imple-
mentations of the standard, and
which have prevented us from obtain-
ing full benefit from the existing
standards.

SILICON STRUCTURES

The advance of technology in very-
large-scale integration now makes it
possible to build hardware as com-
plex as software. As a result, we are
beginning to detect as many design
errors during the manufacture and
testing of complex devices as we have
been finding with software. But now
each error costs many thousands of
dollars to remove; what is worse, by
delaying the introduction of a new

Why an Amdek monitor
is a better investment
than buying from

~ Mr. Blue Chip.

Buying a monitor is an impor-
tant decision. After all, it's a
key component of your com-
puter system that must have
the capabilities of matching
your application needs.

There’s no question that order-

ing a “bundled system” is easier

than selecting individual com-
ponents. But the easy way isn’t
always the best way. And when
i itors, there’s

one pefl S B




MATHEMATICS

device onto the market, these errors
can prevent an innovative company
from assuming market leadership or
even prejudice its survival. As a result,
many products are delivered with
known design errors, for which the
customer will never obtain a correc-
tion or restitution. Fortunately, math-
ematical methods similar to those for
sequential programs can be adapted
to check logic designs. These meth-
ods are especially valuable when the
design involves concurrency or paral-
lelism.

SAFETY

Computer programs are increasingly
used in systems that are critical to the
safety of the general public—control
of railway signaling. airplane engines,
and chemical and nuclear processes.
The engineering techniques used in
these systems are subject to the most
rigorous analysis and control, often
enforced by law. Mathematical meth-
ods offer the best hope of extending

such control to computer software,
and when this happens, a program
could gain a reputation as the most
reliable component of any system in
which it resides.

CONCLUSION

These are the five areas in which |
believe the introduction of mathemat-
ical methods gives the greatest prom-
ise of rapid economic return. But their
implementation will require a signifi-
cant change in working habits and
working attitudes, not only of in-
dividual programmers but of whole
teams and departments. It requires
the enthusiastic participation of
coders, systems analysts, project
leaders. and managers at all levels. It
involves reforming the curricula in
training departments, colleges, and
universities. It even requires educating
the general public to demand and ex-
pect as much—or more—quality and
design integrity from computer pro-
grams as they do from other products

critical to their economic and physical
well-being.

That is why | am pleased and grate-
ful for this opportunity to address you
on the 10th anniversary of the foun-
dation of BYTE magazine. This is a
magazine that has a deservedly wide
readership in our profession, ranging
from theoretical computer scientists
through lecturers, teachers, managers,
engineers, and students to home
computer enthusiasts. But it is also a
magazine that takes seriously its re-
sponsibility to propagate improved
methods and higher standards in the
programming profession. | salute its
ideals and achievement and wish it
continued prosperity and progress.m
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Finally, a language worth

For years BASIC has been everyone’s first
language. And for almost as long, they've been
tempted by other languages. Lured by promises
of more speed, more power.

We have a solution. A new language that's a
substantial improvement over BASICA. Faster.
More structured. Finally, a compelling reason to

leave BASIC.

Introducing Microsofts QuickBASIC
Compiler, Version 2.0.

At last, you can have the latest programming
techmques combined with the solid foundation
of BASIC. Our new compiler is as compatible
with BASICA as you can get. At the same time
it offers the extra speed and power you've been
looking for.

Run faster with compiled code.
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And Microsoft® QuickBASIC simply Blazes.
Old BASICA programs will run up to ten times
quicker onee they've been compiled. Sometimes
even faster.

Everything you need. Built-in.

Making ptograms run faster is only part of the
story, though. The new Microsoft QuickBASIC
Compiler includes a full-screen editor, built-in.
So now you can make the jump from writing to
RUNning in no time flat. Edit your program,
compile it, and run it. Faster than any other
BASIC compiler around. All without leaving
our on-line help and prompts.
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leaving BASIC for.

On the rare chance your program doesn't run
100% the first time out, we've got another sur-
prise for you. The Microsoft QuickBASIC
debugger. Our full-screen tracing lets you debug
your programs while watching the source code
execute. A line at a time, or with breakpoints.
As easy as can be.

Our compileris also smart enough to save you
time. First, by finding any errors in one pass.
Second, by putting your editor’s cursor on the
problem. Automatically. So you don't have to get
lost in a maze of error codes and line-numbers.

The BASIC virtues. And more.

Speaking of line numbers, let’s not. Because
line numbersare strictly optional. And Microsoft
QuickBASIC lets you use alphanumeric labels
as well. Now you can GOTO ErrorCheck instead
of line number 6815.

Or you could stop using GOTOs altogether.
There are a variety of options that could make
the GOTO an endangered species. Features like
multi-line [EE-THEN blocks. And named sub-
programs. Now your BASIC programs can be
as structured and organized as you want.

We've only just begun to talk about the
virtues of Microsoft QuickBASIC. There are
dozens of enhancements to your favorite
language. Things like larger arrays. Local and
global variables. Reusable modules that let you
create libraries of your most often-used routines.
All explained in a revised manual that includes
a complete language reference.

Making your quick escape.
If all these features follow your BASIC

instincts, then zip on down to your nearest
Microsoft dealer. Thats where you'll discover the
best surprise of all. The price. Only $99 for the
best reason to leave BASIC.

For the name of your nearest Microsoft dealer,
call (800) 426-9400. In Washington State and
Alaska, (206) 882-8088. In Canada, call (416)
673-7638.

Microsoft® Quick BASIC
The High Performance Software™

Microsoft is a registered trademark and The High Performance Software is a trademark of
Microsoft Corporation. IBM is a registered trademark of International Business Machines Corporation.

Microsoft QuickBASIC Compiler Version 2.0
for IBM®PC and Compatible Computers.

BASICA Compatibility

*Sound statements including SOUND and PLAY.

+ Graphics statements including WINDOW, VIEW, DRAW,
GET, PUT, LINE, CIRCLE, LOCATE and SCREEN.

*Support of EGA extended graphics modes. NEW!

+BASICA structures are supported including WHILE/WEND,
IF/THEN/ELSE, FOR/NEXT, GOSUB/RETURN, and

event handling.

Microsoft
Results of Sieve Benchmark BASICA 3.1 QuickBASIC 2.0
Seconds per iteration 78 0.52

Complete Programming Environment

¢ Built-in Editor that places the cursor on found errors auto-
matically. NEW! :

*Compile entirely in memory at speeds up to 6000 lines per
minute. NEW!

+Link routines once when starting a programming session and
no need to link again when changing programs. NEW!

+Built-in debugger with single-step, animate, and trace modes.
NEW!

*Create stand-alone programs.

Alphanumeric Labels

+Can be used to make your programs more readable. Line
numbers are not required but are supported for BASICA
compatibility.

Structured Programming Support

*Block IF/THEN/ELSE/END IF eliminates the need for
GOTO statements. NEW!

+ Subprograms can be called by name and passed parameters.
Both local and global variables are supported.

Modular Programming Support

+ Separate compilation allows you to create compiled BASIC
libraries to use and re-use your programs.

+ A library of routines to access DOS and BIOS interrups is
supplied. NEW!

Large Program Support

+Code can use up to available memory.

+Numeric arrays, each up to 64K bytes,
can use up to available memory.
NEW!




Introducing the 10/6 MHz Multitech 90C
Innovation without compromise

The high-performance Multitech 900
is yourinnovative alternative in an AT
system.

Poised to run faster.

The Multitech 900 operates at 6 or
10 megahertz. With this speed ad-
vantage switching from 6 to 10
megahertz cuts processing time al-
most in half — you spend less time
waiting for the information you need
to analyze.

Bundled Soft-white display.

A high-resolution, non-glare, soft-
white display and monochrome-
graphics adapter are included with
your Multitech 900 — not priced
separately.

Price/performance
breakthrough.

At $2,395 the Multitech 900 delivers
the high-performance you demand in

an AT system but at an affordable
price to fit within all budgets.

Uncompromising.
While the Multitech 900 introduces

innovation itdoesn’'t compromise any
industry standards.

Forexample: Software compatibility
with programs designed for the IBM
PC/AT and PC/XT; hardware com-
patibility to tie into your networking
options; full one-year warranty and
guaranteed support from Multitech,

CPU Speed Mother- Max. #0of  Display Operating Warranty Suggested 8
board Half-Height System Period List Price acompany with aproventrack-record
Memory '[')‘r‘i“*,’e“:' in quality microcomputer manufac-
: ; : re; Nationwi rvice* i
Multitech900  100r 6 MHz 512KRAM 5 Hi-Res., MS-D0S3.1 12-Months $2395 ture; an.d’ atc:j d de Sg blce éhit .
Keyboard, Soft-  Upto1MB Soft-white convenient and dependable. Lall us
ware or Hardware - today for more information about the
oWiithible ' : Multitech 900 or our full line of per-
1BM PC/AT 8 MHz Only ?J1p2t'c§ 2?3;1( 3 Option Option 12-Months ~ $5295 sonal computer products.
SperryPCAT 6,7.160r8 MHz 512KRAM 4 Option MS-DOS3.1  12-Months  $3395 °
M Multitech
Switchable
Compagq 60r8MHz 256K RAM 4 Option Option 3-Months  $3395 ELECTRON lCS lN C'
Deskpro 286 Keyb%arqt &hsglﬁ- Upto2.2MB Committed to Excellence, Quality & Service
ware Switchable )
Tandy 3000 8 MHz Onl 512K RAM 3 Option Option 3-Months  $2599 1012 Stewart Drive
y Y Up 10 640K 5 k Sunnyvale, CA 94086
Televideo 6 0r 8 MHz 512KRAM 3 Hi-Res., Option 3-Months  $2995** Tel: (408) 773-8400
Telecat-286 Keyboard & Soft-  Upto1MB Green (800) 538-1542

ware Switchable

“Includes 30MB Hard Disk Drive
“*Includes 20MB Hard Disk Drive

A Division of MSC International
*Serviced Nationwide by TRW

All prices reflect manufacturers’ suggested
list for base models as of June 4, 1986

Mulutech 900 1s a trademark of Multtech Electronics Inc
All otner product names are trademarks of therr respective manufacturers
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PROGRAMMIN-G

IN-STGHT

POLAR NORMAL
DISTRIBUTION

BY ALAIN LATOUR

Generate normal deviates and evaluate the cumulative probability
of a normally distributed random variable

IN THE OCTOBER 1985 BYTE. Arthur
G. Hansen suggested a way to gen-
erate normal deviates (Programming
Insight: “Simulating the Normal
Distribution”). Basically, a normal
deviate is obtained by considering the
value

X=WU +U;, + ... +
U.—nl2)N(n/12)

where U,, U,. ..., U, are indepen-
dent uniform numbers between 0 and
I. The value of X can be considered
as a normal deviate with mean u=0
and standard deviation o = [, if nis
sufficiently large. As reported by
Abramowitz and Stegun (reference 1),
“When n=12, the maximum errors
made in the normal deviate are 9 x
103 for |X| < 2,9 x 10 for2 < |X]|
< 3 But if n is too small, we have
only an “approximate normal distribu-
tion.”

THE POLAR METHOD

I would like to suggest a relatively sim-
ple approach, known as the “polar
method.” proposed by G. E. P. Box.,
M. E. Muller, and G. Marsaglia, which
is proven in reference 2. Here is the
pseudocode of the algorithm:

Repeat

1) Get 2 independent random vari-
ables, V; and V,, uniformly distributed
between -1 and I.

2) Evaluate S := (Vi)* + (Vo

until S < 1.

Evaluate S := V=2 [n(S)/S

Set X, .= V,S and X, := V,S.

The two random numbers X, and X,
are independent normal variables. If
the uniform generator used returns a
number U between 0 and I, you just
have to set V = 2U-1 to obtain a
number between -1 and 1. The
square root and the logarithm func-
tions must be evaluated for each pair
of normal deviates.

Although the algorithm is complex,
its advantage is that you obtain
numbers really distributed as normal
deviates, and fewer uniform deviates
are needed. The last point may be an
important one. For example, the
random-number generators available
on some personal computers cannot
produce a sequence of numbers
longer than 65,536 without cycling.

CLASSIFYING THE OBSERVATIONS
Suppose you know that almost all the
observations will fall between the

limits YMin and YMax. That would
mean that the data range is approx-
imately YRange = YMax-YMin. To
classify the values in Nb classes where
Y is an observed value, you can use

Trunc((Y—YMin)/YRange x Nb)

For example, if Y = YMin, the above
statement will produce 0. And you
could use the extreme classes to col-
lect extreme values.

| have written a short Pascal pro-
gram called NORMAL.PAS that gen-
erates 10,000 normal deviates and
sorts them into 30 classes as they are
generated. The results could be used
to plot the observed distribution of
the numbers generated. |Editor’s note:
NORMAL.PAS is available in a variety of
formats; see page 405 for details.|

THE CUMULATIVE PROBABILITY
FUNCTION
If you're interested in comparing the
simulated distribution with the
theoretical distribution, you must
; (continued)
Alain Latour (Département de Mathematiques
et d’Informatique. C. P. 8888, Succ. A"
Universite du Québec a Montréal, Mon-
treal, Quebec, Canada H3C 3P8) teaches
statistics and computer science.
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POLAR DISTRIBUTION

evaluate the probability of each class.
One way to do it is by tedious calcula-
tions using a table of probability. An-
other, more interesting way is to write
a function that, given a number x, will
give you the probability that a normal
deviate will be less than or equal to
x. We will denote this probability by

Plz < x| There is a polynomial ap-
proximation of degree 5 to this prob-
ability that is quite good (see refer-
ence ). It requires the evaluation of
the density function of a normal vari-
able, that is:

foy = c e

To compare the

simulated distribution
with the theoretical
distribution, you must
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The polar method.

Figure |: The empirical distribution obtained by simulating 10,000 deviates by the
polar method. The adjustment seems to be quite good.
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The sum of three uniform variates.

Figure 2: The empirical distribution obtained by using the sum of three uniforms.
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evaluate the probability

of each class.

where ¢ is a constant equal to 1/V (2)
= 0.3989422804. So. for x > 0, we
have

Plz < x| = 1=f(x) t (bo + byt + byt* +
bst* + but*) + error

where t = 1/(1 +px) with p = 0.2316419
and where b, = +0.319381530, b, =
-0.356563782, b, = +1.781477937,
b; = -1.821255978, and b, =
+1.330274429. The error is less than
7.5 x 1078 If x < 0, you can use the
well-known property of the normal
curve, Plz < x| = 1-Plz < —x|. |Editor's
note: Both functions are contained in DEN-
SITY.PAS. which is available in several for-
mats; see page 405.]

Figure 1 shows the empirical dis-
tribution obtained by the polar
method. As you can see, the adjust-
ment seems to be quite good.

Figure 2 shows the empirical dis-
tribution obtained by using the sum
of three uniforms. Both cases
simulated 10,000 deviates. Obvious-
ly. the adjustment is not as good as
thatin figure 1. You can also compare
the two methods by evaluating the
chi-square measure of adjustment.
With 47 degrees of freedom, in the
first case we have a chi-square equal
to 36: in the second case, the chi-
square is equal to 147. In other words,
the method using the sum of three
uniforms doesn't pass the chi-square
test. m

REFERENCES

1. Abramowitz, M., and |. A. Stegun, eds.
Handbook of Mathematical Functions. New York:
Dover Books, 1964.

2. Knuth, D. The Art of Computer Programming.
Volume 2. Reading. MA: Addison-Wesley.
1969.



New Version 4.0

FOR THE IBM-PC

“Brown Bag Softwares" File Recovery System”..
more powerful than the Norton Utility Version 3.1, ”

—PC Magazine

We May Be Able To Save Your Job Or Your Lifé

_Edit Any Spot On A Dlsk ’ 2

Recover Erased Files
Change File Attributes

e YESYOUCAN 'RECOVER ERASED FILES. Even*.*. With
Brown Bag Software’s™* File Recovery System™ for the IBM-PC
and compatibles, no programming experience required. If you

- canerasea file, you can restore it.

® MENU-DRIVEN and“FOOL-PROOE.” Do you have
“one-of-those” in your office ...we do too! That's precisely why we
developed Brown Bag Software’s™ File Recovery System™ for the
IBM-PC and compatibles! Our menu-driven system is a snap.

® FIXADAMAGED FILE TOO! Sometimes files can get
“slitched;’by a power spike, bumping into the hard disk, dropping
the computer on the floor, etc. We understand. That's why we've
included a full screen editor to repair any spot in any file, hidden
- orotherwise. ‘

9%.

Recover Data From Physically Damaged Disks
Works On Hard And Floppy Disks
Not Copy-Protected

- FixADamaged File

Menu-Driven and “Goof-Proof”
Context Sensitive Help

® [SIT HARD OR FLLOPPY? We don’t care. We work with floppy
disk, most hard disks, and most IBM-PC compatible computers.

e HELP IS ONLINE TOO! We know that most people don't
read manuals. (But we include a comprehensive one anyway.) And
when you erase a file and need it recovered NOW, you're not in
any frame of mind to pour through any manual. We understand.
That's why we've put hand-holding online. Just hit the ? key and
the help appropriate to where you are and what you want todo is
immediately available. The only thing better would be two aspirins!

e OTHER HANDY TOOLS...HELP: WHERE'D THE FILE
GO? We provide menu-driven tools to change a files attributes,
change disk labels, modify screen color, locate a lost file that you
know is somewhere on the disk, but it’slost in a maze of sub-
directories (you forgot which).

WITH YOUR CREDIT CARD, CALL NOW
24 HOURS A DAY, 7 DAYS A WEEK

800-523-0764

IN CALIFORNIA

2105 SOUTH BASCOM AVE... CAMPRELL. CA 95008

Inquiry 45

800-323-5335

¢ 1986 SOFTWARE RESOURCE GROUP INC. ALL RIGHTS RESERVED
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The new Diconix 150, The printer that
Its the one PC printer you




works hard, yet hardly makes a sound.
can take lightly. Anywhere.

-y DICOINI

A Kodak Company

3100 Research Boulevard
Dayton, Ohio 45420
1-800-DICONIX
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Object-oriented
Programming

ELEMENTS OF OBJECT-ORIENTED
PROGRAMMING

by Geoffrey A. Pascoe ............... 139
A SMALL TASTE OF SMALLTALK

by Ted Kaehler and Dave Patterson . . . . .. 145
OBJECTS, ICONS, AND SOFTWARE-ICS

by Brad Cox and Bill Hunt . .. ......... 161

OBJECT-ORIENTED LANGUAGES
FOR THE MACINTOSH

by Kurt ). Schmucker . .. ............. 177
MACAPP: AN APPLICATION FRAMEWORK

by Kurt J. Schmucker . .. ............. 189
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by Larry Tesler . ................... 195
DESIGNING AN EFFICIENT LANGUAGE

by Charles B. Duff.................. 211
OBJECT-ORIENTED FORTH

by Dick Pountain .. ................ 227

OBJECT-ORIENTED PROGRAMMING, with its claims of improved program-
mer productivity and easy program maintenance, is emerging as a vital force
in the programming community. This is despite the fact that object-oriented
languages were not generally available until fairly recently.

The prototypical object-oriented language is Smalltalk, and in August 1981,
BYTE devoted an entire issue toit, even though at the time the language was
not commercially available. Today, Smalltalk is available for microcomputers,
and object-oriented concepts have been extended to many conventional
languages.

In this issue, we present a group of articles examining the current state of
object-oriented languages. To start things off, Geoffrey A. Pascoe outlines the
basics of the subject in "Elements of Object-oriented Programming.” Geoff
does a good job of defining exactly what object-oriented programming is and,
more important, what it is not.

For those who may have missed our Smalltalk issue, Ted Kaehler and Dave
Patterson give the flavor of what it’s really like to program in that language
in "A Small Taste of Smalltalk,” excerpted from their recent book. A Taste of
Smalltalk.

The microcomputer that is most closely related to the original Smalltalk
philosophy and object-oriented programming in general is the Apple Macin-
tosh. And, not surprisingly, a number of object-oriented languages have
evolved for that machine. Kurt J. Schmucker explores a number of them in
his comprehensive article, “Object-oriented Languages for the Macintosh.”
comparing seven languages that are now or soon to be available for the Mac.
We also convinced Kurt to write a few pages on MacApp, a powerful object-
oriented application framework that Apple Computer will be releasing shortly.

Brad Cox. one of the developers of Objective-C, has helped promote the
understanding of object-oriented programming by proposing the concept of
the software-IC, a software module that can be easily added to a program.
Brad, together with Bill Hunt, shows how object-oriented programming tech-
niques make building iconic user interfaces easier in their article, “"Obijects,
Icons, and Software-ICs.

Another early object-oriented language for micros is Neon for the Macin-
tosh. The developer of that language. Charles B. Duff, discusses the ineffi-
ciencies of object-oriented languages and ways to improve them in “"Design-
ing an Efficient Language.”

Finally, we bring back one of the authors from our 1981 Smalltalk issue. Larry
Tesler, a former Xerox PARC researcher, presents interviews with people who
are actually using object-oriented languages in their various fields of work
in "Programming Experiences.”

The article by our UK. correspondent, Dick Pountain, is particularly fitting
this month. Dick, a formidable FORTH programmer in his own right, has writ-
ten his own object-oriented extension to FORTH. In “Object-oriented FORTH"
he describes his program and how it works.

—Eva White and Rich Malloy. Technical Editors
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Get started
with Gold

You know artificial intelligence is the
wave of the future. Programs based
on the ideas of artificial intelligence
are being written today in COMMON
Lisp-the new Lisp standard
developed by researchers from
universities and corporations
such as Carnegie Mellon, DEC,
MIT, Stanford, Symbolics
and TI. Lisp allows the devel-
opment of programs that are
intelligent, flexible, and even
human-like. The problem has
been that hardware needed to
run LIsP is expensive.

No longer. GOLDEN COMMON
Lisp (GC Lisp) makes it possible
for you to learn and use Lisp on
your personal computer. When you
use GC Lisp in combination with the
Al examples provided, you will be
able to develop such exciting appli-
cations as expert systems, natural
language systems, and intelligent
interfaces to complex software.
The possibilities are endless. With
GC Lisp you can tackle problems
that you could not solve before
with ordinary number crunching
programs. You will be able to write
powerful programs that can accom-
modate casual computer users who
want intelligible answers quickly.

Learn Quickly with GC Lisp

GC Lisp makes it easy for you to learn
the technology of Al at your own
pace. Each package includes the San
Marco Lisp Explorer®—an interactive
software tutorial developed by San
Marco Associates with Patrick H.
Winston. This 800-frame instruc-
tionalsystem guides youthrough the

163 Harvard Street, Cambridge, Massachusetts 02139

GOLDEN COMMON Lispis the best selling
Al language.

steps of Lisp programming and
makes the full range of Lisp’s
power accessible to both novice
and experienced programmers.
The second edition of the classic
Lisp textbook by Winston and
Horn is also included.

GC Lisp comes complete with the
intelligent GMACS editor (based
on EMACS), full on-line documen-
tation of all GC Lisp and GMACS
functions, the Common Lisp Refer-
ence Manualby Steele, and a com-
prehensive user manual. In short,
GOLDEN COMMON LISP comes with
everything you need to program in
LIsp.

NEW!
The GC LisP 286 DEVELOPER

Discover programming power you
never thought possible on your PC
AT! GC Lisp 286 DEVELOPER is a
complete programming environ-
ment designed for GC Lisp-based
applications requiring extended
memory and faster execution.
The 286 DeVELOPER includes
a Large Memory Interpreter
capable of addressing 15 mega-
bytes of physical memory, a Large
Memory Compiler that runs appli-
cations up to 15 times faster, and a
complete set of program develop-
ment features including lexical
and dynamic scoping. The 286
DEVELOPER is the first PC-DOS pro-
gramming environment that takes
fulladvantage of the speed and
memory capacity of the IBM PC AT
and compatibles, and it’s now avail-
able to help you develop powerful
and productive Al applications.

Order Today

For more information on Gold Hill
products, please call today:

1-800-242-LISP

In Massachusetts call collect
(617) 492-2071

GCLisp requires an IBM PC, PC XT,PC
AT, or IBM-compatible with a minimum
of 512K and PC-DOS 2.0 or higher.

GC Lisp 286 DEVELOPER is non-copy
protected, and requires an IBM PC AT or
compatible with 2 minimum of 512K of
base memory, 2 megabytes of extended
memory, and PC-DOS 3.0 or higher.

© 1986 Gold Hill Computers

GOLDEN COMMON Lisp, GC LisP and GC Lisp 286 DEVELOPER are trademarks of Gold Hill Computers. The San Marco Lisp Explorer is a registered trademark
of San Marco Associates. Lispis copyrighted by Addison-Wesley Publishing Company, Inc. The CoMsoN Lisp Reference Manual is copyrighted by
Digital Equipment Corporation. IBM PC, PC XT, PC AT, and PC DOS are trademarks of International Business Machines.
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OBJECT-ORITENTED LANGUAGES

ELEMENTS OF
OBJECTFORIENTED
PROGRAMMING

BY GEOFFREY A. PASCOE

What features must a language have
to be considered an object-oriented language?

THERE ARE AS many different views
of what object-oriented programming
is as there are computer scientists and
programmers. Because the term was
first used to describe the Smalltalk
programming environment developed
at Xerox PARC (see references 1-5),
this article will present object-oriented
programming concepts, terminology.
and characteristics from that perspec-
tive. I will stress the differences be-
tween an obiject-oriented program-
ming style and the more conventional
procedure-oriented style. I hope to
show that a language must have four
elements to support object-oriented
programming: information hiding,
data abstraction, dynamic binding,
and inheritance. (Some languages that
have one or two of these elements
have been improperly called object-
oriented) | will follow this with a
discussion of the advantages and dis-
advantages of object-oriented pro-
gramming languages.

DATA PROCEDURES VS.

OBJECT MESSAGES

Most programming languages sup-
port the “data-procedure” paradigm.

Active procedures act on the passive
data that is passed to them. A typical
example might be a square root func-
tion, sqrt(x), that takes a number and
returns its square root.

In a strongly typed language such
as Pascal, it would be typical to have
a different version of sqrt(x) for each
data type of x, usually returning a
floating-point result. A late-binding
language such as LISP detects x's data
type at run time and performs the ap-
propriate operations for that data
type. Such generic operations are
generally primitives restricted to a
small class of data types such as
numbers, or they are functions de-
fined in terms of such primitives.

Obiject-oriented languages employ
a data or object-centered approach to
programming. Instead of passing data
to procedures, you ask objects (data)
to perform operations on themselves.
To emphasize this difference I will use
an object-oriented expression syntax
of my own invention. The object name
is followed by :operation, followed by
any further arguments, and ter-
minated by a period (in some ways
the syntax is similar to that of Small-

talk-80, though simpler). For example,
an expression to take the square root
of x will look like this:

X :sqrt.

The implication is that x is asked to
perform the :sqgrt operation on itself.
You say that x is the receiver of the
message :sqrt.

A more complicated example would
be the dot-product operation. The
dot-product of two one-dimensional
vectors, X and y, is computed, produc-
ing a scalar result:

x :dot v.

Here, x is told to perform a dot-
product operation with itself and the
argument y. You could take the
square root of the dot product of x
and y and assign the result to the
variable z in the following manner

z < (x :dot y) :sqrt.

(continued)
Geoffrey A. Pascoe (1027 Scituate Harbor,
Pasadena, MD 21122) is a researcher in the
Department of Defense’s Computing Systems
Research Division and comoderator of the
Smalltalk conference on BIX.
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PROGRAMMING ELEMENTS

using parentheses to indicate the
order of evaluation, although the
parentheses are really not needed
here, assuming left-to-right evaluation.

SOME TERMINOLOGY

The basic terminology of object-
oriented programming is illustrated in
the text box "Data Structures” on
page 142. The object that | have been
referring to (ie. x, in the sqgrt exam-
ple) is an instance of a class. The class
provides all the information necessary
to construct and use objects of a par-
ticular kind, its instances. (For this
reason, a class is sometimes called a
factory.) Each instance has one class;
a class may have multiple instances.

The class also provides storage for
methods. Methods are simply pro-
cedures that are invoked by sending
selectors to a class’s instances (also
called sending messages). The
methods reside in the class to save
storage, since all instances of a class
have an identical set of methods.
Methods may allocate temporary vari-
ables for use during the execution of
the method. These temporary vari-
ables are much like local variables in
Pascal procedures in that their value
is lost when you leave the method.

Each instance has storage allocated
for maintaining its individual state.
The state is referenced by instance vari-
ables. Instance variables may be primi-
tive data types such as integers, other
objects, or both, depending on the
language. Each object has its own set
of instance variables. Both temporary
and instance variables may be freely
referenced within the scope of an ob-
ject’'s method, but unlike temporary
variables the value of instance vari-
ables is not lost when you leave the
object’s method.

Computation is performed by send-
ing messages to objects, which in-
vokes a method in the object's class.
Typically, a method sends messages
to other objects, which invokes other
methods, etc., until you reach the
point where a primitive method is in-
voked. Here ends the chain of mes-
sage-sends. Each message-send even-
tually returns a result to the sender
(e.g.. x :sqrt returning the square root
of x). The end result of all these mes-
sage-sends is usually the changing of

the state of one or more obijects.
Sometimes, however, a message is
sent simply to invoke some primitive
having a side effect external to the
world of objects, for example, access-
ing an external file system or control-
ling hardware.

