


NEVER AGAIN WRITE SOURCE CODE FOR SCREEN DISPLAYS! 
If you LIKE Turbo Pascal', you 'll LOVE TURBO SCREEN'"! 

Tired of writing line after line 01 source code just to create effective screen displays and error-proof data handling? 
TIlen use TURBO SCREEN's Editor to create the screens, the Collator to define a list of screens ... 

and then relax for a few seconds while the Generator writes the code! 

TURBO SCREEN'" 

100 Fields per screen, and up 10 80 screens In your application. 
Ono screen Of eighty, the size 01 your program doesn't change. 
tIO field lyptlS 01: 

Real , Integer, String, Character, Boolean. 
Bullet-proof" data e01ry. 

Create Window-Style overlays or Full-screen pictures In 
CP/M' , MS·DOS·, or PC·DOS. 

• Supports video attributes IOf your terminal. And YES, If you 
have an RGB monitor, you can create screens In COLOR on 
your IBM PC or true compatible 

A SINGLE LINE 01 source code InvoKing TURBO SCAEEN·S 
"dlsplay" procedure conlrols: 

-picture selecUon 
- outpultO screen, printer, or disk 
-110 field update 

• TURBO SCREEN™ is CQmplelely menu.ari~en and Includes a 
buill·in Screen Edi tor, Collator, and Generator, each called 
up with a single keystroke! 

• ADVANCED EDITOR; 
-Turbo Pascal" _like com,mands include: 

-Block commands lor copy, 1111, exchange, erase. 
-Draw lines In al"ly direction with any character. 
-Supports IBM color monllor and grapnlcs cnaractars. 

~-Genelates code lor 20 screens In about 60 seconds! 

• DISK UTILITIES built-In: 
-directories 
-erase Illes 

• REQUIRES: 
-Turbo Pascal any version 
-80x24 or larger video screel"l 

• AVOID soltware "bottlenecks!" 

PASCOM 
COMPUTING 

Start letting TUR BO SCREEN™ write your 110 source code today! 

23611 Chagrin Blvd., Suite 101 
Cleveland, Ohio 44122 

Money Order 

·a.slcr cardl ___ ~_: 

TURBO SCREENTM 
package $49.95 
Plus Ship. 
(UPS) 5.00 

Tolal $54.95 

~. ------------------------

III ON LY - Call TOLL-FREE: 1·800·243·1849 
Inside call 1·216·292·8745 (Lines Open 24 hours, 7 days) 

Computer System: _ __ 8·bit 16·bil 

Operating System: CPIM80 _____ PC· DOS 
_____ CPIM86 MS·DOS 

Computer Model: _ _________ Disk Format: ___ ______ _ 

Name: 

Address: 

City: 
_______________ Siale _____ Zip _ _________ _ 

Telephone; 

Ohio rosiden lS add6'1t % sales lax. Ou/sldfl U.S.A. add $20.00 U.S. Oealer Inquir ies Welcome. 



Software isn't a 
mountainous tcisk once you 
eliminate the high C errors. 

When you CJn find and fix bUKS at 
the e21'lic:<.1 possibJe Ill(lmcnI, crealing 
software SlOpS being such an uphill grind. 

And the Smartie Environment makes 
it possible. It's a complete, fully-intcgraled 
development ellvironment for C tha.t saves 
you from the creatl\,lty-inhibi ting cycle 
of edit, compile, re-edil, fe-compile, link, 
load, test, re-cdit , re-compile, etc., ad 
infinitum. SmartIe pUIS the fun back in 
programming, because you spend your 
time creating .. . not waiting. 

Here's why. Syntax errors are elimi­
nated 3utornalicall r a ~ WtIe is entered. 
SmartlC's highly integrated editor and 
interpreter al low you to interpret yOUT pro­
gram at any time In the creation process, so 
logic errors can be ferreted out as soon as 
the a1gm ithm exists-long before any 
compile, link, ur load. 

Thecompletc integration of the edi­
lOr l1nd interpreter means YOII can stop 
anywhere In the interpret cycle, edll, and 
then go right back inlo the interpreter 
exactly where you left off. NOl only thai, 
the screen-oriented user interface lets yOil 
see all operations, even interpretation, 
right on the listing of the codc. 

And to make maintenance program­
ming easier, SmartIe's Migrator allows 
existing C code produceJ with any editor 
to be modified and run witrun the Smartie 
Environment 

All of which makes Smartie an excel­
lent tool. It's flexihle, non-restrictive, :lUd 
lets you create elegant , readahle, error­
free programs that you (an watch run wit h 
a great feeling of satisfaction. 

• o 
D 

SmartIe'" 
Free 
Demo Disk! 

To fully appl\'dOlU' SmJrtIC, ~llII ID\'t 10 see il in 
JClion. For )'Ou r rree IR!.I I'C MS·DOS demo disk , nil 
us. Or ... rile us on )llIIr Cflilpany leuerhe:ad. 
AGS Computer.!, loc., Advanced I'roducu Divl.o;ion, 
1159Sprutt Drh'f', MlJIlnuinside. NJ 07092. 
800-AGS-13Il ln N) , 201-654-432I, 

SmartIe Features 
The smartie En, iroWllenl 
o tully lo legr.ued OOUQT 1lIId Interptfter 
o a ni), one IoadOring'l them both in 
o One command iItl 
~ MO\'e bEtween one anotber ~t will 

S)' lltu Directed Editor 
o vl·llke rummandJ;et 
o Auhl matk;all)' pr1)\'idt~ fQrmats forblocks,Jor, 

rare and if stalcmenti 

Interpreter 
o Curl'l'nl modolccan GIll external modules during 

In terpreta tion 
o Uas Include capabilily 
o Thtally precompiJatiOll-llo incremental oompile 
o ClIO InlCTpretparttally defin ed fj les allowing for 

rapid protQtypi n~ 
o VarbbJe speed of interpretation 
o Multiple , .. indows wlth user-defined sires 

The SmanlC Migntm 
o AUO'A's Ccotlc prodoU'd with any editor 10 he 

Interpreted by SlMtt/C 
o Reformats for readJbility 

Sniar1/C has been ported to UNIX'" SySieDl \' Kekase 2, 
8erteky 4.2, Xenix,'"and MS-DOS. \\,rsions run 00 
8086- and 6IIooo-based macltille$, as wdl as pr0prie­
tary u cltilfCtures. Slmrl/C runs 011 PCs, micros, 
supermkros, minis, aOOe'iefl m:.lnframes. 

T ...... ~"'N:,s~._.;~Il, .u .. TI!o!II~"" 
x.nu wllS-DOI: ~ C\q: WlI'I:, 1l1li Corp. 

AGS 
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by Darryl Rubin 
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modeless design a reality. 35 
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onstrates how programmers easily can be lured away from using 
assembly languoge by means of a high.!eveIICll1guoge with equal 
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by Peter F. Lemkin 
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PSAIL, whkh brings all the power of SAIL to most medium-size C 
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"It Finds The Subtle Bugs 
In My C Programs" 

Cluude B. Finn 
V. P. Softwore Development 

EnMasse Computer Corporation 

-- --

The SAFE C'" Family Can Literally Cut Software 
Development Time In Half. For UNIX'" and VAX/VMS.1M 

"Evasive bugs that use to eat up days - I'm finding 
them in minutes. Stray pointers, errant array indexes, 
parameter mismatches, misuse of string functions ... l'm 
using Safe C automatic error detection to find them 
all. " 

Claude Finn is one of the many C programmers who 
have discovered that the Safe C family of software de­
velopment tools dramatically enhances programmer 
productivity and improves software reliability and port­
ability. Most Safe C customers have recouped their in­
vestment in these tools within the first month of active 
use. And with the security of Safe C their programmers 
are sleeping a lot easier! 

The Safe C Family includes the Runtime Analyzer, 
Dynamic Profiler, Standalone Interpreter, English to C 
Translator and C to English Translator. They may be 
purchased separately or as a group. 

CCA Uniworks, Inc. 
Productivity Tools for Programmers 

20 William Street· Wellesley, MA 02181 

CIRCLE 60 ON READER SERVICE CARD 

For more information or to place an order 
call our customer representatives at 

800-222-0214 
In MA (617) 235-2600 
or mail this request form today. 

-------------------------
Please send me information on: 
o The Safe C Development 0 CCA EMACS Unix/VM5 

Tool Family Editor Environment 
o Al Development Tools 0 Your complete line of 

state.al·the-art program­

o Please send license lorms 
ming tools 

Name __________________________________ ___ 

Title ________________________________ _ 

Company ________________________________ _ 

Address ________________________________ _ 

City, State, Zip ______________________ --'-__ __ 

Phone ( ) 

CCA UNIWORKS, INC. 
20 William Street· Wellesley, MA 02181 

Unix 10 . trademark of s.n Loboratorles, VAX &nd VMS I • • tradem&rll of Digital 
F.qulpm~nt Corpor~tion, MS/PC-OOS 10 a Ir.dellW"¥. of M!erosoft, Sale C is • 
trademark of Co.talytix Corporation. CCA EMACS io • trademark of CO\. Un\-
WOI'ks, 1",,_ Cl88S 
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Editor's 
Notes 

I n the days when 
compUiers were 
firstbcing 

designed, the challenge of programming 
was almost insunnountable because of 
one unbelievable truth: programming lan­
guages did not yet exist. Then only the 
computer's native code was available, and 
using it was a painstakingly detailed 
process. 

But today- like the roots, limbs, and 
branches of a tree- we not only have lan­
guages, but hundreds oflanguages and 
variations upon variations oflanguages. 
Thc entire arena of programming lan­
guages is a marvelously rich and diverse 
field. 

It is amazing how many of the older, 
less well-known languages in the world 
have survived (many without the support 
of any majar computer manufacturer) and 
how they continue to please groups of 
people wha make exceptionally strong 
demands on their computing languages, 
Many of these so-called exatic languages 
have sprung up between the cracks and 
have hclped us discover the wealth of 
detail and complexity found in real pro­
gramming languages. 

This month's spe.;ial issue takes a 
look at some of the relatively 
unknown programming languages 
out there which are used in small aca­
demic centers, as in-house systems lan­
guages, or as home-grown applications-

oriented languages. People who read 
COMPUTER LANGUAGE apparently like 
to see material on this subject because our 
Exotic Language of the Month Club 
department has been our hottest mail 
generator. 

While no anthology could possibly 
cover all ofthe existing small languages, 
COMPUTER LANGUAGE will attempt to 
compile a data base of infonnation on this 
industry phenomenon. Over time, we plan 
to compile a comprehensive directory and 
try to convey hislorically how each lan­
guage interrelates. 

So if you 're aware of a particular lan­
guage that you think deserves coverage, 
please speak up! 

This issue is also a special occasion 
far all of us here at COMPUTER 
LANGUAGE - it's our one-year anniver­
sary! Let me extend a heal1fclt thanks to 
a\1 those wha have supported us over the 
past year. 

We've boon getting the kind of feedback 
that suggests COMPUTER LANGUAGE is 
maturing.more and more as each issue 
goes by. The issues are becoming easier 
and easier to put together, because we 
have attracted many talented froo-lance 
writers who submit manuscripts that 
reflect the professional and technical tom:: 
weoriginal1y envisioned for COMPUTER 
LANGUAGE. 

We, the staff, ilave a lot of fun doing 
what we do, and we look forward to hav­
ing you around for many anniversaries to 
come! 

Craig LaGrow 
Editor 

How to get COMPUTER LANGUAGE source code listings 

All the source code mentioned in the magazine can be abtained in one afthree ways: 
• TWo bulletin board.systems. To upload and download text and hinary programs, 

call (415) 957-9370 at 300/1200 baud-24 hrs. 
• CompuServe Special Interest Group. Type "GO eLM" at'any prompt. 
• COMPUTER LANGUAGE Users Group. $6.50 for every 5 \4-io. disk. $8.50 

far 8-in. SSSD. Determine, by the table below, how many disks you will need 
and specify your disk format. Mail your request and check to our office (address 
at left). 

Vol. 
I 

Issue 
Premier '84 
Oct. '84 
Nov. '84 

Size 
l30K 
42K 

Vol. 
10 
II 

Issue 
June '85 
July '85 

Size 
80K 

lOOK 2 
3 
4 
5 
6 
7 
8 
9 

Dec. '84 
Jan. '85 
Feb. '85 
Mar. '85 
Ap'r. '85 
May'85 

150K 
140K 
40K 

190K 
230K 
230K 
150K 

12 

13 

14 

(nO{ incl. ERGO) 
July'85 500K 
(ERGO lAlgic Kit) 
All Code Swap 350K 
Shops to date 
Ang. '85 150K 
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The Window 
Machine'· occupies 
only lZKI Written in 
tight, fast Assembler. 
it performs like a 
radng engine ... with 
more power than 
you'll probably ever 
need. Yet, it's an 
engine designed t o fit 
in the vehicle of 
y,0ur choice ... from a . 
'stripped-down" 
lZ8K IBM PC to a 
fully loaded AT. The 
programs you write 
today will run 011 
the broadest ran!,,' 
machines passib e . .. 
now, and in the 
future. 

Windows Bigger 
Than Your Screen? 

Here's where the 
VSI part of our nllme 
fits in. VSI means 
Virtual Sr.reen Int.er­
face. Behind each 
window, there's a 
much bigger picture. 
V-5I defines virtulIl 

.. of course! 

screen~ rather than just windows. The 
window itself shows wbatevlJr portion of 
its virtual screen you wish to exhibit at 
any given point in your program. Each 
screen can he up to 128 x 2:;:; (columns x 
rows, or rows x columns). And there are 
more than 100 screen primitives at your 
command. 

M ... ltlilngual WI~OWS 

You Gall order The Window Machine 
with the language interface of your choice: 
C, Pascal. Compiled Basic, Fortran, Cobol, 
or PL1. We've even flJcenliy completed 

Why did Simon & 
Schuster,3Com, 
Tymshare, and 
Revlon choose 
VSI - The Window 

fi gured if you wanted ribbons and bows 
you Gould always add them yourself.) 

And by offering you the product our­
selves, we were able lu cut out all the 
middlemen and save you a tremendous 
amount of muney. 

VS I THE WINDOW 

MACHINE 

A vai!ablo for Ihc IBM PC. XT. AT. JJJM Compatiblos. 
Wang. T.!.. and HP 150 

The Window Mad"lilne Includes: 

• Zoom Windows 

Machine? $59.95 
(and how come 
you can buy it for 
such a low price?) 

• Multiple Virtual 
Screens (up to 25.5) 

Choice of Borders 
(including flashin g borders) 

an interface for Turho Pascal*, so that 
now true, full-featured windowing can be 
utilized with this fine compiler. (Turbo's 
own built-in "windowing" procedure is 
extremely limited]. 

Windows That Won't Break You 

We decided to save you a lot of money. 
So, we left behind fancy binders, mono­
grammed slip cases and plastic pre­
sentation boxes. Instead, you'll find an 
extremely powerful tool and a 200 page 
manual written with an eye toward 
simplicity, clarity and completeness. (We 
'Turoo Pascal j , a Trodema r lc 0/ Borland Int~rnationnl 

• Support for 011 Color and 
Monochrome Video Attributes 

[no graphics card required) 
• Built-in Diagnostics 

• And much, mu(;h more 

ORDER YOUR COPY OF 
VSI-THE WINDOW MACHINE TODAY 
For Visa A M .. luC.rd order. ~.lIlolI free: 
800_5311_'157 E1ct • • 2f III CA 800-672_5470 E1c1. au 
call M""._F,;. ' A.M. '. liEl'.M .• Sit .• Su. I A.M ... I P .... 1l'.5. T.) 

r IH WI. dowM,cl!l." $59.95 + 55 Shipping and Handling 
LA~GUAGE I~TIRFACE: 

D Lan;.;. CDR .. ). eo"," ~l!kr",II Ili ' ;'; Coropi)"a Mk",ofl fort" , 
a fil l DMic,,,,,ft P,se.1 :rr.r\o r,,,,! ,:101 [nloret. lr>e wi.oowu.1 
CO!.mrr~R _________ _____ _ ... _-----------------------
.ytm. _______________ _ 

Olf Sld •.. _ ,.., CooI! __ _ 
01)",;, [t,{'''''l Ord" D'lISA ~l!"I"C'rcl 

~;, ___________ E,p. lli.!t __ __ 

'C, III,," ;, ".;d<,,,, ,,, ;"<I.d.d. (>rd. " •• ,,;d. USA, pl .... add 
,,0 1M , Mp", .. . nd h. ndl;"" 

A\'a!12 
AMBElSYSTElIS 
1111 S. s.r.,,,,·So" f •• h ~ooJ 
S.. I .... CA %lZI 

AMBER SYSTEMS, INC 1171 S Saraluga-Sunnvvale Road. San Jose CA 95129 lOR IJtl\L~R 1 NUll I R) ~ S l:AlI Ol R 800 Nl MBH 

CIRCLE 2 ON READER SERVICE CARD 
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Sizz 
The fastest C. The C that Microsoft 

developed to write its own software 
programs. Hot. 

So hot that we can make this claim: 
Virtually every program runs faster 
with Microsoft· C Compiler than with 
any other MS-DOS· C compiler. 

Efficient C. 
We give you everything you need to 

write code so tight your computer will 
scream. 

• 

"Preliminary testing on the Microsoft C 
Compiler produced code that was signi­
ficantly smaller than that produced by 
other C compilers:' . 
Paul Springer, Ashton-Tate. 

"j,\k found the FAR pointer very helpful 
for situations where a mix of memory 
models offers the greatest ejfidency." 
Robert Frankston, Software Arts. 

"The portability of the code between 
MS-DOS and XENIX· is great:' 
Jim Bean, Peachtree Software. 

But it's really no surprise that our C 
stretches your micro to its limits. We 
wrote both the MS-DOS and the 
XENIX operating systems. 

·Purchase both Microsoft C Compiler and Microsoft Macro A!oSCmbler 

and get a S25 rebate direct from Microsoft. See package for details. 

Mi<:rrnDft, MS-DOS and XENlX are registered nademaru and 
The High Perfurrnar,c., SoftwJrl: is a trademark of Micmsott Corporation. 

For the name of your nearest Microsoft 
dealer, or to upgrade from Microsoft C 
Compiler or Lattice C, MICROSOFT. 
call (800) 426-9400. Th, H;gh Perlo="" Sohm<J 
In Washington State, Alaska, Hawaii 
and Canada, call (206) 828-8088. 

And make your programs really cook. 

Microsoft C Compiler Version 3.0 

Microsoft C Compiler 
• Produces compact rode and fast executables. 
.Implements register variables. 
·SmalI, Medium and Large Memory model Libraries-Mix models 

with NEAR and FAR poin=. 
• Transport source and object code between MS-DOS & XENIX 

operating ')"Items. 
• Ubrary routines implement most of UNIX System V C libra!), . 
• Ch.oose from three Math libmries and generate in-line 8087/287 

instructions or floating point caUs. 
-Floating point emulator (utilizes the 80871287 if iru;taUcd). 
- 808711.87 coprocessor support. 
-Alremate math package - extra speed on systems without an 

f>lJ87/287 . 
• Link routines written in Microsoft FORTRAN (V 3.3 or higher), 

MiCIlJlUn Pa.5caJ (V 3.3 or higher) or Microsoft Macro Assembler. 
·Supports MS-OOS p:1thnamcs and Input/Output redirection. 
• File sharing and record and file locking is supported. 
• Do source level debugging, with the Symbolic Debug Utility, 

available separately with the Microsoft Macro Assembler Package~ 
Library Manager 
Crcatr, organize and maintain your object module libraries created 
with Microsoft languages. 
Object Code Linker 
• Simple overlay linker combines rdocatable objecr modules created 

using Microroft languageS into a single program. 
• Link very large programs (over 1MB, using overlays). 
EXEPACK Ulility 
A new utility to compress sequences of identical characters from an 
executable file and to optimize the relocation table. 
EXEMOD Utility 
A new utility used to modify the fields in the header according to 
the iru;tructioru; given by the user in the command line. 
'C' Benchmarks-done on a Compaq Plus with 511k memory 
with no 8087. Program "SrEVE:' with register variables, 

Exec Time Code Size EXE Size 
Micro..:>ftC :9.39 141 - 5,914 
Lattice C :12.24 164 20,072 



FEEDBACK 

Dear Editor: 
Jean-Pierre Schachter's article on 

recursion in Forth (COMPUTER 
LANGUAGE, June 1985, pp. 27-30) was 
very interesting. Recursion is 8 useful 
technique , and as the author sUItes, is easy 
to do in Forth. 

A word of caUl ion, however. Forth has 
two stacks, the parameter stack (used for 
calculations and the pa:o:sing of data) and 
the return stack. When a Porth verbca.lls 
another verb, an address is pushed on the 
return stack . The maximum size o f the 
retum slad is not unl imited , of course, so 
if a recursive procedure nests sufficiently 
deeply, the rerum stack will fiU. This 
e rror is nor detected in most Forth imple­
mCIlI81ions since the speed penalty would 
be too great. So most Forths will even· 
tually crash if the stack grows too large. 

To check to see how many levels your 
return stack can handle, try the (appropri­
ate ly named) verb CRASH (Listing I). 
This verb is an endless recursion witb a 
nest count. It will print2 , 3 , 4, ... untit 
Forth crashes. (II begins with 2 because 
the RECURSE verb is nested once.) The 
last number it prints is the number of lev­
els that your return stack can handle. 

This will only give you a rough idea, of 
course, since different Porths have differ­
ent things below the stack. In the standard 
fig-Forth memory map. the temtinal input 
buffer (TIB) is below the stack. In that 
case, the return stack might be able to 
borrow the TIB without crashing. 