To fully support object-oriented pro-
gramming a language must exhibit
four characteristics: information
hiding, data abstraction, dynamic
binding, and inheritance. [ will exam-
ine two languages, Ada and Modula-2,
that have been mistakenly called
object-oriented in order to illustrate
why all four characteristics are neces-
sary and why conventional procedure-
oriented languages cannot adequately
support object-oriented programming.

INFORMATION HIDING
Information hiding is important for en-
suring reliability and modifiability of
software systems by reducing interde-
pendencies between software com-
ponents. The state of a software
module is contained in private vari-
ables, visible only from within the
scope of the module. Only a localized
set of procedures directly manip-
ulates the data. In addition, since the
internal state variables of a module
are not directly accessed from with-
out, a carefully designed module in-
terface may permit the internal data
structures and procedures to be
changed without affecting the imple-
mentation of other software modules.
Most modern languages, even FOR-
TRAN, to some degree, support infor-
mation hiding. ISO (standard) Pascal
is one notable exception, since it pro-
vides no way to declare static vari-
ables within the scope of a procedure.

DATA ABSTRACTION

Data abstraction could be considered
a way of using information hiding. A
programmer defines an abstract data
type consisting of an internal repre-
sentation plus a set of procedures
used to access and manipulate the
data. Modula-2 provides excellent
data abstraction mechanisms. Listing
| is a fragment of Modula-2 module
that implements a stack as an abstract
data type (called an opaque type in
Modula-2 terminology. See reference
6). Variables of type Stack may be
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declared and manipulated in other
program units.

Modula-2's data abstraction mech-
anism provides a certain degree of
protection since no direct access to
the internal state of a stack is pro-
vided. The stack is manipulated
through the module’s processing and
query procedures. But there are a
couple of problems with the Modula-2
solution. One is that the procedures
used by a module must have either
unique or qualified names. For exam-
ple. if a module uses (imports) two dif-
ferent abstract data types, Stack and
Queue. and variables of these types
must be initialized, then the initializa-
tion procedures defined for these
types must have different names, such
as InitializeStack and InitializeQueue,
or their usage must be qualified, as
in Stack.Initialize and Queue.Initialize.
This makes the resulting program less
versatile. But more important than the
need for unique identifiers is the
drawback that Modula-2 abstract data
types can operate on only one type
of data. Stack, therefore, can store
only integers.

Ada partially solves both these
problems through two language fea-
tures: operator overloading and
generic program units (see reference
7). Operator overloading permits a
program to use multiple operators
with the same name. The distinction
between operators can be deter-
mined at compile time by examining
the types and number of parameters,
just as + can be used to add either
integer or real numbers in most
modern languages. Generic program
units permit the definition of a
module to be used with different data
types. The generic program unit is a
procedural template that can be
parameterized with actual types dur-
ing compilation of programs using its
capabilities. ,

A problem still exists if you wish to
use the stack to store heterogeneous
elements. Neither compile-time solu-
tion, operator overloading or generic
program units, is sufficient. The solu-
tion is dynamic binding.

DYNAMIC BINDING
Dynamic binding is needed to make
full use of this code for stacking other

types of data. Consider the addition
of a procedure, Print, to the Stack-
Handler module that prints the con-
tents of a stack. If you use the stack
for storing integers, floating-point
numbers, character strings, etc. a
traditional procedure-oriented ap-
proach dictates that you include a

case statement to check at run time
that the correct printing procedure for
an element's type is used. Trying to
print an integer with a procedure
designed to print character strings is
potentially disastrous. The resulting
problem is that every time you add

(continued)

Stack.

TYPE
Stack; (* Opaque type %)

StackType = INTEGER;

PROCEDURE Push(s: Stack;

PROCEDURE Pop(s: Stack;

END StackHandler.

Listing 1: Definition and implementation modules for the abstract data type

DEFINITION MODULE StackHandler;

PROCEDURE Initialize(VAR s: Stack): BOOLEAN;
value: StackType): BOOLEAN;

VAR value: StackType): BOOLEAN;
PROCEDURE IsEmpty(s: Stack): BOOLEAN;
PROCEDURE IsEmpty(s: Stack): BOOLEAN;

PROCEDURE IsFull(s: Stack):BOOLEAN;

FROM SYSTEM IMPORT TSIZE;

CONST
BufferSize = 1000;
TYPE
IndexRange =
StackRecord =

RECORD

index: IndexRange;

END;

BEGIN (* StackHandler x)

END StackHandler.

IMPLEMENTATION MODULE StackHandler;

FROM storage IMPORT Allocate, Available;

[0..BufferSize];

buffer: ARRAY [1..BufferSize] of StackType
Stack = POINTER TO StackRecord;

(* code for implementation part of Initialize,
Push, Pop, IsEmpty, and IsFull goes here x)

(x No Initialization Required %)
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a new type of data to the software sys-
tem, you must modify all such case
statements and recompile—a time-
consuming and error-prone pro-
cedure. Ideally. additions should re-
quire only additions, not modifica-
tions.

The object-oriented approach
pushes the responsibility for printing
elements onto the objects them-
selves. Each obiject is sent the exact
same message selector, Print, so that
it will print itself in the proper way.
This is known as polymorphism, since
the same message can elicit a dif-
ferent response depending on the
receiver. Operator overloading in Ada
does not exhibit this form of dynamic
polymorphism since the address of
the procedure invoked is fixed at com-
pile time.

This model of object-oriented pro-
gramming can be improved. As pre-
sented thus far, the addition of a new
type of object requires writing entirely
new procedures for common opera-
tions such as Print. What's worse is
that there will be a great deal of
similarity between different Print
methods, requiring continual rewrites
of methods that differ slightly or not
at all. This burden is likely to be so
great that programmers would avoid
the creation of new object types, sig-
nificantly reducing the practical
usefulness of object-oriented pro-
gramming systems. Inheritance is a
mechanism that largely relieves pro-
grammers of this burden.

INHERITANCE
Inheritance enables programmers to
create classes and, therefore, objects
that are specializations of other ob-
jects. For example, you might create
an object, Trumpet, that is a spe-
cialization of a Brasslnstrument,
which is a specialization of a Wind-
Instrument, which is a specialization
of Musicallnstrument, etc. A Trumpet
inherits behavior that is appropriate
for Brassinstruments, WindInstru-
ments, and Musicallnstruments.
Creating a specialization of an exist-
ing class is called subclassing. The new
class is a subclass of the existing class,
and the existing class is the superclass
of the new class. The subclass inherits
instance variables, class variables, and
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methods from its superclass. The sub-
class may add instance variables, class
variables, and methods that are ap-
propriate to more specialized objects.
In addition, a subclass may override
or provide additional behavior to
methods of a superclass. Methods are
overridden when you provide a new
method for an old method’s selector.

The mechanism to add new be-
havior to an existing method tends to
be language-dependent. In those lan-
guages most closely modeled after
Smalltalk. this is accomplished by
embedding a message-send to the
pseudovariable super in the new defini-
tion of a method (see the text box
"Pseudovariables” on page 144). For
example. suppose you have an initiali-
zation method. initialize, defined in a
superclass. If a subclass adds some in-
stance variables, x and y, that must
also be initialized to zero, then both
initialization behaviors will be ex-
hibited by the following method:
initialize

super initialize.
X <y« 0.

The initialization in the superclass
is performed. followed by the added
initialization behavior. Depending on
the placement of the message-send
to super, the new behavior may
precede, follow, or surround the exist-
ing behavior.

Inheritance enables programmers
to create new classes of objects by
specifying the differences between a
new class and an existing class in-
stead of starting from scratch each
time. A large amount of code can be
reused this way.

ADVANTAGES
Obiject-oriented languages have many
advantages over more traditional
procedure-oriented languages. Infor-
mation hiding and data abstraction in-
crease reliability and help decouple
procedural and representational spec-
ification from implementation.
Dynamic binding increases flexibility
by permitting the addition of new
classes of objects (data types) without
having to modify existing code. In-
heritance coupled with dynamic bind-
ing permits code to be reused. This
(continued)

DATA
STRUCTURES

he class data structure in figure A

contains information needed to
construct and use object instances. The
first and second fields indicate the
number of instance variables and their
names, respectively. The names are
needed so that when methods are
compiled, the instance variable names
can be identified as referring to in-
stance variables.

The third field of the class data struc-
ture is a flag that indicates whether an
instance contains a variable number of
indexable instance variables. Arrays are
examples of objects that may have a
variable number of instance variables.
The instance variables of an array are
accessed by indexing instead of by
names. Since arrays of different sizes
will respond to the same protocol (the
set of messages to which an object
responds), it does not make sense to
have different classes for each array
size.

The class variable field contains
storage for variables shared by all in-
stances. Class variable names are also
stored here. Class variables can be con-
venient for storing information that
should be common to all instances of
the class. Not only does this save stor-
age, but it greatly simplifies changing
shared information. Otherwise, all in-
stances of a class would have to be
located to change an instance variable.

The method dictionary contains pairs
of selectors and methods. When a mes-
sage is sent to an object, the class's
method dictionary is searched for a
method to execute.

The superclass field points to the
superclass of this class. The superclass
is another class data structure that has
all the same fields as this class. Other
instance variables, class variables, and
methods may be defined in the super-
class.

If during a message-send a method
isnotfoundin the instance’simmediate
class. the superclass method dictionary
is searched. If it is not found there, the
superclass’s superclass method dic-
tionary is searched, and so on. until the
class at the root of the hierarchy (most
often called Object) is searched and
found not to have a matching selector.
In this case an error is returned.

Note that each instance contains a
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Figure A: Data structures illustrating concepts related to object-oriented programming. Arrows indicate pointers.

pointer to its class and a field in-
dicating the length of the instance. The
pointer to the class is needed so that

the class. and therefore an object's
methods, may be easily located when
the instance is sent a message. Storing

length information in the instance aids
the storage manager and is useful
when dealing with indexable instances.
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has the attendant advantage of reduc-
ing overall code bulk and increasing
programmer productivity, since you
have to write less original code. In-
heritance enhances code “factoring”
(seereferences 1 and 2). Code factor-
ing means that code to perform a par-
ticular task is found in only one place,
and this eases the task of software
maintenance.

DISADVANTAGES

Object-oriented languages have a few
characteristics that are considered
disadvantages by some. The one most
often debated is the run-time cost of
the dynamic binding mechanism. A
message-send takes more time than
a straight function call. Some studies
have shown that with a well-
implemented messager this overhead
is approximately 1.75 times a stan-
dard function call (see references 8
and 9). Actual differences in execution
speed between traditional languages
and their object-oriented counter-
parts, however, do not prove to be
very significant. This is most likely due
to the fact that the overhead applies
only to message-sends and that
message-sends accomplish more than
a function call. Often, some of the
work done automatically by a
message-send must be done by the
programmer anyway using code sur-
rounding function calls or even multi-
ple function calls. In fact, a case can
be made that in large applications the
ability to standardize and fine-tune

the functionality supplied with the
message-sends can make the applica-
tion run faster than a traditional
counterpart. The primary reason is
that messaging obviates much of the
variability in function setup code that
results from different programming
styles and skill levels. Messaging also
eliminates the complex code often
needed when traditional programs
have to simulate dynamic binding.

Another disadvantage often cited is
that implementation of object-
oriented languages is more complex
than comparable procedure-oriented
languages, since the semantic gap be-
tween these languages and typical
hardware machines is greater. There-
fore more software simulation is re-
quired. Fortunately, you pay the cost
of implementation only once for a
given machine.

Another potential problem is that a
programmer must learn an often ex-
tensive class library before becoming
proficient in an object-oriented lan-
guage. As a result, object-oriented lan-
guages are more dependent on good
documentation and development
tools such as Smalltalk-80 browsers
(see references 2 and 4).

CONCLUSION

There are other important concepts
in object-oriented programming that
| haven't covered because they either
do not fit well into the Smalltalk
model or are not central to object-
oriented programming. Two that re-

S yntactically, pseudovariables are
treated the same as normal vari-
ables. Their 'semantics, however, are
different since they cannot be assigned
a new value during any particular in-
vocation of a method.

Two important pseudovariables in
Smalltalk are self and super. Both self
and super refer to the object that
received the message currently being
processed. For example, if there hap-
pen to be 22 different rectangle ob-
jects currently existing and one of
them is sent the center message, then
the system will set both the pseudo-
variables self and super to refer to
that rectangle. The difference between

PSEUDOVARIABLES

these two pseudovariables lies in the
way that the message lookup is per-
formed.

When self is sent a message, the
message lookup algorithm is identical
to the way a lookup is performed when
the message is sent externally, starting
in the object’s direct class.

When super is sent a message. the
lookup is performed starting in the
superclass of the class in which the
method that is currently executing is
found. Note that this is not necessari-
ly the superclass of the object’s class.
This pseudovariable mechanism gives
objects a controlled way of accessing
superclass methods.
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quire at least abbreviated mention are
multiple inheritance and automatic
storage management.

Multiple inheritance allows a class to
have more than one superclass. The
potential for code sharing is greater,
but the possibility of conflicts be-
tween multiple superclasses increases
the complexity of such systems. Cer-
tain flavors of LISP get a great deal of
power by using multiple inheritance.

Automatic storage management, though
not necessary. is so useful that it
almost qualifies as a fifth major ele-
ment. Automatic storage manage-
ment techniques such as reference
counting and garbage collection per-
mit programmers to ignore details
concerning the release of an object’s
storage. Application code becomes
cleaner, and the overall system be-
comes more reliable.

Object-oriented programming pro-
vides major advantages in the pro-
duction and maintenance of software:;
shorter development times, a high
degree of code sharing (good factor-
ing), and malleability. These advan-
tages make object-oriented program-
ming an important technology for
building complex software systems
now and in the future. m
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OBJECT-ORIENTED LANGUAGES

A SMALL TASTE
OF SMALLTALK

BY TED KAEHLER AND DAVE PATTERSON

Two classic programming problems illustrate Smalltalk
syntax and design philosophy

This article is adapted by kind permission of the publisher from A
Taste of Smalltalk by Ted Kaehler and Dave Patterson (New York:
W. W. Norton & Co., 1986). All rights reserved. “The Animal Game"
section is new material provided by the authors for use in this article.

NEWCOMERS TO OBJECTORIENTED languages often
have difficulty phrasing their programming problem in
terms of objects. They struggle with how to divide a new
programming problem into objects. A good starting place
is to imagine that every fragment of program and every
piece of data are floating together in space. Now imagine
pieces of string between code and the data it uses, and
between segments of code that are used together or that
perform a similar function. Then imagine moving every-
thing around until the total length of string is the shortest.
Clustered around each data structure would be the rou-
tines that use it. and natural divisions in the code become
apparent. Dividing a problem into obijects is just a pro-
cess of putting things where they belong.

Dividing a problem into objects and defining actions that
are "natural” for those objects actually simplifies pro-
grams. When the actions of an object are divided into the
right kinds of “chunks,” we can think and write code at
a higher level. We know that the procedures we call from
the high-level code are correct because they match the
way we think about the problem. When that assurance
exists, we make fewer mistakes. We have less anxiety about
whether the subordinate procedures are doing the right
thing.

The overhead of calling a Smalltalk procedure is small
for both the system and the programmer. The system has
optimized Smalltalk procedure calls because they happen

so frequently, typically 10 to 50 times per procedure. The
overhead for a programmer to create a new Smalltalk pro-
cedure is small as well. Declarations and preambles are
very short in the Smalltalk-80 system, and you can edit,
run, and debug without changing environments. In Small-
talk, compiling a method and linking it into the system
takes only a few seconds, as opposed to several minutes
in a "batch-processed” system, where many modules may
have to be recompiled. Writing a new procedure and call-
ing it in the original program is easier in Smalltalk than
in Pascal. Thus, Smalltalk encourages programmers to
modularize code.

We will now stop philosophizing and start explaining
with the aid of some sample programs just how object-
oriented programming makes the programmer’s job
easier. In the next section we will write a program in Small-
talk that looks just like a program in a traditional language.
(We will also include a Pascal version of the program so
you can see how close it is.) The program is not written
in an object-oriented style, but it does serve as a Rosetta
stone for learning Smalltalk. Later in the article we will
write a program to solve the Animal Game in a truly
object-oriented style. Along the way we will provide a step-

(continued)
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by-step description of how to use the Smalltalk user
interface.

A TOWERING TUTORIAL

The Tower of Hanoi program represents one of the few
examples of agreement in computer science. Practically
every programming text introduces recursion using this

Listing 1: Tower of Hanoi in Pascal. This program is
derived from a program found in Programming in
Pascal by Peter Grogono (reference 4).

program hanoi(input, output);
var total integer;
procedure movetower (Height, Frompin,

Topin, Usingpin : integer);
procedure movedisk ( Frompin,
Topin : integer);
begin
writeln( Frompin, '=>', Topin)
end; §{ movedisk }
begin { movetower }
if Height > @ then
begin
movetower (Height-1, Frompin,

Usingpin, Topin);
movedisk( Frompin, Topin);
movetower (Height-1, Usingpin,

Topin, Frompin)
end
end; { movetower }

begin §{ hanoi }
read(total);
movetower(total,1,3,2)

end. §{ hanoi }

Listing 2a: A recursive Smalltalk program to solve the
Tower of Hanoi problem. Note that this method refers to
the method moveDisk:to: in listing 26.

moveTower: height from: fromPin to: toPin
using: usingPin
"Recursive procedure to move the disk at a
height from one pin to another using a
third pin"
(height > @) ifTrue: [
self moveTower: (height - 1) from:
fromPin to: usingPin using: toPin.
self moveDisk: fromPin to: toPin.
self moveTower: (height — 1 ) from:
usingPin to: toPin using: fromPin]

"This comment gives an example of how to
run this program. Select the following
text and choose 'do it’ from the
middle-button menu.

(Object new) moveTower: 3 from: 1 to:
3 using: 2 "
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program, and our book is no exception (reference 1). The
Tower of Hanoi is based on a game (popular in the 1960s)
that has its own mythology (also popular in the 1960s):

An ancient myth has it that in some temple in the Far East,
time is marked off by monks engaged in the transfer of 64 disks
from one of three pins to another. The universe as we know it
will end when they are done. The reason we do not have to con-
cern ourselves about the cosmological implications of this is that
their progress is kept in check by some clever rules: the monks
can only move one disk at a time; the disks all have different
diameters; and no disk can ever be placed on top of a smaller
one (reference 2).

The rules seem easy enough, but with 64 disks you might
get confused and never be sure if you were making for-
ward progress. Luckily, there is a way to simplify things
and find an algorithm.

To move n disks from peg A to peg C:

I. Move n — | disks from A to B.
2. Move 1 disk from A to C. (This is easy)
3. Move n — | disks from B to C.

Since we know how to handle the case when n equals
one (move the single disk from A to C), we can easily do
n equals two. From there we can do the cases of three
or more disks. The only problem is keeping track of which
step of which solution for which number of disks we are
currently working on. This solution is more suited to a
computer than to a person, and listing | shows a Pascal
program to solve the Tower of Hanoi problem.

MESSAGES AND OBJECTS EVERYWHERE
Smalltalk strives to use a small number of powerful con-
cepts unconstrained by conventions or terms from other
programming languages. For example, a Smalltalk pro-
cedure or subroutine is called a method. We will try to justify
the Smalltalk names as soon as you learn enough to
understand the excuse, but for now we will keep the un-
conventional names to a minimum in this tutorial. Variable
names in Smalltalk are often highly descriptive and thus
quite long. Following the Smalltalk tradition, we use
capitals as visual separators (moveTower) instead of
hyphens. The designers of the Smalltalk language chose
a format for procedure names that encourages the pro-
grammer to describe each of the arguments. The idea is
to provide more than just the order of the arguments to
help the programmer remember which one is which. Each
part of a procedure name ends with a colon and is fol-
lowed by the argument it describes. |Editor’s note: In an ef-
fort to distinguish Smalltalk code from menu items of the Smalltalk
pop-up menu, we have used the Triumvirate Light typeface for code
words and Triumvirate Oblique type for menu items.|
The four words ending in colons in the first line of listing
2a are the four parts of the name of the method that is
being defined. When you want to talk about the method.
squeeze all the parts of its name together; in this exam-
ple, the actual name of the methods we have been work-
ing with is moveTower:from:to:using:, a method with four
arguments. This method calls three methods (itself twice
(continued)
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An object is a package of data and
procedures that belong together.
Specifically, all constants and the

contents of all variables are objects.

and moveDisk:to: once). You may find it helpful to men-
tally translate calls on Smalltalk methods to the familiar
format of procedure name followed by arguments, for ex-
ample, moveTower:from:to:using: (height, fromPin, toPin,
usingPin).

The moveTower:from:to:using: method in listing 2a has
local names for its arguments: height, fromPin, toPin,
usingPin. On the second line, the text between double
quotes is a comment. Next is an expression, (height >
0). that evaluates to true or false. The Smalltalk if state-
ment is like Pascal except that the Boolean expression
precedes, instead of follows, the if. Next is a block, similar
to Pascal blocks, except that Smalltalk surrounds blocks
with square brackets instead of begin and end. There are
three statements in the block, and they are executed se-
quentially. In Smalltalk, periods are used to separate
statements. Pascal programmers will find this syntax
familiar provided they remember to use a period instead
of a semicolon. There is a comment at the end of the
procedure.

You've probably heard that Smalltalk is an object-
oriented system and may be curious to know what an o0b-
jectis. An object is a package of data and procedures that
belong together. Specifically, all constants and the con-
tents of all variables are objects. An object in Smalltalk
is like a record in Pascal but much richer and more ver-
satile. The only things that don't denote objects are the
message selectors (operators or procedure names), the
comments, and a few punctuation characters.

Most systems get work done in a variety of ways: by call-
ing procedures, applying operators to operands, condi-
tionally executing blocks, and so forth. Following the goal
of using a small number of consistent abstractions, Small-
talk has exactly one way of getting work done: by “send-
ing messages” to objects. A message is a message selector
with its operands. The object that receives a message, the
receiver, appears just to the left of the message. In listing

Listing 2b: The moveDisk:to: method referred to in
listing 2a.

moveDisk: fromPin to: toPin
"Move disk from a pin to another pin.
Print results in the transcript window"
Transcript cr.
Transcript show: (fromPin
printString, '->’, toPin printString).
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2a, everything that is not an object, a comment, a bracket,
or a period is a message selector.

Smalltalk always returns a value as the result of each
method, and. as you might expect from an object-oriented
language, that result is also an object. For example, in
listing 2a, height — 1 returns an integer object and height
> 0 returns a Boolean object.

You now know enough that we can explain more Small-
talk lingo. The terms "method” and "message selector”
were invented while asking the question, "How do we
select the method an object will use to respond to this
message?” The answer is, "Use the selector to find the
right method to execute’”

If you talk to yourself while you read code (don't be
bashful, everyone does), then you need to know how to
“talk” Smalltalk. The phrase height > 0 does exactly what
you think it does, and you can pronounce it just the way
you would in other languages (“height is greater than
zero”), but it is really shorthand for “the object height
receives the message greaterthan with the argument
zero.

When an object receives a message, it looks up the mes-
sage name to see if it understands the message. If the mes-
sage is found, it starts executing the method that tells how
to respond to the message.

Just as a Pascal procedure may call other procedures,
a method may need to call other methods. The way to
start another method is to send a message to an object.
Sometimes you want to send a message to the same ob-
ject that received the current message. How is that object
named locally? In other words, when a Smalltalk object
talks to itself, what does it call itself? Why, self, naturally.
Not surprisingly, messages to self are common. You can
see them sprinkled throughout the program in listing 2a.
When a piece of code happens to send a message to the
same selector as the current method, the program is using
recursion.

The method moveDisk:to: in listing 2b includes a cou-
ple of new things. The System Transcript is a window on
the screen. It behaves like a traditional character-oriented
terminal. The object that represents the transcript is held
in the global variable, Transcript. The message cr tells the
transcript to append a carriage return. The message show:
takes a string as an argument and appends it to the tran-
script. It also redisplays the text in the transcript window,
SO you can see it.

Each comma in the expression (fromPin printString,
"= >, toPin printString) is a selector meaning “con-
catenate two strings.’ In this case, fromPin printString
returns a string, and the comma concatenates the literal
string' — > ' onto the end of it. The result of toPin print-
String is then concatenated to the end of that. An array
also understands the message comma. It returns a new
array consisting of itself concatenated with the argument.

Specifying an object, sending it a message, and getting
back another object as the result are the only things that
ever happen in Smalltalk code. Things that require new
kinds of constructs in other languages. such as control

(continued)
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structures and arithmetic operators, are simply messages
sent to objects in Smalltalk. The result of one message
can be used as the object that receives another message
or as an argument in another message. For example, the
object that is the result of the message —1 being sent
to height is used as an argument in the method move-
Tower:from:to:using:. Except for the assignment operator,
all Smalltalk code is a grand concoction of messages sent
to objects.

ENTERING THE PROGRAM

The Smalltalk programming environment tries to provide
every tool you want for finding, viewing, writing, and run-
ning Smalltalk methods. The system can tell that a par-
ticular piece of text is a method by the window in which
it is typed. Thus, there is no need for special punctuation
marking the beginning or end of a Smalltalk method. Every
time you deal with a whole method, it is inside a window
that expects a method.

With traditional programming systems you create a new
program that is loosely linked to other programs via the
operating system. In Smalltalk, on the other hand, every
program is just a piece of the whole system, and the pieces
are linked together. This Zen-like approach to program-
ming means we must find a place for the Tower of Hanoi
before we can write the program. Let's create a games
section in one of the more generic parts of the system.
[Editor's note: The Smalltalk-80 system developed at Xerox PARC
used a color-coded three-button mouse with red, yellow, and blue but-
tons. These buttons are often referred to as left, middle, and right but-

tons, and we will use this terminology. 1f you are using Smalltalk-80
on a Macintosh, you should refer to the documentation included with
that system.|

To place the games category in the Smalltalk hierarchy,
we will perform a number of steps using a tool called the
system browser (figure ). We have labeled the parts of
the browser with letters to ease references to them.

I. Move the cursor into area A of the system browser and
select Kernel-Objects. (See figure 2.
2. Move to area B and select Object.
3. In area F. make sure the word instance is selected.
4. Now let's add a category in which to put new pro-
cedures. Select add protocol from the middle-button menu
in area C. When you select this item, a little window will
appear, asking youto type a name. There will be an old
name there in reverse video. so just type the word games
word games and press the Return key.

if your menu does not have the item add protocol on
it, you have a License | system from Apple and must do
a little more work. Do not choose any items from the menu
(move out of the menu and release the button). Move into
area B and choose protocols from the middle-button
menu. After a moment, a long list will appear in area E.
Move the cursor there, and without clicking anywhere, type
(games’) and press Return. Be sure the parentheses and
single quotes are there. Keep the cursor in area E and
choose accept from the middle-button menu.
5. The name of your new section, games, will appear and

(continued)

O
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Swstem Browser |

Class Names

Class
Categories

Message
Categories

Message
Selectors

Tefa il 1ass

Text of the Smalltalk code for the
method selected in area D

Figure 1: The Smalltalk system browser. The four lists across the top are four levels of detail in the path to a method (a piece of
code). The user moves from left to right, choosing an item in each list.
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be selected for you in area C. Move the cursor into area
E at the bottom of the browser. The browser should ap-
pear as in figure 2.

6. Replace the text in area E with listing 2a.

7. Read over what you have typed. If you have typed it
in correctly, select accept from the middle-button pop-
up menu of area E. This attempts to compile, link, and
load what we have just typed. You don't need to select
any text because accept reads everything in area E.

8. The system will tell you that it doesn’t understand move-
Disk:to: and ask you if you made a typo or are just men-
tioning a new procedure. Reassure the system by clicking
proceed as is (or, on a Macintosh, click the name of the
method). When the system successfully accepts the new
procedure, it will list the name of the procedure in area
D and show the name in boldface in area E.

9. Now we will type in moveDisk:to:. Go to area D and
click once on moveTower:from:to:using: to deselect it. Go
to area E and replace all the text in area E with listing
2b and choose accept from the middle-button menu. The
message selector moveDisk:to: should appear in area D
of the browser.