The I (BAR ) verb listed by Dr. Schach­
ter works very weU but has one potentia l 
tial danger (though not a serious o ne). Ifit 
is used only once (or an odd number o f 
times) in a defini tio n, then Porth eannot 
find the verb you j ust defined unless you 
enter SMUDGE after the definition is 1 
entered. This is because the ; verb whi h 
is used to end a definition reverses the 
SMUDCEthat: did 10 hide the verb from 
-FIND , 

To avoid the accidental occurrence of 
th is condition, try the varia tion in Listing 

2. I have defined the verbs - I . and I., 
which are used in pairs. The I. verb 
leaves an 8 on the stack to be checked by 
the I. verb using the verb ?PAIRS. 

This is the standard method of provid­
ing compiler security that is used in such 
verb pairs as IF . .. THEN. BEGIN . .. 
UNTIL , etc., and is a good technique to 
use when defining immediate verbs that 
are used in pairs . This method will.&ive an 
error if the second of the pair is used with­
out the first of the pair, ifpaired verbs are 
mixed incorrectly, or ifthe second verb of 
II pair is not used before the d efinilion is 
ended, so qui te a bit of checking is done in 
very linle code. 

A method of recursion was shown in 
Forth Dimensions, vol. 4, no. 2 (published 

by the Forth Interest Group, P.O. Box 
1105. San Carlos, Calif. 94070) that is 
~nh reviewing . The technique was used 
in a Forth decompiler. MYSELF uses the 
standard fig-Forth verb LATEST, which 
leaves the NPA of the last word in the dic­
tionary and is unaffected by SMUDGE. 
The NFA is thenchllnged to aPFA, then 
to a CFA, which is compiled. Since the 
last word in the dictionary is the verb 
being defined, the verb then calls itself 

Recursion as a programming technique 
can be very useful but do not be led to 
believe that II. recursive routine is always 
supcriorlo an iterative one. A.K. Dewd-

( CRASH - determine size of retur n stack 
by crashing FORTII ) 

MYSELF LATEST PFA CFA IMNEDIATE (call myself ) 

RECURSE 1+ DUP . MYSELF 

CRASH 1 RECURSE 

Listing 1. 

( FIBONACCI using BAR with compiler security) 

I. SMUDGE 8 ; IMMEDIATE 

.1 8 ?PAIRS S~IUDGE ; IMMEDIATE 

ONACCI 
DUP 1 = IF DROP 0 

ELSE DUP 2 = IF DROP 1 
ELSE DUP 1 

SWAP 2 
THEN 

THEN ; 

FIB ONACCI U. 

listing 2. 

( nl --- n2 ) 

I .. ONACCI ·1 
ONACCI . + 

( n --- ) 
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ney pointed out in the Computer Recrea­
tions column in Scientific American 
several months ago that the Towers of 
Hanoi problem can be programmed as a 
recursive algorithm. (The Towcrs of 
Hanoi has three pegs. On one of these 
pegs is n disks of graduated sizes, the 
larger on bottom. The object of the puzzle 
is to move all of the disks from the origi­
nal peg to any other, moving one disk at a 
time, and never placing a larger disk on a 
smaller one.) 

Indeed, it appears at first to be a prime 
example of a recursion. To move all the 
disks, all you have to do is move disk n 
(the largest disk). To move disk n, all you 
have to do is move disk n-1 , etc. 

Dewdney points out that an iterative 
routine is not only easier, it is more effi-

clent. In the routine, the pegs are viewed 
as being in a triangle. Here's the 
algorithm: 
1. Move the smallest disk clockwise 
2. Move any other disk (that is a legal 

move) 
3. Rcpeat until all ofthe disks arc on 

another peg. 
Forth is a very interesting language that 

has a lot of power. Serious professionals 
would be wise to learn more about it. 

Bill Hall 
Buriesml., Texas 

Author Jean-Pierre Schachter responds: 
Bill Hall is quite right about the return 
stack, and I thoroughly agree that it is a 
wise precaution to find its limits ahead of 
time. 

As far as the point about odd numbers of 
BAR implementations is concerned, I'd 
first stress tlUIt such a case would clearly 
be one of error-there would be no legiti­
mate use in which the BAR would appear 
in an odd number. Should one wish to build 
in error checking, Mr. Hall's device seems 
perfectfor the task. However, I should add 
that the possibility of accidently omitting a 
BAR might recommend simply using 
MYSELF instead of bothering to mmJify 
the BAR at all. 

Both recursion words work; thefact that 
the BAR must be used in two pUlces rather 
than one might be a reason for preferring 
MYSELF. On the other hand, I'm inclined 
to prefer the BARJor being u conceptually . 
simpler piece of machinery. I do rather like 
Mr. Hal/'s error-checking device. 

A PROTOTYPE FOR YOUR PROTOTYPES 

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

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

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

Methods is Smalltalk-80" language compatible. 
It includes its own Smalltalk source code. You 
can extend it in Smalltalk and assembly 
language. 

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

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

DIGITALK, INC. 

SlTlIIntalk.so- I. a tt'!l.demark 0/ Xerox Corporation. IBM I. a regI~tered trademark of 
Intermrti "",,1 Busi"""" Machin.,. Corporation. MS i$ a !radem..-k 01 MK:ro. of! Corpora!ion. 

5200 West Century Boulevard 
Los Angeles, California 90045 
(213) 645-1082 
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YESI Please start my subscription to COMPUTER LANGUAGE for 
great savings off the single-copy price! Enter my subscription 
for the term marked below. 

o 1 year (12 Issues) for only $24.95-0 30% savings 
02 year (24 Issues) for $39.95-save 44% 
03 year (36 issues) for $49.95-save 53% 

o Bill me later. 0 My check Is enclosed. 

Name ______________________________________________ __ 

Company ____________________________________________ _ 
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City, State, Zip _______________________________________ _ 
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Never before have so many leaders in the C programming field gathered for 
one event. The C Seminar/Workshop will be an exciting 10lum on the latest tech­
nlcallnnovatlons and C language developments. Best of all, you'lI experience 
a practical, hands-on approach In small workshop sessions. 

Here are Just a few 01 the speakers and workshop leaders: 
Jim Brodie Leo Kenen Tom Plum Bob Varney 
Ron Cain P.J. Plauger Jack Purdum Robert Ward 
Scali Gimpel Larry RoSier Heinz Lycklama Leor Zolman 

o Please enroll me In the C Seminar, registration $695. 
o Check enclosed. (Make check payable 10: c.l. Publications Inc.) 
o Bill my company. 
Name ______________________________________________ ___ 

compa.ny ___________________________________________ _ 

Address 

City, State, Zip ________________________________________ __ 

Phone ______________________________________________ __ 
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Modem71s evolution 
Dear Editor: 

I particularly enjoyed Creig LaGrow's 
"CompulerVi~ions-On-linewith Ward 
Christensen" (COMPUTER UNGUAGE, 
Juue 1985, pp. 71 -78). It's always nice to 
read about one's personal heroes. How­
ever, I was disappointed to learn that 
Christensen seems to have no interest in 
the latest versions ofthe modem programs 
originated by himself. That 's too bad, 
because all who use the current versions 
of Modem7 (now called MDM7), XMO­
DEM , and BYE credit him as·the father 
upon whose work the newer stuff is based. 

It 's true-Christensen probably would 
not recognize any of the recent releases of 
the MDM7 program series as related to 
his original Modent? Others, and most 
panicularly Irv Hoff, have added so many 
features that the software now competes 
directly with commercial products costing. 
many dollars. The big difference, of 
course, is that Hoffhas picked up the role 
of torchbearer and kept his MDM7 series 
in the public domain- IOO% free (another 
Christensen trad ition). For the price of a 
phone call , anyone can obtain copies of 
theMDM740, XMODEM-I06, and the 
BYE-326libraries from one of the hun­
dreds of RCPIM systems around the 
world. 

Your readers may be interested in 
knowing that Irv Hoff and systems oper­
ator Wayne Masters have Ilssumcd clear­
inghouse responsibilities for the Modem7 
descendants. Current releases a re avail­
able from their POTPOURRI RCP/M in 
San Jose, Calif., at (408) 378-7474 . 

Masters' reports that later Ihis summer 
new versions of MDM 7 and XMODEM 
will be released which complement the 
greater speeds of 1200- and 2400-baud 
modems. The newest feature will be a 1 K 
block transfer pTOIocol using 16-bit CRC 
verification, which will enhance data 
throughput to approximate 95 % effi­
ciency. The price will remain the same­
free:, plus the cost of a phone call! 

From this point forward , if not before, 1 
hope we'lI all be sure and remember to 
include their [Hoff and Mastersl names 
when it"s time to give credit where it's 
due. Surely they deserve no less for thei r 
ycomanlike labors expended on behalf of 
the backbone of personal computer 
modem communications. 

Bond Shands 
Sail Franc/sco. Calif. 

Not .. so .. simple sort 
Dear Editor: 

M.B. Clausing pointed out~veral 
problems with his simple son 
algorithm (COMPUTER LANGUAGE, 
June 1985, p. 9). Unfonumnely, the most 
important flaw was missed: it does not 
work.. It can fa il for sets of data wi th as 
few <cs four elements. In particular, it 
incorrectly sorts each of the following 
three ordered quadruplcs (aoo 
uncountably more data set~ of greater 
size); (2, 3, 4, I), (3, 4, 2, I), and (4 , 3, 
I, 2). 

The algorithm can be fixed in a variety 
of ways; however, as Clausing stated, 
" attempts to improve it mutate it into 
more familiar algorithms." 

Dear Editor: 

Dalliel L. SIQck and 
R(Jtulal/ L.. Bromrdl 

MadiSOIl, Wis. 

In " Back to the Drawing Board­
Electronicsoapboxes" (COMPUTER 
LANGUAGE,Dcc. 1984,pp. 15-18), 
Greg Law complains: "COBOL, the only 
program to require 300 line~ of initial­
ization per line of code ... Talk about 
hassles." COBOL-85, available already 
from DEC and some other vendors, con­
tains three enhancements to reduce this 
problem, specifically: 
• A VALUE clause can now be written in 
an entry with a table element; th is initial­
izes all elements to some single value, 
avoiding the need for a long, separate 
entry. 
• The new INrrlALfZE verb can init ialize 
an item to a default of zeros or spaces, 
depending on its category, o r to some 
specified value, U a group item is speci­
fied , its elementary items are initialized 
individually, by category. Multi-item 
operands can also be specified. 
• The new INrrlALdauseofthe 
PROGRAM-lD paragraph implicitly rein­
itializes all data items in a subprogram to 
their VALUEs whenever the ~ubprogram is 
called. 

COBOL-9x, now being put together, 
contains two further features: 
• The v--ILUES ARE clause can now be 
used in a table entry: its multiple operands 
ini tialize individual elements to different 
values. This eliminates the need to have 

scparate cntrieN fur the OCCURS clause 
and the litcral, the need to count out inter­
clement blanks in the literal, and the 
unreadahility that occurs when such a li t­
~1"8.1 wraps around a line. Most usefully. it 
enables data d ivision initialization of e1e­
meOlary item:; of different categories that 
are ~ubsidiary to a group item with an 
OCCURS clause . 
• The INmALfZE verb adds the TO 
V-otLUE phrase, enabling the rein­
itialization of any data item. cveD a com­
plicated table. to its initial VALUE(s). 

These addit ions will turn COBOL from 
a chump to a champ at initialization. If 
any vendors are li.o;tcning who would like 
to make COBOL more lovable,"! suggest 
they add the last two items as extensions 
to their 1985 compilers. (They might 
charge a bit extra for them, 1 suppose.) 

JWger Knights 
Seallle, Wm-h. 

Ur,so,Ucit.,d - honest! 
Dear Editor: 

Gimme a break:, willya? Ever since a 
colleague strolled in to my office with a 
comparison of 21 C compilers 
(COMPUTER LANGUAGE, Feb. 1985, 
pp. 73-102) , my productivity has plum­
meted. Stacks of EDN, Computer Design, 
EE TImes, Digital Design , Electronic 
Design, Min/Micro Rel'iew, Computer 
World, etc" are occluding the view of my 
desk. What right have you folks got to 
publish a magazine where more than 75% 
of the material is not only. intercst ing but 
pertinent to me as a software profes­
sional? When am r supposed to find the 
time to do my work, much less browse 
through the pulps? And now that I have 
just received all the back issues, it is 
apparent to me that the situation will only 
worsen in the near term! 

No periodicall have read (from CACM 
to Dr. Dobbs) seems to address the exact 
niche you are carving, which 10 and 
behold is the niche I must be in. To make 
matters worse, I have spent more than a 
month's pay in the last two days buying 
software and tools I saw advertise.d in 
COMPUTER LANGUAGE. So I repeat, 
GIMMEA BREAK, WILLYA? Ififkeeps 
up, I 'U be both broke and buried in old 
pulps. Thanks fo r the forum. 

Chris PilZkJrd 
AJlSfin, Taas 
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At last! Fast, On-screen 

FLOWCHARTS 
And Organization Charts 

Finally! An on-screen flowchart proc­
essor thai knows about flowcharts and 
organization charts ' nol just another 
"screen draw· program that makes you 
do most of the work. 

Interactive EasyFlow is a powerful 
full-screen graphics program dedicated 
to flowcharts and organization charts. 
This program allows you to easily 
compose charts On the screen. 

Features: • Text is automatically cen­
tered, character by character, within 
shapes as you type it. • Lines are ere' 
aled by specifying the starting and 
ending points · the program auto­
matically generates the route . • Power­
fu l editing faci lities allow shapes and 
even entire rows and columns 01 
shapes to be inserted or deleted; lines 

are automatically re-routed as neces­
sary. _ Large chart size (up to 16 
shapes w ide by 16 shapes high) al­
lows very large flowcharts and organ­
ization charts to be handled with ease. 
_ Charts can be larger than the screen 
- the window into the chart scrolts both 
horizontalty and vertically as neces­
sary. _ Flexible printer interface altows 
it to work with all printers, not just dot 
matrix printers. Wide charts can be 
printed in strips. _ Eighteen standard 
flowcharting shapes included. _ User 
defined shapes can easily be added. 
_ The manual is extensive and in­
cludes many examples . • On-line 
"help" facility provides immediate 
assistance at any time . • Any number 
of litles can be placed on a chart. 
_ Commentary text blocks can be 
placed anywhere in the chart. - Plus 

many more features than we can men­
l ion here. 

Requires an MSDOS I PCDOS ma­
chine equipped with an IBM compat­
ible graphics adapter and at least 
256K of memory. Runs under DOS 1; 
contains full support for DOS 2. 

Only $149.95 I-- $2.00 S&H {USA! 
Canada), $10 .00 {foreign). 

Payment by check, M.O., VISA , COD 
or Company PO. 

The sample screen display shown be­
low is typical of what ybu see while 
editing a chart. Olher screen displays 
are provided for entering litles, chang­
ing options, getting ~help" and so on. 

STATUS BAR (nol to be confused wilh a 
wet bar) tetts you what Interactive EasyF­
low is doing at all times. 

CHART WINDOW gives an overview of 
your chart : this eKample shows the "nOllTlal" 
view. "Close· up' view shows a smaller part 
01 the chart in more derail 'Wide-angle" 

TEXT/MESSAGE WINDOW used io enter 
user text and to display messages from -_-.J 
Interactive EasyFlow. D Is tntry·vili d ·11 

CURRENT SHAPE WINDOW - shows the 
COfltent of the current flowchart shape in ;,.._~ 
complete detail. 

HavenTree Software Limited 
P.O. Box 1093-K 
Thousand Island Park, NY 13692 
(613) 542-7270 Ext 46 

view shows a I of the chart at re-
duced Size. 

SHAPE CURSOR shows where you are in 
the chart. Cursor Keys move it around; 
chart window scrolls if you run off the edge 
of the window. 
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CROSS 

Virtual memory is 
a memory man­
agement 

technique that has been employed since 
the early Jays of mainframe computers 
with4K to 16K memory. YM allows pro­
grams and data to exceed the actual or real 
hardware addresses. This is possible 
through the use of mass storage (both 
floppy disks and harn disks) as an exten­
sion of real memory and the emden! 
swapping of required memory sections. 

OuellaY recall the Apple-UCSD oper­
ating system implementing a program­
swapping technique to enable large UCSD 
Pascal programs to run on micro­
computers. UCSD BASIC .implements 
virtual variables, which allows very large 
matrices and arrays to be declared as vir­
tual variables and to be used like any other 
BASIC memory-resident variable. In this 
system, the BASIC interpreter is solely 
responsible ror swapping data between 
memory and disk. This month's column 
will cover the ~imulation of these 
variables. 

Before we continue, I want to point out 
that it looks like MS-DOS 4.0 will include 
virtual memory management. Regarding 
micros, it appears the subject not only is 
behind us but also ahcad of us. The simu­
lation of virtual d3la structures uses tech­
niques similar to those in operating 
systems. 

Lct's bcgin with a 
discussion of the 
simulation of 

virtual one-dimensional arrays. 
, Basically, we assign tht: array a virtual 
size that is actually too big to be contained 
in RAM but can be stored in mass storage 
deviccs. Part ,ir the array can he (.:ontained 
in RAM at any time and portions can be 
swapped systemi\:ally between RAM and 
mas~ storage as needed , Handling virtual 
memory requires speed: without it, the 
application program suffers from intoler­
able slowness. 

Since we are dealing with bll.ffercd I/O , 
we must transfer pages instead of individ­
ual data itcms. This takcs care of the incf­
ficien(.:y that comes from handling too lit-

• 
........................ 

Virtual memory data simulation 

By Namir Clement Shammas 

tle data, but having to work with large 
pages also causcs time loss. Suppose a 
20K page is used and we need to update 
only 5K of modified information to lllass 
storage, We would be wasting time 
rewriting 15K of unaltered data ! 
, Fortunately, the strategy of divide and 
wnquer comes to the rescue once again, 
Instead of having only one big page resi­
dent in RAM, we employ a number of 
smaller, equal-sized pages. Thl~ enables 
us to localize any altered elements that 
nced to be swapped with mass storage. In 
other words, we obtain higher resolution 
for data 1/0. The chosen page size acts as 
a yardStick in counting and mapping the 
total number of pages representing the 
virtual array. 

We also need to maintain a small RAM­
resident table to indicate the pages that are 
in RAM. This table can be searched to see 
if the sought pagc is already in RAM, thus 
avoiding a blind and time-consuming 
recall from mass storage. 

Another simple measure we can adopt 
to decrease the 110 time is assigning each 
page a Boolean flag or bit, called the dirty 
bit. WheD a page is rccalled into memory, 
it~ dirty bit is set to 7,ero, declaring it 
clean. As long as data i~ read only from a 
page, ils dirty bit remains zero. But once 
data is written to a page, the dirty bit is set 
to ODe and declared dirty. When it comes 
time for a page to be swapped back to the 
di~k to make way for another page, the 
dirty bit is used to determine whether the 
page actually needs to be written back. 
The small overhead of bits saves us from 
performing unnecessary output to mass 
storage. 

The PPL code in Listing 1 is a function 
that takes the virtual array index and 
returns the index 01' a RAM-resident 
array. It is important to nute that while a 
large single array is-used to store all thc 
RAM pages , we swap page-size bytes of 
the array at a timc. The RAM array does 
Dot contain thc pagcs in accordance with 
thcir virtual ~equence. Thc map table 
must be used to determine exactly where a 
sought element is located. The function 
LOCtakes the virtual array index and cal­
culatcs the index urthe virtual page. 

Next we search the map table entries to 
see ifthc sought page is alrcady in 
memory. Irthe sean.:h is successful, we 
assign the entry number value to the 

sought page number, transfonning the 
virtual page number into a RAM page 
number. On the other hand, when the 
search fails wc swap a least-desirable 
RAMpage. 

The page read is entered into the map 
table and the entry number i~ u~ed as the 
RAM page number. The exact location is 
obtained as shown by the return statement 
in LOC, The procedure VM _ A.\·,\·ign relies 
on the return statement in LOC , performs 
the actual array assignment, and sets the 
dirty bit to one. 

Thc matrix is another popular data 
structure used in virtual mcmory, Since it 
is a two-dimensional array we can unwrap 
it into one b ig array and use the 
VM _Assign approach. A matrix can be 
transformed into a serics of chained rows 
or columns dcpending on how convenient 
it is for the application. 

What about when it is more efficient to 
access the virtual matrix in pages contain­
ing submatrices? This resembles the way 
spreadsheets are viewed on mi(.:ro­
computers: you normally see a portion of 
the entire table. We will call this the 
checkerboard method, where thc entire 
matrix is divided into similar and smaller 
structure;;. 

The virtual matri:ds divided into equal­
sized pages, each containing the same 
number of rows and columns. To achieve 
a perfect fit, the vinual matrix may be 
slightly largcr than our arbitrarily sized 
n13trix. The partitioned matrix yields a 
matrix of pages. The lattcr pages are 
unwrapped into continuous arrays. 

We can adopt one o f two page­
numbering systems. The first, double 
indexing, specifies each page by a row 
and column coordinate. The second , sin­
gle indexing, systemically numbers pages 
row-wise or (.:olumn-wise. The page num­
bers are used as pointers and stored in the 
map table, 

Since it is faster to sear(.:h for a page 
using a single numeric comparioon . single 
page indexing is more desirable. But the 
maximum number of rows or columns 
must be specified when using this method, 
allowing the virtual matrix to grow only in 
one direction . With double indexing, the 
matrix can grow in either direction. 

Listing 2 shows a function that accepts 
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the row and (;olumn indices of a virtual 
matrix and returns the exact index 
lucation of the RAM-resident array con­
taining the sub matrix pages. A single 
page index is calculated and u~ed in the 
map table search. 