RUNNING THE PROGRAM
Let’s try the Tower of Hanoi using three disks. Move the
cursor to the window labeled System Transcript (probably

in the upper left corner of the display) and click the left
button. When the window wakes up, point to the end of
the text, click once, and type:

(Object new) moveTower: 3 from: 1 to: 3 using: 2

Select the text and choose doit from the middle-button
pop-up menu (see figure 3). doit, as you might expect,
tells Smalltalk to execute what you have selected. The
System Transcript shows program output, just as a tradi-
tional character-oriented terminal does in other program-
ming systems. This sequence of moves should scroll by:

17->3
17 ->2
3->2
17->3
2 ->1
2 ->3
17->3

Notice that we never declared the type of the arguments
to our procedure, moveTower:from:to:using:. In this in-
stance, Smalltalk is much more like LISP than Pascal
because Smalltalk variables can be any type. As long as
they understand the messages they are sent, variables can
hold values of a different type than we originally intended.
Without making changes to the procedures, we can ac-

: Graphics-Paths
Graphics-Viewrs
Graphics-Editors

Boolean
False

Kernel-Objects True

Kernel-Classes
Kernel-Methods

Graphics-Support  |[@1a=3 F system simulation

UndefinedObject
class

error handling
user interface
system primitives

private

| temporary wvariable names |
statements

Jnessage selector and argument naunes
"comment stating purpose of message"

Figure 2: The state of the browser just before adding the methods in listings 2a and 20.
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Figure 3: The System Transcript with the text to run the Tower of Hanoi program highlighted. The doit command that will execute

the highlighted text is about to be chosen.

tually run the program with strings as the names of the
poles instead of integers! Furthermore, the height can be
a floating-point number. Try the example again with new
pole names:

(Object new) movelower: 30
from: 'North’ to: 'South’” using: Telephone’

When you select this and choose doit, the System Tran-
script will show

‘North® — > "South’
‘North’ — > Telephone’
'South’ — > Telephone’
‘North’ — > 'South’
Telephone’ — > 'North’
Telephone’ — > 'South’
‘North' — > 'South’

The recursive solution of the Tower of Hanoi problem
presented here is not object-oriented. The program in
Smalltalk looks very much like the equivalent program in
the other languages. It contains objects, but they are not
exhibiting the full power of object-oriented programming.
|Author's note: A Taste of Smalltalk contains versions of this pro-
gram that are object-oriented and that take advantage of Smalltalk
graphics to show an animation of disks moving between the poles.|

THE ANIMAL GAME

Let's now consider a new game and write a program that
uses objects as they are meant to be used. The Animal
Game is used commonly as an example of binary trees
(we found it in Oh! Pascall by Doug Cooper and Michael
Clancy [reference 3]). The user thinks of an animal, and
the program tries to guess what it is.

Does it swim?

<click yes>
Does it have gills?
<click no>
Are you thinking of a Dolphin?
<click no>
Gee, | don't know this one.
What animal were you thinking of?
(type it and press return)
Penguin
Please type a question that distinguishes between
a Penguin and a Dolphin
Does it have feathers?
Remind me about a Penguin. Does it have feathers?
<click yes>
Would you like to think of another animal?
<click yes>
Does it swim?

The program begins by asking the user a series of yes-
or-no questions and finally suggests a specific animal. If
the program is wrong, it asks the user what animal he or
she was actually thinking of and what question would
distinguish it from the other animal. By installing this in-
formation at the right place in a binary tree, the program
builds up a collection of questions and animals to ask
about in the next round.

The tree is composed of “"question objects” and “animal
objects” (see figure 4). Each object has variables it owns,
much like the variables in a Pascal record. A question ob-
ject needs to store the following information:

fatherNode object above this one in the tree (a question,
an animal, or nil)
(continued)
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Does it swim?
YES |

NO

Does it have gills?
| NO

YES
Fish Does it have feathers?
YES r I NO
Penguin Dolphin

YES

Is it a bird?
NO

Robin

Lion

Figure 4: An example of a binary tree that the Animal program might build.

myQuestion text of a question to ask (a string)

yesBranch object to go

object in the tree)

noBranch  object to go

object in the tree)

And an animal object needs to store:

fatherNode node above this one in the tree (another

object or nil)

name
to if the user says yes (an

to if the user says no (an

animal’s name (a string)

Before creating an object, we need to describe it. After
we have described a single object, the description can
serve as the definition of a whole class of objects. We call
such an object description a class. A class is like a user-
defined data type combined with a module that has a set

of procedures as an external interface. Any object created

from the description is called an instance of the class. We

(continued)

Application Program

Unmodified
DOS Application

™

X-VIEW 86

™

DOS Debug

4

Dynamic Execution
Information

XVIEW 86 profiles the
execution of DOS software,
and displays information
needed to improve program
performance, identify
compatibility issues, and
pinpoint conversion
problems.

154 BYTE « AUGUST 1986

XVIEW 86

Profiles DOS application software and solves
problems Debug can’t touch.

X-VIEW 86 is a DOS software X-ray machine.
X-VIEW 86 monitors internal software operations
during execution to help you debug, test, port, or
convert programs. X-VIEW 86 adds new features to
Debug to profile either your own applications
software or top-sellers like 1-2-3®. You get fast,
reliable results.

Real solutions to technical challenges.

Save hours of time-consuming, tedious work using
data from X-VIEW 86's built-in reports that identify:
m Execution hotspots m /0 port references
m Segment usage m Interrupt calls

m Memory map references m Instruction set usage
Report information is displayed on screen. And new
breakpoint commands added to Debug stop a
program on:

m /0 port references
m Interrupt calls

m Memory data
references

Hardware and software requirements.

X-VIEW 86 runs on the IBM PC and compatibles with
DOS Debug 2.x or 3.x. Even if you use a different
debugger, X-VIEW 86 turns Debug into your program
profiler. And it's not copy protected.

Priced at an affordable $59.95.

Get a whole new outlook on your work with X-VIEW
86. We've made it easy. Order today by calling 1-800-
221-VIEW (in Texas, or outside the U.S,, call 1-214-
437-7411). We accept Visa, MC, DC, and AmEx cards.
Or order by writing to: McGraw-Hill CCIG Software,
8111 LBJ Freeway, Dallas, Texas 75251. X-VIEW 86 is
just $59.95 plus sales taxand $3.00 shipping
($9.00 outside the U.S.). Be sure to include credit
card number and expiration date with mail orders.
Orders paid by check are subject to delay. To order call

1-800-221-VIEW

e/l McGraw-Hill CCIG
IEnll Software
8111 LBJ Freeway, Dallas, Texas 75251

X-VIEW 86 is a trademark of McGraw-Hill, Inc.; IBM is a registered
trademark of International Business Machines; 1-2-3 is a registered
trademark of Lotus Development Corporation.
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DR. JACK PURDUM

Get the proven product from the man
who wrote the books on “C".

C Programming Guide
After reading the Ist edition, Jerry Pournelle (BYTE
Magazine) said: “I recommend this book...Read it
before trying to tackle Kernighan and
Ritchie." The second edition ex-
pands this best seller and walks
you through the C language in an
easy-to-understand manner.
Many of the error messages in-
clude references to this book
making it a perfect com-
panion to Eco-C88 for those
just starting out with C.

$20

C Self-Study Guide
(Purdum, Que Corp) Designed for
those learning C on their own. The
book is filled with questions-answers
designed to illustrate many of the
tips, traps, and techniques of the
Clanguage. Although written to
complement the Guide, it may
be used with anyintroductory
text on C.

$17

C Programmer’s Library

(Purdum, Leslie, Stegemoller, Que
Corp.) This best seller is an inter-
mediate text designed to teach you
how to write library functionsin a
generalized fashion. The book
covers many advanced Ctopics
and contains many useful ad-
ditions to your library including

$22

CED Program Editor

CED now supports on-line function help. If you've
forgotten how to use a standard library function, just
type in the name of the function and CED gives you
a briefsummary, including function arguments. CED
isa full screen editor with auto-flagging of source code
errors, multiple windows, macros, and is fully con-
figurable to suit your needs. You can edit, compile,
link, and execute DOS commands from within the
editor. Perfect for use with Eco-C88. For IBM PC, AT
and look-alikes. §29.95

CSource for Standard Library

Contains all of the source code for the library func-

tions that are distributed with Eco-C88, excluding the

transcendentals and functions written in assembler.
$10 (520 if not with order)

Developer’s Library

Contains all the source code for the standard library,

including transcendental and assembler functions.

Available with compiler purchase only.

$25 (850 if not with order)

a complete ISAM file handler.

NOTHINGIN
THIS PRICE
RANGEEVEN
COMES CLOSE.

“Ecosoft's Eco-C is going to turn some
major heads."

“Eco-C is the first compiler reviewed that
has clearly begun implementing the
coming ANS! standard. Eco-C supports
prototyping.”

“Eco-C performed well on all the bench-
marks, generating code that was quite
comparable to that of compilers 10 times
as costly."

from:

Christopher Skelly
Computer Language,
Feb, 1986

“The driver program is another strength:
it compiles and links a list of files and
provides a simple MAKE capability.”

“This compiler does handle syntax errors
much belter than average—no ava-
lanche of spurious messages here."

from:

William Hunt

PC Tech Journal,

Jan,, 1986

“Eco-C88 is a high-quality package...
comparable to systems costing much more.”

“Eco-C88 is one of the fastest...”

“It is convenient to use, works well, and
produces acceptably compact and fast
programs.”

from:

Dr. David Clark

Byte, Jan., 1986

To use Eco-C88 Release 3.0, you must

have:

. An IBM PC, XT, or AT-compatible
computer with monitor.

2. 256K or more memory.

3. Two 360K disk drives, or a hard disk.

4. PC or MSDOS 2.1 or later to include

the MSDOQS linker.

Eco-C88, mini-make, memfiles and CED
are trademarks of Ecosoft Inc.
IBM is a trademark of International
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Ecosoft Inc.
6413 N. College Ave.
Indianapolis, IN 46220

Business Machines.
UNIX is a trademark of Bell Labs.
MSDOS and MASM are trademarks of

Microsoft.

Minimum System Requirements: I

THE FIRST PROFESSIONAL
‘CCOMPILERFORUND

Full-featured C compiler. Supports all
C features, data types (except bit fields),
and operators.

New Language Enhancements. You
also get prototyping, enum and void
data types, plus structure passing and
assignment.

Tiered Error Checking. All syntax er-
rors are automatically flagged, but you
can select the level of “link-like" seman-
tic error checking you want.

Complete Standard Library. Over 200
functions, many of which are System V
compatible for greater source code
portability.

Screen and Memory Functions. Now
you can write programs that use color,
cursor addressing, even ones that let you
design your own graphics functions. You
also get memfiles™ that allow you to ac-
cess memory outside the normal data
segment as a file.

8087 and 80287 Support. If you have
one of these math chips, your programs
will take immediate advantage of it. If
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ically switches to software floating point.

Full Screen Editor. The CED editor is a
full screen editor with multiple windows,
macro commands, on-line function help,
plus a full set of editing commands. (Re-
quires a true [BM PC compatible.) You
can edit, compile, link, and execute pro-
grams from the editor which greatly
reduces development time.

Includes a cc and mini-make™. The
UNIX-like cc makes compiling pro-

grams a snap. You can run cc from
within the CED editor.

ASM or OBJ Output. You can select
assembler or relocatable output from the
compiler. Both are MASM compatible
and ready for use with the MSDOS
linker to produce EXE filés.
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have already decided what information an individual ques-
tion should hold (fatherNode, myQuestion, yesBranch,
noBranch); these variables are called instance variables. Each
instance has its own private values for its instance vari-
ables.

Since both class Question and class Animal have the
variable fatherNode. let's separate it out into another
description called TreeNode (see listing 3). We make the
classes Question and Animal subclasses of TreeNode so
they can inherit the common instance variable and the
methods fatherNode: and playGame that are common
to Animal and Question. (See class descriptions in listings
4 and 5.)

Let's consider how the program asks the user a ques-
tion. We send the message ask to the top object in the
tree. This object might be a question or it might be an
animal, and we want different things to happen in each
case. Since questions and animals are different kinds of
objects, they can respond differently to the message ask.

In listing 4 under the message ask, we see how a ques-
tion responds to ask. The third line declares a local vari-
able. answer. (In Smalltalk you do not need to declare the
types of variables) Names enclosed in vertical bars at the
beginning of a method are local to that method. The next
statement puts the question on the screen in a confirma-
tion window and stores the user's response in the variable
answer. The confirm: message returns true for "yes” and
false for "no”” A left arrow is the assignment operator; you
can pronounce it as "gets” In the last two lines of the
method, we send the message ask to the yesBranch cb-
ject if the answer was true, and we send ask to the
noBranch obiject if the answer was false. The up arrow
at the beginning of the last statement means return an
object to the method that sent the message that caused
this method to be run. The object is the result of the
chosen branch of the conditional. Every Smalltalk method
returns a single obiject as its result. If you don't specify
what object to return (by using an up arrow). the object
that received this message (which we know as self) is
returned.

Sending the message ask to an animal object causes
an entirely different piece of code to run (see the ask mes-
sage in listing 5). We declare answer and newQuestion
as local variables. The next line presents a confirmer win-
dow to the user, asking if the user was thinking of this
animal and storing the response in the variable answer.

If this was not the correct animal guess, we need to build
anew object and put it in the tree. We create a new ques-
tion object (Question new), send it the message askFor-
NewAnimalAndQuestion: with the current object (self) as
an argument, and store the result in newQuestion. The
expression (fatherNode == nil) tests if this animal is the
top node in the tree (it could be if there is only one ob-
ject in the tree). If not, fatherNode is an object above, and
we tell that object to substitute the new question on one
of its branches. The top of the tree is stored in a global
variable called AnimalTree, so the program will remember
its knowledge between games. If self is the top of the tree,
store newQuestion into AnimalTree. (Normally, you can
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Listing 3: The variable fatherNode and the methods
fatherNode: and playGame have been factored out of
the classes Animal and Question and put into their
own class description, TreeNode.

Class Description for TreeNode:

Object subclass: #TreeNode

instanceVariableNames: ’fatherNode ’
classVariableNames: '’
poolDictionaries: '’

category: ’'Kernel-Objects’

Methods for class TreeNode:

fatherNode: aNode
"remember the parent decision node"
fatherNode « aNode

playGame

"To start new game, select the text
within the double quotes in the line
below and choose ’'do it’ from
middle-button menu:"

“(Animal new name: 'Robin’) playGame."

"To restart an old game:"

"AnimalTree playGame."

| exclamation |

Smalltalk at: #AnimalTree put: self.

[exclamation «
(Smalltalk at: #AnimalTree) ask.
nil confirm: exclamation,
'Would you like to
think of another animal?’] whileTrue.

Listing 4: The class description and methods for
Question. This class is a subclass of TreeNode.

Class Description for Question:

TreeNode subclass: #Question

instanceVariableNames: ’'myQuestion
yesBranch noBranch ’

classVariableNames: '’

poolDictionaries: '’

category: ’Kernel-Objects’

Methods for Class Question:

ask

"Ask the user a question"
| answer |
answer « nil confirm: myQuestion.
"Ask a more detailed question"
+ answer ifTrue: [yesBranch ask
ifFalse: [noBranch ask].
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askForNewAnimal AndQuestion: oldAnimal
"Ask the user the name of the new animal
and get a distinguishing question."

| newName newAnimal polarity |
newName « FillInTheBlank request:
'Gee, I don’’t know this one.
What animal were you thinking of?
(type it and <return>)’.
newAnimal « Animal new name: newName.
myQuestion « FillInTheBlank request:
'Please type a question that distinguishes
between ’, oldAnimal name, ' and °’,
newAnimal name.
polarity « nil confirm:
' Remind me about ’, newAnimal name,
' ,myQuestion.
polarity ifTrue: [yesBranch « newAnimal.
noBranch « oldAnimal]
ifFalse: [yesBranch « oldAnimal.
noBranch « newAnimal].
newAnimal fatherNode: self.

substitute: newQuestion for: oldAnimal
"replace an animal branch with a
decision branch"

(yesBranch == oldAnimal) ifTrue:
[yesBranch « newQuestion].
(noBranch == oldAnimal) ifTrue:

[noBranch « newQuestion].
newQuestion fatherNode: self.

Listing 5: The class description and methods for
Animal. This class is a subclass of TreeNode.

Class Description for Animal:

TreeNode subclass: #Animal
instanceVariableNames: ’name
classVariableNames: *°
poolDictionaries: *’
category: 'Kernel-Objects’

Methods for Class Animal:

ask
"ask the user if this animal is the one"
| answer newQuestion |
answer « nil confirm:
'Are you thinking of ’, name, °’?’.
answer
ifTrue: [t 'Oh, boy! I got it!
ifFalse: ["ask what were you thinking of"
newQuestion « Question new
askForNewAnimalAndQuestion: self.
fatherNode == nil
ifFalse: [ fatherNode substitute:
newQuestion for: self]
ifTrue: [Smalltalk at: #AnimalTree

(continued)

just say AnimalTree < newQuestion, but here we explicitly
look it up in Smalltalk, the global dictionary, so you won't
have to declare AnimalTree before you type this program.)
Finally, we set our own fatherNode to be the new ques-
tion object, because we are now below it in the tree.

In the code for ask in class Animal we create the new
instance of class Question and send it a message that
gathers the data for a new question. l.ooking at the
method askForNewAnimalAndQuestion: in class Ques-
tion, the message request: to FilllnTheBlank puts up a win-
dow that asks the user for input, using the string we supply
as a herald. We store what the user typed in newName.
We construct the string by using commas to concatenate
several strings. The message name sent to oldAnimal asks
the animal object for the string in its name field.

The line

newAnimal < Animal new name: newName.

creates a new instance of class Animal and tells it that its
name will be the name we just got from the user (new-
Name).

The next line collects a question from the user to
distinguish this animal from the wrong guess and stores
it directly into the instance variable question. We need to
know if a positive answer to our new question indicates
the new animal or the old one. We ask the user and store
the answer in polarity. We then test polarity and assign
the animal objects to the yes and no branches according-
ly. Finally, we inform the new animal that its father node
is ourself.

We used the messages name and name: to retrieve and
set the name string of an animal. Pairs of messages that
have the same name except for a colon are common in
Smalltalk. By informal convention, one sets a value and
the other retrieves it. In class Animal (see listing 5) the
name method simply returns the contents of the instance
variable, name. The name: method not only sets the value
of the instance variable, name, but also adds a little class
to this program (as if there weren’t enough classes already)
by automatically putting "a” or “an” in front of the name.
“Lion” becomes "a Lion,” and "Elephant” becomes “an
Elephant” To get the first letter of a string, we treat it as
an array and index into it using the message at:. Thus,
(newName at: 1) returns the first character of the string.
We want to know if the vowels in the string 'aeiouAEIOU’
contain this character. The message indexOf: returns the
index of the first occurrence of its first argument (a char-
acter) in the string. If the index is zero, our character is
not a vowel.

When you are exploring the Smalltalk system, you will
often be doing what we just did: reading unfamiliar code.
Reading code is easy if you can do two things: identify
the objects and understand the order in which messages
are sent. All words that begin with a letter and don't end
with a colon are objects, except those that immediately
follow another object. In the expression (oldAnimal name),
oldAnimal is an object and name is a message. In a series
of words without colons such as (oldAnimal name

(continued)
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put: newQuestion ].
fctheSNode « newQuestion.
T El » .

name
"reply with my name"
* name

name: newName
"Save the name of this new animal.
Add 'a’ or ’'an’ before the name."
(’aeiouAEIOU’ indexOf:
(newName at: 1)) = 0
ifTrue: [name « ’'a ’, newName]

ifFalse: [name « ’an ', newName]

asUppercase). the first word is an object and the rest are
message names. In (height printString) size, the token size
is still a message name, since the expression in paren-
theses evaluates to an obiject.

The order in which messages are sent in Smalltalk is a
little more complicated than identifying which things are
objects. As you might expect, parentheses are used to
show what to do first. We were amazed to find that paren-
theses are not required in any of the methods we wrote
until name:. In the expression

(aeiouAEIOU’ indexOf: (newName at: 1)) = 0

(newName at: 1) is evaluated first. The message indexOf:
uses the result as its argument, and the message = is sent
last of all. When you write code you can include as many
parentheses as you want, but you may have to read code
that has a minimum of parentheses, so it helps to know
the order of evaluation.

Smalltalk has just two rules that tell which messages are
sent before others. Messages without arguments (name,
printString, etc.) are executed first. They take precedence
over adjacent messages that are operators (+. —, *, =,
>, comma, etc.). Thus, aString size > 0 is the same as
(aString size) > 0 and means send the message size to
aString first. Operator messages are executed before ad-
jacent messages whose names contain colons. Thus,

(yesBranch == oldAnimal) ifTrue:
[yesBranch « newQuestion ].

does not need parentheses to cause yesBranch and
oldAnimal to be compared before the message ifTrue: is
sent. Two messages without arguments are evaluated left
to right, as are two operators in a row (3 + 4 *5 evaluates
to 35). The Smalltalk books (references 1 and 4) have the
complete story. As you may have guessed, all spaces, tabs,
and carriage returns in Smalltalk code are meaningless
to the system. Packed methods compile just as well as
beautiful, poetically indented ones. (You do need a space
in oldAnimal name to show that it is not the single long
name, oldAnimalname.)

Returning to our program, in the method ask we sent
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a message to fatherNode, the object above the current
node, so it will use the new Question object next time.
In class Question, look at the method substitute:for: (see
listing 4). If the animal we arereplacing is exactly the same
object as the yesBranch (tested by the message ==),
replace it with the new question. If the noBranch was the
old animal. then it is the one to replace. In any case, set
the fatherNode of the new question object to be the cur-
rent object (self).

The methods substitute:for: and askForNewAnimalAnd-
Question: in class Question each tell an object to set its
fatherNode. Both Animals and Questions get their father-
Nodes set in the same way, so we can put the code in
class TreeNode where it will be shared by both kinds of
nodes (see listing 3).

We are all done except for launching the game. The top
node of the tree is stored in the global variable Animal-
Tree, and it can be a node of either kind. The comments
that compose the first four lines of the method playGame
(see listing 3) tell how to start the game, both normally
and from scratch.

After exclamation is declared local and the current ob-
ject is installed as the root of the tree (the same object
is already there when this method is called from the ex-
pression AnimalTree playGame), the rest of the method
is a single statement. The block of code enclosed in
brackets is a while loop, and it is executed repeatedly until
the last expression in the block returns false. All the work
is done by the first statement in the block. which sends
the message ask to AnimalTree, which is an animal or a
question obiject.

ENTERING THE PROGRAM

Let's consider how to enter our program into a Small-
talk-80 system. In area B of figure I, deselect any class
that is currently selected. A class-definition template will
appear in area E. Modify it to be the definition of class
TreeNode and accept it. Our new class, TreeNode, will
appear in area B. Deselect it and enter the class descrip-
tions of Animal and Question in the same way. (You can
create a second browser on the screen by holding down
the left mouse button in the gray area outside all windows.)
Now we will enter the methods for these classes.

If you are using an early version of the Level O Smalltalk
system for the Macintosh 512K, you will have to add the
method request: to the system. Do this by entering area
A of the browser and selecting the category Interface-
Menus (it is above Kernel-Objects). Select FillinTheBlank
in area B and cl/ass in area F. Look in area D to see if the
method request: is there. If not, enter the method request:
shown in listing 6 and accept it. When you have finished,
be 'sure you change the selection back to instance in
area F

In each of the three classes, create a category for mes-
sages, as we did in the Tower of Hanoi example, and enter
and accept the methods. Be sure to put the right method
in the right class. Note that you make a left arrow by typ-
ing an underscore and an up arrow by typing a caret. To
run the program, select the appropriate part of the com-
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Listing 6: Missing method in the class portion of
FilllnTheBlank. (Only early versions of Apple's Level O
system are missing this method.)

request: messageString

"Create an instance of FillInTheBlank
whose question is messageString. Display
it centered around the cursor. Return the
string that the user types and accepts."

self

request: messageString

displayAt: Sensor cursorPoint

centered: true

action: [:response | response]
initialAnswer: '’. "<- two single quotes"
t response

ment in playGame and choose doit from the middle-
button menu. The system should ask you questions in the
form of small windows that appear on the screen. You have
now explored a truly object-oriented program.

WHY USE OBJECTORIENTED LANGUAGES ANYWAY?
The most important part of object-oriented programming
is not any technical advantage it gives but the fact that
it crosses a threshold of perception. When we put all the
information associated with a question node into an in-
stance of class Question, we didn't just clean up the
Animal program. We allowed ourselves to think of that
body of information and action as a single unit, namely,
a question node. We perceive the world around us as
made up of objects, and our brains arrange information
into chunks. By using objects in a programming language,
we can tap into an existing pattern of thought.
Thinking of an algorithm in terms of objects makes it
easier to understand. This ease of understanding often
comes not from the details of how a procedure is con-
structed but from not having to think about the rest of
the program. When you are working inside one Smalltalk
class, you are largely safe from the side effects and com-
plexities of parts of your program outside that class.
Good design and clean code are not the sole province
of Smalltalk. It is possible to write extremely beautiful
codein other languages, as well as terrible code in Small-
talk. However, the designers of Smalltalk believe that you
already know what makes a good design and clean code.
Smalltalk encourages you to follow your best instincts.
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a total blackout.
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OBJECT-ORIENTED LANGUAGES

OBJECTS, ICONS,
AND
SOFTWARE-ICS

BY BRAD Cox AND BILL HUNT

Object-oriented programming can make it easier

to create icomic

MAKING COMPUTERS EASIER TO USE has been an en-
during dream since the dawn of computing. This is one
of the reasons for the current interest in iconic or object-
oriented user interfaces---interfaces that present information
as pictures instead of text and numbers. However, iconic
programs can be excruciatingly difficult to build. They
must not only do all that conventional programs do, but
they must also present their workings as pictures instead
of the usual words and numbers, and they must determine
the user’s needs from a graphical input device like a mouse
rather than the usual commands from a keyboard. Unless
tools can reduce this complexity, iconic user interfaces
will remain costly and comparatively rare.

This article will demonstrate why object-oriented pro-
gramming is becoming so popular, not only for building
iconic programs but for programs of any kind. This popu-
larity is the result of two language features beyond those
provided by non-object-oriented languages: encapsulation
and inheritance. Encapsulation means that code suppliers
can build, test, and document solutions to difficult user
interface problems and store them in libraries as reusable
software components that depend only loosely on the ap-
plications that use them. Encapsulation lets consumers
assemble generic components directly into their applica-
tions, and inheritance lets them define new application-
specific components by inheriting most of the work from
generic components in the library.

Building programs by reusing generic components will
seem strange if you think of programming as the act of
assembling the raw statements and expressions of a pro-

user interfaces

gramming language. The integrated circuit seemed just as
strange to designers who built circuits from discrete elec-
tronic components. What is truly revolutionary about
object-oriented programming is that it helps programmers
reuse existing code, just as the silicon chip helps circuit
builders reuse the work of chip designers. To emphasize
this parallel we call reusable classes Software-ICs.

Even though the examples in this article are written in
Objective-C, not Smalltalk-80. you will find the graphics
primitives chapter in Adele Goldberg and David Robson’s
book Smalltalk-80: The Language and lts Implementation
(AddisonWesley, 1983) helpful in understanding the por-
table graphics substrate on which this work is based. More
information on Objective-C and the Software-IC approach
to system building is contained in Lamar Ledbetter and
Brad Cox's article “Software-ICs” (June 1985 BYTE) and
in Cox’s book Object-oriented Programming: An Evolutionary Ap-
proach (Addison-Wesley. 1986).

WORKBENCH
To determine how much a Software-IC library can help in
building iconic applications, we developed the program
whose interface is shown in the top window in figure 1.

(continued)
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Bill Hunt currently works on user interfaces and high-speed graphics
for Hewlett-Packard (PO. Box 301, Loveland. CO 80539). He was
also part of the team that developed the HP 110.

AUGUST 1986

BYTE 16l



ICONS AND SOFTWARE-ICS

This program is called Workbench because it lets a pro-
grammer describe the files on his workbench and how
they should be transformed into other files by tools like
compilers and linkers. Workbench shows each file as an
icon, dependencies between files as lines, and the pro-
grams that transform files as small circles. For example,
the file named testOutput depends on two other files,
testinput and theProgram. The file named theProgram
depends on the three binary files shown as Software-IC
icons, and each of these depends on its own source file.
By relying on the operating system to maintain time
stamps showing when each file was last changed, Work-
bench could be made to automatically rebuild the target
files to bring them up to date when the source files they
depend on change.

Since Workbench is currently only a prototype that we
built to test the Software-IC library, we have not yet im-
plemented the logic for rebuilding target files when source
files change. Except for this unimplemented (but crucial)

control

shades

feature, Workbench and the UNIX utility make provide
radically different user interfaces for the same problem.
Figure 2 shows the file a user would have to build to
describe the same information described in figure I by
Workbench.

BUILDING THE COMPONENTS
An iconic user interface is like an animated movie or car-
toon. Once a cartoon has been designed through script-
writing and storyboarding, an artist builds the components
of the animation by painting gels on transparent acetate
sheets, turning generic materials from an art supply store
into the specialized components needed for the movie
on hand. The user interface library is the programmer’s
art supply store. It provides generic components from
which specialized ones are defined by using encapsula-
tion and inheritance the way an artist uses paint, scissors,
and glue. This section will show how a programmer builds
(continued)
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Figure 1: Workbench as it might be seen by a programmer. The topmost window shows the iconic user interface, the window to the
left shows a text editor, and the window to the right shows a bit-map _editor.
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ICONS AND SOFTWARE-ICS

a stockpile of specialized components from generic com-
ponents in the library. Later we will show how the com-
ponents are assembled into an application and brought
to life in the way that an artist assembles gels into layers
and moves them with respect to each other to simulate
motion.

The programmer’s sheet of acetate is a generic class in
the library named View. [Editor's note: 1t is a naming conven-
tion to capitalize the first letter of class names and lowercase the first
letter of the instances of these classes.| Workbench’s user inter-
face in figure 1 was produced by many different instances
of many specialized kinds of views, assembled like overlap-
ping layers of acetate. No instances of the generic View
class appear because instances of this class are
transparent. But instances of specialized view classes can
be seen because the programmer who defined them
added “paint” to make them visible. For example,
BorderedViews provide two colors of paint, one for a
border of adjustable thickness and another for the region
inside the border. One of these drew the white square in
the upper left corner, two others drew similar squares in
two other corners, and a fourth drew the tall vertical rec-
tangle along the left edge. Several other BorderedView
instances cannot be seen because they are obscured by
other views lying on top of them. For example, the views
in this figure are arranged on top of a large Bordered-
View that serves as an opaque backing to which all the
others are attached.

Having seen how views work visually, let’s turn to how
they are implemented. The most generic abstraction, the
View class, was defined by compiling a file that contains
the following class definition statement, along with a large
number of methods. In this section, no methods will be
shown because they would introduce far too much detail
for now.

= View : Rectangle {
id clipList; // list of visible regions
id superView; // or nil
id subViews; // OrderedCol'n of subViews
BITS flags; // flag bits

testOutput: testinput theProgram
theProgram testinput >testOutput
theProgram: main.o firstSub.o secondSub.o
objc main.o firstSub.o secondSub.o
-o theProgram

main.o: main.m
objc -c main.m
firstSub.o: firstSub.m

objc —c firstSub.m
secondSub.o: secondSub.m
objc —c secondSub.m

Figure 2: The file a user would have to build to convey the
information in figure 1 to the UNIX utility make.
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This statement defines a new class, View, as a subclass
of another generic class from the library, Rectangle. This
declaration is all that is needed to ensure that every view
will automatically inherit the ability to behave as a rec-
tangular region. For example, each view instance will in-
herit two instance variables from Rectangle, namely a
point (an x.y pair) named extent that describes the size
of the view and a point named origin that specifies its posi-
tion on the screen. Finally, the declaration adds four new
variables that will be used to describe how each view is
attached to other views. The superView variable identifies
another view that provides the background against which
this view will be displayed. A view's superview also estab-
lishes its coordinate system, and it clips any graphics
drawn by the subview that extend beyond the superview's
margins so that they don't appear on the screen. The vari-
able subViews identifies those views for which the cur-
rent view is background. These variables will be inherited
by all other views. Thus every view will be linked into an
important data structure, the view hierarchy, that describes
how the views are stacked into layers.

BorderedViews are a specialized kind of view that is not
transparent, and their declaration states as much explicitly:

= BorderedView:View {
short borderWidth; // thickness of border
id borderPattern; // color of border
id insidePattern; // color of inside
id outsideRectangle; // computed rectangle

}

In other words, a BorderedView instance is exactly like
a view but has four additional variables to describe how
thick its border should be and a pattern (a “color”) to
display for its border and central region.

This may seem like a lot of trouble just to draw a black
line around a white box, but effort spent on generic
classes is seldom wasted. BorderedView actually turns up
repeatedly in this and other iconic applications, both as
a component that is reused directly through encapsula-
tion and as a generic class to be specialized through
inheritance. We have shown several places where
unmodified BorderedViews appear. but they are also
inherited by specialized subclasses that can modify
their appearance in surprising ways. For example, con-
sider MacScrollBar, the class whose instances drew the
horizontal and vertical scroll bars in the topmost window
of figure 1:

= MacScrollBar : BorderedView {
BOOL isVertical; // NO if horizontal
id scrollMore; /! ArrowFixture
id scrollLess; // ArrowFixture
id elevator; // ElevatorFixture

Even though the MacScrollBar instances look very dif-
ferent from ordinary BorderedViews, they were imple-
(continued)
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ICONS AND SOFTWARE-ICS

Specializing from reusable generic

code is what makes object-oriented

programming so productive.

mented as a specialized BorderedView whose inside-
Pattern variable is set to a uniform gray tone. Three in-
stance variables are also added to refer to two instances
of class ArrowFixture and one instance of class Elevator-
Fixture. These too are specialized BorderedViews that
have overridden the method that draws their central region
with one that displays a specific iconic image rather than
a plain shade of gray. They also have additional methods
that make them interpret cursor events as commands to
control scrolling.

This ability to define specialized new facilities from
generic facilities in the library is one of the key things that
makes object-oriented programming so productive. When
the new classes get so specialized that they are specific
to the application on hand, they are no longer stored in
the generic library. Nonetheless, they are still part of the
inheritance hierarchy, and they are built exactly like the
generic classes shown so far. For example, the large white
region in the center of the Workbench user interface was
drawn by an instance of class WbView that describes the
files on the Workbench, a UNIX directory area.

= WbView : BorderedView {
id model; // the Wb being viewed
}

This class defines an instance variable, model, that
identifies the instance of class Wb to be interfaced to the
user. Most applications involve several kinds of
application-specific views, and these are produced in ex-
actly the same way, by defining specialized subclasses of
View.

MODELS AND VIEWS
Until now we've described only how the components of
this application were defined. Now let’s turn to how they
work together when the Workbench program first runs in
a particular UNIX directory. Like most other programs,
Workbench must support two very different kinds of in-
terfaces: one between itself and the file system. and the
other between itself and the user. When Workbench starts
executing, it must read information from the file system
and represent it in some internal form. Then it must create
whatever objects it needs for its user interface, draw these
objects on the screen, and accept commands from the
user that then modify the internal form. Finally. Workbench
must save the modified information so that it will be avail-
able the next time the program is run in that directory.
This pattern is so typical that special terms are used to
distinguish the two interface levels. The word model refers
to the internal form, that is, whatever structure is used to
represent the objects to be saved between sessions. The
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term view refers to the objects that implement the user
interface. Views have been described in the previous sec-
tion, and we turn now to the models.

The Workbench application uses only four kinds of
model objects: Entity, Action, Obj, and Wb. Each file in
the directory is represented by an instance of class Entity
that holds the name of a file, its modification time, and
two collections that describe those entities that depend

“on it and those that it depends on. When an entity’s modi-

fication date is older than the date of a file that it depends
on, it must be rebuilt by executing a program specified
by the user. Another class. Action, holds the command
string that describes how this program should be run. The
Entity and Action classes have some features in common
(such as where they are on the screen), and this is repre-
sented in a common superclass, Obj. A final class, Wb,
represents the contents of the Workbench as a whole as
a collection of entity and action instances.

When Workbench runs for the first time in a directory.
it builds an instance of class Entity for each file and in-
stalls it in an empty instance of class Wb named work-
benchModel. Next, the program creates a user interface
so that the user can manipulate the models in the follow-
ing ways: by moving them around on the screen, by de-
scribing which entities depend on which others, and by
defining actions. (In the Workbench user interface, entities
are presented to the user as file icons, actions are the
circles, dependencies are the lines connecting the actions
and entities) The effect of this is to interconnect the
models, forming a complicated web of linked objects that
must somehow be saved at the end of the session so that
it can be restored the next time the program runs in that
directory. The code needed to do this is highly nontrivial
to write, but object-oriented programming makes it seem
simple. Since every class is a subclass of the most generic
class in the system, Object, every object automatically in-
herits a method that can be used to save it in a file:’

[workbenchModel storeOn:"workbench.io”];

When the application is executed again, it recreates
workbenchModel by reading the file like this:

workbenchModel = [Wb readFrom:"workbench.io”];
if (workbenchModel == nil)

workbenchModel = [Wb new];
[workbenchModel synchronizeWithDirectory];

The first statement requests the factory object for the
Wb class to recreate workbenchModel from the file
named workbench.io. The attempt will fail if the program
has never been run in this directory, in which case the Wb
factory object is requested to construct a new (empty) in-
stance. In either event, the synchronizeWithDirectory mes-
sage requests workbenchModel to examine the directory.
adding or removing entities as needed to reflect files that
have been created or removed since workbench.io was
last written. Instance variables in the models are now up-
dated to reflect the time at which each file was last
changed.

(continued)
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ICONS AND SOFTWARE-ICS

Obiject-oriented pfogramming

allows most of the work

to be developed in advance,

stored in the library,
and reused off-the-shelf
as generic Software-1Cs.

Although workbenchModel is a complicated web of in-
terconnected entity and action linked by dependency in-
stances, the storeOn: method walks this web automatically,
converting each object to a symbolic representation from
which readFrom: can reconstruct the web during the next
session. The developer of this application didn’t have to
design, code, test, document, or maintain this logic. Apart
from the pair of triggering statements, this complicated
data structure was saved and restored without writing any
new code. The supplier of the most generic class in the
system, Object. undertook this task once and for all, and
every other class will inherit this work automatically.

The complete parts inventory for Workbench is shown
in figure 3. Most of the classes are generic components
taken directly from the user interface library. Only those
in the bottom section are application-specific, and the total
amount of application-specific code is 531 lines—269 lines
specific to the internal representation of Workbench
(model) and 262 lines used for the user interface (view).
This was possible only because object-oriented program-
ming allowed most of the work to be developed in ad-
vance, stored in the library, and reused off-the-shelf as
generic Software-ICs, just as hardware designers use
silicon chips to build specialized circuits.

ASSEMBLING THE USER INTERFACE COMPONENTS

We now have model obijects to be interfaced to the user
and a library full of components for building user inter-
faces. The next step is to assemble the components to
to build a user interface for the model objects. First, we
must build an opaque sheet of plain white acetate, on
which all the others will be arranged, and attach to it an-
other sheet painted with a standard frame of scroll bars:

[baseView = [BaseView new]
addSubView:stdView = [StdSysView new]];

The baseView = [BaseView new] expression commands
baseView, the factory object for class BaseView, to create
a new instance named baseView, and baseView is im-
mediately requested to add stdView, a newly created in-
stance of class StdSysView, as its first subview. BaseView
is a simple subclass of BorderedView that provides plain
white backing on which any kind of animation can be as-
sembled, and the StdSysView class defines a consistent
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overall appearance and behavior for all applications by
arranging nine subviews in three rows and three columns
to cover the available space completely:

= StdSysView:View {
PT topLeftExtent;
PT botRightExtent;

+ new {
self = [super new];
topLeftExtent = pt(16,16);
botRightExtent = pt(16,16);

Il 0=topLeft 1=topCenter 2 =topRight
[self addSubView:[BorderedView new]];
[self addSubView:[BorderedView new]];
[self addSubView:[BorderedView new]];

/I 3=midLeft 4 =midCenter 5= midRight
[self addSubView:[BorderedView new]];
[self addSubView:[BorderedView new]];
[self addSubView:[MacScrollBar vert]];

Il 6 =botLeft 7=DbotCenter 8 = botRight
[self addSubView:[BorderedView new]];
[self addSubView:[MacScrollBar horz]];
[self addSubView:[StretchFixture new]];
return self;

}

This is the first example that shows how methods are
defined in Objective-C. The plus sign in the fifth line
assigns this method to the factory object for class Std-
SysView, while a minus sign in the same position signifies
an instance method. Factory objects already inherit a
method named new from the Object class, but it is being
overridden here to create and initialize instances in a class-
specific way. For example, the two instance variables (of
type PT, short for Point) are given an initial value. and nine
subviews are automatically installed, such as MacScroll-
Bar instances in the center position of the bottom row
and right column.

Newly created StdSysView instances contain only
generic subviews initially, but they can be customized to
the specific application by requesting them to replace one
or more of them with application-specific views like this:

[stdView midCenterView:wbView =
[WbView createViewOf:.workbenchModel]];

WhbView is an application-specific subclass of Bordered-
View that implements a user interface for an instance of
class Wb.

= WbView . ..
+ createViewOf:aWorkbenchModel {
id sequence, member;
self = [super new];
model = aWorkbenchModel;
sequence = [[model entities] eachElement];
while (member = [sequence next])
[self addSubView:[ObjView

(continued)
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createViewOf:member]);
{sequence free];
sequence = [[model actions] eachElement];
while (member = [sequence next))
[self addSubView:[ObjView
createViewOf:member]];
[sequence free];
return self;

}

Application-specific views are exactly like the generic
views discussed earlier, but they nearly always define an
instance variable that points to the model that they are
responsible for managing. plus factory methods for ini-
tializing this variable and installing any additional views
that they need to implement the user interface. For ex-
ample, this createViewOf: method loops over each of the
entities and actions in the model and creates an instance
of class ObjView for each one.

POSITIONING, SIZING, AND DISPLAYING

The application has created many different kinds of views
and specified which ones lie on top of which others. But
no attention has been given to how big each view should
be and to where each view should be positioned on the
screen. And of course, nothing has been displayed on the
terminal. Since the sizing and positioning of each view
may change each time the window size is changed, these
functions are done separately in the course of respond-
ing to a windowChangedEvent. The event handler will
automatically generate this event as soon as the applica-
tion passes control to it:

[baseView controlStart];

One of BaseView's main functions is reading events from
the event handler, determining which views lie under the
location of the event, and sending those views messages
that describe which event has occurred. Since the window-
ChangedEvent affects all views, the BaseView handles it
specially:

= BaseView ...

— (BOOL)windowChangedEvent {
[self rect:currentDisplay];
[self display];
return YES;

}

The global variable currentDisplay identifies an instance
of class Display that manages the window in which the
application is running; the rect: message sets the Base-
View's position and size to that of currentDisplay. This
message is eventually implemented (in class Rectangle)
via two separate messages, origin: and extent:, both of
which are overridden (in class View) to give views the
behavior of a sheet of acetate. For example, View defines
a default implementation for the origin: method that auto-
matically repositions a view's subviews when it is reposi-
tioned, and a default extent method that changes only
the receiver (stretching a background acetate does not
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stretch acetates that are attached to it). These defaults are
sometimes inappropriate, so views like StdSysView over-
ride them to meet special needs, for instance, ensuring
that subviews completely cover the available space. This
triggers a wave of origin: and extent: messages that prop-
agates through the view hierarchy, assigning a place and
a size to every view.

Nothing appears on the screen until the window-
ChangedEvent method in BaseView executes [self dis-
play], which triggers the following generic display methods
into operation:

= View . ..
— display {
[currentDisplay lock:self];
[[self topView] displayExcept:nil];
[currentDisplay unlock];
-return self;

— displayExcept:aCollection {
if (aCollection && [aCollection contains:self])
return self;
if ((TBIT(flags, ISLOCKED))
[self computeClipList];
if (lockedRegion == nil
|| [self intersects:lockedRegion]) {
[self displayView];
SBIT(flags, ISVISIBLE);
if (TBIT(flags, ISSELECTED))
[self emphasizeView];
if (subViews) [subViews
eachElementPerform:
@selector(displayExcept:)
with:aCollection];

return self;

}
— displayView
{ return self; }

The lock: message in the display method commands
currentDisplay to set its clipping region to the margins
of the receiver (the lock: and unlock messages) and com-
mands the topmost view in the hierarchy to display itself
and all of its subviews. The displayExcept: method is a
multipurpose method used not only for redrawing the en-
tire view hierarchy, as here, but also for erasing views and
for highlighting views when they are selected, and these
extra functions obscure the fact that this method basical-
ly sends a displayView message to each view in the hierar-
chy. As an efficiency optimization, it avoids considering
views whose graphics would be clipped by the global clip-
ping region, lockedRegion. The argument, aCollection, is
a way of using the display methods to erase views, by re-
displaying everything but the views that are to be erased.

All graphics are generated by displayView messages. A
default implementation is defined in the View class that
displays nothing, another way of saying that the View class
implements transparent acetate. The views that do draw

(continued)
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Conceptually, events occur at the

tip of the cursor and penetrate

through the views at this location.

on the screen simply override this method, like this:

— Fixture : BorderedView {
id form;

}
— displayView {
[super displayView];
[form displayOn:display at:origin
clipBy:clipList rule:rules.Over];
return self;

}

The Fixture class is the one that draws the small iconic
fixtures in the scroll bars. Its instance variable, form, iden-
tifies the fixture's image, an instance of class Form that
was hand-painted with a pixel editor.

EVENT HANDLING

Once the windowChangedEvent has caused each view
to draw itself on the screen, control returns to the event
handler to await interrupts from the graphics substrate
signaling that something has happened; perhaps a key has
been struck on the keyboard, one of the mouse buttons
was pressed or released, or a time-out has expired. Con-
ceptually, events occur at the tip of the cursor and
penetrate through the views at this location like a needle
through a stack of acetates. Each possible event is as-
signed a message, for example, leftButtonDown, keyboard-
Event, timeoutEvent, and the View class defines a method
for each one so that, by default, all views are transparent
to all events.

= View ...

— (BOOL)rightButtonDown { return NO; }

— (BOOL)leftButtonDown { return NO; }

— (BOOL)middleButtonDown { return NO; }

— (BOOL)keyboardEvent { return NO; }

- (BOOL)windowChangedEvent { return NO; }

When a view wants to receive an event, it just overrides
the inherited method with one that works as desired and
then returns YES to signify that the event has been con-
sumed. For example, StdSysView instances attach a stan-
dard system menu to the right mouse button like this:

= StdSysView . ..
— (BOOL)rightButtonDown {
static id menu = nil;
if (menu == nil) { id tmp;
menu = [MessageMenu str."System Menu’];
[menu add:[MessageMenu
selector: @selector(exit)]];
[menu add:[MessageMenu
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selector: @selector(refresh)]];
[menu add:[MessageMenu
selector: @selector(print)]];
[menu add:tmp =[MessageMenu str:"debug”
selector:@selector(dbgloggle)]);
[tmp add:[MessageMenu str:"on”
selector:@selector(dbgOn)]J;
[tmp add:[MessageMenu str:"off"
selector: @ selector(dbgOff)]];

[menu applylo:self at:event.origin];
return YES;

}

Notice that the single abstraction, views as layers of
acetate, suffices to organize both directions of informa-
tion transfer between the program and the user. This is
a departure from the ModelView-Controller paradigm of
Smalltalk-80 in which events are handled by a separate
hierarchy of Controller classes.

INTERACTION

So far, we have shown how a programmer defines the
components of an iconic application by defining special-
ized subclasses of the generic View class. When the ap-
plication begins executing, instances of these classes are
created and linked into a hierarchy that represents how
they are arranged with respect to each other. Finally, con-
trol is passed to the event handler, at which time a posi-
tion and a size are assigned to each view and they are
displayed for the first time to the user. The initial frame
of the animated movie has been projected onto the
screen, and a data structure, the view hierarchy, has
recorded where the parts of the image appear on the
screen.

Very little new code is needed to get an application to
this point because most has been provided by generic
classes from the library. For example, the user interface
for the Workbench application involved only three new
classes (WbView, ObjView, and DependencyView) of two
methods each, one to create a view of a specified model
(createViewOf:) and another to draw a picture of the model
on the screen (displayView). Now the harder part by far
remains, giving life to the picture by making it respond
to commands from the user. This is a huge topic that can-
not be treated thoroughly here, other than to demonstrate
some of the complexities and show how inheritance and
encapsulation can control them by abstracting interaction
scenarios into generic classes that can be reused in diverse
applications. For example, in the Workbench application,
the following scenario is used for selecting one or more
objects for subsequent operations:

If the left button is pressed over one or more objects
and released immediately, only the topmost object is
selected. If it is held while the mouse is dragged, a box
should outline a rectangular region. When the button is
released, each of the obijects inside the box should be
selected. Selections are undone by selecting nothing. that
is, by clicking the button over the empty background.

(continued)
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Items are automatically highlighted once they are selected,
and the highlighting is removed when the selection is
undone.

This scenario is implemented by a generic class from
the library, Selection. When the left mouse button is
pressed over the Workbench, WhView creates an instance
of class Selection and passes control to it:

= WbView . ..
— (BOOL)leftButtonDown {

-
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2400

, [Selection fromUserIn:self];
Replacement & 99% Compatible
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Ph.(604)879-3555 or 8797419 to:selectedViews];
if ([selectedViews isEmpty]) {
id singleView = [aView
subViewAt:[selectedArea center]];
[selectedViews add:singleView];

}

if ([selectedViews isEmpty)
return [self free];

[self adjustSelectedArea];

[selectedViews eachElementPerform:
@selector(emphasize)];

[aView addSubView:self];

return self;

}

Once a selection has been created, it must override the
usual meanings of all mouse events, so it simply behaves
like a large transparent sheet of acetate that covers all of
its sibling views. Since it covers them, it will receive all
events before they do, and it can override the usual event
meanings with new ones. For example, whereas the left-
ButtonDown event previously created the new selection,
the selection immediately assigns it a new meaning:

lifetime warranty. = Selection . ..
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he human visual system has several characteristic limits

that should be accounted for in building responsive
iconic interfaces. For example, changes occurring in less than
20 milliseconds are perceived as instantaneous. If successive
frames of a moving image are redrawn in less than 50 milli-
seconds, the object is perceived as moving smoothly. If feed-
back to user-initiated events is produced in less than 300 milli-
seconds, it is perceived as occurring instantaneously. These
speeds represent significant qualitative thresholds past which
objects move smoothly without flicker and do not interrupt
the user’s train of thought.

For example, Hewlett-Packard 9000-310 workstations are
based on a 10-MHz Motorola 68010 chip that executes an
Objective-C message in about 0.04 milliseconds. If a draw-
ing of an animated mechanical robot consists of 100 lines,
and if each line is implemented as an object and manipulated
by messages, 4 of the available 20 milliseconds could be
wasted just in message-passing overhead.

It would pay to avoid this overhead by implementing only
the robot as an object, storing the lines as C data structures
to be accessed by a high-performance polyline procedure.

USER INTERFACE PERFORMANCE ISSUES

BY JOHN UEBBING AND CHARLES YOUNG

On the other hand. dispatching a mouse event to one of 25
objects would spend only 1.0 of the available 300 millisec-
onds in messaging. Even a complex series of messages,
redrawing 20 objects with 10 messages per object, would con-
sume only 8.0 milliseconds in messaging. The lesson is to
use messaging extensively for flexibility in things like menus
and mouse event dispatching where messaging time is small
relative to response times of the human visual system. and
to avoid messaging in critical loops like displaying individual
lines and characters. By judiciously combining messaging and
high-performance C and assembly code. it is possible to build
very flexible and powerful human interfaces with fully ade-
quate speed using today’s low-cost hardware. A general rule
is to start out by using messaging. time the execution of the
critical parts, and then substitute C, assembly code, or even
special hardware to bring performance to the needed level.

John Uebbing and Charles Young, who have both worked extensively in
electronic displays, are now involved with advanced user interface concepts.
They can be contacted at Hewlett-Packard Research Laboratory, 1651
Page Mill Rd.. Palo Alto, CA 94304,

]

if (delta = 0) {
[selectedViews eachElementPerform:
@selector(motionBy:)
with:delta];
[selectedArea moveBy:delta];
old = eventorigin;

}

[selectedViews eachElementPerform:
@selector(motionEnd)];
return YES; // consume the event

[self free];
return NO; // not over selected view

The opening if statement tests whether the event oc-
curred over one of the selected views, and if not, the selec-
tion is undone. Otherwise, the event signifies that the
selected items should begin tracking the cursor so that
the user can drag them to new screen positions.

Dragging is hardly as simple as it may seem, but the
complications are handled in generic code that all views
inherit from the View class. The objects to be moved must
first be erased to produce a clean image of the stationary
objects, and this is done by creating a clipping region
around the views to be erased and redrawing the rest of
the hierarchy inside this region (this is where the generality
of the displayExcept: method pays off). Finally, movement
is simulated by repeatedly drawing each view with
exclusive-or raster operations to toggle the pixels beneath
them on and off without losing information. This lets them
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glide across the screen without damaging their
background.

SUMMARY

The design and construction of pleasant user interfaces
is a remarkably deep and complicated topic, and this ar-
ticle has only skimmed the surface. The user interface
library contains many kinds of components that have not
been mentioned like menus, choice boxes, verifiers, text
editors, etc., but describing these could easily take as
much space as the simpler components that have been
presented. We have not discussed several technical chal-
lenges in the Workbench application, such as how
dependency lines between views are redrawn while views
are being moved such that the lines behave like rubber
bands. And we have focused only on how to build iconic
interfaces and said very little about how to make them
genuinely pleasant to use. This is especially important
given the proliferation of poorly designed but flashy sys-
tems that are seen so often today. For a discussion of per-
formance issues, see the text box “User Interface Perfor-
mance Issues” above.

Although direct code size comparisons between Work-
bench and the UNIX utility make should wait until Work-
bench is as mature and widely used as make is today. we
find it highly encouraging that its iconic user interface
could be built in only 262 lines of new code. This sug-
gests that object-oriented programming, and its ability to
capture large quantities of reusable code in generic Soft-
ware-IC libraries, may actually reduce development costs
to the point that iconic interfaces may become as
prevalent as text-oriented interfaces are today. m



NOBODY
DELIVERS LIKE LOGICSOFT.

Buy it today, use it tomorrow!
Only Logicsoft ships your order the
- same day via overnight courier” Free.

Nobody beats Logicsoft prices.

In fact, if you find a lower price
(advertised or a bonafide quote) on any
of the hundreds of products we stock,
we'll beat it by $10.t Our Corporate
Accounts Program offers attractive
volume discounts. Credit cards and
PO’s accepted.

Outstanding customer service
and technical support.

Its only a toll-free phone call away.
Another reason why Logicsoft is a
major hardware and software supplier
to over 50,000 companies, including
over 90% of the Fortune 1000.

See inside for the lowest prices
on over 800 products for IBM-.
PC’s and compatibles.

*Applies tolorder totaling over $100. If:under $100, shipped
UPS—FREE (Within Cont,. U.S:). Due to welght restrictions, printers
and monitors are also shipped UPS—FREE. tThis offer does not apply
10 items under $100, American Express or Terms orders. In these in-
stances, we will meet any lower price. We reserve the right to request
a current written price quote.

110 Bi-County Boulevard, Farmingdale, NY 11735

To order or receive technical assistance, call our National Hotline:

1-800-645-349i

NY STATE: 1-800-235-6442 (516) 249-8440
Customer Service: 1-800-431-9037 NYS: 516-249-8440

FAX #516-249-5289

Na surcharge for MasterCard, VISA, American Express, C.0.D.; money order, check or PO's (please call for price verification) » No sales
tax.on orders shipped outside N.Y. State » Please add 2% for insurance and handling ($3:00 minimum) (int'l orders add'1) » We do not
bill until we ship. All prodiicts covered by mifg's warranty. Defective merchandise may be retirnedfor repair or. exchange only. We do not
guarantee . compatability. Any goods returned for credit are subject:to at 15% restocking chatge. Alliprices and policies subjectto change
without notice,




NOW LEASE
OR PURCHASE
SYSTEMS FROM

LOGICSOFT.

THE ECONOMY AND
FLEXIBILITY OF A LOGICLEASE.

High tech without high cost. Outstanding flexibility. Plus substantial tax
benefits. Logicsofts new leasing program gives you them all and much more.
Lease the computer system you need now for 36 months (customized lease
programs also available) at one of our low, low rates. At the end of the term,
you.can purchase the system for only 10% of the original purchase price. Or
negotiate a lease extension. Give Logicsoft a call. We'll process your lease
application in 24 hours. And deliver your system within three days. First
and last lease payments required in advance. Lease proposals subject to
credit approval. Rates based on.current cost of funds.

FREE 90-DAY,
ON-SITE SERVICE ON ALL SYSTEMS.

Whether you lease or purchase a system from Logicsoft, you get a unique
bonus: a free 90-aay, on-site system hardware service contract. We've
contracted with one of the nation’s largest and most respected independent
computer maintenance firms to provide you free service in most metropolitan
areas. If a problem arises, it will be corrected quickly and efficiently. At your
facility. And at no additional cost to you. There’s no inconvenience of
transporting your system to and from a service center. Wherever you are.
Whatever the problem. Expert assistance is only a phone call away.

To order or receive technical assistance, call our National Hotline:

110 Bi-County Blvd., Dept. 543 EUROPE: 020-83 48 64
Farmingdale, NY 11735 I oo 4 49' Telex: 10759 Logic NL

Mail orders to:

CANADA: 416-283-2354 NY STATE: 1-800-235-6442 (516) 249-8440
Domestic/Int’l Telex Customer Service: 1-800-431-9037 NYS: 516-249-8440 LOGICSOFT EUROPE BV
286905 SoftUR FAX #516-249-5289 pb 9460, 1006 AL Amsterdam, Holland

Circle #400 on reader service card.



LOGICSOFT ALSO OFFERS
SOFTWARE FOR VIRTUALLY
EVERY IBM PC APPLICATION...