The method shown in Listing 2 is simi­
lar to virtual one-dimensional arrays. In 
this method we rust attempt to locate the 
sought page in memory. If this fails, we 
select a page to swap and then bring in the 
sought page. With the sought page 
known, we close in on the RAM array 
index by calculating the row and column 
index of the submatrix. The return state­
menl shows the expression used to map 
our submatrices inlo a large one-<iimen­
sional array index. 

Let's now focus our attention on the 
page replacement algorithms, In Listing 1 
and Listing 2 we use a Selected_PageO 
function that returns the page number of 
the best pagc to replace. This plays an 
important role in the speed of the simu­
lated virtual system. 

In considering the various algorithms to 
use, I am assuming that wc arc integrating 
the concept of the dirty bit to cover some 
potential deficiencies. The algorithms to 
be considered follow. 

Random page replacement (RPR). 
This method uses a very low overhead in 
sclecting the page 10 be randomly 
replaced. Thus, all RAM-resident pages 
have an equal probability of being 
replaced. But this method doesn't really 
payoff in the long run because the savings 
in calculation time is offset by the ineffi­
cient and time-consuming data UO. 

Fir.;t in-first out (FlFO). When get­
ting ready to swap, this algorithm looks at 
page precedence and selcets the page that 
has been in memory the longest. We use 'a 
slack to keep track of precedence. When 
the sought page is already in memory we 
manipulate the stack to reposition the · 
page number at the top of the stack. 
Otherwise we roll the stack so. that the 
oldest element ends up on top, ready to be 
replaced by the incoming page number. 

Optimal replacement. Theoretically. 
this method is the best. It is based on . 
knowing in advance the pattern ofrecal! ­
ing pages. Using this information, we 
replace the RAM page that won't be used 
for the longest time. Easier said than 
done! While this method is difficult to 
implement, other methods try to approach 
this same concept. 

Least-recently-used (LRU) page 
replacement. This m!!thod tries to 
appro)l;imate the optimal replacement 
method by attempting to predict the near 
future based on the recent past. Thus we 
replace pages that have not been used for 
the lungest period of time. While this 
method seems to present a very good solu-
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tion, special attention must be paid to how 
it is implemented. 

There are two forms of imple­
mentation. The first alternative is to time­
stamp page number entries in the map 
table as they are used. To select the page 
to be replaced, we search through thc map 
tablc for the oldest entry or the entry with 
least time. If the sought·page is already in 
RAM, we restamp it 10 update its chro­
nological usage. This method requires 
that the Table_Type record include a time 
field. The second alternative is to put the 
recalled page numbers in a stack, which 
gives an indication of how recently a page 
was read. 

Least-frequently-used (LJ.'U) page 
replacement. This method is similar to 
LRU page replacement, but instead of 
time-stamping page entries, a frequency 
counter field is employed. As RAM resi­
dent pages are referenced their counters 
are incremented. Pages are replaced by 
searching the map table for the page with 
the lowest frequency of usc. But this can 
have an adverse effect on ncw pages with 
low usage frequency. They may be 
replaced only to be read within two page 
recalls. Only sequentially referenced 
pages will manage to build a guod fre­
quency count fast enough. 

Modified, least-frequently-used 
(MLFU) page replacement. This method 
is a modification ofLRU and LFU page 
replacement. By employing a time-stamp, 
it overcomes the tendency of LFU to 
cause recently read pages to be replaced 
more likely than other pages. This gives 
the candidale-for-replacemenl-page a sec­
ond chance to remain in RAM because it 
was recently read and may come into use 
in the near future. 

Listing 3 shows the PPL code for the 
MLFU method implemcnted by a version 
ofttie Selecled _Page function . Note the 
use oftwo consecutive loops . Thc search 
for least recently used pages is carried out 
in the first loop. The second loop ~earches 

for a candidate replacement page accord­
ing to frequency of usage and resid!!nce 
time in memory. It is important to note 
that the Critical_Time identifier must be 
systematically updated in other program 
~egments to maintain meaningful results. 

Asslgned static or dynamic page pri­
ority (ASDPP). In some cases, certain 
data subsets of an array or matrix are 
more frequently used than others. The 
user can assign priorities to the virtual 
pages . These priorities can be pagel 
priority lookup lables or functions that 
return the priority value if its values are 
assigned over ranges of indices. The first ' 
option is faster but is memory­
consuming, while the second is slower btu 
is memory-conserving. 

Static priorities are assigncd at the 
beginning of the program and remain 

fixed. Dynamic priorities are altered dur­
ing program execution, reflecting the fact 
that different data areas have become "hot 
spots." To replace-a RAM page, we 
search the map table and locate the RAM 
page with the least priority. 

Not-used-reeentiy (NUR) page 
replacement. This algorithm is based on 
the concept that a page not recently used is 
not likely to be used in the nellr future. 
This involves a small overhead of two 
Boolean flags or bits. The first is the ref­
erence bit used to signal whether a RAM 
page was referenced at least once after it 
was brought from mass storage. The sec­
ond bit is Ihe dirty bit. 

The selection is simple and oonsists of 
three steps. First, search the map table for 
an unreferenccd page. If this is not suc­
cessful , search the table for an unmodified 
page . If th is fails, select the preassigned 
default page. I should point oUI tllal the 
dirty bit should be set by modified ver­
sions of the procedures VM _Assign aud 
VM_MAT_Assign. 

Implementing vir­
tual memory is a 
double-edged 

sword. A bad choice of algorithms can 
make the systetn run very slowly. Allow­
ing the program to run unattended over­
night relieves the pressure of pushing the 
speed to the limit. It does not matter if the 
program ends execution at3 a.m. or 5 
a.m., there is no one at the office anyway! 
To gain speed on microcomputers, one 
can usc virtual memory with a RAM elec­
tronic disk. This method is useful when 
Ihe language interpreter/eompiler does 
not allow the use ofthe entire memory. 

Next month I will discuss high­
resolution graphics and the mathematics 
behind two- and thrce-dimensiunal shapes 
aud figures. I will also talk about mapping 
real-world coordinates to hardware screen 
coordinates, induding windows and loga­
rithmic scales. The algorithms for plot­
ting three-dimensional surfaces with hid­
den areas also will be discussed. n 
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PPL routines to recall and store elements of a one-dimensional 
virtual array 

-- Constants are: 

-- Table Slze 
-- Page Size 
-- Array base Address 
-- VM_ base_8ddress 

Maximum number of pages in RAM. 
Number of array elements in a page. 
Lower array limit in a page. 
Starting VM address 

-- External identifiers are: 

-- Table_Type = RECORD RAM_Page, Dir ty_bit: integer; END 
-- Table: ARRAY[l .. Table Size] of Table Type 

SOUGHT_PAGE: integer - -
RAM_Data: ARRAY[l .. PageSize] of Any type 

File VM_File is assumed already opened 

FUNCTION LOC(V~Index : integer) return integer 

BEGIN 
SOUGHT PAGE = VM Index div Page_Size 
-- Loop to search for page among RAM resident pages. 
INITIALIZE: Found = FALSE 
LOOP <Table Lookup> 
BEGIN For i-: 1 TO Table Size 

IF SOUGHT PAGE = Table[i].RAN Page 
THEN Found '" True -

EXIT <Table Lookup) 
END IF -

END LOOP <Table Lookup) 
TERMINATE: None-

IF NOT Found 
THEN 

Page_Swapped", Selected Page() -- Function to sel ect RAM resident 

ELSE 

Page for swapping 
IF Table[Page_Swapped].Dirty_bit THEN SAVE(Page_Swapped) END IF 
LOAD(SOUGHT_PAGE ,Page_Swapped) 
Table[Page Swapped] .RAN Page = SOUGHT PAGE 
Table[Page-SwappedJ.Dirry bit", 0 -
SOUGIIT.J'AGE = Page_Swapped 

Page_Swapped", Selected_Page() -- Dummy call used to update 
-- page replacement history 

SOUGHT PAGE = i 
END IF 
return (SOUGHT_PAGE * Page_Size + 'VM Index mod Page_Size 

+ Array_base_address) 

END LOC 

Listing 1. (Continued on following page) 
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TUrbo . 
ASVII"H'M With Turbo ASYNCH. you can be In constant ''''''J touch with the world without ever leaving 
the console. Rapid transit at its best. Turbo ASYNCH is designed 
10 let you incorporate asynchronous communication capabilities 
into your Turbo Pascal application programs, and it will drive any 
asynchronous device via the RS232 ports, like printers, plotters, 
modems or even olfler computers. Turbo A$YNCH is fast, accurate 
and lives up to its specs. Features include ... 

• Initialization of the COM ports allowing you to set a/l transmis­
sion options . • Interrupt processing . • Data transfer between cir­
cular queues and communications ports . • Simultaneous buffered 
input and output to both COM ports . • Transmission speeds up 
to 9600 Baud . • Input and output queues as large as you wish. 
• XONIXOFF protocol. 

The underlying functions of Turbo ASYNCH are carefully crafted 
in assembler for efficiency, ana drive the UART and programmable 
interrupt controller chips directly. These functions, installed as a 
runtime resident system, require iust 3.2K bytes. The interface to 
the assembler routines is written in Turbo Pascal. 

The Turbo Pascal PERFORMANCE PACKAGE '~ is lor the serious 
Turbo Pascal programmer who wants quality tools to develop appli­
cations. Every system comes wl1h a comprehensive User Reference 
Manual, all source code and useful sample programs. They require 
an IBM PC or compatible, utilizing MS-DOS version 2.0 or later. 
There are no royalties (or incorporating PERFORMANCE PACKAGE 
functions into your applications. 

Turbo POWER TOOLS and Turbo ASYNCH self for $99.95 each, 
and they may be ordered directly from Blaise 
Compuling. Inc. TO OROER. call 

Turbo POWER TOOLS is a 
sleek new series of procedures POWER lllIlIJ· 
designed specifically to complement Turbo Pascal on IBM and com­
patible computers. Every component in Turbo POWER TOOLS is 
precision engineered to give you fluid and responsive handling, with 
all the options you need packed into its clean lines. High perform­
ance ana full instrumentation, including ... 

• Extensive string handling to complement the powerful Turbo 
Pascal functions . • Screen support and window management. 
gi~jng you fast direct access to the screen without using 810S calls. 
• Access to 810S and DOS services, including ODS 3.0 and the 
IBM AT. • Full program control by allowing you to execute any 
other program from within your Turbo Pascal application . • Inter­
rupt service routines written entirely in Turbo Pascal. Assembly 
code is not required even to service hardware interrupts like the 
keyboard or clock. 

Using Turbo POWER TOOLS, you can now "filter" the 
or even DOS. and create your own 

1415) 540·5441 
~ 

=BLAI~S~E~COM~ PUTI=~N=G~I=NC~. 



integer; X 

BEGIN 
RAM Data[LOC(VM Indexl] : X 
TabTe[SOUGHT_PAGE].Dirty_bit : 1 

END Vi"LAssign 

PROCEDURE SAVE(Page_Number integer) 

BEGIN 
INITIALIZE: m = Page Number - 1) * Page Size + Array base address 

p = (Table[Page_Num ber].RAH-Page - 1) * PageSize + 
VM base address 

LOOP 
BEGIN For n .. 1 to Page_Size 

WRITE V~IJile, (p + nl,RAH_Data[m + n] 
END LOOP 

END SAVE 
PROCEDURE LOAD(V~LPage, RAM_ Page_Num : integer) 

BEGIN 
INITIALIZE : m = RAM_Page_Num - 1) * Page_Size + Array_base_address 

p '" (V~LPage - 1) * PageSize + VM base address 
LOCP 
BEGIN For n ~ 1 to Page_Size 

READ VM_File, (p + nl,RAH_Oata[m + n] 
END LOCP 

END SAVE 

listing 1. (Continued from preceding page) 

PPL routines to recall and store elements of a two-dimensional 
virtual array, using the checke rboard method 

Constants are: 

Table_Size : Maximum number of pages in RAM. 
Page_Col_Size Number of columns in a page. 
Page_Row_Size Number of rows in a page 
ROWS : Number of rows 

External identifiers are : 

Table_Type - RECORD RA~Page . Dirty_bit: in teger ; END 
Table: ARRAY[l .• Table Si ze] of Table_Type 
SOUGHT_PAGE : integer -

listing 2. (Continued on a following poge) 
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RAM Data : 
ARRAY[l . . (Table_Size * Page_Cal_Size * Page_ Raw_Size)] of Any type 

Procedures SAVE and LOAD are similar to those 1n listing (1), 
the difference being is that they incorporate wrapping and 
unwrapping arrays to matrices and vice versa, respectively. 

FUNCTION ~~TLOC(V~~Row_Index , VM_ Col_Index : integer) return integer 

BEGIN 
SOUGHT PAGE Row = VM Row Index div Page_ Raw_Size + 1 
SOUGHT-PAGE- Col • VM- Col- Index div Page Col Size + I 
SOUGIIT-PAGE-. SOUGHT- PAGE Row + (SOUGHTJAGE_Col - 1) • ROWS 
-- Loop to search for page among RAM resident pages. 
INITIALIZE: Found. FALSE 
LCOP <Table_Lookup> 
BEGIN For i = 1 TO Table Size 

IF SOUGHT PAGE Row .-Table[i].RAM Page 
THEN Found = True -

EXIT <Table Lookup) 
END IF -

END LCOP <Table Lookup> 
TERlIINATE: None-

IF NOT Found 
THEN 

Page_ Swapped = Selected_Page() -- Function to select RAM resident 
Page for swapping 

IF Table[Page_Swapped].Dirty_bit THEN SAVE_MAT(Page_Swapped) END IF 
LOAD_MAT(SOUGHTJAGE,Page_Swapped) 
Table[Page_Swapped] .RAM_Page. SOUGHT_PAGE 
Tab le [Page_Swapped].Dirty_bit • 0 
SOUGHT_PAGE • Page_Swapped 

ELSE 
Page_Swapped s Selected_Page() 

SOUGHT PAGE • i 

END IF 

Dummy call used to update 
page replacement history 

Page_ Row = VM Row Index mod Page Row Size + 1 
Page_Col = VM_ Col=Index mod Page-Row=Size + 1 
Mat Size = Page Row Size * Page Col Size 
return (SOUGHT-PAGE - 1) * Mat- Size + (Page Col - 1) * Page_Raw_Size 

+ Page=Row) - -

END MATLCC 

PROCEDURE Vt-IjlAT_Asslgn(Vt'Llndex : integer; X : Your_data) 

BEGIN 
RAM Data[LCC(VM Row Index,VM Col Index)] • X 
Table[SOUGHTJAGE].Dirty_bit-. C 

END vr-~~1AT_Assign 

listing 2. (Continued from 0 preceding page) 
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Slash Programming Time in Half! 

With FirsTime'· 
• Fast program entry through single keystroke statement generators. 

• Fast editing through syntax oriented cursor movements. 

• Dramatically reduced debugging time through immediate syntax checking. 

• Fast development through unique programmer oriented features. 

• Automatic program formatter. 

FirsTime is a true syntax directed editor. 
FirsTime ensures the integrity of your programs by 
performing all editing tasks like moves, inserts and 
deletes along the syntactic elements of a program. 
For example, when you move an IF statement, 
FirsTime wil l move the corresponding THEN and 
ELSE clauses with it. 

Even FirsTime's cursor movements are by syntax 
elements instead of characters. The cursor automati ­
cally skips over blank spaces and required keywords 
and goes directly to the next editable position. 

FirsTime is a Syntax Checker 
FirsTime checks the syntax of your program 
statements, and also: 

• Semantics like undefined variables and 
mismatched statement types. 

• The contents of include files and ,macro 
expansions. 

• Statements for errors as they are entered 
and warns you immediately. 

FirsTime is a Program Formatter 
FirsTime automatically indents statements as they 
are entered, saving you from having to track indenta­
tion levels and count spaces. 

FirsTime has Unique Features 
No other editor offer these features: 

The Zoom command g.ives you a top down view 
of your program logic. 

The View command displays the contents of 
include files and macro expansions. This is 
valuable to sophisticated programmers writing 
complex code or to those updating unfamiliar 
programs. 

FirsTime's Transform command lets you change 
a statement to another similar one with just two 
keystrokes. For example, you can instantly trans­
form a FOR statement into a WHILE statement. 

The Move at Same Level command moves the 
cursor up or down to the next statement at the 
same indentation level. This is very useful. For 
example, you can use it to locate the ELSE 
clause that corresponds to a given THEN clause 
or to traverse a program one procedure at a 
time. 

FirsTime is Unparalleled 
FirsTime is the most advanced syntax directed 
editor available. It makes programming faster, easier 
and more fun. 

TO ORDER CALL (201) 741-8188 
or write: 

Spruce Technology Corporation 
189 E. Bergen Place 
Red Bank, NJ 07701 

In Germany, Austria and Switzerland contact: 

Markt & Technik Software Verlag 
Munchen, W. Germany 
(089) 4613-0 

F",Tim, ' •• t"d<!m~'~ 01 Spwce Technology CO'I>()O,uon . MS ·OOS '., t,~dema,~ 01 Mle,oson Cort)O,. "on 
IBM I,. trademark ot Inteln,nDt1.t Bus,n,," M.th'MS. tnc • Tu'DO Pnc.1 '. a tladet'lll,k ot Borla nd inlern,'on.1 CIRCLE 26 ON READER SERVICE CARD 
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Multiuser/Multitasking 
for8080, Z80, 8086 

Industrial 
Strength 
FORTH 

TaskFORTH,. 
The First 

Professional Quality 
Full Feature FORTH 

System at a micro price * 

LOADS OF TIME SAVING 
PROFESSIONAL FEATURES: 

0(( Unlimited number of tasks 

* Multiple thread dictionary, 
superfast compilation 

tt Novice Programmer 
Protection PackageTM 

* Diagnostic tools, quick and 
simple debugging 

tt Starting FORTH, FORTH·79, 
FORTH·83 compatible 

0(( Screen and serial editor, 
easy program generation 

0(( Hierarchical file system with 
data base management 

• S!. ~.r P&CI<.oe $250. F ... pe<:",~ $395 Sing" 

If you are an experienced 
FORTH programmer, this is the 
one you have been waiting for1 
If you are a beginning FORTH 
programmer, this will get you 
started right, and quickly too! 

Available on 8 inch disk 
under CP/M 2.2 or greater 

also 
various 51/. " formats 

and other operating systems 

FULLY WARRANTIED, 
DOCUMENTED AND 

SUPPORTED 

•

-- DEALER 
INQUIRES VISA ' 
INVITED ~. 

Shaw Laboratories, Ltd. 
24301 Southland Drive. 1216 

Hayward. California 94545 
(415) 276-5953 

CIRCLE 79 ON READER SERVICE CARD 

PPL code for modified. least-frequently-used (MLFU) page 
replacement function 

FUNCTION Selected_Page() return integer 

-- Critical Time is set as a criterion for giving recently read 
pages a second chance for staying. It must be systematically 
upda t ed by other program segments. 

-- The modified Table Type is 
-- Table_Type = RECORD RAM_Page , Dirty_bit, Frequency integer; 

Time : Time_Units END 

BEGIN 
IF Found 
THEN when sought page is RAM-resident 

Table[i] .Frequency +_ 1 
return () 

ELSE 
INITIALIZE : Pick = 1 
LOOP <Star t Up> 
BEGIN For j-= 1 to Table_Size 

IF Critica l Time> Table[j] .Time 
THEN Least_Frequent _ Table[j] . Frequency 

Pick = j 
EXIT <Start_Up> 

END IF 
END LOOP <Start_Up> 
TERMINATE: None 

INITIALIZE : Least Frequent'" Table[Pick] . Frequency 
Pointer c Pick ; j = Pick + I 

LOOP <Search> 
BEGIN IF j > Table_Size THEN EXIT <Search> END IF 

IF Least_Fr equent> Table(j] . Frequency AND 
Critical_Time) Table[j) .Time 

TH8N Least_Frequent = Table[j).Frequency 
Pointer,", j 

ELSE j += I 
END IF 

END LOOP <Search> 
-- Prepare frequency count for new page 
TERMINATE: Table(Pointer).Fr equency • 1 
return( Pointer ) 

END IF 
END Selected_Page 

listing 3. 

. ; 
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Csharp Realtime Toolkit 

.... . 
, .. -- . '" ... 
- .--=--= 

Realtime on MSDOSl Csharp can do itl Get the tools without operating system overhead. CUI development time with C source 
code for realtime data acquisition and control. Csharp includes: graphics, event handling, procedure scheduling, state system 
control, and interrupt handling. Processor, device, and operat ing system independent. Csharp runs standalone or with: MSDOS, 
PCDOS, or RT11 . Csharp runs on: PDP-1' and IBM Pc. Cshilrp includes drivers for Hercules and IBM graphics boards, Data 
Translation and Metrabyte 10 boards, real time clock, and more. Inquire for Victor 9000, Unix, and other systems. Price: S600 

ID(JSYSTEMS 
OQG U I L D Systems Guild, Inc. , P.O. Box 1085, Cambridge, MA 02142 

(617) 451-8479 

CIRCLE 27 ON READER SERVICE CARO 

Another in a series of 
productivity noles on UNIX'· 
software from UniPress. 

CROSS COMPILER 
FOR THE 8086" FAMILY 

Subject: C Cross Complier 
/or the 8086 Family. 

The Lattice C Cross Compiler 
allows the user 10 write code on a 
VAX" (UNIX or Vj.f$'")01 MC68()()(]" 
machine for the 8086 family. Lattice C 
Is a timesaving 100/ that allows a more 
powerful computer to produce object 
code for the 18M·PC'". The compiler 
is regarded as the finest C compiler 
for the 8086 family and produces the 
fastest and lightest code 

-"'-,-~ ........... --... ....... ,_ .. "'---...... _w:.. __ _ 

Features: 

S For your UNIX or VMS Computer. 
S Use your VAX 01 other UNIX 
machine 10 create standard InJel ob-­
ject code for the 8085 (18M·PC). 
S Higtuy regarded compiler pro­
duCes fastes( and lightest code lor 
the 8085 family. 
S Full C language and standard 
library, compatible with UNIX. 
• Small, medium, compact and 
large address models available . • 
• Includes complier, linker. librarian 
and disassembler. 
S 8087'" floating point suppon. 
• MS-DOS'" 2.0 libraries. 
S Send and Receive communicatfon 
package optionally available. 
Price S5OO. 
• Optional SSllntel Style roo/so 
Package includes linker, /OC<JtOl and 
assembfer and creates exewtabies 
fOl debuflging on the Intel workstation 
or for standalone environments. 
Price $8,550. 

Price: 

VAX (UNIX or VMS) $50(}() 
MCS/IIJI}() 3000 

For m0l8 information on these and 
other UNIX software products, callOI 
write: UniPress Software, Inc .• 2025 
Lincoln Hwy., Edison , NJ 08817. 
Telephone: (201) 985-8000. Order 
Desk: (BOO). 222·0550 (Outside NJ). 
Telex: 709418. Japanese DislriOOtOl: 
Settee 0480(85) 6565. European Dis· 
trihutor: Modulator SA (OJ1) 59 22 22. 

OEM terms available, 
Mastercard/Visa accepted. 

LATTlCrC 
CROSS 

JJniPlessScitWO(6 
CIRCLE 21 ON READER SERVICE CARD 
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More power Than Jt1u Thought possible 
Arity offers the first serious implementation of Prolog for IBM personal computers. Arity/Pro­
log is a powerful , highly optimized, and extended version of the logic programming 
language Prolog. Imagine building software applications with a language that solves prob­
lems through deduction and logical inference. The task of creating complex programs is 
much faster and easier, resulting in lower development costs. Arity/Prolog is now in use in a 
wide range of applications in industry, business, research, and education. The solution­
the AritylProlog Interpreter: 

• Source level debugger 

• Virtual databases, each 
with a workspace of 16 
megabytes 

• Floating-point 
arithmetic 

• String support for 
efficient text handling 

• Intertaoe to assembly 
language and 'C' 

• Text screen 
manipulation 

• Integrated program­
ming shell to MSDOS 

• Comprehensive set of 
evaluable predicates 

• Definite clause 
grammar support 

AritylProlog Interpreter $495.00 
Arity also offers the AritylProlog Compiler and Interpreter, a sophisticated development envi­
ronment for building AI applications. Essential for producing fast, serious production code. 

AritylProlog Compiler and Interpreter $1950.00 

The AritylProlog Demo Disk is available for $19.95 .• Arity/Prolog products run on the IBM PC, 
XT, AT, and all IBM compatibles .• To order, call (617) 371-2422 or use the order form below. 

arlty corporation 358 Baker Avenue, Concord, MA 01742 

Qu.nllty 

o EocIoHd is a check or o Please bin my 
money order to Arily C«pofalion o Masle<card 0 Visa 0 America nExpress 

""".. I I I I I I I I I I I I I I I I 
Valid---l_" ---'_ .... -

arity 358 Baker Avenue, Concord, MA 01742 

- - -----
Product Unit Prk:. TotelPrlu 

~- Sli50.00 - S .15.00 -.--- • 111.15 

$"_1 

_ _ _ MIl_WI -_. 
o Pleese send me more Informalion about 

AriIy and Arity/Prolog 

CIRCLE 59 ON READER SERVICE CARD 
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{I/ ml!'t a goddess, disk in haruf, 
Thl!'rl!' ill Seems Valll!'y-homl!' ofBarlaruf. 

Shl!' .umg to me wUh l'I!'ifl!'cr pirch. 
Of codl!' rhar rwrs · ... irhour a gli/d!. 

Turbo Pascal; SideKidc /00, 

And Supl!'rKey. the anI!' Ihm 's new. 

Where DiOllysiall nuuinl!'SS reigned, 
Among Ihost usually left-brained. 

AI wlulll htard my WOIJdl!'r gnw. 
Forancient Bacchus Ii<'t!s anl!'w-

Reborn in this Agl!' oflnfQrnuJlion. 
As head of a So/IWan Corporation 

- ··Bacchus and The Mylh of &rland ,./ 

Philippe Kahn, 
founder and pres­
ident of Borland 

International , can' t find a bottle opener 
for the two bollies of Calistoga mineral 
water. 

He improvises. He uses the doorjamb 
and flips the caps off. Mineral water 
sprays the air as if from a geyser, splat­
tcring his face, Hawaiian shin, and tan 
corduroys. He continues talking without 
wiping his face. oblivious. He's not a man 
who worries about such things as 
appearances. 

Kahn seems like a mlln who's living his 
dream. His two-year-old, privately owned 
company is bringing in an average of $2 
million dollars a month with monthly 
sales of 60,000 units, which Kahn com­
pares with Lotus Development Corp's 
45,000 units. 

In I 'h years. Borland has sold 400,000 
copies ofThrbo Pascal, a widely 
acclaimcd piece of software originally 
priced al a revolutionary $49.95 (Thrbo 
Pascal 3.0, released in March 1985, costs 
$69.95). Borland's second big product, 
the desktop organizer SideKick, has had 
sales of 300,000 uni ts since June 1984. 
SuperKey, a data encryption and macro 
processor program, was re leased in April, 
and Borland says 15,000 orders were 
received in the first three weeks. 

PC Week listed Turbo Pascal among the 

t. Copyright 1985 Jeffrey Armmong. 

COMPUTERVISIONS 

Philippe Kahn: The man behind 
the Borland 

top 10 products of 1984, and Injoworld 
named SideKick product of the year in 
\985. Borland was named company of the 
year in 1984 by PC Magazine. 

Thirty-three-year-old Philippe Kahn 
holds the spotlight for this success. The 
media seems suddenly to have caught on 
to a hot personality. The Wall Street Jour­
nalcovered Kahn in a front page story on 
June 6, playing up his maverick nature 
and flamboyant lifestyle under the head­
line, ·'L'Enfant Terrible is also LEnfant 
Riche." Two days later-perhaps a typical 
day, perhaps not- Kahn participated in a 
morning radio talk show, at noon began a 
2'h-hour interview with TIME magazine 
on U.S. entrepreneurs, and immediately 
followed with the COMPUTER 
LANGUAGE interview. 

" We'd like to get Philippe on the cover 
of TIME magazine," Borland's corporate 
communications director confides. Some 
might see an ego problem here, but that 's 
an oversimplification. More accurately : 
Philippe Kahn is a very intelligent man 
who recognizes his abilities and has 
formed a company ·in his image. But 
there's more tothe man than that. 

"You have to be careful of appear­
ances, you know," Kahn says. "People 
and things are never as good as they 
appear to be. Sure, the company is super 
successful . I can be considcred maybe 
even the most successful guy ofthe yea r, 
whatever, so what? There's more to it, 
there's more to someone than that." 

Now uus. as you know. isfond of risk .. 
Of eanhly lTlllidens who boot/he dist, 

For if she smiles, Zeus £"(In·1 refuu her. 
And Ihus!u C01Isonl!'d wilh thl!' End-uur. 

~mele hu nom/!'. lhl!' MarUI Plael!'; 
A prillel!'SJ full of richu and gmel!'. 

Theft! in hu womb grt'wthl!' sud ofaus, 
Philippe, Bacchus, HastofUu. 

weTC spent 
France, where 

he was born, and Switzerland. He made 
mOllcy on the side playing his sallophone 
in French j azz clubs. His acadcmic inter-

est focused on theoretical mathematics 
and number theory, and he received an 
Agregation de Mathematique, equivalem 
to a Ph.D. in mathematics, certified by the 
French AcadcmyofScience. He taught 
university-level math in Nice and Gren­
oble. France. 

"ComputerS were just a way for us to 
do appl ied mathematics and solve prob­
lems," says Kahn. " I was more interested 
in proving theorems aod in the beauty of 
absolute pure mathematics done with just 
the mind and no machine."' 

"In Ihe States computers at that time 
already had kind of an aura-there was 
anothcr dimension than the pure scicntiflc 
dimension, kind of like the dimension a 
rock group has to a high school class. 

" The aura around the Apple is much 
more than just business and computers. 
It's something else. There is something a 
litt le mystical. But the mystique Lin 
Europe] at that time didn't ellis\. The 
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punch cards .. . there wasn ' t much mys­
tique there. Fo r me, the mystique of 
manipulating ideas was far morc attractive 
than the mystique of the punch card 
reader." 

Kahn studied mathematics in Zu rich , 
Switzerland , for a lime. He happened to 
wind up in a class taught by Niklaus 
Winh. champion of structured program­
ming and author of Pascal and Modula. 
"At that time there was no such thing as a 
computer class, you had to learn a lan­
guage," says Kahn. "As far as 1 can 
remember, there was a choice between 
pu r and Pascal. When 1 went into the 
PUI class thcre were 200 people . In the 
Pascal class there were five people, 
because no one knew anything about Pas­
cal." Wirth was the professor, and Pascal 
was the first language Kahn lea rned . 

What changed Kahn's mind aboUi com­
puters was his encounler with the video 
terminal and keyboard in the early 19705. 
His first computer was the Apple II . " 1 
discovered with my Apple II the mystique 
of Silicon Valley." says Kahn. "1 thought 
the center of gravity of the high-tech 
world was Silicon Valley, It was an opin­
ion, I'm not sure it was a fact. And it was 
a dream, you know, everyone has a 
dream."' 

'n 1983 , the Borland myth begins. 
Kahn founded Borland International that 
May, with a tO(al of$20,000 in fami ly 
investments. The first office was over an 
aUio repair shop. Kahn chose the name 
Borland because it sounded very Ameri­
can 10 him-it was inspi red by astronaut 
Frank Borman's name. Kahn didn't want 
10 draw any allention to his immigrant sla­
IUS as an illegal alien (he now has a green 
card). 

Thrbo Pascal, Borland's first producl , 
was rcleased in November 1983, Its actual 
origins are shrouded in some mystery. 
Kahn says he and IWO frie nds-whose 
names he cannot (or will not) reveal­
wrote it in Europe. They we re making.a 
living writing application code in Pascal 
for CP/M-80 machines. 

But when the IBM PC arrived on the 
scene. " we found ourselves with the 
worst compilers for Pascal that have ever 
been wrillen,"' Kahn says. " We really had 
a problem. We needed a Pascal compiler 
that behaved the way we wanted ilto 
behave. First, we wanted il to be fast. 
Then we wanted il to be small. And we 
wanted it to generate good code. There 
came Thrbo Pascal."' 

Then Bacchus, (Philippe) rtmtmbend and critd, 
At how his MQl~r in sorrowluuJ di/'d. 

How expl'nsiw programs dragged her a .... ay. 
Making her suffer: makillg hl'f (Kl)\ 

"The User mUSt havt a product that's great!" 
He shouted. dl'5tellding 10 Pluto's Gute. 

"Fast/'r Compil/'rs ... ith .igortmd spud. 
Will gi .. e them th£ powerwrDfrudom tlley nud." 

So began their «sume quest. 
10 brill, monklnd programs. but only th/' beSt. 

Products .... rought ill Fin De.ine. 
And priced at only FOITy-nine_ 

software is Philippe Kahn's philosophy. 
"Everyo ne was saying 'you should try to 
sell it [Thrbo Pascal] for $400, $500: One 
day I said 'hey, we're going to sell it for 
$49.95 plus $5 shipping and handling: 
because I had bought a mail-o rder book at 
a B. Dalton's store, and the book said if 
you want to generate an impube buy, the 
product has to be less than $50. 

"That's how the whole concept came. 
And then the concept was such a success 
that it became a philosophy. When we saw 
the enthusiasm it generated, we said well, 
maybe we've got something here , some­
thing that everyone's been waiting for­
super-quality software al rock-bottom 
prices." 

Some other software publishers have 
been following Borland 's lead in low soft­
ware prices, nolably Adam Osborne's 
Paperback Software. '" like Adam," says 
Kahn. " I hope Ihat he will be succcssful 
because it will shut the mouths of alilhe 
people who have been putting him down 
for a long lime." 

"Regarding his company, "m glad to 
see that people arc following our lead in 
terms o f pricing. Unfonunately, I'd hope 
that people would follow our lead in te rms 
of qua lilY, 100." 

Osborne's company markets software it 
purchascs from a pool of soflware devcl­
opers, who are then paid royalties. " I 
don't know how viable it is to do what he 
docs and not develop your own software," 
says Kahn. "At our prices, you can't offer 
large royalties to people:' 

Non-copy protection is another one of 
Philippe Kahn 's beliefs that became a Bor­
land philosophy. Borland's policy of non­
copy protection is held without regard to 
how it affects the company's sales. 

" It is a philosophy," says Kahn. "1 do 
nOI use copy-protected software. Why 
should 1 impose copy protection on my 
customers who are ready 10 spend money 
on a piece of software? Why should' te ll 
them lodo something I wouldn't do?" 

"The problem with copy protection the 
way it is right now is that it's basically a 
tax on honesty. It 's like saying, 'You' re 
buying this thing and paying me moncy, 
but r don't trust you. You're thieves, so 
I'm copy protected: 

,. , think it's a major problem to treat 
people that way. I think in any business 
relationship, if thcre's not at any point 
some sort of lrust in the relalionship, thc n 
I'm not interested. I 'd rather go into the 
mountains and pick strawberries." 
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··For flU rrw,Jlr.ind ron be glad flnd IuJd 
lfwe bring Ihe txcilemelll of programming bllck. 

So lellhe lusle ofmyprogro..mjlow; 
UI "C~lasy in Iheir phosplwr glow. " 

"Thecoreorour 
corporate strat­
egy is that we 

arc a language company and that we know 
lhat languages arc here for the long run. 
We aim to be the language company of the 
latter part of the eighties," proclaims 
Kahn. 

Borland's choice of language products 
10 develop over the next year or so (" I 
don't want to talk about time frames any­
more" growls Kahn, "you know how 
soflware is-you start developing and 
then you pray") is Modula-2, C, BASIC, 
and then Ada. 

"We chose Modula because 1 like Mod­
ula," says Kahn. He docs not see a Bor­
land Modula as a competitor to Turbo Pas­
cal. " I believe that Pascal will probably 
remain the primary teaching language, as 
well as gradually supplant BASIC for rea­
sonably small programs. I believe 
Modula-2 will be for people who want to 
go for bigger projects and have use for 
multitasking applications, because it does 
support quite nicely interprocess commu­
nications and things like that." 

" It 's like a toolbox. you know, If you 
stan trying to usc a saw as a hammer or a 
hammer as a saw you're in trouble . Why 
would people who want to makc small 
projects, like printing a mailing list, use 
Modula-2 and have to hassle with some of 
the inconvcniences of Modula-2 because 
it's a 'better" language? 

" I don't think Modula-2 is a bctter lan­
guage than Pascal, especially since Pascal 
has been extended. Now, if you're talking 
Modula-2 against standard Pascal , then 
O.K ., sure. But a language like Thrbo 
Pascal-probably the de facto standard 
Pascal-has a lot of the things that 
Modula-2 has in it, all the low-level stuff. 

"Modula-2 will probably be bought by 
people who need the functionality of 
Modula-2," he says. " We know that 
Modula-2 will be far less successful than 
Turbo Pascal. We know it will be some­
what succcssful, bUI there is no way we 
can sell the same amount of Modula·2s 
and Pascals." 

Borland's Modula-2 for CP/M-SO is 
currently in bela test. The PC-DOS ver­
sion is in alpha test. The CP/M-SO Mod­
ula is further ahead becausc " one guy got 
c)(cited about doing it for CP/M and was 
fastcr than the other guys ," says Kahn. 

" It's a good compiler, It generates code 
that is two or three times faster than Thrbo 
Pascal. It 's the best CP/M-SO compiler. 

" I think we'rc the only company devel­
oping ncw product~ for CP/M, and that's 
gOI to excite the whole CP/M community. 
We are a company that docsn't do things 
just because there's a market out thcre ­
and I think that's one of the keys to our 
success. We do things because we think 
they're going to be useful tools. If they ' re 
tools for us, thcy'll probably be tools for a 
lot of people, and then there'll be a mar~ 
ket. That 's how Turbo happened, Ihat's 
how SideKick happened, that 's how 
SuperKey happened, and that's how the 
CP/M version of Modula-2 happened. 

" I'm sure we'll make money on the 
CP/M version of Modula-2. It's exciting 
for people to know there's a company that 
still cares about CP/M-SO. And sure, we 
care because there arc some guys who use 

CP/M-SO: therefore we do products for 
it." 

Kahn chose BASIC to be one of Bor­
land's next compiler products even though 
he doesn' t like BAS IC. "The only thing I 
really needed was a BASIC compiler that 
could generate executable fil es out of a 
Microsoft 3,0 interpreter program," says 
Kahn. "And 1 thought that 's what people 
needed. A machine that would allow you 
10 run all those programs you find in the 
magazines or in the public domain , And 
eventually everyone will buy one even if 
they don't use BASIC, because everyone 
has a few BASIC programs that do some­
thing on their machine, whether it's a 
game or something like that:' 

START WITH FORTH ... 
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EX SYS 

A LOW COST 
EXPERT SYSTEM 

DEVELOPMENT TOOL 

Create knowledge based, prob· 
abillstlc If·TH[N rule expert 
systems on an IBM PC. XT or 
compatible 

Provides the user with a list o f 
possible solutions to a problem 
arranged In order of probablllty 

Perfonns backward chaining and 
can explain how conclusion!1 were 
reached and why Infonnatlon is 
needed 

External programs, including most 
spread sheets and data base 
managers, can be ca lled with data 
passed Into txSYS for analysis 

ALL input is English text, algebraic 
o:presslon o r menu selection 

Numeric wrlable.s are supported 
and can be calculated and 
displayed by the expert system 

rull available memory is used and 
the programs are written in C for 
fast. emcient code 

700 rules per 64k of memory (M':r 
J 92k (almost , 000 rules in a 
640k PC) 

Tr1g. log. exp and sqrt functions 
supported 

Developed expert sy.stems market· 
able WITHOUT RorM-TY 

Requires IBM PC, XT, AT o r 
compatible with DOS 2.0 or higher 
and 256k 

DeMO DISK - Demo knowledge 
bases, text of manual, automated 
Instruction on how to use the 
program and ability to create and 
run ru les - $10 (refundable with 
purchase) 

fU LL PROGRAM - $295 + $5 
postage and handl ing 

l'IACINTOSH VERSION 
AVAILABLE SOON 

txSYS II'IC, P.O. BOX nH~ 
CONTR. STA. 14. ALHUQUl:RQUf. I'IM 87194 

(S05) 8.56-6676 
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In the past Kahn has been quite vocal 
about his dislain fo r C. He's only mel­
lowed a bit, but C is high up on the Bor­
land product list. 

" lf people want a C compiler, we'll 
give them a C compiler. We're a language 
company, and we have the technology to 
produce very good compilers. Producing 
a C compiler is essentially writing a 
slightly d ifferent parser than Modula-2's, 
because the functionality of C is very 
close to that of Modula-2." 

Kahn says he uses C for cenain things, 
such as drivers. He's working on a Sun 
terminal and uses C on it because he 
doesn't th ink its Pascal compiler is very 
good. 

"But I personally don't like to take C 
and write a program," suys Kahn. "I like 
to take Pascal and Modula-2 and fiddl e 
around, write little games, have fun on a 
plane with my DO whilc people are 
watching 'Karate Kid' or something. 
Write a little Space Invaders game, some­
thing useful , or something funny." 

"Do you know what C is? There are 
two types of languages. C is a write-only 
language_ Pascal is a read and write lan­
guage. Take two I ,0000-line programs . 
One in Pascal, one in C. You didn't write 
them, someone gave them to you . You 
know both languages well. With the Pas­
cal program, after 10 minutes maximum 
you'll know what it does. With theC pro· 
gram, you cOll.ld spend IWO weeks fig ­
uring Ollt what it does. It 's a write-only 
language. 

"'I think the dazzling penetration ofC 
among a certain fringe of programmers is 
due to the craze ovcr UN IX. Everybody 
said 'UN IX is going to be successful , 
thereforc C is the language.' Well , every­
body knows by now that UNIX won't be 
successful, and therefore C probably will 
be an interesting language in certain 
areas, but won't be 'the' language." 

Afler Modula-2, BAS IC. and C lan­
guage prooucts, Borland is conSidering 
coming out with an Ada compiler. Kahn 
plans to implement a reasonable subset of 
Ada for people who want a fast, efficient 
development system. "The goal here is 
that if people develop software with our 
compile r, then oncc they finish, when it 
works, then they can compile it on a vali­
dated Ada compiler. And then they have a 
really easy way to work," says Kahn . 

Kahn has no plans for COBOL, Forth, 
or AI language products. "Wedo what we 
like to do, and I never really liked 
COBOL. Unlcss someone comes on with 
the company who just loves COBOL, 
wants to do a Thrbo COBOL or some­
thing, Ijust won't get involved with it." 

"'Forth is a religion, and we've kind of 
decided right now not to participate in 
religion, one side or the other. 

" 1 think AI is a hig bunch of baloney. 
What they call AI is simply manipulating 
more data in less time. AI is not much 
more than glorified Animal programs. 

"'AI languages are interesting. LISP is 
an interesting language. PROLOG is 
probably even a more interesting lan­
guage. A language like Smalltalk is cllte. 
like iI, I think it's nice." 