WORD PROCESSING REELEXGEE™ 5.0 o 59 Quickcodefor12-3.... 85 PROJECT MANAGEMENT
DISPLAY WRITEII ....$369 ThinkTank ........... 109 GRAPHICS HarvardTotal......... $279
Easy Writerll ......... T @A ouocatoasenobdo 215 CHARTMASTER $209 Microsoft Project ..... 229
MICROSOFTWORD3.. 269 DATA BASEMGMT ADD-ONS """ WS =% - - SUPER PROJECT PLUS 259
Multimat 2 : Diagram Master ...... TR &

ultimate ........... 39 Clipper(DBase). . ... .. $359 . Timeline ............ 239
MULTIMATE : Energraphics(NEW) ... 295
ADVANTAGE 295 Clout2 (R'Ba.se) """" 129 GemDraw ........... 159 FINANCIAL
; e e Y DB Il Compiler (Wordtech)  Graphwriter . ........ 219 MANAGING YOUR
OfficeWriter ......... 239 459 ; MONEY $109
PissWrite . . ... ... .. .. R TR SR e Dl TR R Harvard Presentation .. 249 MONEY .............
Ext. Report Writer Map Master ... ....... 229 DollarsN'Sense ...... 109
Samnalll ............ 279 (R:Base) 99
VOLKSWRITER 3 R e R Tl MICROSOFT CHART .. 179 ACCOUNTING
----- Quickcode lll (DBase) .. 149 pta. Graph 85
WORD PERFECT...... 199 Qqui ckreport (D Base) 149 1s.Graph ........... BRLEDiCy Ty from $319
Wordstar ............ 169 o 1 SignMaster.......... 149 COMPUTER ASSOCIATES
WordstarProPak. . . ... 239 SPREADSHEETS/ CAD/CAM (Formerly IUS) . ... ... from 319
WORDSTAR 2000 .. ... 249  _  INTEGRATED Auto CAD . . . Low Price Call! ERaCIo
Wordstar2000Plus . ... 295 Ability .............. 55 ProDesignli ......... 229 Buy Any (3) CA Accounting
Enable.............. 339 Modules & get
XYWRITEI ......... 219 PLOTTERS AVAIL.
FRAMEWORKII ...... 419 i Easy Plus FREE!

WORD PROCESSING Javelin.............. 459 egaawaralisiods GreatPlains....... from 449

ADD-ONS LOTUS123.......... 315 LANGUAGES Open Systems ..... from 319
FancyFont .......... $145 Mmultiplan............ 119 State of the Art Mas.. from 579
Punctuation&Style ... 75 sypercalclll ......... ROSRIC WL ST s $239 TS ClientWriteUp. . .. 895
TURBOLIGHTNING ... 59 SYMPHONY ......... 430 g0 COMCEENIMS) - St 20 R e M from 529
Word Finder.......... 59 Fortran Compiler (MS). . 219

SPREADSHEET ADD-ONS  Lattice C Compiler .... 259 MISCIUTILITIES

DATABASE MANAGEMENT | oTys REPORT MACRO ASSEMBLER COPYIIPCE. ..o .ot $35
Cornerstone ......... $85 WRITER............. $109 MS)................ 95 CrosstalkXVl ........ 99
dBASEIIIPLUS....... 429 Cambridge Spreadsheet Pascal Compiler(MS) .. 185 FASTBACK.......... 99
KnowledgeMan2 ... .. 275 Analyst ............. 75 Quick Basic(MS)...... 69 MicrosoftWindows ... 65
RATa O X PRSP 495 Sideways............ 45 TrueBasic ........... 119 NORTONUTILITIES ... 55
A o Gaootons oboh 85 SpreadsheetAuditor... 99 TURBOPASCAL ...... 45 Prokey40 ........... 79
Pfs:Report........... 79 Remote ............. 99
Powerbase........... 209 Resident ............ 75
R:BASES000 ......... 329 OVER 200 OTHER SOFTWARE TITLES IN STOCK SIDEKICK ........... 49
Revelation ........... 495 AT LOW DISCOUNT PRICES. Superkey ............ 45

#1 Rated productmty software.

wbr&Péfféé

Word Processing Software

dBase Ill Plus $429 LOTUS 1-2-3 $315 Word Perfect $199
Add-Ons for dBase Il Plus Add-Ons for LOTUS I-2-3 Add-Ons for Word Perfect
Clipper Sideways Turbo Lightning
dBase Il compiler. $359 Sideways lets you create extra Random House Thesaurus & Spell-
Quickcode 11 wide printouts of reports without ~ checker. $59
Quickcode Ill reduces program- staples, glue or tape. $45 Punctuation & Style
ming time by over 70%. $149 Spreadsheet Auditor Helps improve the quality of your

. The most powerful error trapping ~ writing. $75
Quickreport ) program available. (Includes side Fancy Font
The most powerful report writer ; i .
for dBase IIl. $149 print utility) $109 Lets you use multiple fonts to
) LOTUS I-2-3 Report Writer enhance the appearance of your
dWINDOW IlI Now you can format your own letters & reports. $145

Generate windows; any number, "
reports, forms and mailings from
size, character, and color. $78 1-2-3 files. $109




Leadg Edge
Model D

» 256K Memory ¢ Two 360K Half/Height
Floppy Drives * Four Expansion Slots ¢
Keyboard « Text Display Card ¢ High-
Resolution Monochrome Monitor ¢ One
Parallel And Serial Port « Color option
available

* Purchase Price: $1,375

Lease For 559 per month

Newr C r
286—30 Mb

* 512K RAM Memory » 80286 Based
CPU « One 30Mb Hard Drive (w/control-
ler) « One 1.2 Mb Half/Height Floppy
Drive « Eight Expansion Slots « Compag
Keyboard ¢ Graphics Card « One parallel
port « Free 90 Day On-Site Service
Contract = Color or Monochrome avail-
able as option

* Purchase Price: $3,859

Lease For$|52 per month

New Compaq Deskpro
20Mb

* 640K RAM Memory « One 20Mb Hard
Drive (w/Controller) « One 360K Floppy
Drive « Eight Expansion Slots « Compaq
Keyboard « Graphics Card,+ One Parallel
port ¢ Asynchronous Communica-
tions/Clock Board ¢ Free 90-Day, On-
Site Service Contract ¢ Color or Mono-
chrome Monitor Available as option

* Purchase Price: $2,299

Lease For 599 per month

. op Pole II

New IBM AT—30 Mb

8 MHz « 512K » 30 Mb Hard Drive (Full
Height, w/controller) « 1.2 Mb Half/
Height Floppy ° Eight Expansion Slots ¢
IBM Enhanced PC Keyboard * Serial/
Parallel Adapter ¢ Free 90-Day, On-Site
Service Contract « Color or Mono-
chrome Monitor Available as Option

* Purchase Price: $4,179

Lease For SI65 per month

.IMHIHHHHH
{-[zE

New IBM XT—20 Mb

512K+ 20 Mb Hard Drive * 360K Floppy
Drive Half Height « Eight Expansion
Slots ¢ IBM Enhanced PC Keyboard e
Asynchronous Communications Adapter
* Free 90-Day, On-Site Service Contract «
Color or Monochrome Monitor Available
as Option

* Purchase Price: $2,369

Lease For 599 per month

20Mb

* 640K RAM Memory » 80286 Based
CPU « One 20Mb Half/Height Hard
Drive (w/controller) « One 360K
one/third Height Floppy Drive « Two
Expansion Slots « Compaq Il Keyboard °
Text/Grahics Display Card < 9" Text/
Graphics Monochrome Monitor ¢ One
Serial and Parallel Port «

Free 90-Day, On-Site Service Contract

* Purchase Price: $3,879

Lease For $153 per month

New Compagq Portable
286—20Mb

* 640K RAM Memory « 80286 Based
CPU ¢ One 20Mb Hard Drive (w/control-
ler) » One 1.2 Mb Half/Height Floppy
Drive « Five Expansion Slots « Compaq
Keyboard ¢ Graphics Display Card « 9"
Text/Graphics Monochrome Monitor ©
One Parallel Port « Free 90-Day, On-Site
Service

* Purchase Price: $3,898

Lease For S|54 per month

IBM PC™™ AT™ PC/XT™ are trademarks and IBM® is a registered trademark of International Business Machines Corporation.

T

AT&T 6300
Total Business System

* 640K RAM Memory ¢ One 10 Mb
Half/Height Hard Drive (w/Controller) ¢
One 360K Floppy Drive » Seven Expan-
sion Slots * AT&T-Keyboard « High-
Resolution Graphics Card ¢ High-Resolu-
tion Monochrome Graphics Monitor ¢
Serial & Parallel Ports » Toshiba P-351
Printer And Cable  Software Bundle
(dBase Il Plus, Lotus 1-2-3, Word Perfect,
SideKick, G.W. Basic and MS-DOS) « Free
90-Day, On-Site Service Contract

* Purchase Price: $4,299

per month
Lease For S"’ color optional

100% Burn-In
and Testing.

All systems undergo a 48-hour
configuration, testing and burn-
in period. We configure system
boards, set DIP switches,
format hard drives, perform
memory diagnostics and check
system with monitor.

3 P T




AND A HUGE SELECTION

OF PERIPHERALS.

PRINTERS*
CANON
Bubble JetBJ-80. .. ... $459
EPSON
1FG) SO0 B A 579
LQ1000 ............. 749
RX100 .............. 385
[P . o oooacoovono 399
X286 N P 589
JUKI
(ROW 5 c coocootooacob 359
6300................ 709
NEC
88007% ~f v SRS . 1045
Pinwriter P-5 Series
............ Low Price Call!
PinwriterP-6 ......... 449
PinwriterP-7 ......... 635
MANNESMAN TALLY
MT-S68%. 5 s o e 489
MTI-8550 . . e 399
OKIDATA
182Plug&Play ....... 224
192Plug&Play ....... 349
193 Plug&Play ....... 545
2410PPlug&Play . . ... 1759
PANASONIC
KX1091 ............. 255
KX1595. . ... Low Price Call!
TOSHIBA
[PE2] 00000000 ccann 489
P34 I P . e 795
P51 S e sl e £ 999
CITIZEN
MS A1 0 259
V1S P S e P 349
MSP20 ............. 309
IMS P25 8 S 479
Premier35........... 479

LASER PRINTERS*

CANON

Laser Printer . ....... $1995

HEWLETT PACKARD

Laser Printer ........ 2569

Laser PrinterPlus .... 3399

OASYS

Laser ProExpress.... 1699
PLOTTERS*

FACIT

4550(6 Pen Plotter) ... $ 395

HEWLETT PACKARD

TA75AN . B e 1699

HOUSTON INSTRUMENTS

DMP40 ............ 875
DMP41 . ........... 2599
DM P42 S e 2599
DMP51 ............ 3949
BIYIPRE o e sc0ccon00 3949
MONITORS*

AMDEK

Color600........... $ 389
Color722........... 509

Color725. ... Low Price Call!
12" Green300G 125

12” Amber 300A ..... 135

12” Amber310A ..... 149

NEC

JC—1401P 3A

Multi-sync color
w/swivelbase . .... 569

IBM

ColorMonitor ....... 539

Monochrome Monitor. 225

Enhanced Color Display 679
PRINCETONE GRAPHICS

RGBHX12........... 419
RGBHX-12E.......... 535
RGBSR-12........... 569
RGBSR-12P.......... 625
AmberMax12 ........ 165
QUADRAM

Amberchrome 12" . . . .. 145
EGA Monitor w/swivel . . 549
TAXAN

221122 .............. 145
(P b w00 g0 000 a ol B0 415
640 S A e 525

MULTI-FUNCTION BOARDS
AST RESEARCH
Six Pack Premium . . . .. $389
Six Pack Plus (384K) ... 239
Rampage w/256K .. ... 269
Rampage(AT)w/512K .. 459
Advantage(128K) ..... 369
/O MiniHalfCard .. ... 119
VWOPlusll............ 125
EVEREX
Magic Card Il w/384K .. 199
TECMAR
Captain(384K)........ 219
QUADRAM
Quadboard(384K) .. ... 269
Silverboard .......... 235
EMS
WP o 2o cooonogang 349
Liberty (AT)w/128K .... 315
INTEL
Above Board(PC) ..... 275
Above Board (AT)...... 435
Above Board (PS) 64K .. 329
Above Board (PS) AT

256K R s e T e 429
8087 Math

Co-Processor ...... 129
80287 Math

Co-Processor ...... 209

GRAPHICS BOARDS

AST
Preview ............. $249
EVEREX
GraphicsEdge ....... 239
TheEdge ............ 239
HERCULES
Monochrome Graphics

(G ar O P 299
ColorCard........... 155
PARADISE SYSTEMS
Multi-Display Card .... 189

Modular Graphics Card 249

Color/Mono. ......... 159
QUADRAM

EGA Plus Graphics . ... 389
SIGMA

EGABoard .......... 375
Color400 (Princeton)... 479
STB

Chauffeur ........... 255
Graphics Plusll....... 229
[SEMANS coosvoas 5904 319
TECMAR

Graphics Master ... ... 439

COMMUNICATIONS

BOARDS
AST
PRI 0 0 o g0 00 0 00 004 $645
DCA
IRMABoard.......... 839
MODEMS
AST

Reach 1200 Half Card .. $345
EVEREX

Evercomll ........... 149
HAYES
Smartmodem 300 ... .. 145
Smartmodem 1200 .... 389
Smartmodem 1200B
w/Smartcomll........ 359
Smartmodem 2400 .... 599
Smartmodem 2400B
w/Smartcomll........ 559
PROMETHEUS
Pro-modem 1200B
w/software ........ 239
QUADRAM
Quadmodem Series
............ Low Price Call!
VEN-TEL
PC Modem 1200 Half
(C AT . 365
1200Plus . ........... 339
PC Modem 2400 Half
(ST ] P R P s 499
MOUSE INPUT DEVICES
MOUSE SYSTEMS

PC Mouse w/DR Halo 2 . $135
MICROSOFT

Microsoft Mouse (Serial) 135
Microsoft Mouse (Buss) 125

SURGE PROTECTORS
KENSINGTON MICROWAVE

Masterpiece ......... $ 95
Masterpiece Plus . 119
CURTIS

Diamond ............ 39
Emerald............. 45
RIS} oteceho 05 & oo oAtk 59

KEYBOARDS

KEYTRONIC

5151 (Deluxe) ......... 169
5153 (w/touch Pad). . . .. 289
8270 PG 245
KeytronicJr.5151. ... .. 169

MEMORY STORAGE
IOMEGA :
Bernoulli Box (10 +10) . $2329 §
Bernoulli Box (20Mb) . 2299
BernoulliBox (20 +20) 3279

HARD DISK DRIVES
MOUNTAIN COMPUTER
Hard Drive Card (20 Mb). $975
Hard Drive Card (30 Mb)
............ Low Price Call! |
PRIAM CORP
60 Mb Internal Hard Drive i
.................... 1489
Innerspace ID 40Mb ... 1299
PLUS + &
699 B

Hard Card10Mb ... ...
TALLGRASS TECHNOLOGY
Tc5525i25 MbInt ... .. 799 |
SEAGATE !
10Mb Y2 HtInt........ 465 |
20Mb Y2 Htint. ....... 499
20MbFull Ht (AT) ..... 599 ¢
30Mb Full Ht (AT) ..... 789
40 Mb Full Ht (AT) ..... 899 |
60 Mb Full Ht (AT) !
............ Low Price Call! |
CORE

20MbInt(AT)......... 1299
30MbInt(AT)......... 1399 |
40MbInt(AT)......... 1495
72MbInt(AT)......... 2795

CARTRIDGE TAPE BACK-UP |

EVEREX ]
Excel Stream 20 Mb Int . $639
Excel Stream60 Mb Int .
Excel Stream60Mb Ext 929 |
IRWIN
Irwin11010MbInt ... .. 499
20Mbint ............ 595 |
20Mb325(AT)Ext.D ... 779 }
SYSGEN
Image Tape Backup

10Mbint .......... 789 |
Image Tape Backup

20Mbint .......... 599
Image Tape Backup

20MbExt.......... 699
TECMAR
QICB0AT............ 1250 |

QIC60 Ext Tape Backup 1599 |
CORE :
60MbEXt............

FLOPPY DISK DRIVES |
Panasonic 360K ¥z Ht. . $119 |5
Tandon TM-100 360 K

105 |

[FIRIE & 5B 2 ad B 0 O 125
Tandon TM-100 360 K

VAMN GG 00 300 Bt o o
Toshiba360K 2 Ht. ... 115

BACK UP POWER SUPPLIES |
DATA SHIELD ¥

200Wt(PC) .......... $249
300WL(XT) ... 359 |
500Wt(AT). .......... 569 |
B00OWL(AT)........... 655

*Due to weight restrictions, Printers and Monitors are shipped UPS—free. All prices and policies subject to change without notice.

CAN’T FIND IT? ASK FOR OUR SPECIAL ORDER DEPT.

There’s a good chance we do carry the product (we're adding new ones every day). Or, we can get it

for you from

e of ou

on

r suppliers—still at our low direct-to-you

R S e N = e A

prices.
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INTRODUCING LOGICWARE.
FULLY COMPATIBLE COMPUTER PRODUCTS.

§-Year Unconditional Warranty - Made in U.S.A. .
Immediate Replacement or Repair Policy - Low Power Consumption

Now Logicsoft gives you a logical choice.

We're manufacturing a complete line of computer .
products called LogicWare. They're fully compatible with

We save you money—not by using inexpensive labor
or parts—but through state-of-the-art technology, which
reduces part requirements and increases reliability. Each
product has a 5-year unconditional warranty plus our

immediate replace or repair policy.
LogicWare. It's the logical way to get high quality
without paying high prices.

major manufacturers.
The boards pictured here are part of a vast array of
ultra-reliable computer products.

Hercules Comypatible

AST Compatible AT AST Compatible Six Function
Multifunction Board Monochrome Graphics Cardw/384K—$159
w/128K— $219 Board-$I119 + One Parallel Port * One Serial Port

Clock Calendar « 384K RAM Memory = Low
Power Consumption ¢ Soft- ware
* Printer/Spooler Buffer

* 720 x 348 Pixel Graphics ¢ Parallel Printer
Port « Lotus 1-2-3 Compatible * TTL Mono-
chrome Output * ATD Software Supplied For
Direct Emulation of Hercules Graphics Card ¢
Low Power Consumption

* Expandable to 2 Megabytes on Board
Install Either 64K or 256K Chips to
Customize the Memory to your Existing
Memory Configuration = Software RAM Disk
Printer Spooler/Buffer « One Parallel Port »
Two Serial Ports « Game Port

Hercules Compatible Color

Graphics Board—$99

+ 320 % 200 Color Pixels * 640 x 200 Mono-
graph Pixels ¢ Parallel Printer Port » Low
Power Consumption « Fits in Short Slot « Will

Drive a Medium Resolution Color &
Composite Monochrome Monitor

Hayes 1200 B Compatible Half

Card Modem w/Software—$149
*300/1200 Baud « Bell 103/212A Compati-
ble « Auto Dial/Auto Answer * Pulse or Touch
Tone Dialing « Full or Half Duplex Operation ¢
Fits in Short Slot « Low Power Consumption

Hayes 2400B Compatible Half
Card Modem w/Software—$299

AST Compatible 576K RAM

Board Half Card with PK—$69
* Expandable to 576K « Supports 64K or
256K Memory Chips « Fits in Short Slot « Low
Power Consumption ¢ Clock Calendar Option
loaded w/384K $135

loaded w/576K $149

To order or receive technical assistance, call our National Hotline:

1-800-645-349

NY STATE: 1-800-235-6442 (516) 249-8440
Customer Service: 1-800-431-9037 NYS: 516-249-8440

110 Bi-County Blvd., Dept. 543
Farmingdale, NY 11735
CANADA: 416-283-2354
Domestic/Int’l Telex

EUROPE: 020-83 48 64
Telex: 10759 Logic NL
Mail orders to:
LOGICSOFT EUROPE BY

286905 SoftUR FAX #516-249-5289 pb 9460, 1006 AL Amsterdam, Holland
— 7@ No surcharge for MasterCard, VISA, American Express. C.0.D., money order, check or PO’s (please call for price verification) « No sales tax on orders shipped outside N.Y. State « Please add 2% for
_i \ insurance and handling ($3.00 minimum) (int'l orders add'l) « We do not bill until we ship. All products covered by mfg's warranty. Defective merchandise may be returned for repair or exchange o

We do not guarantee compatibility. Any goods returned for credit are subject to a 15% restocking charge. Al prices and policies subject to change without notice.

Q00

Circle #400 on reader service card.
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OB JECT-ORITENTED LANGUAGES

OBJECT-ORIENTED
LANGUAGES FOR
THE MACINTOSH

BY KURT J. SCHMUCKER

An overview of the languages and their capabilities

CURRENTLY, A LARGE NUMBER of object-oriented
languages are available, and more are being designed and
implemented every year. Some of these languages now
on the market or in development are for the Apple Macin-
tosh. an ideal computer for object-oriented languages be-
cause of its processing power and the nature of its user
interface. In this article I will survey some of the Macin-
tosh object-oriented languages. | will also present a table
detailing each language’s object-oriented characteristics,
such as whether it can access the MacApp class library
(see my article “MacApp: An Application Framework” on
page 189) or whether it provides for class methods. After
describing the languages. I will discuss the mechanics of
programming with them on the Mac.

SMALLTALK

The Smalltalk language is the ancestor of all object-
oriented languages. It was implemented on the Macintosh
by Apple as part of an experiment to demonstrate Small-
talk's portability and debug the Smalltalk specification.
Apple currently distributes Smalltalk for the Mac as an
unsupported, low-cost product, but a fully supported and
greatly enhanced version is expected soon. A fact sheet
on Smalitalk and the other languages | describe in this
article is presented in table 1.

Smalltalk has a message-sending syntax that often
seems unusual to the novice object-oriented programmer,
but it quickly becomes the natural way of doing things.
Smalltalk syntax and the syntaxes of all the languages 1
discuss herein are shown in table 2.

New classes and methods are defined by editing stan-
dard templates in an interactive source-code browser. The
class library for the Macintosh version of Smalltalk con-
tains over 300 classes with special classes for accessing
the Macintosh file system, the Macintosh Toolbox (in-
cluding the QuickDraw routines), and the Appléelalk net-
work added by Apple. Since Smalltalk has been described
in previous BYTE articles and elsewhere, I will not elabo-
rate on its language features.

OBJECT PASCAL
Obiject Pascal is Apple’s second object-oriented extension
of Pascal. (The first. Clascal. was only for the Lisa Office
System and thus is no longer supported by Apple.) The
syntax for Object Pascal was jointly designed by Apple’s
Clascal team and Niklaus Wirth, the designer of Pascal.
who was invited to Apple’s Cupertino headquarters speci-
fically for this project. In addition to implementing Ob-
ject Pascal on the Mac, Apple has put the Object Pascal
specification in the public domain and encouraged others
to implement compilers and interpreters for it. Several
such developments are under way.

Object Pascal implements classes as an extension of

(continued)

Kurt ]. Schmucker, director of educational services for Productivity
Products International (Severna Park Mall, H & R Block Office, 575
Richie Highway. Severna Park. MD 21146). teaches seminars on
object-oriented programming. Kurt has written three books on com-
puter science, including the forthcoming Object-oriented Program-
ming for the Macintosh (Hayden, 1986).
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MAC LANGUAGES

Pascal's RECORD structure. In Pascal. records have only
data as their component fields, but in Object Pascal. ob-
ject types (as classes are called in Object Pascal) have data
fields (instance variables) and method fields. Messages are
sent using the same syntactic construct used in ordinary

Pascal for field qualification—the period.

Thus, in Object Pascal. accessing an instance variable
and accessing a method (that is, sending a message) are
accomplished with the same syntax.

New classes are defined using one new compiler key-

Table 1: Summary of object-oriented languages.
Q
N &
> S &
& § & € 3 S
N & & & i <
N & < > 5 & &
g g 9 Q 3 3 2
3 o} & & o) o} o)
Developer Apple Apple Kriya Exper- Productivity Apple Coral
Computer Computer Systems Telligence Products Computer Software
Base language None Pascal FORTH LISP C 68000 Logo &
® assembler CommonLisp
Q
é Current version 0.2 10 15 20 31 10 10
Toolbox access Yes, but Yes Yes Yes Yes Yes Yes
difficult
Supports 128K ROM No Yes Yes Yes Yes Yes Yes
Instance variables and Yes Yes Yes Yes Yes Yes Yes
instance methods
c| Class variables Yes No No Yes Yes, but No Yes
-% cannot be
£ inherited
S
€| Class methods Yes No No Yes Yes No Yes
il
2| Multiple inheritance No No No No No No Yes
[+]
S| Unigue instance methods No No No No No No Yes
©
% Number of classes in Approx. Approx. Approx. Approx. Approx. Approx. Approx.
O class library 300 30 40 45in 25 30 30
ExperCaste
MacApp access Yes Yes Planned Planned Planned Yes Planned
Greatest strength compatible simplicity speed object- portability speed uniform
with other of design oriented to other treatment of
Smalltalks features; machines objects
library size
Greatest weakness speed limited “unusual” LISP still not a limited longer
- object- syntax of an native object- learning
E oriented FORTH “unusual” compiler oriented time for
£ concepts language concepts experienced
E (no class (no class object-
7] methods) methods) oriented
programmers
Other requires supported numerous (note: not — (note: not (note: not
1000K of by Apple user groups, shipping shipping shipping
RAM for Computer bimonthly at press at press at press
serious newsletter time) time) time)
work
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MAC LANGUAGES

word, OBJECT. The basic schema is

TYPE
ClassName = OBJECT (SuperclassName)
< instance variable declarations >
< method header definitions >
END;

where < > denote optional portions of this schema.
Methods are defined as ordinary Pascal procedures or
functions that have been qualified with the name of the
class:

PROCEDURE ClassName.ProcedureName(argumentList);
BEGIN

END;

Object Pascal is a "bare bones” object-oriented lan-
guage. It makes no provision for class methods, class vari-
ables, multiple inheritance, or metaclasses. These concepts
were specifically excluded in an attempt to streamline the
learning curve encountered by most novice obiject-
oriented programmers.

The Object Pascal class library is MacApp.

NEON

The language Neon is, depending on your programming-
language point of view, either an object-oriented exten-
sion to the FORTH language or an incisive and efficient
implementation of Smalltalk as a threaded interpreted lan-
guage. Regardless of which view you take, Neon is a re-
markably concise language that nicely bridges the gap be-
tween the object-oriented languages (a la Smalltalk) and
the threaded languages (a la FORTH). Neon was developed
by Kriya Systems expressly for the Mac and was first
shipped in 1984,

The basic Neon syntax shows its strong FORTH heritage:
From the point of view of most of the other languages
discussed in this article, Neon's syntax is backward. (To
be fair, many programmers consider the Smalltalk syntax,
which has the object precede the message, to be back-
ward compared to the procedure call used in most lan-
guages, so perhaps Neon, with the message preceding
the object, is one of the few object-oriented languages
to get it right!)

New classes and methods are defined using special
Neon compiler words that delimit class definitions
(:CLASS and ;CLASS) and method definitions (:M and ;M).
The basic schemas are

:CLASS ClassName < Super SuperClassName < n Indexed >
<instance variable names >
< method definitions >

CLASS

and

‘M Selector: < { named arguments \ local variables — results } >
< method body >
M
where < > denote optional portions of these schemas.
One of the most useful features of Neon is the provi-

sion for both named arguments and local variables in
methods. Named arguments let you associate a name with
the arguments placed on the stack prior to the invoca-
tion of the method and then simply refer to these argu-
ments by name when you need them in the body of the
method. Local variables let you declare and use temporary
variables in the method body. Both features simplify the
use of Neon compared to the complex stack manipula-
tions often required in FORTH.

Neon allows you to choose between the efficiency of
static binding and the flexibility of dynamic binding (called
early binding and late binding in the Neon manual) on a
message-by-message basis. Early binding will resolve at
compile time a message sent to a given object into an
invocation of a particular method in a particular class; late
binding will leave this resolution until run time. The
compile-time determination is made based on the de-
clared classes for the reference variables. (Thus, Neon is
like Object Pascal, which allows a reference variable to be
declared of a certain class, and unlike Smalltalk, in which
all object references are equal.) The Neon line Get: myint
will send the Get: message to the object referred to by
mylnt, with the resolution of that message determined at
compile time by the declared class of mylnt. The line Get:
[ mylnt ] will send the Get: message to the object referred
to by mylnt, with the resolution of that message deter-
mined at run time by the run-time class of myint. Late bind-
ing can be used with any construct that generates an ob-
ject reference, such as Get: [ i at: myArray ] to send the
message Get: to the object referred to by the ith element
of the array object myArray, with the resolution of that
message determined at run time by the run-time class of
the object stored at that element in the array.

The basic approach of the current Neon class library—
unlike that of MacApp, which provides a completely func-
tional application framework—is to "lift" the Toolbox data
types to the level of classes. Accordingly, Neon has classes
like Point. Window, Dialog. and Event. which provide a
more functional set of building blocks than do the basic
Toolbox data types and procedures for the Pascal or C

(continued)

Table 2: A comparison of the syntax of each language.
The message, msg, with argument, arg, is sent to the
object referenced by obj.

Syntax Language

obj msg: arg. Smalltalk
obj.msg(arg); Object Pascal

arg msg: obj Neon

(obj 'msg <arg>) ExperCommonLISP
{obj msg: arg]; Objective-C
MOVEW  arg(A6)(SP) Object Assembler
MOVE.L 0bj(AB)~(SP)

MethCall msg

tell :obj [msg “arg] Object Logo
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(#” COMPATIBILITY (7 AFFORDABILITY
(#” RELIABILITY ([”EXPANDABILITY

IBM XT/AT COMPATIBLE COMPUTERS BY
=AFTON COMPUTER INC.