Kahn sees Borland as a fun place to 
work. And judging from the pll rties, it is. 
The story of the Borland toga party at the 
1985 West Coast Computer Faire in San 
Francisco, Calif., reccived a great deal of 
press coverage. About 600 Borland 
employees and guests-most wearing 
grape leaves in their hair-panicipated in 
an unparalleled spectacle of a party. 

Philippe- Bacchus-wore a toga and 
played his sax. A troupe of San Fran­
ciscan clowns, called I Fratelli Bologna, 
led high-tech vcrsions of Olympic games, 
such as throwing the d iskette. Other 
entertainment included a stunning male 
trapeze artist and a rock band. Mean­
while, party-goers feas ted on an outra­
geous buffet- which included a whole 
roasted lamb and pig-and enjoycd the 
Howing spirits. Borland's cost: $4S,OClO. 

Kahn says Borland employees have fun 
at work too. "If you're a software devel­
oper at Borland you' re proud of what 
you're doing because we don' t have 'junk 
prooucts.' There's no product we're 
ashamed of. And that's important. That's 
a craftsman's pride." 

NeWfflch day Ih('y'l'(' gro .. ;n8 and al/lhrough 
Ih('laad, 

Us('rsart singing the praisn efBer/and. 

Yt's born ejrhe Gods bur deslinl'djer men, 
Te pulthejob back in computing agaill. 

Thai programs divine for en)' PC, 
Delighl /'\'e1)' user, priced reasell(lbly. 

So ringfonh fhe Music, Ihe Timbrtl and Flute. 
Take eJfyowr Willg-lips and Thl'('e'pil'lY .. uil. 

Andjoin in/he merriment. sil back, relax. 
Heft's Berland as /tilt and Phiiip~ on 

IheSax . • 

Regina Starr Ridley is rhe Managing EdilOr 
a/COMPUTER LANGUAGE. 
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Microprocessor programming made simple. 

"Keep it simple" was the principle 
of the 14th Century English philos­
opher William of Occam and it has 
even more validity today. Faced with 
the problems of sophisticated 
computer systems. designers have 
found that ever more complex pro­
gramming languages are further 
complicating their tasks. Until now. 

Occam. Created for system 
design and implementation. 
When we started designing our 
new VLSI family of 10-MIP trans­
puters, we built on William's simple 
philosophy. To take advantage of 
the possibilities opened up by the 
transputer. we needed to create a 
language capable of properly ad­
dressing parallelism and multi­
processor systems. 

With the ability to describe con­
currency (whether timeshared or 
real) and to handle message­
passing at the lowest level of the 
language. all aspects of a system 
can be described. designed and 
implemented in occam. From in­
terrupt handling through signal 
processing to screen editors to 
artificial intelligence. And on. 

But occam is not limited to our 

transputer family. It provides an 
efficient, responsive implementa­
tion language for systems built 
on today's microprocessors. It also 
opens up future possibilities with 
its performance -enhancing 
multiprocessor capabilities. And 
INMOS now offers a product t o let 
you exploit occam's total capability 
in your system. 

Simplify your job with the 
Occam Programming System. 
The Occam Programming System 
(OPS) gives you the tools for com­
plete VAX / VMS software develop­
ment. This package includes an 
integrated editor / checker. an 
optimizing VAX compiler and f ull 
documentation. This gives you a 
supportive environment for t he 
development of occam programs 
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for execution on the VAX. Cross­
compilers for 68000 and B086-based 
systems will also be available. 

What's more, the occam programs 
developed and proven on the OPS 
will give you a head start for work 
with the INMOS transputer. Exten­
sions to the OPS will be available 
which will allow occam programs 
to run on the transputer. 

And if you have a requirement 
to program the transputer in other 
popular high-level languages. other 
extensions will include compilers 
for C. Fortran. and Pascal. 

Get started today. 
Contact us for our information 
pack on occam. the Occam Program­
ming System and the transputer. 
You'll be surprised how simple 
your life can be. 

For quick response. call us at 
. (303) 630-4000 or write: 
Occam, P.O. Box 16000, 
Colorado Springs, CO 80935. 

Inmos.O.., oa:;Im .... tBdemar"I<$af t~ 
Inmos Croup of ComponlH 
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Smalltalk 
Comes 

.'," J'"'" before 
Apple's Mac­
intosh opened its 
first window, 

researchers at Xerox Corp. were using 
personal computers thut sponcd a what­
you-see-is-whal-You -get, point -and-ci ick 
user inlcrface with bit-mapped graphics, 
overlappiing windows. and pop-up 
menus. 

These minicomputer-sized "PCs" were 
called Altos, and they were programmed 
in a language cal led Smalltalk. 

Smalltalk pioneered many of today's 
most imponant softwareconcepls, includ­
ing object-oriented programming, mes­
sage passi ng semantics. and modelcss 
design. The most recent version oflhe 
system. Smalltalk-80, was also an unprec­
edentedly accessible one; it was written 
almost entirely in itself and provided mul­
tiwindowcd "browsers" through which 
you could inspect or extend the system. 
And extending the system was easy, 
because by its very des ign principles, the 
Smalltalk-SO systcm encouraged explora­
tory programming and a toolkit approach 
[0 software design and reuse, 

Not long ago, if you wanted to explore a 
Smalltalk-SOsystcm you had to work at 
Xerox-no commercial implementations 
existed. But that si tuation is changing. 
and atleaSI onc product is now availablc 
for personal computcrs: Methods, from 
Digitalk Inc. Methods implements a large 
subset ofthc Srnalltalk·SO system as 
described in Smafltafk-80: HIe Language 
and its Impfemellfalioll. by Adele Gold­
berg and David Robson (Addison Weshcy, 
1983). 

In this article we'll explore the 
Smalltalk-80 language and learn how to 
write Smal!lalk-80 programs. As pro­
gramming examples, we'll present some 
surprisingly short routines that implement 
UN IX-style filters and even an imeraetive 
spelling checker. We'll also highlight the 
differences between "purc" SmalJtalk-SO 
and the Methods implementation of it. 

For a quick intro to Smalltalk-80 syn­
tax, c heck out the window labeled Lan­
guageComparison in Figure I. This and 
the other figures and listings we'lI present 
were all deve loped on an IBM PC/AT run­
ning Methods. If you have your own copy 
of the program, fire it up and come 
explore! 

Object lesson 
A Smal1talk-80 system is made of objects 
that send messages to each other. Objects 
include everything from numbers a nd 
characters to arrays, sets, files, windows, 
cooe blocks, and text editors. Each dis­
tinct kind of object is called a class. An 
object that belongs to a particular class is 
called an instance of that class. Some 
examples of objects and thei r classes arc: 

29 Integer 
SA Character (A) 
'ABC String 
#Smalltalk Symbol (unique string) 
#(1 23) Array (of integers) 
#(1 SA ' BC) Array (of various) 
[x : - 1 + 2) Block of code 

More complex objects are the text edi­
tor labelcd Workspuce in Figure I and the 
Class Hierarchy Browser in Figure 2. Of 
course, you can add your own classes of 
objects to a Smalltalk-80 system. To write 

a Star Trek game, forexampie, you might 
first create a Slarship class, then c reate an 
instance of that class called Enterprise. 

All computations in Smalltalk-80 arc 
performed by objects. Indeed , objects are 
like little computers: each stores some 
data plus the procedures that operate on 
that data. To access or manipula te the data 
stored in an object, you send it a message 
detailing your request. In response, the 
object executes the internal program 
selected by your message and returns the 
result (another object, naturally). 

An object's stored data, called its 
instance variables, serves 10 describe the 
cu rrent value or state of the object. For 
example, [/lleger objects have a Single 
instance variable that specifies the 
numeric value of the integer. Slarship 
objects would probably be more complex, 
having instance variables for the Star­
ship's current speed, heading , fucl, and 
damage level. 

An object's internal programs, called 
its methods, serve to implement the 
behavior or functionality of the object. 
The code for these methods is contained 
in the class definition for the object. For 
example, objects of class [/lleger have 
methods for performing arithmetic, 
numerical comparison , and type con­
version, among others. Slarship objects 
might have methods for c hanging speed, 
turning. raiSing shields. refueling, 
and soon. 

If you think Smalhalk·80's encap­
sulation of data and procedures inside 
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objects smacks of Ada's packages or 
Modula's modules, you 're right. It's also 
what makes all three languages so modu­
l:lr and extensible, because it prevents 
software components from depending on 
each others' internal representations or 
implementations. Smalltalk-80 smacks of 
Ada in another interesting way, thanks to 
its message passing semantics, as we'll 
see later. 

The message is the me dium 
All computation in Smalltalk-80 occurs as 
a result of sending messages to objects. 
For example, the expression 1 + 3 causes 

the message" + ,. (called the message 
selec tor) to be sent to the object 1 (the 
message receiver). with the object 3 as a 
message parameter. The object 1 responds 
to the" + ,. message as you would expect: 
by adding its own value to that of the 
parameter and returning the result . 5, as 
another object. 

The Workspace window in Figure I 
shows several kinds of message expres­
sions and the results they relUTIl. The 
Smalltalk-80 system is unlike others in the 
flexibi li ty it gives you for entering and 
evaluating expressions. You can type 
eJlpressions anywhere in almost any win­
dow on the screen, scrolling the window 
contents in any direction if you need to. 

To evaluate the expression, you high­
light it with the cursor and pick the com-

Smalltalk .. 80 syntax a nd sample expressions 
language Comparison Workspo(e 

PASCAL SMAllTAlK-80 EXPRESSION RE SULT 

l: = 2.(y + z); l: = 2* (y + z). - 2 . -3abs -6 
,[I], ~ ,Ii]; a 01: i pul: (a 01: i). ('ab' , 'de') size 4 
x: = max (y,100); l: = y max: 100. S. isl e"er false 

'abt' asUpperCose 'ABC' 
s: :-= 'string'; s: = 'string'. 'ob{' 01: 2 5b 
I : = length(s); I : = s·size. # 111 $, 'b') Of, 4 'b' 
t : = tantOI{s,s); I: = 5, S. 

U: = capY(I,I,I); (J: = I cap~Fram: 110: L "Assume on empty set Myset" 
Myset add: I 1 

new (aSeI); oSet : = Sel new. Myset add: So 5, 
aSeI: = aSeI + [2]; aSel add: 2. Myselindudes: 2 lalse 

Myset lollS, I] 
il [n] in aSeI (oSelindudes: n) 

Ihen n : = logIn) ifTrue: [n: = n log] "Assume an emply ditlionory OW 

else n : = abs(n); if False: [n : = nabs]. 0 01: 'yes' put: 'si' 'si' 

o 01: 'yes' 'si' 
for i: = 110 10 1 to: 10 do: D keyAIVolue: 'si' 'yes' 

do ofi]: = 0; [:i I a 01: i pul: OJ. D indudes: 'si ' true 
o indudes: 'yes' false 

while nal(ea~1)) fl olEnd] whileFalse: o indudesKey: 'yes' true 
do reod(I,{h); [th: = f nelf] . DOl: 8 pul: 10 10 

Figure 1. 
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mand Show It from a pop-up menu. Just 
like th:ll , the answer prints out adjacent 10 
the highlighted expression. (Or, if the 
expression haS:ln error, an e rror message 
is insened into the expression adjacent to 
the error.) 

There are three kinds of messages: 
unary, binary, and keyword . A unary mes­
sage consists of a message name with no 
arguments, as in: 

'A BeD'size 4 

Here, the unary message size is sent to a 
string object, which responds by 
returning the str ing's length. The size 
message is quite a common one in 
Smalltalk-80; almost every kind of object 
implements ils. Array objects, fo r exam­
ple, respond to siu with the number of 
cells they have. 

Binary messages take a single argument 
and are written in infix notation , as 
follows: 

2 + 3 5 
' ab' > 'cde' false 
'ab'-"" 'cdc' true 

Keyword messages take one or more 
arguments and use message selectors that 
have trailing colons. An example of a one­
argument keyword message is 1 max: 3, 
which returns the object 3 . Here is a IwO­

argument message: 

Prompter prompt: 'Suspect ward' 
default: 'hee O

' 

This message sends the selectOr 
prompr:defaulI: to the object Prompter, 
with the IWO strings as arguments. The 
result is the pop-up prompter shown in 
Figure 2. You build messages with three 
or more arguments in:l similar manner. 

Smalltalk-80 lets you build arbitrarily 
complex message expressions from sim­
pler ones. The language has few pre­
cedence rules. Terms of equal precedence 
arc evaluated left to right. with parenthe­
sized expressions being evaluated first. 
Unary messages are sent first, binary 
messages next, and keyword messages 
last. So the expression: 

anArray 01 : aSymbol hash 
put: aSymbol size + 1 • 2 
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is evaluated as i f it had been written: 

anArroy at: (oSymbol hash) 
pul: ({(oSymbol size) + 1 ) • 2) 

He re's an c1tamplc that shows when 
parentheses arc a must: 

oSel odd: (onArray at: 1) 

Had this expressio n been wrillcn without 
parentheses. the invalid message selector 
add:aI: would have been senl to the object 
a&t with aI/Array and I as arguments, 
hardly what we intended! 

If you need \0 send several messages \0 

the same object, you can cascade them 
with semicolons. like this: 

Enterprise IUrn; 90; 
ahead: 5; shieldsUp 

You can also assign the results of an 
expression to a named variable, as in 
oDict : = Dic/ionary lIew (here. as in 
Methods. we use the symbol ": - " rather 
than Smalltalk-80's \eft arrow). This c re­
ates a new dictionary and assigns it to the 
symbol aDict , which will now serve as II 
name for that object in any exprcssion. So 
now you can write: 

oDictol; 'yes' put: 'si' 
oDict 01: 'yes' 

"Store" 
" l ook up" 

Perhaps you noticed that dic tionaries 
and arrays use the same messages, or pro­
tocol, for storing (m:pw: ) and retrieving 
(al:) clements. Indeed. objects have a 
great deal of commonality in the messages 
they implement. This provides a consis­
tent and type-independent way to deal 
with many kinds of objects. be they num­
bers, strings. arrays, sets. or display win­
dows. Type independencc is further pro­
moted by the fact that Smalltalk-80 
implements dynamic binding. meaning 
tha t a message specifies the nllme rather 
than address ofthc desired operation . 

write a Bubble Sort method, using the 
message "<" (or comparisons. Then 
your method will be able [0 sort any kind 
o f object that implements" < ", including 
numbers, strings , and dates. Write a 
UFO staCking method , and this one rou­
line will be able to stack numbers, arrays, 
se[s, windows, even starships! 

Class act 
A Smal1talk-80 system consists of many 
kinds, o r classes. o f objects, each of 
which performs different functions. 
Integers. Strings. Sels, and DicliQflaries 
are some of the standard classes. All 
objects of the same class havc the same 
structure: the same instance variables, 
message prOlocol , and methods. For 

example, all/megerobjects have an 
instance variable fo r the integer's value. 
and all respond to messages for per­
forming arithmetic and type conversion. 

Smalhalk-80's class Structure is hier­
archical , consisting of II root class , called 
Object, and many subclasses. Class 
Objec/ provides the common protocol for 
all objects, including standard messages 
for testing an object's class (isKifl(IOj: 
aCfass). copy"ing the objcct (copy). o r 
print ing it out symbolically (primO/! : 
aStream). Each subclass adds to this its 
own messages and methods for imple­
menting the subclass-specific 
functionali ty. 

The most significant feature of 
Smalltalk-80's class system is that each 
c lass inherits the enti re functionality of all 

nextGap, sample Filter blocks, and a Spell window 

Class Hierarchy Browser ---""'J 

Prompter 
Redongle 
Spellel 
Streom 

ReDdStreom 
WrileStreom 

ReodWriteStr 
FileSlnmm I 

nedGop 

nelt:puf: 
nextChtmk 
nextChunkPut; 
nextGop 
nextline 
nextMotehFor: 

insfome I closs 

'" Return string (ontaining the 
next in lerword gop" 

lfi rstl 
firsl : = ~"position max: I. 
[self DIEnd 

or: [~If peek isLenerll 
whileFolse: [~II nex t]. 
• self copyFrarn; first 

10: sell position 

Workspace ------------, 
filTER BLOCKS FOR CLASS FILTER & WOROFILTER 

NSfrip all conllOl chals. Assume set CtrlCh" 
[:(h I (CtIICh includes: ch) 

ifTrue: ["] 
if Folse: [eh]] 

"Capitalize every word in 0 file" 
[;word :gop I {word reploceFrom: 110: 

with: (String with: (WOld 01: 1) 
OSUppeICose)), gop] 

"Oulput 1:,1 of unique words. Assume 
oSeI : = Sel new. eol : = Stling wilh: Cr" 
[:wOld :gop I (oSet includes: WOld) 

ifTrue: ["] 
if Folse: [oSet odd: word. word, eol}] 

"Mark all misspelled WOlds in a file" 
{:word :gop I (Webster spell: word), gap] These characteristics make it possible 

to write general-purpose rout ines akin to 
Ada's gene ric procedures. Suppose you 

Spell check: 'hee' 
l hoe. "InlelOctively spell check words in a file" 

[:wold :gop 1 (Webstel check, word) , gop] 
r 

Workspo(e ---r Suspect word J 
L_~~ ________ ~I __________________ ~ 

fi gure 2. 
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its superclasses, straight up to class 
Obj~cl, This means you can add new 
classes to the system simply by changing 
or extending an existing class to create a 
subclass of it. You never need reinvent an 
existing piece of functionality. You arc 
also free to modify existing classes, 
because Smalltalk-80 is written almost 
entirely in itself. 

Like evcrything else in a Smallta lk-80 
system, adding or modifying classes is 

." 

' ". . ' 

done through windows. The Class Hier­
archy Browser in Figure 2 shows one such 
window fordoing this. Clockwise from 
the top left corneT, this window shows a 
class pane, messagc pane, and method 
pane. To modify an existingc\ass, al l you 
do is select a class name from the class 
pane, then select one ofthc class's mes­
sages from the message pane, and finally 
edit the method that appears in the method 
pane. 

Filter class definition and methods 

Object subclass : #Filter 
instHnceVsriableNames : 

' filterBlock ' "Code that does the filtering" 
classVariahlf'Names : " "Non(''' 
poolDictiona r ies : ,. "None" 

Filter class methods 

using : aFilterBlock 

"Create a nc,,' filter using the specified block ." 
"self new using : aFilterBlock 

Fil ter methods 

from : inStream to: outStream 

" Filter from input to output stream , returning output 
stream , " 
inSt ream do : [:item I 

«item := filterBlock 
i£True : [outStream 
if False : [outStream 

· outStream. 

" Do for each item in inStream" 
value: i tem) isKindOf : String) 
nextPutAII : item] 
nextPut : item]] . 

fromFile : inFile toFile : outFile 

"Filtf'r from the specified i npu t file and append to the 
output file . Ret-u rn the output file name ," 

" (self " Invoke self with files opened as s treams " 
f r om : (Disk file: inFile) 
to : (Disk f.i.le: outFile) setToEnd) 

close file name . 

using: aFilterBlock 

"Make the spe cified block be this object ' s filter block." 
filterBlock := aFilterBlock 

Listing 1. 
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You can also add methods or classes by 
selecting those respective func tions from 
pop-up menus associa ted with browser 
windows. Figure 2 shows an example of 
my having done exactly that: the lIl!xtGap 
method is one that I added to class 
Stream. It complements the standard next· 
Word melhod and is useful in writing 
UNIX-like filters that process Slreams a 
word at a time, as we'll see. 

When you add a class to the system , 
you must specify several things: 
• The names of the new class and its par­
entclass. 
• The names of the instance variables for 
the ncwclass. Each object of the class will 
get a private copy of thesc variables. 
• The names of the class variables fo r the 
new class. The class variables arc shared 
by all objects of the class. 
• The message selectors for the new 
class. 
• The methods for each defined message 
selector. 

Once you've entered this information , 
Smalltalk-80 compilcs it into the system 
image, and it's ready for use . Listing I 
shows a class that I added to my copy of 
Methods. The class, called Filter, imple­
ments a UNIX-like filte r capability. 
Here's a simple example of using a filter 
to convert a file to uppercase: 

(Filter using: 
[:ch 1 ch osUpperCase]) 

fromFile: 'in .txt' 
toFile: 'out. txt' 

This expression first creates a new FiI­
lerobject by sending the block of code 
/:eh I ell asUpperCaseJ to the Filter class 
(we'll describe blocks in the next section). 
The Filter class stores that block as an 
instance variable of the newly creatcd fil ­
ter object. The new filter is next sent the 
fromFile:IOFiI~: message, which specifies 
input and output file names for the filter to 
use . The result is to read the input fi le a 
characte r at a time, sending each charac­
ter to the stored block and writing the 
block's resulting value to the output file. 

Sometimes it's useful to process a file a 
word rather than character at a timc. For 
this purpose [ created a subclass of Filler 
called WortiFilll'r. The definition of Word­
Filler (Listing 2) consists of but a single 
method that implements the message 
!rom:/o. This message overridcs a mes-
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sage of the same name defined in class Fif­
tf'r. The difference is that WordFilur 
reads its input stream a whole word at a 
time and sends two arguments to the 
stored filter block: the input word and the 
intcrword gap (white space) that foll ows 
the word in the input stream. To accom­
plish this, notice how WordFilter uses the 
nexrGap method (Figure 2) that I added to 
class Stream. Here's how to convert a file 
to upper case using a word filter: 

(Word Filter using: 
[:word :gop I 

word as UpperCase ,gap]) 
fromFile: 'in. txt' 
toFile: 'out.txt' 

WordFilter demonstrates the true power 
of Smalltalk-80's class inheritance mech· 
anism because WordFilter inherits and 
uses all o f Filter's messages and methods 
cxeeptfrom:to:, which it overrides. For 
example, when you evaluate the preceding 
expression, Smalltalk-80 searches the 
WordFilter class definition for the using: 
message . WorrlFillerdoesn't implement 
this message, so Smalltalk-SO searches 
upward through the class hierarchy for the 
first class that does implement the mes­
sage, which happens to be Filter . Filter's 
method for using: is therefore executed. 
Ditto for all the other messages that 
Won/Filter doesn't itself implement. 