QUANTUM
286 TURBO

Made
In The
USA

IBM AT COMPATIBLE
PHOENIX BIOS

8-10 MHZ SWITCHABLE CLOCK SPEED
512K UP TO 1 MB RAM ON BOARD
2 SERIAL PORTS 1 PARALLEL PORT
ON BOARD

20 MB HARD DISK

1.2 MB FLOPPY

8 EXPANSION SLOTS

AT KEYBOARD

200 WATT POWER SUPPLY

ONE YEAR WARRANTY

All For Only $199500

QUANTUM XT TURBO

(Made in the USA)

PHOENIX BIOS

4.77-8MHZ SWITCHABLE CLOCK SPEED
640K ON BOARD

SERIAL, PARALLEL AND CLOCK

AT STYLE KEYBOARD

360K FLOPPY

135 WATT POWER SUPPLY

ONE YEAR WARRANTY

All For Only $74500
Quantum XT 4.77 MHz. . .Call For Pricing

AFTON COMPUTER INC.

(714) 863-6951

24825 Calle El Toro Grande
El Toro, California 92630
Customer Service (714) 553-1701
Telex 756731
Prices and Configurations Subject To Change.

Inquiry 10 for End-Users.
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programmer, but not quite the type of building blocks that
the MacApp classes provide for the Object Pascal
programmer.

EXPERCOMMONLISP

The language ExperCommonLISP is one of the most com-
prehensive object-oriented languages for the Macintosh
in that it implements all of the features of object-oriented
languages (except unique instance methods), provides a
set of classes that mirror the Toolbox data types, and, with
the next release, will provide MacApp access. Exper-
CommonLISP was developed by Expeflelligence expressly
for the Mac. It was derived from the ExperLISP product
available for the Mac since early 1985.

ExperCommonLISP syntax shows its strong LISP
heritage: Message sending, setting object reference vari-
ables, accessing instance variables, and other obiject-
oriented programming language features are accom-
plished with list functions.

(setg Triangle (send Object ‘subclass)) defines a new
subclass of Object, named Triangle, by sending the
message subclass to the Object class. (setq tril (send
Triangle ‘New)) instantiates a new instance of the Triangle
class and stores a reference to this new instance in the
variable tri1. (send tri1 ‘height) sends the message height
to the object referenced by tril.

Actually, the definition of a new class in ExperCom-
monLISP can be much more detailed than this simple ex-
ample shows. The full class-definition schema includes pro-
visions for instance and class variables and instance and
class methods.

Note: LISP users will observe that this schema uses
terms like arg__lists rather than the traditional lambda-
list style common to LISP. The lists are written here in a
nonrigorous, informal notation. This is to make this ex-
planation of ExperCommonLISP more understandable to
those who do not have a reading knowledge of LISP

(setq NewClass(CLASS (superclass; superclass,...superclass.,)
(IVS (ivi)(iVa)...(iVA))
(Methods (method,(arg__list)(body))
(method,(arg__list)(body))

(method,(arg__list)(body)))
(CVS (ivi)(iva)...(iv,))
(Metamethods(method, (arg__list)(body))

(method,(arg__list)(body))

(method,(arg_list)(body))))
where

e |VS is a keyword for the instance-variable-definition

clause. Each portion of that clause names an instance vari-

able and provides its initial value and attributes.

e Methods is a keyword for the method-definition clause.

Each portion of that clause defines a message. its argu-

ment list, and the method that will be invoked when that
(continued)
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Perhaps the greatest

strength of Objective-C is

that it is available on a

large number of machines.

message is received by an instance of this class.

® CVS is a keyword for the class-variable-definition clause.
Like the instance-variable-definition clause, each portion
of the CVS clause names an class variable and provides
its initial value and attributes.

® Metamethods is a keyword for the class-method-
definition clause. Each portion of that clause defines a
class message, its argument list, and the class method that
will be invoked when that message is received by the class
object.

Even this detailed schema does not present a full pic-
ture of the facilities in ExperCommonLISP. As one exam-
ple of a capability in ExperCommonLISP that is not ex-
hibited by this schema and is not present in any of the
other object-oriented languages discussed in this article,
consider the more detailed format of the following
instance-variable-definition clause: (IVS (instance-variable,
-definition)  (instance-variable,-definition)... (instance-
variable,-definition)) where an instance-variable definition
has the form (< instance-variable-name> < default-
value-form > < set > < get >).

The keywords get and set specify whether the instance
variable can be accessed from outside the object. If the
keyword get is used, the variable can be read from out-
side; if the keyword set is used, the variable can be writ-
ten. Thus, the degree of encapsulation can be set on a
class-by-class basis, and within a class on an instance-
variable-by-instance-variable basis. This is a much more
flexible middle ground between the unrestricted access
provided by Object Pascal and the total lack of access pro-
vided by Smalltalk.

The ExperCommonLISP class library includes a set of
classes that "lift up” the Toolbox data types to the level
of objects as well as the MacApp classes. As with Small-
talk, Neon, and Object Logo, this MacApp access is
achieved by a reimplementation of the MacApp class func-
tionality by Experlelligence.

OBJECTIVE-C

Objective-C brings the basic notions of object-oriented
programming to the C language in a manner that is
machine-independent. This is accomplished by a compiler
that accepts Obijective-C source code and outputs an
equivalent C source code. The resulting C source code
can then be compiled for execution on the target machine.
This has resulted in a language that can (and does) exist
on both the IBM PC and the VAX-11/780 and on many
machines in between. Objective-C was developed by
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Productivity Products International (PPI) and first shipped
in 1983.

The Obijective-C language is a strict superset of the C
language. The object-oriented extensions are achieved by
adding a new expression type to the C language, the mes-
sage expression. Syntactically, this message expression
is delimited by brackets (see table 2). The message ex-
pression brackets can be distinguished from the standard-
array subscripting brackets used in ordinary C by context.
The internal message syntax is similar to that of Smalltalk;
it even follows Smalltalk’s syntax for keyword messages.
This new expression type exists on an equal level with all
C expressions. The result is that an Objective-C statement
message expression can be used anywhere that an ex-
pression can be used in C. A sample statement that shows
the resulting flexibility is: [Point x: foo( )+ 7 y: [box top]].
In this statement, the keyword message x:y: is being sent
to the Point class. The first argument (of the x: portion)
is the result of a function call and an addition ( foo() + 7).
The second argument (of the y: portion) is the result of
sending the message top to the object referred to by box.

New classes are defined in a special class-description
file of the following form:

= ClassName: SuperClassName (PhylaList) { Instance Variable Declarations }
ClassMethodName {Method Implementation}
InstanceMethodName {Method Implementation}

o+

Only one class may be defined in any such file, although
the number of class-method definitions and instance-
method definitions may vary.

One object-oriented programming concept that is
unique to Objective-C is phyla. Phyla in Objective-C are
groups of classes, just as phyla in biology are higher-order
organizations than the biological notion of a class. When
you indicate that a new class belongs to a particular
phylum, you are stating that this class will often be used
together with the other classes in that phylum. When the
Objective-C source code is compiled. this information is
used to generate a more efficient method table structure.

The Objective-C class library consists of some 25 classes
that implement collection classes, basic geometric notions,
and standard data structures—all in a machine-independent
way. The fact that the Objective-C language is available
on a large number of machines and that its class library
is machine-independent is perhaps its greatest strength.
Productivity Products International coined the term
“software-IC" to describe such a machine-independent
class, although the term is now used to describe any well-
designed class. (The concept of a software-IC has been
described in “Software-ICs” by Lamar Ledbetter and Brad
Cox, June 1985 BYTE)

OBJECT ASSEMBLER

Object Assembler is a set of macros for the Motorola

68000 assembly language that provides easy access to

the MacApp class library and to class-definition facilities.

It is built on top of the macro assembly language provided
(continued)
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by the Macintosh Programmer’s Workshop assembler. Ob-
ject Assembler was developed by Apple expressly for the
Macintosh and it will be officially shipped late in 1986.

The Object Assembler macros let you define new
classes, define method bodies. instantiate objects. easily
reference instance variables by name, and invoke methods,
including inherited ones. A few examples will demonstrate
the use of these Object Assembler macros. The basic
schema for defining a new class in Object Assembler, for
example, is

MACRO
ObjectDef &lypeName,&Heritage, &FieldList,&MethodList

and an example of the use of this macro is:

ObjectDef Shape,Object, \
((boundRect 8),

bordefThickness,2),

color,2)),

Draw),

MoveBYy),

(Stretch))

ObjectDef Arc,Shape,
((startAngle,2),
(arcAngle,2)),
((Draw,OVERRIDE),
(GetArea),
(SetArcAngle))

(The backslash is required by the assembler when con-
tinuing a statement from one line to the next.)

Let me demonstrate defining a method and referenc-
ing an instance variable by name with some examples.

(

AR~
P

PPl

Defining a method:

Schema
MACRO
&ProcName ProcMethOf &TypeName

MACRO
EndMethod

Example

Draw ProcMethOf Arc
<code>
EndMethod

Accessing an instance variable:

Schema
MACRO
ObjectWith &TypeName

MACRO
EndObjectWith

Example:

ObjectWith Arc

MOVE.L startAngle(A1), — (SP)
PEA boundRect(A1)
EndObjectWith

In this example of accessing an instance variable, Al
must already be loaded with an arc object reference. The
ObjectWith macro simply qualifies startAngle and bound-
Rect for you. Note that the ProcMethOf (and the corre-
sponding FuncMethOf) macros automatically invoke the
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ObjectWith macro with the given class, making references
to the instance variables of that class easy.

In terms of its object-oriented semantics, Object Assem-
bler is just like Object Pascal. MacApp access is provided,
as is access to any class implemented in Object Pascal.
It also is possible to subclass Object Assembler classes
in Object Pascal. No easy access is possible to classes im-
plemented in other languages.

OBJECT LOGO

Object Logo is the most unusual object-oriented language
for the Macintosh because it is implemented as a class-
less language—an object-oriented language in which there
is no firm distinction between an instance object and a
factory object (a class) that makes those instances. Ob-
ject Logo was developed by Coral Software Corporation
expressly for the Mac, and it is scheduled to be shipped
in the summer of 1986.

In designing a language that has no distinction between
classes and instances, Coral Software’s programmers left
out a concept that is commonly used in the implementa-
tion of object-oriented languages. Classes, after all, are
really an implementation convenience—a way of econo-
mizing on the amounts of memory required to write
object-oriented programs. From Coral's point of view, the
conceptual issues in using an object-oriented language are
more important than implementation efficiency concerns.
By removing the class “artifact,” Coral has designed a lan-
guage in which all objects are treated uniformly, which it
believes is easier to learn than traditional object-oriented
languages.

There are a number of technical consequences of this
philosophical decision to remove distinctions between
classes and obijects. In Object Logo, objects can be given
instance variables and methods "on the fly" during an in-
teractive session. You could, for example, create an ob-
ject, give it two instance variables, then define a couple
of methods, use those methods, clone the object (ie. copy
all relevant object information), add some instance variables,
remove some methods, and then clone the object. In terms of
the vocabulary I have developed up to this point, you have
created an instance (from no template), redefined the
structure of an instance while it existed. added new
methods while it existed. and then used it as a factory
to produce a new instance just like itself—all notions that
don't make sense with the traditional object-oriented
vocabulary. The problem isn't with the vocabulary. The
problem is that many of the notions of object-oriented
programming that we have spent so long acquiring just
don't apply to Object Logo as well as they do to other
languages. Consequently. Object Logo is somewhat harder
to learn than the other object-oriented languages de-
scribed in this article, if you are already familiar with other
object-oriented languages. Object Logo requires that you
unlearn some concepts about object-oriented program-
ming and learn some new ones that don't fit in with your
conceptual model of how objects, classes, messages, and
methods interrelate. For example, Object Logo is the only
language described in this article that provides for unique
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instance methods—methods not associated with a data
structure shared among objects with a similar format, but
rather methods directly “attached” to objects. In Object
Logo. such a concept is natural; in the other languages
discussed here, it is most unusual.

Because conceptual simplicity was one of the major
goals in the design of Object Logo. Object Logo adds only
a few new primitives to the Logo language.

KINDOF anObject creates a new object which inherits
from anObject. TALKTO anObject makes anObiject the
“current object.” (At any time during the execution of an
Obiject Logo interactive session, there is exactly one cur-
rent object. All references to variables and procedures are
resolved in the context of this current object.) HAVE word
thing adds the instance variable word to the current ob-
ject. The initial value of word, in the context of the cur-
rent object, is thing. HOWTO procedureName adds the
method procedureName to the current object. USUAL
invokes the inherited method. (This is essentially equiva-
lent to the Object Pascal INHERITED and to sending mes-
sages to super in Smalltalk.) And TELL anObiject Instruc-
tionList executes a list of instructions in the context of
anObject without making anObject.

Obiject LLogo is one of the few languages in this article
that implements multiple inheritance. In Object logo, a
subclass can invoke all methods for a message common
to its immediate ancestors. This style differs considerably
from that of Smalltalk. (For legal reasons, the version of
Smalltalk for the Mac does not have multiple inheritance.
This is the only major technical difference with other
Smalltalk implementations.)

At the time of this writing, no comprehensive listing of
the Object Logo class library was available. However, the
plans for Object 1.ogo class library include a complete re-
implementation of the MacApp classes using their l.ogo
primitives for accessing the Toolbox. Like Neon and Exper-
CommonLISP. this reimplementation will produce a
semantically similar set of classes so that the MacApp pro-
grammer could move from Object Pascal or Neon to Ob-
ject Logo with very little additional training about the
MacApp class library.

PROGRAMMING WITH A MAC OBJECT-ORIENTED
LANGUAGE

Object-oriented languages for the Macintosh can be
divided into two sets—those that have interactive inter-
preters and those that don't. The languages with inter-
active interpreters—Smalltalk, Neon, ExperCommonLISP,
and Object Logo—have self-contained development en-
vironments consisting of a text editor, an interpreter, a
compiler (sometimes), and other application building
tools. These development environments are generally in
accordance with the Macintosh User Interface Standard.
New classes are developed interactively with reasonably
functional debugging facilities. When debugged. the new
classes are loaded into a working image that then can be
saved in a snapshot. Many such snapshots can be saved
on disk, each representing a different development effort,
a different project. and so on. Classes are used as incre-

mental building blocks: As soon as a new class is defined,
it is available for use. The results of developments in dif-
ferent images can be combined in a single image, usually
by recompiling the source code versions of the new
classes and methods. None of these languages can use
procedures written in standard languages like Pascal or
C. or classes written in other object-oriented languages,
with the exception of ExperCommonLISP, which can ac-
cess Pascal and C procedures.

In the languages that do not currently have interactive
interpreters on the Macintosh—Object Pascal. Object
Assembler. and Objective-C—classes are developed first
(using a standard text editor) and compiled with the ap-
propriate compilers. Then a main program using these
classes is written. compiled. and linked with the classes.
All of these languages can access procedures and func-
tions written in either Pascal, C, or assembly language.

Most of these languages, whether compiled or inter-
preted, contain all the facilities to construct a stand-alone
Macintosh application. For example. they have special
routines to construct menus and to link the choice of a
particular menu item with the execution of a certain
method. Each of these object-oriented languages has its
particular strengths and weaknesses as an implementa-
tion language depending on your application and back-
ground. m
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Tech PC,we’re out to capture your micro-
computer business. No one matches our
diverse line of high performance products, or
our comprehensive system of support, warran-
ty, and third party maintenance service op-
tions. Tech PC is a large Southern California
computer design and manufacturing firm with
computer research and design specialists, pro-
duction engineers, technical assistance staff,
qualified sales personnel, and a strong
management and investment team to provide
you with state of the art products, state of the
art reliability, and state of the art economy.

PORTABLES

Tech PC Portable Computers come in four
different base models to match your com-
puting needs. Our entry level Tech PC/XT por-
table computer is designed to provide a non-
obstructive profile, and has a capacity to hold
two thirty megabyte hard disks, a high resolu-
tion monochrome monitor with a Hercules
compatible graphics card to drive it with 800
by 400 lines resolution, and never before heard
of 6 expansion slots in a portable computer. If
4.77 MHz of Intel 8088 power isn’t fast enough,
try our Turbo 4.77 to 8 MHz 8088-2 or optional
NEC V-2 microprocessor based portable
machine. Designed to increase speed up to 170
percent of a standard PC/XT, the Tech PC/AT
and Tech Turbo PC/AT portable units are state
of the art in portable performance. The 80286
microprocessor based units can be fitted with
up to 240 megabytes of high speed voice coil
hard disk technology, and with the Turbo AT’s
10 MHz math co-processor socket and 10 MHz
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80286 microprocessor the wunit can
manipulate large spreadsheets with
unparalleled performance.

DESKTOPS

Tech PC Desktop Computers are de-
signed for survival. The XT’s leave your
desktop looking comfortably empty with
their slim non-obtrusive profile; The AT’s
give you a powerful presence with a clean
lined sturdy chassis. Combined with a 14
inch, 800 by 400 line amber monochrome
monitor or a 14 inch, 1280 by 800 black
and white monochrome monitor you've
got State of the Art staring straight back
at you. If 8 MHz 80286 power isn't fast
enough for you... try the Tech Turbo
PC/AT with its 10MHz 80286 and 10 MHz
80287 math co-processor socket. The Tech
Turbo PC/AT gives you the strongest,
most powerful 80286 performance avail-
able from anyone, anywhere. . . available
with up to 16 megabytes of memory and
hard disks up to 1 gigabyte with our new
optical storage disk, the Tech Personal




Computer Desktops represent the cutting
edge of desktop microcomputer technology.

Tech Personal Computers, Inc. is a full
service manufacturer of Micro Computer
Products and offers a complete line of
Desktop, Portables and Multi-User Com-
puter Systems as well as an accessory line
of over one hundred enhancement prod-
ucts. Tech Personal Computers, Inc. are
all backed by a full one year warranty with
additional maintenance coverage and ex-
tended maintenance con-
tracts available through
Momentum Service Corp.
For more information
concermning hundreds of
MSC Service Centers

throughout the United

States, contact Tech
Personal Com-
puters, Inc. at
(714) 754-1170.
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DESKTOPS
TECH PC/XT DESKTOP ..ottt iiiiiiiiiiiennnnnnns $ 529
Options:
Tech PC/XT with 20MB Hard Disk ................... $ 979

Tech PC/XT with 20MB Hard Disk, Monochrome Monitor,

Hercules® Compatible Mono/Graphics Card .......... $1179

TECH TURBO PC/XT DESKTOP.................... $ 629
Options:

Tech Turbo PC/XT Desktop with 20MB Hard Disk ... ... $1079

Tech Turbo PC/XT 20MB Hard Disk, Monochrome Monitor,

Hercules® Compatible Mono/Graphics Card ............ $1279

TECH PC/AT DESKTOP . ....ciiiiiiiiiiiii i, $1399
Options:

Tech PC/AT with 20MB Hard Disk ................... $1799

. Tech PC/AT with 20MB Hard Disk, Monochrome Monitor,
Hercules® Compatible Mono/Graphics Card

TECH TURBO PC/AT DESKTOP...............c...t. $1599
Options:

Tech Turbo PC/AT Desktop with 20MB Hard Disk . .. .. $1999

Tech Turbo PC/AT with 20MB Hard Disk, Monochrome

Monitor, Hercules® Compatible Mono/Graphics Card . .$2199

PORTABLES

TECH PC/IXT PORTABLE ...........coiiiiiiinnne, $ 899
Options:

Tech Turbo PC/XT Portable with 20 MB Hard Disk . ...$1349

Tech Turbo PC/XT Portable with 1200 Baud Internal Hayes

Compatible Modem and 20 MB Hard Disk ........... $1549
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TECH TURBO PC/XT PORTABLE................... $ 999
Options:

Tech Turbo PC/XT Portable with 20 MB Hard Disk ...$1449

Tech Turbo PC/XT Portable with 1200 Baud Internal Hayes

Compatible Modem and 20 MB Hard Disk ........... $1649

TECH PC/AT PORTABLE ..........ccooiiiiiiin... $1799
Options:

Tech PC/XT Portable with 20 MB Hard Disk .......... $2199

Tech PC/XT Portable with 1200 Baud Internal Hayes

Compatible Modem and 20 MB Hard Disk ........... $2399

TECH TURBO PC/AT PORTABLE ................... $1999
Options:

Tech PC/XT Portable with 20 MB Hard Disk .......... $2399

Tech PC/XT Portable with 1200 Baud Internal Hayes

Compatible Modem and 20 MB Hard Disk ........... $2599

All TECH PC PORTABLES available with tape backups, hard disks
up to 1 gigabyte, networking systems, and hundreds of other
hardware and software accessories.
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PRINTER
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ADR DATA
0000 31FE18
0003 DD213412 LD IX.1234
0007 FD217856 LD 1Y.5678
000B 210019 LD HL.1900
000E 3600 LD (HL).O
1900 00 write
0010 34
1900 00 reed
1900 01 write
0011 34
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INC (HL)
INC (HL) 210001

INC (HL) (next step)
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LD HL.1900
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INC (HL)

INC (HL)

LD HL.100
AF=808B (Sz-a-pNC) BC=0000 DE=0020 HL=1900 IX=1234 IY=5678 SP=18FE PC=0010
0010 34

Pop-up Mode
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called by soft key.

Disassembly of code

in memory can be
compared with trace in
adjacent window.

Symbolic debug
/ register display.

Context sensitive
prompt line.

inactive
active

NEW UniLab II": FOUR INSTRUMENTS IN ONE!

Here are all the development
tools you ever dreamed of integrated
into one PC-controlled system:
® An Advanced 48-Channel Bus

State Analyzer
® An 8/16-Bit Universal Emulator
o A Built-In EPROM Programmer
® An Input Stimulus Generator

The synergy of these instru-
ments that were designed together
to work together saves you time and
money. All UniLab II commands
and menus are seamlessly integrated
into a single, super-efficient working
environment.

ACTION COUPON
Send me info on UniLab II and
your No-Risk 10-Day Evaluation!

Name: Title:

Company:

Address:

City:
State/ZIP:

Tel.: Ext.

UniLab IT™

Universal Development Laboratory

oo L sl Donmdorront Lionicey

Orion Instruments, Inc.

702 Marshall Street
Redwood City, California 94063
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An Integrated Software
Environment, too!

Imagine being able to split your
screen and look at real-time program
traces and the source code that pro-
duced them at the same time! Then
go to the On-Line Help or pop-up
Mode Panels instantly.

If you see something on a trace
that doesn’t look like last time, you
can hold it in one window while
you scroll back through your pre-
vious displays.

If you set a breakpoint and
single-step you can then go back to
using the analyzer without missing
a beat. You can even execute a DOS
batch file from UniLab to edit, as-
semble, and link, then automatically
load the new program and symbol
table. UniLab uses the full power of
the PC.

Find bugs fast with
Hardware-assisted
Debugging

The traditional way to look for
bugs is to single-step through sus-
pect parts of the code until you catch
it in the act. This requires a lot of
guessing and wasted time.

With UniLab’s built-in analyzer
you eliminate the guesswork. Just de-
scribe the bug symptom as a trigger,
and let the Unilab hardware search

for it as your program runs in real

time. UnilLab will show you a trace
of the program steps leading up to

the symptom, almost like magic.

A friendly user interface

UniLab lets you use commands
or menus — or a mixture of both. An
on-line manual, soft-key help screens,
a glossary of commands and their
parameters, with full-screen writeups
are also at the ready.

Reconfigure for any 8 or
16-bit processor in seconds

Thanks to our unique approach
to emulation, changes between pro-
cessor types require only cable and
diskette changes. At last count, we
specifically support over 120 micro-
processors.

Bonus! The built-in EPROM
Programmer and Stimulus Genera-
tor are simply icing on the cake.

Affordable capability

How much does all this superior
capability cost? A lot less than our
less able competitors, and probably
a lot less than you expect. Our pro-
ducts are sold with a Money Back
Guarantee, and our crack team of
Applications Engineers is standing by
if you need help. Get the full story
on the amazing UniLab IT and how it
can liberate your development pro-
jects, today.

CALL TOLL FREE: 1-800-245-8500
In California (415) 361-8883

Inquiry 213



OBJECT-ORIENTED LANGUAGES

MACAPP:
AN APPLICATION
FRAMEWORK

BY KURT ]J. SCHMUCKER

This application can significantly reduce
Macintosh program development time

ONE FASCINATING and potentially
far-reaching use of object-oriented
programming is in the design of an
application framework for a personal
computer or workstation. Several ex-
amples of such frameworks exist, such
as the Lisa Toolkit, discussed in "Soft-
ware Frameworks" by Gregg Williams
(December 1984 BYTE), and more are
being designed all the time. This arti-
cle examines one specific application
framework for the Macintosh, Mac-
App—-The Expandable Macintosh Ap-
plication from Apple.

The average end user does not gen-
erally use or even know about appli-
cation frameworks. They are tools for
developers who design the software
for end users. In theory, an applica-
tion framework can be developed for
any personal computer. However,
they are especially useful on those
with a well-defined user-interface
specification.

WHAT IS MACAPP?

The MacApp framework is basically a
complete, self-contained application
that implements most of the Macin-
tosh user-interface standard. It has

menus that pull down and windows
that scroll and can be moved about
the screen, it works correctly with
desk accessories and with Switcher,
and it prints on the Imagewriter and
the LaserWriter. The only things miss-
ing from a complete application are
the contents of the windows and the
items on the menus. An application
framework is only the shell of a real
application—a shell that you can eas-
ily customize into a true application.
This customization process differen-
tiates an application framework from
a set of merely useful subroutines.
For example, let’'s examine the way
in which an application framework
supports undoing commands. Mac-
App knows that after you choose a
menu command, the Undo command
should reverse the effect of the com-
mand. But a general application
framework can't know how to undo.
or do, all the commands. These oper-
ations are accomplished with the
dynamic binding present in an object-
oriented language. The application
framework “'knows” about command
objects and it knows that when a com-
mand is to be performed or undone,

it should send the message Dolt or
Undolt to the current command ob-
ject. The application framework
defines the basic skeleton of the ap-
plication, but it leaves the specifics—
for example, the actual details of un-
doing the Double Space command—
to the command object. To build a
specific application from this frame-
work, you need to design only the ob-
jects that perform these specific ac-
tions and then install them into the
framework.

The framework knows in general
what a Macintosh application is sup-
posed to do. It knows how to make
the menus work, how to give up con-
trol when a desk accessory is ac-
tivated, how to scroll windows, and so
on—all the things that are common to

(continued)
Kurt ). Schmucker. director of educational ser-
vices for Productivity Products International
(Severna Park Mall, H & R Block Office,
575 Richie Highway. Severna Park. MD
21146). teaches seminars on object-oriented
programming. Kurt has written three books
on computer science, including the forthcoming
Object-oriented Programming for the
Macintosh (Hayden. 1986).
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Macintosh applications. The frame-
work knows that the most recent com-
mand should be undone when you
choose the Undo menu item and that
the current selection should be high-
lighted when you activate a window.
However, it doesn't know how to re-
verse the actions of particular com-
mands or how to highlight the current
selection. The objects you install in your
customization of the application
framework determine these actions.
For example, to undo the last com-
mand, the application framework
sends the message Undolt to the cur-
rent command object. The dynamic
binding of this Undolt message to a
method at run time invokes the rou-
tine you have designed to handle un-
doing this particular command. The
application framework proceeds with-
out knowing what that command, or

The application framework is more
than just a skeleton with a fixed
number of pluggable slots for com-
mands and selection. Using the tech-
niques of object-oriented program-
ming. you can override every major
decision (and many minor ones). Any
application on this framework can
take control at any decision point
in the program by overriding the
preprogrammed method to perform
a user-written application-specific
method.

To give it this flexibility, the applica-
tion framework is set up as a group
of classes. or class library, that you
can use and specialize while develop-
ing a new application. If you want
your application to behave in some
unique, specific way. you can add
some new objects into the framework
to provide this behavior. If you don't

tion framework will handle the appli-
cation correctly as is.

THE BASIC STRUCTURE OF
MACAPP

The class library that is MacApp con-
tains more than 30 different classes
and over 450 methods. (Figure 1
shows the inheritance structure of
these classes.) However, if you under-
stand the operation of just three of
these classes—TApplication, TDocu-
ment, and TView—and seven of their
methods, you will be able to build
your own application on top of the
MacApp framework. The class TAppli-
cation takes care of things that are the
responsibility of the application as a
whole. This includes launching the ap-
plication, setting up the menu bar,
deciding which documents to display
in the "Open Which Document?”

that selection. really is. want anything unusual, the applica- {continued)
TObject
I
[ [ l
TCommand TBuffer TTalkCall
TStdBuffer TATPCall
TEvtHandler TGetRequestCall
|
[ I I | [ I |
TApplication TTalkHandler TDocument TFrame TWindow TView TPrintHandler
[ [ |
TDeskScrapView TTEView TCatView TDialogltem
TATPHandler TDialog TRadioCluster TKeyHandler
[ |
TListener TResponder TRequester TNumberText
TReceiver TSender TDemander

Figure 1: The inheritance tree of the MacApp classes.
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Put your design ideas inté'riore chips.

New AVMAC™ Macro cross-
assemblers, combined with
our simulators, emulators
and EPROM programmers,
turn your PC or VAX into a
complete development
system.

AVMAC is fast. Its transparent
buffering scheme provides the
speed of memory-based assem-
bly without restricting file size.
And, AVMAC has one of the most
comprehensive macro facilities
available.

AVMAC is loaded with fea-
tures that make your develop-
ment job easier. You get source
code flexibility; AVMAC supports
over 1000 relocatable segments.
AVLINK™ linker and AVLIB™
librarian support modular pro-
gramming with full control over
segment combination and place-
ment. AVREF™ generates cross-
references by line and
procedure. And, AVMAC gives
you informative, plain English
error messages.

Inquiry 32

AVMAC offers superior com-
patibility with manufacturers’
assembly languages. And it's
designed to work hand-in-hand
with AVSIM™ | Avocet's software
simulator/debugger.

Every company talks about
service. But at Avocet we're
committed to satisfying customer
requests for in-stock items in 2-3
working days. And that's a fact!

For easy access, call our 800
number for ordering, product
information and technical assis-
tance. We're also interested in
your ideas on how we can better
serve your needs.

AVMAC Macro Cross-assemblers
MSDOS ™, PCDOS™
VAX™/UNIX™

Target Microprocessor
Families Supported:

6502/65C02 78

6800/01,6301 Z80
NEC7500 68H11

6804
6805
6809

1802/1805 8085 HD64180
8048/8041  COP400 68020
8051 F8/3870 68000/68010
NEW! TMS32010 TMS32020
In addition to AVMAC,

Avocet provides everything
you need to develop micro-
processor software.

AVSIMfull-screenSimulator/
Debuggers make software
simulation practical. Test your
code in a crashproof, interac-
tive environment, without addi-
tional hardware. Price $299.
TRICE™ self-powered
In-circuit Emulators recog-
nize 34 different commands;

INTRODUCES
MACRO
ASSEMBLERS.

set break points, single-step,
trace and more. Priced from
$498.
AVPROM™ Programmers
work with any PC. Program
over 37 different devices,
including EPROMSs through
27512, CMOS and E?PROMS,
and MPU/EPROM combos,
using fast, “adaptive” algo-
rithms. From $429. Gang pro-
grammers from $979.
Tofindoutmore about Avocet
software development tools,
call us toll-free:

1-800-448-8500

(Inthe U.S. except Alaska.)

VISA and Mastercard
accepted. Most popular disk
formats now available—please
specify. Software shipment by
second-day air within the conti-
nental U.S. included. Special
handling and other shipping
additional; call for exact quotes.
OEM INQUIRIES INVITED. Avo-
cet Systems Inc., P.O. Box 490-
B16, Rockport, Maine 04856,
(207) 236-9055. Telex: 467210
AVOCET Cl.

AVOCET |
SYSTEMS INC.

™signifies manufacturer’s trademark
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dialog box, and so on. You design
your own special subclass of TAppli-
cation, overriding whatever methods
you choose in order to specialize any
of these behaviors. One behavior you
must always override is the type of
document that holds your applica-
tion's data (the method DoMake-
Document).

The class TDocument processes
commands like Save and Close,
which are specific to each of the
documents that are open at any one

instant. (MacApp applications can
usually deal with multiple documents
being open at once) Two behaviors
that you must override in your sub-
classes of TDocument are the types
of windows that display the data
stored in the document (the method
DoMakeWindows) and the contents
of the windows (the method DoMake-
Views). (The DoMake-something
MacApp methods are the ones you
must override.)

The class TView takes care of every-

€ File Edit

acApp Mouse

Figure 2: SmallApplication—the smallest MacApp application.

€ File Edit

A

MacApp Mouse

1:33:23 PM
2/17/86

Figure 3: MacApp applications typically work with multiple documents and
always work correctly with desk accessories, even multiple ones.
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thing inside your windows—drawing
the images, highlighting the selection,
handling mouse interaction with
those images. and other things. TView
knows when a portion of the window
needs to be redrawn and when the
selection should be highlighted. It
doesn't know exactly how todo these
things. It relies on you to override the
methods that supply these behaviors
in your subclasses of TView. These
methods are Draw, Highlight-
Selection, and DoMouseCommand.

DEVELOPING AN APPLICATION
To develop a MacApp application,
you must design your own subclasses
of TApplication, TDocument, and
TView. It is traditional in MacApp pro-
gramming to name these new sub-
classes so that you can easily deter-
mine their respective superclasses.
Therefore, 1 have used the names
TSmallApplication (a subclass of TAp-
plication), TSmallDocument (a sub-
class of TDocument), and TSmallView
(a subclass of TView). The application
is called SmallApplication, and its en-
tire source code requires only 87 lines
of Object Pascal. (For a discussion of
Object Pascal and other obiject-
oriented languages, see my article
“Obiject-oriented Languages for the
Macintosh” on page 177.) Two print-
outs of screen shots from SmallAppli-
cation are shown in figures 2 and 3.
|Editor's note: The entire source listing for
SmallApplication is available in a variety of
formats. See page 405 for details.| Let's look
at two representative methods from
this application—the DoMakeViews
method of the class TSmallDocument
and the Draw method of TSmallView.
DoMakeViews is one of the
methods MacApp needs to access
one of the classes designed specifical-
ly for SmallApplication. I call this kind
of method a MacApp fook method.
Listing 1 contains the full text of
SmallApplication's DoMakeViews
method. This method generates, ini-
tializes, and installs one instance of
TSmallView. MacApp sends the
message DoMakeViews precisely so
it can obtain one of these and use it
to draw inside the window. If this
method seems rather short, that is a
common characteristic of obiject-
oriented programs, especially those
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Listing I: The full text of DoMakeViews.

PROCEDURE TSmal |Document.DoMakeViews(forPrinting: BOOLEAN); OVERRIDE;
VAR smaliView: TSmallView;
BEGIN
NEW(smal IView);
smallView.ISmal IView(SELF);
SELF.fSmal IView :=

{ Create a new instance of TSmallView }
{ Send new view object its init message }
smalIView; § Install this view object in document }

END;

——

PROCEDURE TSmal IView.Draw(area

FUNCTION MakeRect(top,
VAR r: Rect;
BEGIN
SetRect(r,
MakeRect :=
END;

left

rs

BEGIN
PenNormal ;
PaintOval (MakeRect (74, 72,
EraseOval (MakeRect (84, 74,
FrameOval(MakeRect (109, 84,
EraseRect(MakeRect (109, 84,

PaintOval (MakeRect (101, 90,
PaintOval (MakeRect(111, 97,
PaintOval (MakeRect(53, 52,
PaintOval (MakeRect(53, 110,
FrameRect (MakeRect (20, 20,

END;

PaintOval (MakeRect(101, 107, 104,

Listing 2: A procedure that overrides TSmallView's Draw method to draw a picture of a mouse.

: Rect); OVERRIDE;

, bottom, right: INTEGER): Rect;

left, top, right, bottom);

139, 127)); Outline of the mouse head }
138, 125)); Outline of the mouse face }
129, 115)); Mouse mouth (part 1 of 2) }
123, 115)); Mouse mouth (part 2 of 2) }
107, 96)); Left eye }

107, 113)); Right eye }

104, 93)); Left pupil }

110)); Right pupil }

117, 103)); Nose }
91, 90)); Left ear }

91, 148)); Right ear }

170, 180)); § A bounding rectangle }

designed to be overridden for many
different purposes. Instead of hard
coding many decisions, the designer
of a class will make each such deci-
sion a method. You can change such
a decision by creating subclasses and
overriding the appropriate method.

The Draw method of the
TSmallView class is a method for
which MacApp cannot possibly pro-
vide a generic version. You can't draw
anything in a window that would be
useful to all Macintosh applications.
In such cases. MacApp provides a
stub method that does nothing, a null
method. You don't have to override a
null method like you do a hook
method, but if you don't override this
one, part of your application may ap-
pear to do nothing. The code in listing
2 overrides TSmallView's Draw
method to draw a picture of a mouse.

If you continue this process for five

other methods, you will have devel-
oped SmallApplication, an applica-
tion that draws a picture of a mouse.
SmallApplication is a stand-alone Mac
application that works correctly on
128K-byte and 512K-byte Macs, the
new Mac Plus, and the Mac XL. It
works with Switcher and with any num-
ber of desk accessories. prints on the
Imagewriter and the LaserWriter, sup-
ports multiple documents, and allows
you to resize and move windows and
use menus. As trivial as the application
itself may seem, it does illustrate the
flexibility of the MacApp framework.

THE BENEFITS AND COSTS OF
USING MACAPP

Early studies indicate that MacApp
can reduce application development
time by a factor of four or five.
MacApp also decreases the amount
of source code you need, again by a

factor of four or five. It maintains con-
sistency with respect to the Macintosh
user-interface standard and provides
error handling and an interactive
debugging facility, which are useful
during development. It provides a
conceptual framework that lets you
concentrate on your application
rather than on Macintosh internals.

Some feel that these gains are at the
expense of performance in the
finished application and of a large
amount of additional memory. In fact,
many MacApp programs actually run
faster than their non-MacApp ver-
sions, despite the run-time overhead
of messaging. MacApp applications
are usually somewhat larger than their
non-MacApp versions—about 10K to
15K bytes. But for most end-user ap-
plications, this is not a large penalty
when weighed against the decrease in
development time. m
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Aibovefunction Card ™

THE CARD FOR

Reason 1: More Memory

When you need more memory, the Abovefunction Card® from American Computer & Peripheral, Inc. delivers a full 2
Megabytes of RAM to your American, IBM* personal computers and compatibles.

The American Abovefunction Card can fill conventional memory to 640K with the remaining as expanded memory
or install up to four Abovefunction Cards to provide the maximum 8 Megabytes of expanded memory for your PC
system.

Reason 2: More Functions

In addition to expanded memory, the American Abovefunction Card includes commonly used features, such as a
serial, parallel and game port and real-time clock/calendar, all on one board.

The American Abovefunction Card has Cache Memory, an enhanced disk buffer software that is transparent to the

user and gives up to four times faster hard disk access. RAM disk and print buffer capabilities are also contained onthe
EMM (Expanded Memory Manager)/Utility Diskette.

Reason 3: Maximized Slot Usage

Plan for the future with the American Abovefunction Card. One card provides your memory and multi-function needs
in one I/0 expansion slot. This frees valuable slot space for other enhancements.

Reason 4: Compatibility

The American Abovefunction Card is based on Lotus®/Intel*/Microsoft” specifications and is compatible with Intel's
Above® Board.

Reason 5: Price
And, one of the best reasons of all, the American value: $725.00 (includes 2 Megabytes RAM) and $345.00 (9K)

AUTHORIZED DISTRIBUTOR AND SERVICE CENTERS: MAJOR DEALERS:
California Micro, Inc. 5K Computers Computer Wholesalers American Computer Distributing Computerland of Whittier i
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Imagine Computers The Super Source Micro Configuration East, Inc. Columbia Data Systems, Inc. Elek-tek, Inc.
Goleta, CA (800) 344-2964 Norcross, GA (800) 241-8579 Brooklyn, NY (718) 941-2512 Columbia, TN (615) 381-4650 Chicago, IL (312) 677-7660
| PC Land, Inc. Mid America Microsel Omega Data Inacomp Computer Center
| Tustin, CA(714) 730-6723 Carmel, IN (317) 846-3101 OklahomaCity, OK (405) 787-4354  Kirkland, WA (206) 823-9769 Columbus, OH (614) 431-2230
| Computer Professionals CPU Distribution, inc. Omega Data Inter-Micro Distributor, Inc. Inacomp Computer Center
| Lakewood, CO (303) 232-4009 Burnsville, MN (612) 894-9310 Hilisboro, OR (503) 640-3995 Alberta, Canada (403) 438-3997 Saginaw, MI (517) 790-1360
| Computer Peripheral Warehouse, inc. Asibem, inc. Power House Sales Paris Sud Electronique Composant
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OBJECT-ORIENTED LANGUAGES

PROGRAMMING
EXPERIENCES

BY LARRY TESLER

Programmers using object-oriented languages
say the benefits make the learning worthwhile

WHAT IS IT LIKE to write a program
in an object-oriented language? |
posed that question to several peo-
ple who program in Objective-C,
C++. Object Pascal, and Smalltalk,
hoping to gain insight into how dif-
ferent programmers think about
object-oriented design. Their ex-
periences had more in common than
you might expect.

| asked each person to describe his
project and discuss how obiject-
oriented programming affected its
progress. Their recollections tended
to support oft-heard claims that
object-oriented languages can be a
boon to large programming projects.
The software development benefits
stem from three properties of object-
oriented programs: obiject-based
modular structure, data abstraction,
and the ability to share code through
inheritance.

The term modularity refers to the fac-
toring of a large program into units
that can be modified independently.
In an object-oriented system, every
module is an object. that is, a data
structure that contains the procedures
that operate upon it. Object-oriented
design is the process of identifying
objects that constitute a useful model

of the problem at hand. In the early
stages of designing a program, the
need to partition the problem into ob-
jects stimulates the designers to iden-
tify its principal constituents and to
specify their behavior and interaction.

Data abstraction is the process of
hiding a data structure behind a set
of procedures through which access
to the data is forced. In this way, the
“concrete” representation chosen by
the programmer is replaced by an
“abstract” catalog of available opera-
tions. The advantage of data abstrac-
tion is that at any time the program-
mer can change representations
without having to change other pro-
grams that relate to the operations.
Data abstraction is a natural concomi-
tant of object-oriented programming
because each object contains not
only its data structure but also the
procedures that operate upon it.
These procedures, often called
methods, are usually the only aspects
of the object accessible to other
objects.

All object-oriented languages can
share code through inferitance; that is,
obiject-oriented languages provide the
ability to define one type of object as
a variation of an existing type. The

new object type is called a subclass of
the old. and the old type a superclass
of the new type. Objects in the sub-
class inherit all the properties of the
superclass, including the implementa-
tions of methods. The subclass can
define additional methods and rede-
fine old methods by providing so-
called overrides. By using inheritance
during the development of an object-
oriented program, code can be
shared among similar objects. Later,
certain kinds of enhancements can be
made simply by creating new object
types as variations of existing ones.

A WINDOWING SYSTEM
The first person | interviewed was
Gary Walker, Manager of Primary In-
teraction Development in the Dis-
tributed Systems Group at Burroughs
Corporation in Boulder, Colorado. He
and his group of nine programmers
were assigned the task of implement-
(continued)
Larry Tesler, currently Manager of Advanced
Development at Apple Computer. previously
managed the development of Lisa applications,
the Lisa Toolkit. and MacApp. He can be
contacted at  Apple Computer, 20525
Mariani Ave., Dept. 5770, Cupertino, CA
95014.
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Teach your
old word processor
the newest tricks

Sottwara
forthe
IBMPC,
poxT,
NewWorld il

PCjr. $69.95

Simon& Schuster

The phenomenal software that catches complicated yet
common misspellings—Iike “fenomenal”” Just type in a
word the way you think it sounds, like “potenshal’” and the
Spelling Checker automatically corrects it for you. Think of
the potential that ?(ives you! No wonder PC Magazine hails
itas “the knock-down, drag-out, clear-cut
winner!” (Editor's Choice 1985) For the IBM PC,

XT, AT, PCjr and Apple Il +, lle, and llc. $59.95

LOOK HOW WE COMPARE:

“Truly amazing. . . outclasses every other pro-
gram of its type.” —John C. Dvorak, S.F Examiner

Feature for feature, Webster's New World® On-Line Thesaurus
leaves the competition at a loss for words. With 20,000 root
words, 120,000 synonyms, 500,000 replacement alternatives,
and much more (see our comparison chart below)— Webster's
New World® On-Line Thesaurus quarantees that you'll never
be without the right word again. For the IBM PC, XT, AT and

WEBSTER'S NEW WORLD® ON-LINE THESAURUS

Webster's Turbo Random House
New World Lightning Reference Set
Root word entries 20,000 5,000 5,000
Root words + derivatives 64,000 5,000 5,000
Number of synonyms 120,000 50,000 50,000
Replacement alternatives 500,000 50,000 50,000
Word-processors supported 38 1 14
Resident RAM required 44K 64K min. 24K min.
Disk space required (full dictionary) 360K 160K 208K
Find synonyms for synonyms repeatedly y n n
Undo synonym replacement y n n
Backlrack lhrough selections y n n
Note pad y n n
Multiple on-screen synonym pages y n n
Edit synonym before insertion y n n
WEBSTER'S NEW WORLD® SPELLING CHECKER
Webster's Turbo Random House
New World Lightning Reference Set
IBM, Apple IBM 1BM
Number of words 114,000 83,000 50,000 or 80,000
Help windows y y n
Browseable diclionary y n y
Catches:
Phonetic misspellings
Youtype: FENOMENAL PHENOMENAL FELLOWMEN FEMININE

SIMON & SCHUSTER COMPUTER SOFTWARE

Now atyourlocal retailer, or call toll-free today:

1-800-624-0023 (National) 1-800-624-0024 (In N.J.)

WEBSTER'S NEW WORLD
When Every Word Counts*
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PROGRAMMING
EXPERIENCES

ing a general windowing environment,
featuring menus, check boxes. but-
tons, and the other trappings of a see-
and-point user interface. After con-
ducting a comparative study of the
available object-oriented languages.
his group chose C++. an object-
oriented extension of C inspired by
Simula-67 and developed by Bjarne
Stroustrup at Bell Laboratories in Mur-
ray Hill. New Jersey. Only object-
oriented languages were considered
for the project. "In a windowing
system.” Walker explained, “'you want
to instantiate objects for windows,
each with its own private data. By
defining separate types of windows as
different classes, they can inherit com-
mon characteristics and still possess
their own special properties.”

Walker found data abstraction to be
the most significant advantage of
using C++. Smalltalk and some other
object-oriented languages force data
abstraction upon the programmer by
hiding the internal structure of one
object from other objects. For exam-
ple. to move a chess piece, a Smalltalk
program must invoke a method such
as move__to, passing the destination
square as a parameter. [t cannot use
an assignment statement to modify
the data structure describing the
chess piece’s position. The advantage
of the restriction is that both the rep-
resentation of chess pieces and the
implementation of move__to can be
changed without having to alter the
code in other objects that access
them.

Unlike Smalltalk. Object Pascal and
C++ allow objects to access part or
all of the internal data of other ob-
jects. However, many textbooks warn
against direct data access except
when performance considerations are
paramount. Walker's group found
through experience with C++ that
interobject direct data access is
usually a detriment to modularity. "'If
you want to get at somebody else’s
variables,” he said, “you should go
through access functions [methods|”

Another property of object-oriented
programs that benefited the window-
ing system project is modular struc-
ture. It gave the designers the ability
to create what Walker calls “isolated

(continued)
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Back,
by popular
demand.

Just a few years ago, illegal hunting
and encroaching civilization had all but
destroyed the alligator population in the
south. They were added to the official
list of endangered species in the United
States.

Now alligators have made a
comeback.

Conservationists
intent on preserving this
legendary reptile helped the
alligator get back on its feet.
Once again some southern
swamps and marshes are
teeming with alligators.

With wise g
conservation policies, /3
other endangered 4y
species have also made 5&
comebacks . . . the ﬁ

cougar, gray whale, §§
Pacific walrus, wood ﬁ;ﬁ‘
duck, to name a few. '
If you want to help
save our endangered
species, join the National
Wildlife Federation,
Departm%nt 1506, 1412
16th Street, NW,
&“"/é Washiggton, DC
20036.
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worlds of data and functions’”

Walker also suggested a more
pragmatic advantage of modularity
based on obijects: cutting down on
the number of global variables in the
program. The advantage of avoiding
global variables in an interactive sys-
tem is that multiple instances of each
object can easily be created. It would
be quite difficult to support multiple
windows if the data describing a win-
dow resided in global variables. Ac-
cording to Walker, if you follow the ad-
vice of many software engineering
books and avoid global variables, you
usually end up passing too many pa-
rameters to functions. With C++,
Walker explained, data can be
“private” to an object, and all func-
tions of that object can access its data
without passing parameters.

Having heard Walker mention in-
heritance as a key factor in his choice
of the object-oriented paradigm, 1
asked him for an example of its use
in the windowing system. He cited the
class Menu, a data abstraction with
several subclasses, including Vertical-
Menu, RadioButtons, and Check-
Boxes. The system displays each type
of menu a different way, and the user
interacts with each a bit differently.
But all serve the same basic purpose:
They give the user choices, and they
report the user’s choice to the object
in the application program.

Some methods of Menu are in-
herited by the subclasses without
modification, while others are over-
ridden by special implementations in
each subclass. An example of an in-
herited method is selectionTitle, which
returns the string containing the user's
menu choice. The implementation of
selectionTitle is shared by Menu and
all its subclasses. An example of an
overridden method is prompt, a func-
tion whose arguments are the text
strings that represent the choices
available in the menu. For example,
my__menu.prompt(‘sherbert”,‘cheese
cake",“torte”) specifies the choices in
a dessert menu. Each subclass of
Menu implements its own version of
prompt. The version in the class Ver-
ticalMenu displays a list of the strings
in a style similar to Macintosh pull-
down menus, while the version in the
class CheckBoxes displays the strings

side by side with a check box beside
each one, similar to Macintosh
dialogs.

The variable my__menu is declared
to be of the type Menu. but at dif-
ferent times during execution its value
may refer to objects of different sub-
classes of Menu. Whenever the
my__menu.prompt is executed, it will
invoke the version of prompt as-
sociated with the class of the object
that is currently referred to by
my__menu. This is one of several
cases where Walker's group found a
use for the so-called polymorphic
property of objects. Polymorphism
refers to the ability of one procedure
call to invoke different procedures at
run time depending on the type of
one of its parameters. In object-
oriented languages, polymorphism is
achieved by letting different classes
implement methods that have the
same name and formal parameters
but different implementations.

The ability of subclasses to inherit
from superclasses can also simplify
the maintenance of large object-
oriented programs. The Burroughs
team found that by making a change
to the superclass. in effect they
changed all the subclasses at once,
and if they made changes to one of
the subclasses to get distinctions they
wanted, the code in the superclass
and the other subclasses remained
safe.

Walker's group was not alone in that
finding. | heard similar claims from
Seth Snyder and Dale Peterson of
Recording Studio Equipment Com-
pany based in Miami, Florida, who
used an obiject-oriented language to
implement an integrated application
that controls a spectrum analyzer
while managing time billing for a re-
cording studio. According to Snyder
and Peterson, when new features had
to be added to their program, they
were able to add them reliably, with-
out any risk of affecting the perfor-
mance of features they had imple-
mented earlier.

A SHIPBOARD NAVIGATION

SYSTEM

Carl Nelson, a computer consultant in

Seattle, Washington, was approached
(continued)
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by a group of investors for his
assistance in building a computer-
assisted navigation system. The envi-
sioned system, to be installed on
boats in coastal waters, would consist
of a Macintosh connected to a loran.
A loran collects data on a ship’s posi-
tion from a radio receiver tuned to
three or more land-based transmit-
ters. Using a combination of triangula-
tion and dead reckoning, it displays
the ship's position and bearing on a
simple (one- to three-line) display. The
captain can key in the latitude and
longitude of points along the desired
course, and thereafter the loran will
display the current heading and the
distance to the next point in the
course. If connected to an autopilot,
the loran can command it to steer the
vessel along the planned route.
The clients told Nelson that even
though the loran and autopilot are
mainstays of navigation for many boat
owners, the equipment can be
tedious and time-consuming to use.
The digital information on the display
does not relate to a position on a
navigational chart at first glance. A
"what you see is where you are” sys-
tem—one that displays the chart on
the screen with the present course
lines superimposed on the image—
was needed. Such a system would
allow a navigator to plan a course on
the chart with a mouse and then
would transmit the coordinates elec-
tronically to the loran. The system
would save time, increase accuracy,
and avoid problems that arise when
incorrect coordinates are entered.
The entrepreneurs used a Thunder-
scan digitizer to transfer images of
nautical charts into MacPaint files, and
they wrote a utility program to con-
vert those files to a format usable by
the application. One of the investors
already had a Macintosh connected
to the loran on his boat and recorded
the telemetry of one day’s voyage on
a floppy disk. That disk enabled
Nelson to test his program in the com-
fort of his office. For testing. Nelson
used two computers. The main com-
puter displayed the chart and allowed
the course to be specified with a
mouse. The other Macintosh served
as a loran simulator, playing back the
recorded telemetry through one of its

serial ports to the main computer.

All that was left was to program the
application and the simulator. Because
he had only four months from project
start to public demonstration, Nelson
needed a software development en-
vironment that enabled rapid pro-
totype development and implemen-
tation. He chose MacApp. an object-
oriented software framework for the
Macintosh (see "MacApp: An Appli-
cation Framework” on page 189), and
Object Pascal, the only language avail-
able then (mid-1985) that could be
used with MacApp.

To understand MacApp. you must
be familiar with certain standard con-
cepts underlying Macintosh applica-
tions, including the concepts of docu-
ment, view, window, and command. A
document in the Macintosh corre-
sponds roughly to a file in a tradi-
tional computer. The programmer
must design a file format for storing
it on disk and a data structure for stor-
ing it in memory. The programmer
must also provide one or more ways
to represent the document visually on
the display and on the printed page.

Each different visual representation
is called a view. For example, an ar-
ray of floating-point numbers can be
viewed as a tabular column of text
containing digits and decimal points,
or as a pie chart with shaded wedges
of varying size. The size of a view
often exceeds the size of the screen,
but you can see portions of it through
a window that you can scroll and
resize. Using the mouse and the key-
board, you can issue commands that
change the document. The changes
are reflected in all views of that docu-
ment that are presently displayed.

MacApp defines the abstract
classes Document, View, Window,
and Command, corresponding to the
above concepts. A class includes a set
of methods that define what the class
cando. Forexample, a document can
open and save, a view can draw and
print, a window can resize and move,
and a command can do and undo. To
use MacApp. you must structure the
application in a modular fashion in
terms of these objects. Once that is
done, the application can inherit an
extensive library of user-interface and

(continued)
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error-handling facilities.

According to Nelson, the framework
provided by MacApp gave him a
structure to plug things into. As he
studied the navigation problem, he
asked himself, “What do | have in this
application that maps onto obijects
supplied by MacApp?” After identify-
ing all the concepts that mapped easi-
ly into MacApp obijects, he found that
the whole user interface was ac-
counted for. The only code that re-
mained to be designed was that
which manipulated internal data struc-
tures unrelated to the user interface.

In the navigation application, the
most important subclass of the class
View was easy to identify: a digitized
chart with latitude and longitude lines.
The window in which that view was
displayed was a little harder to design,
because it had to provide nonstan-
dard controls for scrolling around a
spherical world. The command ob-
jects were easily determined by
enumerating the commands available
in the user interface, such as place
marker and show navigation info. The
choice of document objects was not
so clear-cut.

A document in MacApp is an object
that manages the principal data struc-
tures of an application both in RAM
and in file storage. In Nelson's applica-
tion, several different files are
employed, including the digitized

nautical chart image with added an-
notations, and a trip file, which con-
sists mainly of the trail of coordinates
recorded during a specific voyage.
Nelson had to decide whether the
document object of his application
should be of the class NauticalChart
or of the class Trip, or whether his ap-
plication should support both kinds
of documents. He based his decision
on an analysis of the operations
associated with each type of object.
For example, he wanted the client to
be able to save the history of a trip
in a file and then reopen that file by
clicking an icon in the Macintosh
Finder. But he also wanted the client
to be able to open a chart file to
review the annotations that had been
made on the chart. He concluded that
both the trip and the chart are appro-
priate document objects, and his ap-
plication defines both as subclasses
of Document.

The chart file consisted of a digi-
tized image plus markers indicating
significant locations such as reefs and
buoys. Once the program was run-
ning, Nelson and his client realized
that not all markers should be as-
sociated with the chart file. It made
sense for a marker labeled “light-
house” to be stored with the chart,
but a marker labeled “caught 30 Ib
salmon” really belonged with the trip.
Nelson decided to divide all markers

Marker

data: earth position
time/date of placement

routines: annotate marker

ChartMarker
routines: draw chart marker

store with chart

TripMarker
routines: draw trip marker

store with trip

Figure |: An example of class hierarchy.
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into two subclasses of the object class
Marker, namely, TripMarker and
ChartMarker. He analyzed what the
two kinds of markers had in com-
mon—for example, the display algo-
rithm and the routines to edit an
annotation—and implemented that
common behavior in the superclass
Marker, from which the subclasses
could inherit it. He also determined
what differentiated them—for exam-
ple, the shape of the displayed icon
and the file used for storage—and im-
plemented that special behavior as
overrides in the subclasses. Nelson
called the differentiation process
“pushing down the details” from
superclass to subclass (see figure 1).

A CAD SYSTEM

At Artecon Inc. in Carlsbad. Califor-
nia, a group of 20 programmers led
by Dana Kammersgard used an
object-oriented language on Sun-2
and Sun-3 workstations in the devel-
opment of ArteMate, an integrated
CAD and office automation system. To
make the system as portable as possi-
ble, Kammersgard's graphics group
coded their routines according to an
industry standard called GKS (Graph-
ical Kernel System). GKS provides a
way to construct images by transform-
ing and combining primitive forms
such as lines, polygons, curves, and
ellipsoids. The standard specifies a
device-independent set of procedure
calls, leaving to each implementation
the task of interpreting those calls in
a manner appropriate to the available
output devices.