You can do quite a lot with Filler s and 
WorrlFilters. The Workspace window in 
Figure 2 presents some blocks that you 
can plug into the previous filter expres­
sions to perform various operations. The 
brevity of the code to do such jobs could 
make even a UNIX wizard envious! 

Method actor 
Methods are what perform all the actions 
in a Smalltalk-80 systcm. In fact, almost 
all the Smalltalk-80 system code is imple­
mented as methods and any software you 
add to the system will be in the form of 
methods , too. 

Analogous 10 function calls in other 
languages , methods can take zero or more 
arguments and always return a value. 
They can also declare local variables that 
3re created anew each time the method 
executes. 
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You can add methods 10 any class in the 
system- none are sacred. Simply display 
the desired class in a browser and piCk 
Add method from a pop-up menu. This 
puts you into the browser's method pane 
whcre you use Smalltalk-80's excellent 
text editing functions to enter the method. 
The nextGap method in Figure 2 is a per­
fect example. It shows that a method con­
sists of four things: 
• The message pattern for the method. 
This is thc name of the message, if unary 
(for example. IJcxtGap). or the name of 
each keyword and its argument (for exam­
ple,fromFile: aFile toFile: oFile). 
• An optional declarat ion of lemporary 
variables (for example, ljirsl I . I x y I )· 
• A sequence of one or more expressions 
to be executed, with each expression 
delimited by a period. 
• An optional return expression prefaced 
by an up arrow (II.) that specifies the 
object to be returned as the value of the 
method. If omitted, the object executing 
the method (self) is returned. 

The ncxtGap method also illustrates 
another important Smalltalk-80 program-

---~-:---....:: ,,-
" , .......... " " 

ming concept: the importance of self. Self 
is a pseudovariable that lets an object send 
messages to itself, as when one of its 
methods needs to call another. In Figure 
2, ncxlGap uses sel/to call two of the 
other methods defined in class Stream: 
positiolJ and copyFrom:to:. The more you 
get into Small talk-80, the more you'll 
notice objects talking to themselves! 

To rcally get into methods, you need to 
understand Smalllalk-80's control struc­
tures. Like everything else, these are 
implemented as messages sent to objects. 
A simple example is the repeat loop: 

10 timesRepeot: [Enterprise fire] 

Integer objects respond to the times­
Repeal: message by evaluating the brack­
eted expression a number of times equal 
to their value. Another pair of messages 
they respond to are lo:do: and lO:by:do: , 
which implement what you Pascal pro­
grammers would call a For loop (Figure I 
has an example). 

WordFilter class deCinition and methods 

Filter subclass: #WordFilter 
instanceVariableNames: " 
classVariableNames: " 
poolDictionaries; " 

WordFilter class methods 

"Inherited from Filter" 

Word Filter methods 

from : inStream to: outStream 

"inherited from Filter" 

"Filter words from input to output stream , returning 
output stream . " 
[inStream atEnd] whileFalse: 

[outStream nextPutAll : 
(filterBlock value : inStream nextWord 

value : inStream nextGap)] . 
AoutStream. 

listing 2. 

31 



\ 

\ \ 

Speller Class De finition and ~Iethods 

Object subclass : aSpellc r 
instanceVar iableNames : 

' wordLis t correctList 
c1assVa r iableNa mes : 

' Na rker ' 
poolDic Lionar ies : " 

"Valid .. ·o r d list and aUlacarrect lis t" 

"Chn T [o r marki ng misspel l ed wor ds" 

Speller class me thods 

.. ~rds : wordFile corrections : cor rectFile 

"Create a new speller object , reading t he wor d list 
from wordF!!e and correction list f r om cor reetFUe . 
Also initialize the characte r tha t misspelled words 
are marked with ." 
~Iarker : = $* . 
"self new init i alize 

word s : word File; 
corr ec t ions ; corrcctFile 

Speller I:1cthods 

addCorrections : inStr eam 

"Add correction ,",ord-pairs from the inpu t stream to 
the correction list . Each word pair is on its own line . 
A line with on l y one wor d specifies a word to be dele t ed 
r ather t han r epl aced ." 
I ent r y word I 
[inStrcam atEnd J 

wLileFalse : (en try :" ReadS t ream on : inS t ream ne xtLine. 
word : '" entry nextWord . 

addWord : alo.'o r d 

entry nextGap . 
en t ry atEnd 

.i£True : [sC'lf 
if False : {self 

"Add a "'ord to t he word list ." 
aWard notNil 

cor r ect : 
correct : 

wi t h : 

... o r d .... ith : . , 1 
word 
enlry next Word J] 

if True : [wordList add : a\~ord trimBl anb; asUppe r Case 1 

add\~ords : inStream 

"Add ... ords in the input stream to the wo r d list" 
[inStream atEndJ 

",hileFalse : [self addWord : inStream nex t Word 1. 
self addWor d : , . 

check : aWa r d 

liSling 3 . (Continued on following poge) 
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Strange as it may seem, the bracketed 
expressions used in control structures arc 
ac tually objects-objects of class Block. 
Whereas Smalhalk-80 responds to 
unbracketed expressions by evaluating 
them . it responds to bracketed ones by 
instantiating them as block objects. 

Blocks serve as containers for message 
ellpressions that arc not to be executed 
unt il II later time. When the time is right. 
sending the block the message value 
causes its contents to be evaluated and a 
result returned . For example , in the pre­
vious expression, the integer 10 sends the 
argument block the message value 10 
times. You can also pass arguments to 
blocks by using the messages mlue: . 
value:mllle:, etc .. as in: 

[:slr [ str size] value: 'mySlring'. 
avg: .. [:nl :n2 I (n l + n2)/2]. 
avg value: 2 value: 4 

Blocks give great power to Smalltalk-
80 because they allow methods to pass 
code as arguments to other methods or 
even to synthesize code on the fly. This 
makes Smalltalk-80 suitable for AT 
programming. 

Although not exactly an example of AI , 
Listing 3 docs present a surprisingly small 
yet fun ctional spelling checker, complete 
with pop·up prompters and an automatic 
misspe lling correction fealure! The com­
ments in the first five methods give you 
the details. Here's how you would create a 
S~IIt!r, with the dictionary and cor­
rect ion list loaded from disk: 

Webste r : = Spe ller 
wo rds: 'words .lst' 
correctio ns: 'corrs.lst'. 

To spell check a single word, you could 
now evaluate the expression Webster 
check: ·lIee' . The result is the prompter 
shown in Figure 2. If you'd like 10 spell 
check an entire fi le, look jusl to the right 
of the prompter. Whl>t you sec is the fi lter 
block you'd pass 10 WordFilter in a using: 
message (see last section). Yes, Spellers 
are actually deSigned to be used with 
WordFilters; bccause of this , they inherit 
all the generality (and code!) thaI fi lte rs 
have to offer. 



The Smalltalk of Digitalk 
Digitalk's version of SmaUtalk-80 may 
surprise you. it does what many, includ­
ing myself, weren't sure was possible. 
Here is a personal computer imple­
mentation of not just the Smalltalk-SO lan­
guage, but also much of the Smalltalle-SO 
system-pop-up windows, browsers, and 
all. Here is an implementation that is 
faithful to the spirit of a system imple­
mented in its own language , with al1 the 
50urce code accessible to every end user 
(almost 200K worth), Here is an imple­
mentation whose performance is adequate 
for serious use, 

Of course, personal computers are not 
(yet) Xerox Altos , so Methods does 
betray some disappointing , though rea­
sonable compromises. There are no bit­
mapped graphics or mouse support, two 
of Smalitalk-SO's hallmarks. instead, you 
get character mapped equivalents to 
SmaJ1talle-80's 8itb/t, Point, and Rectangle 
classes, but with color thrown in (some­
thing the Altodidn't have). As for the 
mouse, Oigitalk's way of using the 
numeric keypad makes fo r a serviceable 
alternative. but still, , , 

You'll also find that Methods' classes 
and message protocols are not always 
identical to Smalltalk-80's. Views arc 
called Palles , COil/rollers are called Dis­
pll/chers, the file system is different 
(thanle goodness- it uses standard DOS 
files and directories). You get walkbacks, 
but no debugger. And no multitasking. 

I spent a long time looking for other dif­
ferences and discovered something else. 
You can spend months bro~sing the Meth­
ods source code and still discover a useful 
new method at cvery turn, or think of one 
you'd like to add , and can, on the spot. 

Methods, like a Smalhalk-SO system 
should be, is yours to explore, 10 mold, 
and to master. II 
Methods $250 
Digitalk Inc. 
5200 West Century Blvd. 
Los Angeles. Calif. 90045 
(213) 645-1082 

[klrr),/ Rubin is section mnnager for 
network products at ROLlif Corp. 

"Spell check a Io'ord and if misspelled, prompt the 
user Io'ith the marked word , The user may hit CR 
to output the marked Io'ord, erase the mark to accept 
the word as is, or edit the Io'ord to correct it . If 
the user accepts or edits the Io'ord, the \-"ordList and 
correctList are updated accordingly . " 
I \<.'ord I 
word :"" self spell: alo.'ord_ 
(self isMarked: word) 
if True: [I.'ord : '" Pro:npter prompt: 'Suspect word' 

default: word. 
(self isMarked : word) 
if False : [self addWord: word . 

word -. aWord 
if True: [self correct : aiiord 

I<.-ith: \o·ordJJl. 

correct : badWord with : goodlo.'ord 

"Add a word pair to the correction list ." 
«badlo.'ord notNil) and : [Soodlo.'ord notNil)) 

if True : [correctList at: badWord trimBlanks asUppe rCase 
put: goodl.'ord trimBlanks asUpperCase] 

corrections : correctFile 

" Add correct ion pairs from the specified .file to the 
correction List ." 
self addCorrections: (Disk file : correctFile) 

initialize 

"Create word list and correction list objects for speller" 
"'ordList :_ Set new , 
correctList : z Dictionary new. 

is:1arked : aWard 

" Return true if aWard has been marked by the spell method" 
"(aWord size> 0) and: [(alo.'ord at: aWard size) .. Harker] 

matchCase : alo.'ord usins : modelWord 

"Make aWord conform to the case/capi talization of 
the model word, " 
I \o'ord I 
(modelWord at: modelWord size) isU pperCase 
if True : ["aWord asUpperCa se J. 

word : '"' aWord asLowerCase. 
(modelWord at : 1) isUpperCase 

iiTrue: [word at: I put: (word at : 1) asUpperCase] . 
A\o'ord 

spell : alo.'ord 

"Spell check a word : replace it if it has an entry 
in correctList , othendse mark i t if not in WordList , 
I f the \-"ord is being replaced, make the case of the 
replacement ,,"ord correspond to that of the input word , " 
"self 

matchCase : 
(correctList at: alo.'ord trimBlanks asUpperCase 

if Absent: 
[ (wordList 

if True : 
if False: 

using : aWord 

words: wordFile 

includes : 
["aWard] 
[Aal"ord , 

aWard trimBlanks asUpperCase) 

(String with: Narker) 1]) 

"Add words from the specified file to the word list . " 
self addWords: (Disk file: wordFile) 

Listing 3 . (Continved from preceding poge) 

33 



We're hardnosed 

From now on MATIS'"is only $4995! 
(MATIS. the complete User Interface development tool has been seUlng for $150.) 

Why the radical price cut? 
We decided after looking over the compe­
tition that MATIS had so many advan­
tages it sto.Jld be made available to more 
programmers. We decided to compete 
aggressively so you could easily afford to 
have MATIS in your bag of trickS. We 
hear from MATIS users in the USA and 
France that it is a truly loveable product 
Sooo ... we're running this big ad to pro­
mote our new low price. 

MATIS windows are beautiful. 
Display any portion of any screens you 
create at any point in your program. 
Scroll in any direction manually with cur­
sor keys ... cr automatically. 

And the screens are 
HUMUNGEOU51 
MATIS screens can be just about as big as 
you want .. ,upto 65,534 fr:ms by 
65,534 columns! The number of screens 
is only limited by available memory. 

Print big MATIS screens directly. 
One command sends yoor screens to your 
printer with no need to program special 
routineS when your virtual screen is big­
ger than your terminal screen. 

User input flelds are a snap. 
Creating fields for dati> entry is easy with 
no limit to size or number by screen. 

Request fo"r_~in~pu~t:... ... .-_~ 
separatelY.2r 
in blocI<s. 

OenisMoran 
President Softway.lnc. 

Control your keyboard 
with MATIS. 
It keeps tracK of keys that are pressed 
during the execution of your program 
and lets you assign specific functions to 
selected keys. 

Control that screen too! 
MATIS is extremely versatile and flexible 
when it comes to controlling lines. col ­
umns. fields. aod text. They can be modi· 
fied. transferred. display€d or rTlO'Jed 
with a single command. All video attri­
butes are supported: color. reverse video, 
blinking ... you name it you got it. 

Want an Interactive 
screen builder? 
You"ve got it with MATIS. Irs called 
"MATPAGE" '~ and it lets you create 
and modifY any of your screens in an 
interactive rnocIe. 

MATIS adds over 70 routines 
t o your program . 
Written in Assembler. MATIS routines 
are fast and powerful giving your pro­
gram improved effiCiency and enhanced 
visual appeal. while they reduce its size 
and maintenance worries. And MATIS 
separates screen design from the core 
of your program. 

MATIS is unique. 
We don't think there's a single program 
that combines as many tools in one 
package as completely or as well as 
MATIS. It interfaces with lntepretecl and 
Compiled BASIC (Microsoft), C (Lattice. 
Microsoft, Aztec). PASCAL (IBM. Micro· 
soft) and ASSEMBLER All you need 
is an IBM- PC/XT ortrue compatible 
under DOS. 12& or RAM. monochrome 
or color monitor. 

You get an easy to follow no-frills 
manual and a 3O-Day Money Back 
Guarantee. 

Late News: 
MATISIT'· for TURBO-PASCAL" 
only $29.95 
An indispensable add-on at a dynamite 
price. What more can we say? 

~·s.f.,,~ 
{ ~>niS Moran 

·-MATIS. MATlsrT. 8. MATPAGE ,ft T~r1<S of Soft~. 1,,(. 
"IBM is, Reg. TriOtll"lln< of 111M eo.". 

" Turbo p_~ ISI ~. rr_rkof Bort.md Inte'Nt1ol"lll1 

- - ----I 
I 
I 
I 
I 
I 

Softwau Inc 500 Sotter Street. Soite 222 CH I 
:1' • San Francisco, California 94102 \--":":"::" ________ -==~":"'":"'--- (41 5) 397-4666 I 

24-Hour Credit Card Orders By Phone: 

1 (800) 227-2400 EXT 989 In California, 1(8001772-2666 EXT989 

Please ship the followi ng at once. I understand there is a 30-day money back guarantee. 
__ Copies of MATIS at $49.95 plus N'"... _____________________ _ 

$3 shpg. $ __ _ 

__ Copies of MATIsrr for TURBO 
PASCAL at $29.95 plus $2 shpg. $ C'l)'lStmIZlP _____________ ___ _ __ _ 

1.(IdrtsS(pltlSfOCP.o. a.o.) ________________ _ 

california residents. add 6'h'1I sales tax $ ",-! SlgN1u~ ____ ____ _ _ _ 

o I !ike to read specs. so Total $ Make payment by money order. check. or charge card OVlSA 0 MASTERo.RO 

send me a folder. Numtler Exp. ___ _ 

DistritlUted In Europe By: MICRO APPLICATION SOF1WARE· 147 Avenue Paul Doumer. 92500 RUEll MALMAISON FRANCE. Tel (I) 732.92.54 
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I 
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System 
Programmers 
B

LISS is a lan­
guage designed 
for system pro­
grammers. This 

term is used loosely to denote two groups 
of people: those who write operating sys­
tems and those who read operating system 
programmer's manuals. BLISS is one of 
several tangu'Iges developed between 
1965 and 1975 for these people. II can be 
compared with C, a much better known 
language used by roughly the same kind 
of programmers. 

BLISS originally was designed at 
Carnegie-Mellon University,' Pittsburgh, 
Pa., and has since been adopted by DEC 
for in ternal usc. 2 At the lime BLISS was 
designed, it was felt that system program­
mers had to be lured away from using 
assembly language by means o f high-level 
languages with equal capabi lities. Thus, 
BLISS offers much of the hands-on feel of 
assembly hnguage programming with 
minimal built-in run- time ·support. while 
retaining the syntax of ALGOL-like lan­
guages. In addition. all BLISS compilers 
have been sophisticated optimizing 
conlpilers. 

To the casual glance. a BLISS program 
looks much like an ALGOL-68. C. or 
Pascal program . l;ach of these languages 
has its own favorite punctuation and key­
words, but the experienced programmer 
soon learns to discount the surface differ­
ences. Why. then. do we call BLISS 
exotic? It is not the syntax that is unusual 
but the semantics. BLISS brings along its 
own philosophy ofsystcm programming. 
One can learn a great deal about system 
progrummingjust by studying this lan­
guage. It is also instructive to compure 

By Bruce Leverett 

BLISS with other languages or to com­
pare the Carnegie-Mellon version wi th 
the subsequent DEC version. In this ani­
cle I will describe a few of the highlights 
of the BLISS language design. 

Distinguishing fea tures 
In BLISS, the name ofa variable always 
refers to the address oflhe variable, never 
to its value. To get its value. you must use 
an operator, the dot (.). Since the main 
purpose of a variable is to hold a value, 
BLISS programs have a lot o f dots. Here 
are some typical assignments in more con· 
ventionallanguages and their BLISS 
equivalents: 

Poscal 
A;= B 
A : = B+C 

C 
A=B 
A =B+C 

BLISS 
A = .S 
A = .S + .C 

The assignment A = B copies the 
address of B. nOl its value. into A. The 

6 

Figure 1. 

equivalent assignment in the C language 
would be A = &B. 

Why this depanure from convention? 
The principal reason is to allow program· 
mers to manipulate addresses easily and 
comfortably. In panicular, the struclUre 
definition facility described later on could 
hardly be conceived of in a language with 
the usual semantics. Many languages 
don't allow a programmer 10 get at lhe 
addresses of variables at all. Those 
that allow the programmer to access these 
addresses have elaborate rules for speci­
fying when the name of a variable denotes 
its /I'alue (or address) or its n'alue (or 
value). In the wild free-for-all of pointers. 
integers, records, etc., involved in a com· 
plicated data structure access . elaborate 
rule systems can be useless or worse. But 
I am gelling ahead of myself. 

11 7 o 
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Any contiguous subfield o f bits in a 
word can act as an address. In other 
lIo'ords, it can be assigned to or fetched 
from. Fo r instance, theassignmem: 

A<2,4> - .B<7,4> 

copies the value of a group of 4 bits 
within B intO another group of 4 bits in A 
(Figure I). 

The exact rule is this: < m, II > is a 
group of n bi ts start ing at bit m: bits are 
numbered from 0 up, with bit 0 being the 
least significant. For instance, on a DEC 
VAX-II. A <0.8> denotes the byte at 
address A. Many computers do nOl pro-­
vide good hardware support fo r th is kind 
of addressing. For instance, on the DEC 
PDP-II , the previously listed assignment 
would require quite a lot of shifting and 
masking , perhaps making copies of A or 
B. The choice of the "best" code 
sequence, from the point of view of a 
compiler, is not an easy one, depending as 
it does on which byte boundary each field 
is close to and whether or notlhe variables 
are in regis ters. 

To Ihe assembly language programmer, 
then, this feature is a significant abstrac­
tion. It allows him or her to play freely 
with the positions of fields within words 
wilhoUllosing sleep over tricky mod­
ifications to long code sequences. 

When system programme rs write man· 
uals and other documentation for each 
other, they often use diagrams like the one 

faa )8) I bon 

gorp 

porms 

mung 

Figure 2. 

in Figure 2. This is a diagram of the lay­
out of information in a block of 32-bit 
words. Each box represents a field; in this 
case, the parms field is an array. It may be 
that the size of this array is stored in the 
size field, so the program cannot access 
Ihe mung field without first looki ng up 
Ihat size. To add a further complication, it 
may be that some additional fields exist in 
a separate block pointed to by the field 
gorp. a kind of layout that is common 
when blocks share data with each other. 

The possibilities available to the pro­
grammer who designs such a layout arc 
limitless. In many languages, type defini­
tion facilit ies allow the programmer to 
specify some kinds oflayouts using 
records or arrays, but a finicky program­
mer inevitably will be disappointed by his 
orher inability to get just the layout he or 
she has in mind. In BLISS, the program· 
mer specifies an arbitrary algorithm that, 
given a base value (usually but not neces­
sarily an address) and a field name, array 
index, or sequence of names and indexes, 
computes the address of the fi eld to be 
accessed. This address can, of course, be 
a bit-field address, as deseribed earlier. 

Space does not permit me to show the 
syntax of these structure definitions, but 
suffice it 10 say that they are similar in 
appearance to subroutine definitions. 
Accesses to structures, no mailer how 
bizarre the structure access algorithm. 
have a rather conventional appearance. 
For instance, supposing that F is the 
address of a block with the layout in Fig­
ure 2, the following accesses to the block 
might take place: 

)16) I size )8) 

F [faa] '" 3; 
F [parms, .i[ '" .AnolherArray [.i]; 
X - .F (mung[ ; 

The hidden computations behind these 
statements can be rather startling, fo r 
example, when looki ng up the size field to 
look up the mUllg field in the last sta te­
ment. However. this example was chosen 
only to illustrate the generalilY of the 
structure definit ion feature. The program­
mer who does not use this generality does 
not pay for it; there are no hidde n com­
putations for conventional records, and 
for conventional arrays, the only hidden 
computation is scaling to access full-word 
elements on compute rs that are byte­
addressed. System programmers can talk 
to their compiler just as freely and expres­
sively as they talk to each other, without 
losing sleep over how it will understand or 
misunderstand their in tentions. 