According to Kammersgard, his
team wanted the CAD portion of Arte-
Mate to display two-dimensional and
three-dimensional graphics on a wide
variety of plotters and screens. To ob-
tain that flexibility, an object-oriented
approach seemed best. The language
they chose for their implementation
was Objective-C, developed by Prod-
uctivity Products International of
Sandy Hook, Connecticut, and avail-
able on a variety of computers and
operating systems.

The first question Kammersgard's
group addressed was how to organize
the code for a number of graphics
devices, including the CalComp 1043

(continued)
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and 1044 and the HP 758X models,
in such a way that it could perform
both input and output to a number of
black-and-white and color display
systems, including the Sun Color
Graphics Processor and the IBM
5080. The programmers decided that
each type of device should be repre-
sented by a different type of object.
Accordingly, they defined Objective-
C classes such as SunGP and Cal-
Comp1044.

At different times during program
execution, .a program variable can
contain pointers to different device
classes. For example, if dev refers to
an instance of the class SunGP, the
statement dev poly__line: coordList
invokes a device-specific method in
class SunGP to display a polygon on
the Sun screen. If devis later assigned
a reference to a CalComp 1044, the
statement dev poly__line: coordList
invokes a device-specific drawing
method in the class CalComp1044 to
drive the pen plotter along a polygo-
nal path. To support a new device, the
the programming team can simply
define a new class without modifying
existing code.

Kammersgard says that where they
could take advantage of special hard-
ware features, they implemented a
device-specific method in the class.
For example, the method poly__line
normally has to apply transformations
to the coordinates supplied in its
parameter list to account for the
visual perspective of the viewer. To
calculate these transformations in-
volves matrix multiplications, which
are time-consuming operations in a
conventional computer. Because the
Sun Graphics Processor implements
a three-dimensional transformation
pipeline in hardware, the class SunGP
overrides the standard implementa-
tion of poly__line, substituting a ver-
sion that is shorter and faster than
transformations performed wholly in
software.

Like biologists who classify life
forms into species, group similar
species into a genus, group related
genera into a class, and so on, object-
oriented programmers design hierar-
chies of classes according to the
similarities and differences they
perceive between objects. In the

Artecon system, specific output
devices are the species of the graph-
ics kingdom, and company product
lines are the genera. Since different
devices from the same manufacturer
often have similar interface specifica-
tions, Kammersgard's team defined
the class CalCompPlotter as a super-
class of both CalCompl1043 and
CalComp1044. They moved methods
common to both models up to the
superclass and left model-specific
methods in the subclasses. In a similar
fashion they added generic classes
like HPPIlotter, SunDisplay, and
IBM50SeriesDisplay to the class
hierarchy. By sharing as much code as
possible between device classes. they
were able to reduce program size and
development time considerably.

The hierarchy of device classes con-
tinues for two more levels. At the level
above product lines, all kinds of plot-
ters are grouped into one class, and
all kinds of interactive displays into
another; display classes implement
methods for user input, while plotter
classes do not. At the highest level is
the class GKSWorkstation, which is
the ancestor of all other device
classes. At that level, device-
independent operations are imple-
mented—for example, the GKS primi-
tives that change display attributes in
data structures in memory without
communicating to the devices.

In any graphics application, another
obvious application of objects is to
represent the graphical components
of the drawing. For example, all ellip-
soids ought to be instances of the
class Ellipsoid, and all cylinders ought
to be instances of the class Cylinder.
In the Artecon system, all geometric
modeling classes are grouped to-
gether under a superclass called Geo-
metricObject. Geometric objects re-
spond to messages such as draw,
rotate, and store.

But a CAD system must do more
than a simple drawing program. It
must allow the user to indicate rela-
tionships among design components.
Kammersgard's group found them-
selves adding "links” to geometric ob-
jects and to other objects within the
system. such as instances of the class
ViewPort. After a while, they realized

(continued)
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that the various implementations of
links could be combined by embody-
ing Geometric__Object and ViewPort
in a new superclass called Associa-
tivityObject. An associativity object
contains a set of links and supports
operations such as add__link,
remove__link, and modify__link. A
member of any subclass, say,
Cylinder, inherits the ability to contain
links as well as the routines for
manipulating them. Adding the class
AssociativityObject required a modest
restructuring of existing code. Accord-
ing to Kammersgard, it is common to
restructure the class hierarchy to take
advantage of newly discovered
opportunities for sharing code
through inheritance.

A KNOWLEDGE-BASED
APPLICATION
Bill Hutchison, a behavioral psychol-
ogist living in Silver Spring, Maryland,
is implementing a knowledge-based
system on the IBM PC. The system
organizes information in a way that
allows a seemingly rational response
to stimuli. After considering a number
of development systems, Hutchison
decided upon Methods, a Smalltalk
dialect developed by Digitalk Inc. of
Los Angeles, California. | spoke to
Hutchison after he had been using
Methods for four months. "1 like the
way | can think about the problem,”
he said. "I map out the general prob-
lem in my head and can almost ex-
tract the objects from how | write it
down in English. I make an object for
each physical thing, process, or activ-
ity that | am dealing with”

| asked him if Smalltalk was difficult
to learn. Hutchison, who has pro-
grammed extensively in assembly
language, COBOL, BASIC, PILOT, and
PLANIT, said he found Smalltalk “the
most natural way” to program. He ad-
mits, however, that most of his learn-
ing time went to mastering Smalltalk’s
extensive class library. Large libraries
are typical in object-oriented systems
because they are extremely easy to
build and maintain using subclassing
and inheritance. The library that
comes with Methods includes classes
that are similar in purpose to those
of MacApp. That allowed him to im-
plement the user interface of his ap-

plication easily and give it fancier
features than he had first thought
possible.

Hutchison said he structured the ap-
plication’s objects in a modular way.
Knowledge is stored in association
networks that relate situations, conclu-
sions. and responses. He first devel-
oped a basic Network class able to
represent simple domains, and he
said that doing so was not as difficult
as he had expected. Later, when he
decided to tackle more difficult prob-
lems, complex networks became sub-
classes of the basic version. The first
subclass he defined was Interaction-
Network, which adds the ability for
parts of networks to interact with each
other. That class was itself subclassed
to define MultiResponselnteraction-
Network, which permits the system to
respond along multiple dimensions.

At each stage he had to restructure
existing definitions a little to allow the
new class to inherit as much as possi-
ble from the old classes. The modular
structure of the application made it
easier to change one part without af-
fecting others. "Sometimes,” Hutchi-
son said, “aradical change that [ was
dreading took me only an hour or less
to accomplish.” But Hutchison added
that to make the program that
modular, he had to develop the dis-
cipline to confine knowledge of an ob-
ject's internal structure to its own
class—only after having done that
could he make changes to an object’s
structure without affecting others.

OBJECT-ORIENTED FUTURE
Certainly, object-oriented program-
ming offers a great deal to software
developers who want to manage large
software projects or create prototypes
quickly. Now that several suitable
languages are widely available, many
programmers will likely invest the time
necessary to acquire the skill of using
them. The interviews | conducted en-
couraged me to believe that these lan-
guages can be applied effectively in
diverse situations by people of varied
technical backgrounds. Even though
the learning curve is high, most pro-
grammers can easily exploit the full
potential of object modularity, data
abstraction, and inheritance offered
by object-oriented languages. m
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Your System/Controller should fit you
like a good suit.

LET MICROMINT
CUSTOM FIT YOU

Whether it’s suits or system controllers,
you can’t buy off the rack when you
need a custom fit.

That's why Micromint individualizes
its system controllers to meet your par-
ticular needs and budget. What’s most
important to you? Software compati-
bility? Speed? Everything on one
board? Economical computing power?

#1: 1 want software
compatibility.”

Solution:

THE SB180

COMPUTER/CONTROLLER
The SB180, only 4" by 7'%,", offers a
Z80 compatible CPU running at 6MHz,
256K bytes of RAM, up to 32K bytes
of ROM, two serial ports, a parallel
port, 280/6800 [/O expansion bus,
and an industry standard 765A-com-
patible disk controller for up to four
disk drives — any combinations of
3%", 5%' or 8" drives. The SB180 is
based on the Hitachi HD64180 CPU,
a microcoded CMOS chip which pro-
vides high performance, reduced system
cost, and low power operation while
maintaining complete compatibility
with the large base of standard CP/M
software.

SB180-1 w/8K ROM monitor. . $369.00

SB180-1-10 w/8K ROM monitor,
BIOS source and

Z-system . ....... $418.00
#2: I need speed.”
Solution:
THE 28 FORTH
SYSTEM/CONTROLLER

The 28 FORTH System/Controller is
only 4” by 4% and includes a custom
masked Z8 version of the FORTH

210 BYTE « AUGUST 1986

language with a full screen editor,
cassette |/O driver primitives, EPROM
programmer primitives, and other util-
ity words. It also contains up to 4K
bytes of RAM or EPROM, an RS-232
serial port with selectable baud rates,
and two parallel ports. Additional Z8
peripheral boards include memory ex-
pansion, a smart terminal board, serial
and parallel 1/0, real time clock an A/D
converter, and an EPROM programmer.
It's perfect for data reduction and
high speed control applications.

BCC21 w/utilities . . . $225.00

#3:”Let me have an entire
development system on
one board.”

Solution:
THE BCC52
SYSTEM/CONTROLLER

The BCC52 is a new stand alone single
board microcomputer which is bus
compatible with the Micromint BCC11
/BCC21 Z8 System/Controllers and ex-
pansion boards. The BCC52 features
the Intel 8052AH-BASIC micropro-
cessor which includes a ROM resident
8K byte floating point BASIC inter-

For a System Controller suited to
your needs, give us a call.

preter with extensions for process con-
trol work. It contains sockets for up to
48K bytes of RAM/EPROM, an “intel-
ligent”’ 2764/128 EPROM programmer,
3 parallel ports, a serial terminal port,
and a serial printer port.

BCC52. .. $239.00

#4: “Give me lots of economical
computing power.”’

Solution:

THE BCC11 BASIC
SYSTEM/CONTROLLER

The 28 BASIC System/Controller is
nearly identical to the FORTH
System/Controller but contains a tiny
BASIC interpreter, up to 6K bytes of
RAM and EPROM, an RS-232 serial
port with switch selectable baud rates,
and two parallel ports. Add a power
supply and terminal to start program-
ming in BASIC or machine language.
Programs can be transferred to 2732
EPROMS with the optional EPROM
programmer for auto-start applications.
It can also use any of the expansion
boards mentioned wunder the Z8
FORTH System/Controller,

BCC11...8749.00

Additional information on peripheral
boards and OEM pricing is available.

Order Toll Free
1-800-635-3355

In Connecticut call: 1-871-6170

é\e\éMICROMINT, INC.

25 Terrace Drive
Vernon, CT 06066



OBJECT-ORIENTED LANGUAGES

DESIGNING AN

EFFICIENT
LANGUAGE

BY CHARLES B. DUFF

A language designer discusses the inefficiencies
of Smalltalk and suggests ways to improve upon them

ALTHOUGH SMALLTALK is the
mother of modern object-oriented
languages, and is certainly the best-
known. its use in the microcomputer
world has been limited, primarily
because of its size, relative inefficien-
cy. and fairly long learning curve for
new programmers. These problems
are partially the result of a philosophy
that emphasizes theoretical consisten-
cy and universal application of a few
principles. By modifying this design
philosophy somewhat, it is possible
to develop a new language that com-
bines the benefits of an object-
oriented language and the efficiency
of a popular production language
such as C or Pascal.

Over the past two years, my com-
pany, The Whitewater Group, has
been at work on a new language
called Actor, which is targeted for ar-
tificial intelligence work on microcom-
puters. Our goal was to make use of
the consistent object-oriented philos-
ophy of Smalltalk but to incorporate
some architectural changes that might
enhance efficiency, ease of use. and
accessibility for the average program-
mer. In this article I will discuss some

of the design details of Smalltalk and
point out how we attempted to im-
prove upon them.

The issues under discussion include
garbage collection, late versus early
binding, and models for the inter-
preter. I'll also look at the relative ad-
vantages of a token-threaded inter-
preter over Smalltalk’s byte-code in-
terpreter in creating a language that
supports early binding and other
optimizations.

GARBAGE COLLECTION

Smalltalk, like other sophisticated lan-
guages such as LISP and Prolog, in-
cludes a garbage-collection facility that
automatically reclaims data structures
that have been created by the pro-
grammer but are no longer needed.
This is a tremendous advantage in a
large, complex application because
you never have to worry about mem-
ory management (unless, of course,
memory becomes exhausted in spite
of garbage collection).

The Smalltalk-80 specification in-
cludes a reference-counting garbage
collector but does not mandate this
approach. A reference-counting sys-

tem keeps track of the number of
pointers to each object in the system.
When the pointer count drops to 0,
the object is deleted.

Unoptimized reference-counting col-
lectors can consume up to 70 percent
of total execution time because of the
constant maintenance of reference
counts. The University of California at
Berkeley has published a number of
clever optimizations that minimize the
reference-counting overhead in Small-
talk. Nevertheless, reference counting
has a serious chronic effect on the
efficiency of the language. Anyone
who attempts to create a more effi-
cient object-oriented language would
do well to consider alternate architec-
tures for garbage collection.

THE BAKER COLLECTOR
Henry Baker at MIT developed a
method of garbage collection for LISP
(continued)
Charles B. Duff (The Whitewater Group, 906
University Place, Evanston, IL 60201) is a
systems programmer whose last product was
the language Neon for the Macintosh. His
new language, Actor, should be available for
the IBM PC in October.
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that involves splitting memory into
two spaces. As an application ex-
ecutes, objects that are known to be
“alive” (i.e. accessible to the program)
are copied'from one space to a new
one. Eventually all active objects are
copied to the new space. The copy-
ing process is then reversed, copying
back into the original space and
writing over the “"dead” objects.
The principal advantage of this ap-
proach is that the collection process
can be performed incrementally as
the program executes, allowing even
real-time applications to make use of
garbage collection. Also, compaction
occurs naturally as a result of the
copying. The efficiency of Baker's
method, however, is dependent on
how many objects remain alive as op-
posed to how many die. Highly
volatile objects such as contexts (see
below) may well come and go before
they are copied, thereby requiring no
maintenance overhead. The difficulty
comes in when a large number of ob-
jects with long lifetimes are created,

resulting in much copying activity.
Each application has a unique profile
with respect to object lifetimes.

The best solution for this problem
seems to be a variation of Baker's ap-
proach suggested by Henry Lieber-
man and Carl Hewitt of MIT and first
applied to Smalltalk by a team at DEC.
In this approach, objects that have
been around for a long time are
migrated to an area that is rarely
checked for dead obijects, thus mini-
mizing useless copying of permanent
objects and directing the energies of
the collector where it can be most ef-
fective. In our design of Actor's gar-
bage collector, we employed an ap-
proach similar to this.

CONTEXTS

Any stack-based language must have
a run-time facility to create activation
records for each procedure that is ex-
ecuted (see figure 1). This is an area
at the top of the stack that contains
current values of variables and param-
eters to be used by the procedure. As

Local variables

¢ Stack pointer

Return address

Link to previous BP

< Base pointer

parml

parmO

record

Previous activation

Sam := myFunc(parmO, parml);

Figure 1: A typical activation record in a compiled language. When a function
(myFunc) is executed, the parameters passed to it by the calling routine are placed on
the stack. along with the return address. The function then allocates space for its local
variables. The base pointer serves as a fixed location from which to index both the
passed parameters and the local variables. Below is the activation record for the function

that called myFunc.
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long as a simple stack allocation
discipline is used, these structures do
not require any sophisticated memory
management; they come and go with
procedure calls and returns.

In Smalltalk, the activation record is
called a context and is actually an ob-
ject (see figure 2). Every time a
method begins execution, a new con-
text object must be created. The con-
text actually combines a traditional
activation record with a local work
stack for use during the method's ex-
ecution. Space for the stack is
allocated from the context’s indexed
instance variables. Thus, each invoca-
tion of a method has its own private
stack.

Even after a method finishes ex-
ecuting, its context can persist and be
sent messages as a full-fledged ob-
ject. A debugger can exploit this fact
to reconstruct the state of a method
that had a problem. On the downside,
however, objects are much more ex-
pensive to allocate than stack space.
Since a context is created with each
method activation, it is no surprise
that the Smalltalk garbage collector
spends much of its time managing
context objects alone. One study in-
dicated that method contexts are re-
sponsible for 97 out of every 100
words of object space allocated.

Since the performance conse-
quences of straying from a stack-
based allocation discipline seemed
too severe in relation to the benefits,
we decided not to implement method
contexts as objects in Actor. We did.
however, implement block contexts as
objects, because these contexts are
used less frequently and do not con-
form to stack-based allocation
strategies. These contexts are created
only when a block is passed to an-
other method, or function, for repeti-
tive execution. (In this article, we will
use the terms method and function
interchangeably.)

As a consequence of our decision,
however, the process of constructing
a debugger is less elegant, requiring
us to make use of assembly language
primitives to access the stack. Alter-
natively, we could use Actor to con-
struct an emulator that would treat
contexts as objects for the sake of

(continued)
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debugging. We have yet to find that
step necessary, however.

EARLY AND LATE BINDING
When you call a function in a typical
high-level language such as C, the
compiler and linker actually generate
a subroutine call to a physical ad-
dress. This is very efficient, but you
must be careful to associate functions
with the appropriate data structures.
For example, if you were to pass an
array to a function that was designed
to work on strings, trouble would
surely result. The problem would
most likely be caught at compile time
by the type-checking facility of the
compiler. Of course, in an untyped
language such as FORTH, the prob-
lem wouldn't be caught at all until the
program started behaving strangely.
Smalltalk relieves the programmer
of this burden by automatically call-
ing the appropriate method for a
given data structure. The programmer
uses generic names for operations,
and Smalltalk uses the class of the

receiving object to look up the
method having the correct name.
Since the lookup occurs at run time,
however, it carries a rather severe ef-
ficiency penalty with respect to the
previous technique.

We decided to implement a facility
that combines the merits of each ap-
proach. We designed our compiler to
automatically associate, or bind, a
generic operation name with a
physical function in the manner of
Smalltalk. But, unlike Smalltalk, the
programmer can choose on a case-by-
case basis whether this occurs at run
time (late binding) or at compile time
(early binding).

ADVANTAGES OF LATE BINDING

Late binding has some notable advan-
tages. Since all references are sym-
bolic, a method can be recompiled
without having to recompile all of its
callers. More important, the same
symbolic name can be used for a
similar operation in several different
types of objects. This is possible in

Context object

sender

IP

stack ptr

method

receiver

args

locals

> stack

Compiled method object

Header

- Literal frame

— Byte codes

Figure 2: An activation record in Smalltalk. Instead of allocating activation records on
a single continuous stack, in Smalltalk each method activation causes the creation of a
method context, which is actually an object. Each method activation has its own private
stack, which includes space for the instance variables designated by the Context class of
objects. This arrangement, with its consequent garbage collection, is much less efficient

than simple stack allocation.
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Smalltalk because each object’s class
has, as one of its private variables, a
dictionary associating names with
methods. When a message is sent, the
interpreter determines the class of the
receiver and finds this dictionary.
which it then uses to look up the
method for the symbol sent.

The fact that a single message can
invoke any of several methods is
known as polymorphic behavior and
is probably the most powerful feature
of object-oriented programming. It
allows code to be written that is in-
sensitive to the type of object receiv-
ing the message. Of course, if the ob-
ject doesn't happen to have a method
for the name sent, an error will occur
at run time. This can be disturbing to
a programmer who is accustomed to
such problems being resolved at com-
pile time. But for certain types of
problems, late binding greatly
simplifies the code. A lot of control
structure, such as if and case state-
ments, simply vanishes, because the
logic is incorporated into the distinc-
tion between classes.

Unfortunately, late binding is not
very efficient. Even the best algo-
rithms for searching the dictionary are
several times slower than simply ex-
ecuting the method without a search.
Much research, however, has been
done in Smalltalk with respect to
method caching, which greatly
speeds message-sends. Caching uses
a hash table to store the most recently
used methods, avoiding the more
time-consuming dictionary lookup.
Caching and other optimizations have
greatly improved late-binding perfor-
mance, but the performance penalty
remains severe.

EARLY BINDING
A sensible compromise can be made
with respect to late binding. It is possi-
ble to forego the consistency of
uniform polymorphic behavior in
return for a good deal more efficien-
c¢y. In a previous language [ wrote for
the Macintosh called Neon, which had
object-oriented facilities and a
FORTH-like syntax, I allowed the pro-
grammer to select early or late bind-
ing in each message. This has proven
to be a workable and efficient solu-
(continued)
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tion. Neon makes no attempt, how-
ever, to ensure that the class of the
receiver is appropriate at run time for
the method being called. In general,
the philosophy in Neon was to pro-
vide minimal protection at run time,
which allows maximum efficiency.
Most FORTH systems have taken this
approach, but it is an unsuitable en-
vironment for complex Al work.
Even in Smalltalk, polymorphism is
really used in only about 15 percent

of the code. The rest of the system
makes implicit assumptions about an
object’s class and could just as well
be early-bound. Other researchers
have speculated on various ways in
which this fact could be exploited for
more efficiency.

Our goal was to provide selective
early binding with protection against
class mismatches at run time. For in-
stance, if at compile time we bound
a call to a method in class Rectangle,

Listing 1: Examples of function definitions as they might be written in Actor,
illustrating how early binding may be specified. In the function append, the
variables self and arg, along with the result of the function, have been “typed”
as instances of class ListCell.

/* this version of append assigns types (classes) to its
arguments. carVal and cdrVal are the two private
variables in class ListCell. Typing permits the compiler
to generate much more efficient code for messages
involving typed parameters. x/

Def append(self:ListCell, arg:ListCell):ListCell
§ ~cons(carVal, append(cdrVal, arg))

/* cons is an example of ACTOR’s optimization of private
variable references. The form cell.cdrVal is a very
efficient way of referring to the cdrVal private variable
in the local variable, cell. If the programmer were to
assign a type to cell, an even more efficient machine
language primitive would be compiled. x/

Def cons(self, arg | cell)
cell := new(ListCell);
cell.cdrVal arg;
cell.carVal self;
“~cell

}

/* The do function performs a post-order traversal of a
list by executing a passed-in block at each leaf (non-
list) node. x/

Def do(self, aBlock)
if isAtomgcquol)
then eval(aBlock, carVal);
else do(carVal, aBlock);
endif;
if cdrVal
then do(cdrVal, aBlock);
endif

Listing 2: Another definition for append. ln this case neither the parameters
nor the return value of the function are typed, and as a result, all messages will
be late-bound.

Def append(self, arg)
~cons(carVal, append(cdrVal, arg))
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and, at run time, an Array was actual-
ly the receiver, serious consequences
could result. Either every method has
to check that its arguments are of the
proper class at run time, or the com-
piler has to ensure integrity at com-
pile time. Run-time checking is a
burden that would eat up much of the
efficiency gained in early binding.
And since compilation can usually be
done in relatively small chunks in an
object-oriented system, compilation
efficiency isn't of much concern.
We decided to develop a scheme
whereby the programmer can, at
compile time, selectively bind “types”
(classes) to variables and to the values
returned by functions. This scheme is
similar to type declaration in Pascal
and allows the compiler to ensure the
integrity of an early-bound method
call at run time. We also decided to
equip the compiler with a sort of
miniature expert system that allows it
to selectively early-bind method calls.
In cases where the early binding cri-
teria fail, it defaults to late binding.
For example, in listing | we have a
number of list-handling method
definitions, as they might be written
in Actor for a class called ListCell.
(Note, however, that the actual func-
tion names are different in Actor; |
have used the equivalent LISP func-
tion names here to make the code
more familiar to LISP programmers.)
We specified all Actor function
(method) definitions to consist of the
word Def followed by the name of the
new function, followed by a list of for-
mal parameters enclosed in paren-
theses. The first parameter is always
self, because that is where the
receiver appears in the method call.
The body of the function is
delimited by curly braces (which are
optional in the case of a single state-
ment). A caret causes the function to
return the value of the next statement.
You will notice that in the list of
arguments for the append function,
the formal parameters, self and arg,
are followed by :ListCell. As in Pascal,
this assigns a type to the formal pa-
rameters. In Actor, types are actually
classes, so the definition says that at
run time the formal parameter must
be of class ListCell.
(continued)
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We designed the compiler to en-
force this by requiring that any early-
bound call to append (ie.. a message
to a typed variable) must pass a
ListCell as its argument. If append
is invoked as the result of a late-
bound message, a type-checking rou-
tine will ensure the class integrity of
its parameters. This check is per-
formed only if a function with typed
parameters is invoked in a late-bound
message-send.

We can control the early binding of
messages to self by typing the self for-
mal parameter. It is usually desirable
to leave self untyped, however, to
allow redefinition of a function in a
subclass. If typed, the message to self
will be bound at compile time.

Listing 2 shows an alternative ver-
sion of append whose parameters are
untyped and that does not use early
binding.

USING EARLY BINDING

We designed the typing facility to be
most effective when used during pro-
gram optimization. During initial de-
velopment, the programmer can leave
all variables and functions unbound.
This makes the code easier to change

and debug and minimizes dependen-
cies between the various parts of the
application. After the code is de-
bugged and has become fairly stable,
the programmer can then isolate
areas that are heavily executed and
begin optimizing them. Variables and
functions can be bound in the time-
critical methods, allowing the com-
piler to generate more efficient early-
bound references. To attempt even
better performance, high-level func-
tions might be converted to primitive
functions, until performance is accept-
able. The latter step is not possible in
standard Smalltalk-80. which allows
the user to write only high-level
methods.

INTERPRETER MODELS

Smalltalk works by compiling the
source code for methods into an in-
termediate language. This language
consists of a set of basic operations,
such as fetching and storing variables,
fetching literal objects, sending mes-
sages, and manipulating the stack.
Theoretically, users could write in this
language, but then they would be
working directly with the stack in the
manner of FORTH and would be with-

| myFile . .. |

myFile := File new name:

"users.txt”

Header

0 Assoc #File— File

| #name:

2 “users.txt”

Literal frame

fetch literal 2 = “users.txt”

fetch variable at lit 0 = File

send special selector #new

Byte codes

send literal selector | = #name:

store TOS in temporary var 0

Figure 3: A sample of compiled code in Smalltalk. The compiled method consists of
two data areas: the literal frame (for literal data) and a series of byte codes (1-byte

instructions).
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out the protection and sophisticated
features provided by the compiler.

The job of the interpreter is to scan
the intermediate code and execute
machine code to make the language
perform. This situation is entirely
analogous to a microprocessor scan-
ning machine instructions and ex-
ecuting microcode. In fact, the inter-
preter has a register, called the inter-
pretive pointer (IP), that is the equiv-
alent of the instruction pointer regis-
ter in a microprocessor.

THE BYTE CODE INTERPRETER
Smalltalk’s intermediate language
consists of byte codes—that is, a
series of bytes, each of which encodes
an elementary operation in the Small-
talk “virtual machine’ A compiled
method consists of two data areas.
First there is the “literal frame” an
area in which the method stores any
objects that are referred to as literals
in the method. (Literals are objects
created without a name, such as "A
string”, 12000, or #aSymbol.) This is
followed by the byte code area, in
which the compiler places the com-
piled code for the method. Several
byte codes are dedicated to access-
ing the objects in the literal frame.
Let's examine what a small piece of
compiled Smalltalk code would look
like. Suppose that, in the middle of a
method, the compiler sees the phrase

myFile : = File new name: “users.txt"

In this phrase, myFile is the name of
the zeroth local variable allocated by
this method in its private stack. What
gets compiled is a series of 5 byte
codes and 3 words of literal data, for
a total of Il bytes, excluding the
header (figure 3).

The first byte code fetches the con-
tents of literal location 2 (the string
“users.txt") and places it on the stack.
This will later serve as the parameter
for the name: method. The next
method fetches the contents of an As-
sociation object that identifies the
class File in the main dictionary,
Smalltalk. This is the receiver for the
new method, sent by the next byte
code (several byte codes are
dedicated to sending common
messages like new or at:).

(continued)
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The next byte code sends the
#name: selector that is stored in the
literal frame at location 1. This is how
any send not involving the “special”
(frequently used) selectors is com-
piled. Finally. the result of the name:
message is stored in myFile, which is
temporary variable O.

Several things are noteworthy about
this arrangement. First, the literal
frame is required, because only byte
codes can be executed by the inter-
preter. Anything not a byte code (eg..
the string “users.txt”) has to be stored
in the literal frame and fetched by one
of the access byte codes, which intro-
duces a certain amount of overhead.
Second. because the byte codes are
only I byte in length, only 256 opera-
tions are available to the interpreter.
Third, because the size of the literal
frame can vary for each method. the
interpreter has to calculate the ad-
dress of the start of the byte code
area whenever a method is executed.

THREADED INTERPRETERS

In our design of Actor, a principal goal
was an efficient implementation of
early binding. This led us away from
the byte code interpreter to a
threaded model. Early-bound func-
tion calls and literal references can be
more efficiently implemented with a
threaded interpreter.

There are several varieties of
threaded interpreter. All models share
the “threaded” aspect. which con-
notes building a procedure by string-
ing together a list of virtual or physical
addresses of other procedures. At ex-
ecution time, the interpreter scans
through the list, picking up each
thread in tur<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>