I have described the three features of 
BLISS that distinguish it , in a truly 
instructive and usefu l way, from other lan­
guages used for system programming. 
The language has other unusual features, 
but as Ihey are much less important. I will 
list them briefly. 
• BLISS is an expression language with 
no distinction between expressions and 
statements; a statement is nothing more 
than an expression whose value is not 
used. The value computed by a block is 
defined as the value of the last of its state­
ments (or, properly speaking, the last of 
its expressions). This is a minor con­
venience in that the programmer can 
freely add extra Slatemcnts to the com­
putation of any expression. 
• BLISS does oot have agoloconstruct. 
It has some constructs for exiting from 
loops and other types of expressions. 
Despite all the breath that has been wa~ted 
over this issue, prog rammers do not find 
this feature of BLISS to be very important 
in their lives, e ither for good or for ill . 
• BLISS has powerful features for defi­
ning preloaded data. In the original 
Carnegie-Mellon BLISS , this was done 
with a general macro facility. DEC BLISS 
has more advanced features that allow the 
programmer to use the same structure 
accesses to define data that he or she 
would usc if initializing it at run time. 
• BLISS is typcless. No type checking is 
done at compile time. At the time BLISS 
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was designed, it was thought that in sys­
tem programs, which were notorious fo r 
manipulating bit fields wi thin pointers, 
having wild kinds of variant records, and 
other practices, type checking might be 
more of a nuisance than a help. Hindsight 
suggests that some kind of type checking 
would have been useful. BUSS program­
mers constantly make errors that cause 
integers to be used as pointers and vice 
versa, especially when they (orgcllo use 
dots. They generally agree that compiler 
checking for this kind of e rror would be 
worthwhile. 

BLISS, post ond present 
The original published description of 
BLISS is from 1971. ' A compiier for 
BLISS for the PDP-1O was in use at least 
from 1970 al Carnegie-Mellon. A cross 
compiler running on the DEC PDP-1O and 
producing code for the DEC PDP· I I 
became available around 1972. This com­
piler was used heavlly at Carnegie-Mellon 
and some other sites and is stlll in use 
today. After several years of positive 
experience wi th both compilers, DEC 
revised and expanded the language and 
implemented compilers for the new lan­
guage for the PDP-10 , PDP·II , and VAX­
II, an effort that began in 1975 and was 
more or less complete in 1978. Many 
large systems have been written in BLISS, 
notably the Hydra multiprocessor oper­
ating system,] the Scribe document fo r­
matter,' and the BLISS compilers 
themselves.' 

The designers of BLISS thought thai for 
a high-level language to catch on among 
system programmers, it would have to 
provide many of the features that sys tem 
programmers claimed to depend on in 
assembly language coding: close control 
over the type o( code generated, 
especially the layout of storage : gener­
ation of optimal or near-optimal code; and 
access to all the unusual features of the 
underlying inslruction set. 

In retrospect, it seems thai system pro­
grammers are not so finicky after all. The 
widespread usc of C , a language that is 
much more conventional than BLISS and 
is not suppoTlcd by optimizing compilers, 
is an object lesson. Though C is a reason­
ably well-designed language, program· 
mers choose it not for its deSign but for 
what it provides access 10 (UNIX on vari­
ous computers). Unique languages such 

as SNOBOL and LISP a re attractive for 
the ir own sake. More commonplace lan­
guages, such as those that arc ALGOL­
like, are attractive mainly for their avail­
ability. In this respect , code optimization 
is as much a hindrance as a help. No 
native BLISS compiler for the DEC PDP­
i l was ever developed because the deSign 
of the original BLISS compiler for the 
PDP- I I, a cross compiler that ran on the 
PDP- tO, was too large for porting to a 
16-bit minicomputer. 

In spite of these reservations, T can 
wholeheanedly recommend the design of 
BLISS. I have used BLISS and other lan­
guages for many years and most recently 
have helped construct an automated Irans­
lation system to convert programs from 
BLISS to C . There is simply no language 
other than BLISS in which system pro­
gramming is so nalUral and the compiier 
provides the programmer wi th so much 
useful abstraction while so cleanly staying 
out of the way. To the programmer who is 
dissatisfied with the design of the lan­
guage or languages he or she uses from 
day to day, I say: slUdy the design of 
BLISS if you want to know how it should 
have been done . • 
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"T'housands ofPdcssional SoftwAre 
1 Developers with demanding 

JCllJlint'S tum to high performance 
MS-OOSIPCOOS tools from 
POLYTRON to boost their produc­
tiv ity. All the tools shown abo .... e are 
I.."Xplalned in demil in the 
POLYTRON Programmer's 
Catalog. 

NCI"wk & Sue LlccnS<..'S A\'ailabk 

Po lyWindo..-s D.:sk 
TIot~I"j"hT,£~Mwp~~ 
100% ~mury-=idC1lt doktop 
urg3n1:t"T for profe5S10fl3Is. Configurabl~ 
~l }"" ,an h3\'1: on~ or mot'!' of the 
(',1\""''''1: (unctions available instant ly: 
HcxlDcdtnallBinary Ca!c t,lawr, 
Smndard C3lculator, ASCII Table, 
Muhiple Document Text Editor, PolyKey 
lOr creallng)'OII1" own ~>board ma(fOS. 
Rolodex-lYpe files, Ollendar, Alarm 
Ck;.ck, Appointment Books, Autodialer, 
Gmbbcr for C\u-and'p;\Sle belween 
" I'I'1ic~!ions . COPI'_PrQtCcled $49.95, 
;\'01 copo,~rrou«:lcd $84.95. 

PolyWindows Debuggerl 
P~riorm:o.nce Analy:er 
:\ PnJ/~uonaJ. MmII1I"Y""R.-Ji<ltn1 So/tUI2Il' 
Drt~!f)",em Tool 
1000amiv analy'c and debug ANY 
rt'1;rnm nmnin~ on your PC allY time. 
s..p.:.nor H> the IBM Prof~ional 
[\+.u1;8C ' anJ ~'asic. to tW:. Support> 

!t1rle b",akpoinrs. mulrlpledisplay 

formats. memory $ean:hes, single-step 
~xecution, disassembly. hex arithmC(lC. 
and block mO\"eS. Tells)'01.1 whe .... your 
prosrnm IS ~pendin~ lim~ and allows you 
tooplimi:e performance. YOI.l can specify 
t~ memor\' ranges for analysis. Results 
are displayed grapbical1)· or in rabIes. 
Includes PolyWindQy.·, Desk (NOI 
Cop\o·-Protected).11 for only 5149. 
(Present FblyWindo-.<1 U$e"l can receive 
tracie-in discounts.) 

POlYTRON Version Control 
System (PVCS) 
Efficiently maintains revision hisror)"oC 
source files for 5Oi"C""olTC project manage­
ment. Mainrniru chronological. histori· 
cal records of changa as 'edit scrip{S· 
(..,.., ..... deltas) with full text of the latest 
'checked in" ""'Ision. ReCOOStTllCl! any 
prior ......... ision" of an)· module. defines a 
"nrsion" as specified revisions of various 
modules. 5lIppo!IS branching from prior 
...... ·tSIOnS. optiooal p3S1;,.,on;l prQ(e(tion. 
Friendl)·, unobtrusive user imeTface is 
baied on a unique"syntax gllide" con· 
cept with context-sensilive help. D • .-signed 
forsingl .. o. multiple progl"dmmer 
proJecl~. A P'I"'Crfultool with main· 
frnme P'I"-er. Single-uscr lice~: 5395. 

PolyXREF 
·rAt Multi·Ungual Crou Rt:/tm1Cl S)"llml 
GenerJtesCI06S Refe .... nce listings actO$S 
si ngleur multiple source fib of one or 
mo~ languages. Tells you e:<uctly where 
l'aCh variable and procedure isdeflnl'<i 
and e--ery",here it is referenced. 

POL YTRON TOOL KITS 

Package includes PolyXREF ensinf 
plu5 one souTCf language module plus 
.CRF mooule: $1Z9 , additional soun:e 
languagt modules [C, Pascal. Assem­
bler or Engl ish): 549 each. Complete 
packag.: including all four language 
modules: $219. 

PolyLibrarian 
The Ob}«l Moollk Ubmry Manager 
The premIer library manager allOl'1 you 
to create. examine and manage libraries. 
Modules can be listed, added, replaced, 
CXU1Kted, and deleled. You can Karch for 
public or cxtcmal names and e-~n change 
,hem. Three operating rnodescan be 
intennixed for maximum fle,,,bility. 
PolyLibrarian I for Microsoft format 
libraries: $99, PolyLibradan II for 
Microsoft and Intel format libraries: $149, 

PolyMake 
The Inlel/jgettf /'rofram Builder 
and Mainlmo:na rool 
Automates 'he .aftware maintenance 
process. Determines which files (progmms, 
elc.) 3 .... out of date and invokes ~'Our 
compiler, linkcr.librJrian and doe! 
what""..,r is nec~r)' 10 bring )'QUr 
cntire s)'SI"m up ro date. Frees you from 
the need to rcmCfnber which files 
depend on OI hen and which files h~ve 
been modIfied . R...'mc:mb...'t'S the ~t 
,;"quenceol operntions necessary to 
create a nL"\<' revision. Completely auto­
matic unlike COmpeting produeu. Once 
you usc it,)'OU can'IIi" .. wilru..ut ir. 
Only $99. 

, 

POLYTRON C Library I 
C>vn- 65 Htgh Pa{urmance Routine! Fur 
Lalllet C Umt/1lIer U5t'T'J 
These a~ routinC$ forS<.'rious pll.lgrall1me~ 
that need Executi,,, and 110 (unc!lons. 
Complete source code (mosrl)· Assembler) 
included, Onl)" 599. 

POLYTRON Virf\Jal Memory File 
Manager (PVMFM) 
Provides efficient virtual file acces.s and 
bllffering for both t!!Xt and binary files 
with automatic buffer·ro-disk s .... "pping. 
RedllCes PlOllmm access time and handles 
darn structures la.g .. r than memo.) 
all",,'!. PVMFM is alib",ry of tW:t· 
callabl" (unctions that ma.,.lx-linked 
,,·ith l'OUr appllcallons code ro provide 
virtual file management capabilit)· and 
mndorn accOll file buffering. Compati. 
ble with Assembler and high-I"""I 
langua~. Only SI99. 

To ()n;Ier Produc~ Call 
1·800-547-4000 
Ask for Dept. No. }50 
Foreign & On-gon orders call 
{5OJ)684·3@ 
Send Checb, PO.s To: 
PQLYTRON Corporation 
P.O. Box 787 DS-350 
Hillsboro, OR 9712} 
Add $5.00 ShlppinS To 1O,al Order 

To Ord~r detailed Programmcr's 
Catalog, $end requests ro address 
aoo...., for fast =ponse (or circle readc. 
Kr\"ke card number). 

High QllalilY Sofltuare Since 1982 
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W
ouldn't it be 
nice to be 
able to use 
dynamic text 

strings in a Pascal-like envi ronment as we 
currently arc able to do in BASIC? Well , 
it appears we can - plus more. 

The SAIL language has had dynamic 
strings for years. The original SAI L com­
piler. developed between 1969 and 1976 
at the Stanford University Artificial Intel­
ligence Laboratory, Stanford, Calif., runs 
only on DEC-tO and DEC-20computers . 
Unfortunately, most of SAIL was written 
in 36-bit dependent assembly language 
and is thus nonportable. 

A portable version of SAIL, called 
PSAiL, is being constructed to run in 
most medium size C environments. This 
article will present P$AIL in the context 
oflheoriginai SAIL language. 

What is SAIL? It is a robust ALGOL­
dialect programming language wi th many 
useful extensions. 1.2.3 Because of its 
expressivity, SAIL lends itself to writing 
large. complex applicat ion and system 
programs. Its robust approach to type 
coercion makes it closer to a O.W.I.M (Do 
What I Mean) algorithmic languagc than 
othcr popular; block structured, strong 
type-checking languages such as Pascal , 
Modula-2 or Ada. On the othe r hand, C­
which has looser type checking- does not 
have enough type coercion capability, 
especially in forcing arguments to thc 
types expectcd in proccdure calls. With­
out a lint like syntax checker, writing 
large modular programs can be difficult. 

By Peter F. Lamkin 

Allhough not an ideal OW. I.M. lan­
guage by any means, SAIL comes closer 
to this approach than the other common 
block-structured languages mentioned. O f 
course, the price of more type coercion is 
that you can hang yourself morc often. ' 
Ou r experience, however, is that you 
learn to live with occasional pitfalls and 
take ad\'antageof O.W.I. M. most of 
the time for greater overall productivity. 
Repeatedly SAIL has been selected in the 
National Institutc of Health DECsystcm-
10 community as the implementation lan­
guage of choice for large, complex 
systems . 

Language overview 
SAIL can be easily partitioned into 
several independent language subsets. 
This reduces what a new user has to learn 
to start programming quickly. These 
include: dynamic strings, dy:::.amic 
arrays, dynamic rccords, macro expan­
sion, conditional compilation, code 
inserted from other files, separate com­
pilationofmodules. bit manipulation, if 
and case statements and expressions, flex­
ible 110, powerful string scanning and 
conversion functions, LEAP (an associa­
tive data structure facility which includes 
dynamic data entities called items, 
datums, sets, lists, associations as well as 
associative search constructs-more on 
this later), I .l.) processes, contexts, inter­
rupts, in-line assembly language. etc. 

Note that complete exclusion of some 
of these sublanguages or features is easily 
achieved in actual programming practice. 
The most often used remainder is the core 
subset of SAIL. which captures its para­
digm. This is rela tively small-on the 
order of Pascal. For example, the PSAIL 

sou rce code itself, written in SAI L, uses 
no records, L EAP. embedded assembly 
language, interrupts. processes, or con­
text language constructs. 

Table I illustratcs some of the language 
elements with examples of SAI L frag­
ments. Obviously, a much longer list 
would be required to illustrate the full lan­
guage described in the SAIL reference 
manual. 1 In the examples, keywords 
appear in uppercase and user-defined 
symbols in lowercase. However. SAIL 
does not make alphabetic case distinct ions 
as C does. 

The PSAIL compiler project began as a 
result of the announced demise of the 
36-bit/word OEC- IO and the increaSing 
popularity of small UNIX systems. I had 
written a large data analysis system in 
SAIL called GELLAB. M which involved 
image proceSSing and data base analysis 
for two-dimensional electrophoretic gels. 
To e xport this system, as well as other 
SAIL programs, the SAI L sou rce code 
needed to bc translated to some other 
language. 

PSAIL was derived from an early pro­
gram called SAITOC, written to translate 
GELLAB to C. Later, the goal ofPSAIL 
was changed from that of a translator per­
forming a partial trans lation to a full com­
piler capable of: 
• Handling any SAIL program and flag­
ging illegal SAIL syntax. unimplemented 
SAIL language elements. and C por­
tability problems 
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A few example. of SAIL features Implemented In PSAIL 

I . Dynamic str ings, string concatenation, 5ubSl rings, string garbage colle"ion, and sam. 
explicit llring conversion functions. 

STRINGs,51,s2; INTEG ERi,j,k; 
51 :,. "Adam"; 52: _ " Eve"; 

: -51& s2; 
i : .. LOP(s); COMMENT e:droct 1 sl cllar 01 s, sllorten 5; 
sl : .. s & s l{ilor 10]& " AND " & s2{kforjl; 

:", CVD("3 ."&"1 4 IS9" ); 5: _ CVSl j+2 °· k); 
: .. " Tile va lue of k is " & CVS(k) & " decimal a nd" & 
CVOS(k) & " oclol"; 

2 . Extens ive macro foci lily including conditional compilation. 

DEfiN E # = "COMMENT "; COMMENT # is sliortlorCOMMENT; 
DefiNE dbug (x) .. " PRINT(""x: "",x,CRlf)"; 
IFC (tops 10 . 10 AND nfiles< 15) 

TH ENC ... ELSEC ... ENDC 

3 . Dyna mic n-dimensiona l a rrays wi th ra gged (i. e. > 0 or < 0 bounds). 

REAL ARRAY obcf- 10: 10], xyz(p:q]; 
STRING ARRAY xyzzy[500: 1000,- 7:25, - 10: -51; 

4 . Optional dynamic array bounds checking which may be loggled onloff. 

SAfE REAL ARRAY xI I : 10] 
NOW IUNSAFE x; ... # No bound s checking on 'x' ; 
NOWISAf E x;... # Resume bounds checking on 'x' ; 

5. Nestoble voriable declarations inside 01 LABELED blocks. Nale redefinition of x a nd 
yond tha t QUOTED block la bels must match. 

BOOLEAN z; 
DO BEG IN " block one" 

INTEGER x, y; 
BEG IN " block two" 
REAL x, y; 
. .. Compute z .. 
END "block two"; 

EN D "block one" 
UNTILz; 

6. Type coercions a utomatically generoled where they a re least likely to couse trouble. 
(Some Poscol supporters might disag ree with this!) 

STR ING s; INTEG ER i; 
i:=s; s: .. i+"A"; 
IF s = "Q" THEN .. 

7 . Separa te campi/ol ion wi th INTERNALfEXTERNAt storage modifiers and REQUI RE D 
source code fi le modules with optional VERS ION checking. 

Tobie 1. (Continued on fo llowing poge) 
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• Compiling itself so tha, PSAIL would 
be portable and progra.'liS could continue 
10 be deve1o~ in 11: S.'\IL environment 
• Running on a Voide \-ariety of systems . 

At the KlH. \lie hase had FORTRAN, 
ALGOL·60. and S.'\IL available . Over 
the past decade. a large body o f SAIL 
code (greater lhan 200.000 lines) was 
written for some \-ery large systems 
(GELLAB, about ·OK lines, MLAB,7 
ove r 25K lines, a3i ~lATEXT.· over 35K 
lines). Other SAIL programs include 
BRJGHT. Pt..lt a.'ld the original TEX. 
Like C. S_.uL snpports modulari ty but 
with most oftbe t)llC<hecking capability 
of Pascal aM similar languages. SAIL has 
often been used (() build quickly large, 
reliable systems_ 

Studies ha"\"'e ~'Il that the majority o f 
algorithmic codc:. especially code 
in\'ol\"ing numerical routines9 and sal­
vaging USC"r libranes. could benefi t from a 
high-le\"~llangu.age translation ra ther than 
re\\Tlting me cOOe from scratch in a targct 
language_ It is !hen possible 10 trans latc 
verbatim mucb of me existing SAIL code 
to C using PSAIL in those cases where 
36-bit dependencies are. DOt a problem . 

Using a high-l,,·ellanguage transla tor 
preprocessor wi th a target system com­
piler causes some additional o\·e rhead. 
The arguments made for the FORTRAN 
preprocessor RATFOR (added portability, 
added language functionality. and user 
productivity) also hold for PSAIL since a 
SAIL environment is superior 10 C for 
program developmem. 

By modularizing large SAIL programs 
into small files that are separately com­
piled. the addilional translation cycle timc 
should not be excessive . W. Tei telman'G 
suggests that sho n compilat ion times are 
conducive to rapid interactive dcvclop­
ment . PSA IL should be fast enough 10 

minimize this time. It will co nt inue to 
improve as processor speeds and memory 
size increasc. 

Selecting C 
To achicvc portability over a wide variety 
o f target computer systems, a portable 
ta rget language is required. By writing a 
maChine-independent. run-time library in 
the same targct language, using machine­
conditional. high-1cvellanguage code 
whe re required , the feasibility of por­
tability is greatly enhanced. 

• 



Assembly language was ruled out 
because it is not portable. It was dccided 
to use a high-Ievcl language as the target 
language ; thus the compiler is more a 
translator or tran~ l i tera t or between high­
level languages than a convcnt ional com­
pilcr which generates assembly language 
or machine code . 

A number of popular languages, 
including C, Pascal, Ada, Modula-2, and 
MESA , were eva luated for their ability to 
express high- and low-level structures 
available in SAIL. A. Feuer and N.G. 
Gchani" give a valuable comparison of 
Ada, C, and Pascal , ellposing thei r 
strengths and weaknesses. A further con­
straint we imposed was that the language 
should be commonly available and consis­
tent ly implemented. C was selected as 
coming closest 10 meeting most of these 
goals. 

Others have also selected C as a target 
language fo r translators. Recenlly there 
have been a number of high-level lan­
guage transla tors including: S-TRAN for 
BASIC-to-C, a Pascal- to-C by 1. Peter­
son, and FORTRlX fo r FORTRAN-to-C . 
Another advantage of a C high-level lan­
guage translator is that the ta rget code is 
just C code. Generated code can be used 
with the PSAIL run-time library or 
merged with other C programs, ""hich are 
becoming increasing available. 

PSAI L is based 0 0 the published lan­
guage standards for SAIL' and for C. 'l 
Brian Kernighan and Dcnnis Ritchie's The 
C Programming Language is developing 
into the ANSI X3J II standard . 13 There 
are several advantages in trying to Stay 
within the ellis!ing language standards. 
Both have been well documented by these 
ell isting reference manuals. 

Adhering to the standards hclps ensure 
portability of much existing SAI L code 
and ta rget C code. However, a price for 
standll.rdiz8tion is not being able to polish 
some of the rough edges of SAIL with 
more modern language forms. A PSAIL 
language extension facili ty le ts us option­
ally do this to some degree, giving us the 
best of both worlds . 

Sublanguages 
In general , adding additional language 
facilities missing from Pascal and C to an 
abstract , block-structured language 
increases the complexity of the language. 
It is generally understood that one price of 

INTERNAL INTEGER p, d, q; # in defining module; 
EXTERNAL INTEGER p, d, q; # in other modules; 
EXTERNAL STRING PRO CE DURE motch(REfERENCE STRING 5) ; 
REQUIRE " booboh .soi" SO URCE lfllE ; 
REQUIRE " 48.55" VERSION ; 

8. Records, checked reco rd clones a nd record ga rbage collection. 

RECORDICLASS spot (REAL a ng le, rod ; 
INTEGE R area, xMom, yMom; 
RECOR DIPOI NTER (spOI) next; 

I, 
RECORDIPOINTER (spot) rp I; 
spol:xMom[rp 1] : = spol:rod[rp 1]'COS(spOI:angle[rp 1]); 

9. More nalurol Boolean rela lions a s well as a ssignmenl embedding •. 

STRING .; INTEGE Rch; 
s : = " This siring has 2B chorocten."; 
WH ILE . NEQ NUll DO 

If ("0" LEQ (ch; = lO P(s)) l EQ "9 " ) OR 
(ch= " .") DO O UTSTR(ch); 

IF " Z" l EQ ch lEQ "AU THE N ch : .. ch- "A" + " 0 " ; 

10 . Siring scanning fadl ily comparable to C's sconfO and 5COnSO. 

11. Arra ys which a re dynamically defined ond oclive in locol blocks. 

For i: = 1 STEP lOUNTllI Ol DO 
BEGIN " Perform dynamic orroy ollocalion" 
REAL ARRAY veclorA[O:i], motrixB[O:2 ' i,O:i,; 

... process the o rroys . . . 
END "Perform dynamic orroy Ollocolion"; 

12. Additionol control slatemenls: NEXT < la bel > , DONE < label> , 
CONTlNUE < label> where < Iobel > is optional. 

DO BEGIN "outer loop of nonsense code" 
INTEGER x; REAL y, z ; 
fORx : = ° STEP I UNTll5 11 DO 

BEGIN " loop x" 
FOR y : = 25 STEP -(x+0. 141' W HILE (x l eq 3001) DO 

BEGIN "loop y" 
If (z : == x+ YI= 123 THE N CONTI NUE " Loop x"; 
If (z : = x - y)= 1234 THE N DO NE " loop x"; 
If (z: =z+ yl =321 THEN NEXT 

END " loop y" ; 
END " loop x"; 

ELSE NE XT " loop x"; 

END " outer loop of nonsense code" 
UNTl l z <3.14; 

Table 1. (Continued from p'I"'ceding poge) 
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increasing the power of a language by 
extending its vocabulary and 5emantics is 
to increase the complexity perceived by 
the listener or writer in understanding and 
using the language. Computing history 
has shown that many programmers avoid 
the excessive complexity and size oflan­
guages such as PLII and ALGOL-68. 
Even new languages such as Ada and 
MESA suffer from similar problems. 

In addition, complex programming lan­
guage solutions are more difficult to con­
struct and port to other systems. I would 
·suggest that it is this cost of portability 
that is partly responsible for the demise of 
these large languages' popularity. 

So what can we do to get expressive 
power in a language at minimum cost'! I 
suggest breaking the language into natural 
sublanguages so that programmers can 
use as much of the language as they want 
{or need)-and require the compiler 
enforce these language partitions. 

We are experimenting in PSAIL with 
the hypothesis that a reduction in apparent 
languagc size is achieved by partitioning a 
large language into smaller disjoint sub­
languages enforced by the compiler and 
held together by other connecting sub­
languages. This should be reflected in 
reducing apparent complexity as observed 
by the user and would seem espccia!ly 
useful if some exotic aspects of the lan­
guage are only needed in one or two 
modules. 

Programmers norma!ly think about 
their programming environment in terms 
of a language subset. A compiler should 
be able to enforce ihis thinking by having 
the programmer declare sublanguages 
either to exist or other sublanguages to be 
excluded. PSAIL currently contains the 
fo!lowing four sublanguages and can han­
dle more defined by the user: 
• LO:o ALGOL-60 subset, strings, 

macros, etc. 
• L I :0 LEAP associative structure 

language 
• L2 :0 Processes events and interrupts 
• L3 = PSAIL extensions 
• L4 = User definable 

As a consequence of language 
partitioning: 
• Less experienced users can work with a 
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reduced language, which is easier to 
learn. 
• Sophisticated users can expand the lan­
guage to take advantage of advanced 
features. 
• The PSAlL L3 extensions can be 
added. These currently include: generic 
procedures, array slices, the C++, - , 
<opr> = operators, and embedded C 
code. 
• Programmers may supply their own 
dynamic extensions to PSAIL (through 
PSAILfFORGET and PSAILfDEFlNE 
compiler directives to modify the com­
piler by adding new keywords using ell-ist­
ing parser capability as well as associating 
new run-time procedures). These eli-ten­
sions can become available to other users 
by specifying the new language definition 
in a REQUIRE file module. Some possi­
ble extensions might be to implement a 
concurrent LISP or add relational data 
base language extensions. 

Portability 
By assuming a consistent standard C envi­
ronment such as ANSI X3J II, another 
hurdle to portability is overcome as target 
language code generators are easier to 
write . By divorcing the code generated by 
PSAIL from the much more machine- and 
operating system-dependent run-time 
library, we greatly facilitate the ease of 
porting SAIL source code between sys­
tems. The PSAIL run-time library con­
sists of a number of #include type .h 
header files for C code files < sairun.c >, 
<pmath.c> , <gcrun.c>, 
< leaprun.c> and <procesrun.c>. 

A potential disadvantage of this 
approach is that some run times could call 
< stdio > -effectively doing double 
interpretation. To avoid this, PSAIL run­
time packages do their Own file buffering 
and string handling rather than calling 
< stdio.c > repeatedly where major bot­
tlenecks would appear. 

These run-time libraries are also writ­
ten in the same portable dialect of C that 
PSAIL generates. They use conditional C 
code, which is machine dependent only 
when required to handle machine-specific 
problems, whereas PSAIL generated code 
is completely machine independent. This 
method has been used for years in writing 
portable C code for different UNIX envi­
ronments. One needs to compile the 

PSAIL run-time library only once after 
adjusting the < config.h > file to the spe­
cific system being ported. 

PSAIL abstracts some of the code gen­
eration to a higher level than basic C 
code. For instance, whether the target 
system has a 32- or 16-bit integer is not 
important since PSAIL emits all integers 
as type INTEGER . This in turn will be 
defined differently in the only machine­
specific file < config.h> for the two 
classes of machines, for ell-ample: 

typedef int INTEGER; ,. for 32-bit 
word int *' 

or: 

typedef long INTEGER; 1* for 16-bit 
word int " 

Strings are another instance of this 
abstraction. PSAIL uses the C string 
pointer strategy to facilitate use of PSAIL 
strings with other C packages. The 
STRING declaration uses the C typedcJof: 

typedef char ·STRING; 

Using a compacting string garbage col­
lector, PSAIL keeps track of all active 
string pointers using a run-time string 
pointer stack. Garbage collection is per­
formed when the string allocator run-time 
sollQcO runs out of space. For ell-ample, 
salloc() is called from the concatenation 
run-time procedure catlistO when it needs 
space the size of the strings to be 
concatenated. Strings may be as large as 
the memory available from the system. 
Another very useful SAIL feature is 
dynamically allocated arrays, which may 
have nonzero or negative lower bounds 
(sometimes called ragged array5) and 
optional bounds checking. 

The SAIL subset used in PSAIL was 
derived using several constraints. By 
restricting the language ofPSAIL to a 
useful subset offull SAIL constrained by 
several factors, the resulting PSAIL lan­
guage is a relatively robust portable lan­
guage. These constraints include: 
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• A few subsets oflhe full SAIL specifi­
cation a re omitted III this time from 
PSAILas few SAIL users in our program­
ming community use them-for example, 
contexts. Although LEAP is translated, 
run-time code will not be written for L 1 
(or L2) in the first release of PSAIL. The 
open library scheme permits PSAIL users 
to redefine o r write these initially missing 
run times in C. 
• Features that are difficult to map to C 
o r expensive 10 implement in tenns of 
run-time efficiency are not currently 
implemented-for example, contexts. 
Similarly, PSA IL docs not currently sup­
port nested procedures or global GOTO s, 
although code with warnings is produced. 
• Features that take advantage of the 
DECsystem- IO specific instruction set but 
arc nOi efficiently simulated on different 
architectures (for example, variable byte 
size operators for 36-bit words) arc not 
currently implemented. 
• There arc also subtle data structure dif­
fcrcnce issucs. In all of these cases, warn­
ing errors o r comments are issued for the 
programmer. PSAIL's "warning" and 
" trash graphics" comments are used to 
catch these types of problems. For exam· 
ple, as the DECsystem- \0 has a 36-bit 
word size, 36-bit arithmctic operations 
arc also checked and when found, 
rcported using "trash graphics." 

PSAIL, a language translalOr as well as 
compiler, uses the philosophy of optional 
embedded C-style warning messages to 
warn about possibly illegal constructs. A 
summary appears at the end of com­
pilation. Warnings are given both for 
SAIL source code syntax errors and target 
C cooe that would be nonportable due to 
limitations of C or in computation (for 
example , 36-bit operat ions). Program­
mers should use these warnings to edit 
their SAIL sou rce code and try again . 
These fonns include: 
• "trash graphics" are used to warn of 
possible problems. There is a continuum 
of warning levels to let you pick the mes­
sage level you arc comfortable to work 
with (Figure I). 
• Embedded warning C-style comments 
o fthe form: 

' *WARNI NGO ' - check manually for 
possible semantic or 
syntax problem 

' ~ UNDF*' :z Undefined symbol 
rN.p. *' = Nonporlable 
, oN .I.* ' = Not implemented '* LEAP*' = LEAP subl anguage syn tax 

• Fatal SAIL synta:t error messages that 
indicate what is wrong wi th the code, sug­
gest what should be fixed (if it can figure 
it OUl). and point 10 the actual illegal SAlL 
source code . 
• C portability tests are built into PSAIL. 
For example, you Clin optionally test for 
identifier name uniqueness to II 
characters. The proposed ANSI X3J II 
standard has six-character external sym­
bols, but other systems may have different 
lengths. 

Although both SAIL and Care block­
structured languages, simple one-to-one 
translation from SAIL to C is not always 
possible. For example, the following 
SAIL and C fragments arc similar but not 
asimpJe 1: 1 mapping: 

SAIL: For i: = (0 +b) Step -c Until d Do 
<SAIL statement>; 

C: for (i= (0+ b) ; i > = d; i-=c) < C 
statement > ; 

Therefore we perform simple trans­
lation where possible lind elsewhe re do 
recursive descent parsing and generate the 
nonlinear mappings where required . In 

some cases, where it is impractical to gen­
erale in-line C code, run-time procedure 
calls are generated instead. 

By abstracting the targel language, 
more attention can be paid to local opti­
mization , taking advantage of the consis­
tency of the target language and of C's 
power as a high-level assembler language. 
For example, Ihe SA IL fragme nts: 

INT EGER ARRAY a(l: 10, 1 :20, 1 ;30); 
INTEGER b; 
STRINGsl; 

a[i,j,k] : = a[i,j,k] + b; 
(s 1 [k For 1) _ "Q") 

are optimized to: 

(e) e[;Jlillk[ + - b; 
' * No dynamic a rrays, C-style ., 

(b) *aAry(&a, i, j,k,3) + '" b; 
1* Dynamic arrays, no baunds 

check */ 
(c) *aCh k(&a, i,j,k,3) + '" b; 

1* Dynamic arrays, bounds checkol 
(d)(· [,' +k. ') ~ ~ 'Q') 

rather than the unoptimized C code, 
which includes redundant calculations and 
higher overhead with a run-time cal l: 

1**""**** * ******************,~ I 
/*<5> /\ /\ */ 
/* /------\ */ 

j: 1--1 0 0 1--1 :j 
/* - \------/- */ 
/* 1 \/ 1 '/ 

1* + + */ 
1* BE\-,IARE! *1 
I*******************'~******* I 

1* WARNING! SHIIT OF > 31-STTS IS NOT PORT/iSLE *1 
o. 
1* WARNING ! LOGICAL OPERATION> 31-Bl1'S IS NOT PORTABLE * 

Figure 1. 
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Current status of SAIL features implemented in PSAIL 
SAIL language f eature 

'DEFINE'macras 

Conditional macro expren ians 

FORC, WHILEC, etc. 

REQUIRE lile statements 

ALGOL·60-like declarotions 

Declaration type checking 

Automatic type coercion 

Nested procedure declorations 

Nested variable declorotions 

Dynamic orroys 

Positive rogged orroys 

Negative ragged arrays 

Sale array bounds checking 

ALGOL-60·like control stotemenb 

String concatenation 

String ope rators 

Infix to prelix operators 

PRINT and OUTSTR 

TOPS 10 I/O run time 

TO PS20ITENEX I/O run time 

In_line assembly code 

RECORDS 

LEAP sublonguoge 

PROCESSES, EVENTS, INTERRUPTS 

DEC· 10 byre pointers in SAIL 

CONTEXTS AI sublanguoge 

< sairun.c> 

< gcrun.c > 

< pmoth.c> 

< leoprun .c > 

< procesrun.c > 

STRING gorbage collection 

RECORD garbage collection 

Procedure prolil ing 

BAIL dynomic debugger 

36_bit dependent code 

Table 2. 

Implemented? 

Yes, with orroys and recursion 

Yes, = = > #il or evol in PSAI L 

Not yet, extended SAIL mocro/aeiliry 

Yes, mop= = > #include, run-rime pkgs 

Yo. 

Y •• 
Y •• 
Yes, but moy be nonportable 

Y •• 
Yes, arymkll , oryfreell, oChkll 

Yes, both C ond dynamic arrays 

Yes, currently only for dynamic arrays 

Yes, C arrays, oAdrll lor dynamic 

Y .. 
Yes, o&b&c = = > cOTtisT(a,b,c,O) 

Yes, LOP,sub-sTrings, EQUIl, ete. 

Yes, MAX, MI N, ASS, etc. 

Yes, map = = > pp,inl/( . .. ) in < sairun.c > 
Yes, most a re handled in < sairun.c > . 

Only those which are TOPS 1 ° compatible 

Yes, mapped to Nasm/#endosm 

Yes, mapped to struet's, no rOIiOcO yel 

MosT, mops through 10 < leoprun.c > 

Most, mops through 10 < procesrun.c > 

Yes, Map = = > procedure colts, ' " N.P. "' 

Notye! 

Yes, written-not debugged 

Yes, written-not debugged 

Yes, written-not debugged 

Not yet, not written, calls generated 

Not yet, not written, calls generated 

Yes, < gcrun.c > written - not debugged 

Not yet, rec_ gc() will mimic str _gc() 

Yes, differenT/rom SAIL- not debugged 

Not yet (maybe never . .. J 

Forget itl Recode your progrom!11 

(a ) a[;lI i11kJ = a[;lIi11kJ + b; 
(b) ·oAdr(&o, i, j, k,3) = 

"oAdr(&a ,i,j, k,3) + b; 
(e) "aAdr{&a,i, j, k,3) = 

"aAdr{&a,i,j,k,3) + b; 
(d) ("subsr{sl,k, 1) = = 'Q ' ) 

The gene ration of these different array 
access fo rms (a)- (c) is controlled by 
COMPILER!SWlTCHES ICHECK or I 
INOCHECK, SA FE, NOW!SAFE, 
NOW! UNSAFE compiler di rectives. 

Statu s of PSAll implemento tion 
Because PSA IL can handle most o f SA IL 
and has an extensive erro r and warning 
facility, the compiler is relatively large­
certainly more than 64K bytes. No 
anempt is being made to try and squeeze it 
into today 's toy computers since real 
machines with lots of memory and large 
disks are becoming inc reasingly available 
(at toy machine prices) . 

T he fi rst machine selected for export 
will be DEC's microVAX, then 68000-, 
32016- , or 80286-class machines. Any 
reasonably sized machi ne with a decent C 
compiler is a likely candidate fo r poning 
PSAIL. It may also be possible to fi t an 
optimized PSA IL into the limited memory 
8088-class machines. 

A SAIL code validation tcst suite and 
large number of actual working source 
code programs were and are being used as 
a compiler construction and debugging 
tool. These programs represent radically 
different styles and requirements in areas 
of numerical analysis, string processing, 
and data base analysis. Working program 
sou rces are extremely useful for finding 
subtle compiler bugs because, as has often 
been sta ted, no compiler is completely 
bug-free. 

Table 2 lists the features currently 
implemented. It is the author 's intention 
to place PSA1L in the public domain when 
it is released and to make it available on 
various bulletin boards and to user 
groups. (Watch for a COMPUTER 
LANGUAGE Users Group and Bulletin 
Board Service announcement of PSAIL's 
availability.) Fo r those interested in work­
ing with this emerging, portable SA IL 
environment , it should be available later 
th is yea r. n 
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How to go 
from 

~T"1rX"T" to DOS 
without 

• • compronusmg 
your 

standards. 
It's easy. Just get an industry standard file access 

method that works on both. 
C-ISAM" from RDS. 
Ifs been the UNIX" standard for years (used in 

more UNIX languages and programs than any other 
access method), and it's fast becoming the standard 
for DOS. Why? 

Because of the way it works. Its B+ 1Tee index­
ing structure offers unlimited indexes, There's also 
automatic or manual record locking and optional 
trdnsaction audit trails. Plus index compression to 
save disk space and cut access times. 

How can we be so sure C-ISA.M works so well? 
We use it ourselves. Ifs a part of [NFORMIX~ 

INFORMIX-SQL and File- it!;" our best selling data­
base management programs. 

For an information packe~ call (415) 424-1300. 
Or wrile RDS, 2471 East Bayshore Road, Palo Alto, 
CA 94303. 

You'l see why anythihg less than C-ISAM is just 
a compromise. 

RELATIONAL DATABASE SYSTEMS, INC, 
C HI85 .. lIdallonoi DIltabueSYS\ernl, I"" U~lX iI. t/IIde""r\c 0( IIU T 8.11 Lab<n_ l~t'Ol!.\\L~ is 
a ~ I~",r\;..nd ROO. C·l'IAM and t~i<' · II!'''' lr>deman:. 0( Rokatlonll [)o ... ~ S)-..ems.loc 
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The C SaminarjWol'1lshop will be an exciting forum on 
the latest technical innovations and C language develop­
ments. 8est of all, you' ll experience a practical, hands­
on approach in small worttshop sessions. Take full ad­
vantage of the powerful C language by attending the 
first COMPUTER LANGUAGE Seminarj Woricshop. 

Th, Seminar/Workshop will focus on the practical 
techniques and the latest developments you can apply in 
your everyday work. You'll learn from the foremost au­
thorities about: 

• Writing code for machine portability 
• Using C functions and declarations effectively 
• Program development utilities 
• Cod. readability and orvanization 
• C statements, data type's, and operators 
• Cod. optimization techniques 

You won't be just an observer at this event. lively 
discussions will take place in small worlcshop groups. 
You can select the specific workshops you're most inter­
ested in. 

Ttte C seminar speakers and workshop leaders repre­
sent a virtual Who's Who of the C programming commu­
nity. Only COMPUTER LANGUAGE, the programming 
language expert's magazine, could draw together thHe 
C programming authorities. They represent a wide spec­
trum of expertise in every significant area of C. 

The cost for this comprehensive 2Y2-itay event is only 
$695. 

Fast 

Here are just a few of the speakers and workshop leaders: 

JIM BRODIE: Overview of the ANSI Standardization Effort 
RON CAIN: Programming Robotics in C 
JIM HENDRIX: Network Data Base Theory and Small-C 
HEINZ LYCKLAMA: Unix Perspective on C 
P.J. PLAUGER: Programming Style and C 
TOM PLUM: Efficiency of C Programs 
JACK PURDUM: C Benchmark Methodologies 
LARRY ROSLER: Language Standardization Issues 
BOB VARNEY: C Development on the Macintosh 
ROBERT WARD: Structured Methods of Debugging C 
LEOR ZOLMAN: Porting C Programs between Operating 
Systems 

WORKSHOPS 
Seminar participants will be able to choose four topics 
from this list (subject to change based on availability): 

• Efficient Code Generation 
• Philosophy and Methodology of Benchmarks 
• ANSI Standards: Questions & Answers 
• Code Readability and Organization 
• Asynchronous Communications • Cross Compilers 
• Writing Extentions to C • Programming Robotics in C 
• C/UNIX System Subroutine Interfaces 
• Porting C between CP/M, MS-DOS, and UNIX 
• Interpreters in a Development Environment 
• Programming for Portability • Debugging Techniques 
• Network Data Base Theory and Small-C 
• Object-File Formats for UNIX Systems 
• C Development on the Macintosh 
• C Benchmark Methodologies 
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Growing C 

REGISTRATION INFORMATION 
TUITION: The 8695 course fee includes all lectures, six workshops, all course materials, proceedings, and lunch on days one and two. 

LOCATION: Sheraton-Commander Hotel, Conference Rooms, 16 Garden St., Harvard Square, Cambridge. Massachusetts 02238 (617~ 547·4800. 
Camhridge is considered by many to be one of the most cosmopolitan intersections of individuals and ideas with its two major residents, Harvard 
and Mil What better place to hold a landmark seminar on the future of C! 

REGISTRATION: To registHr simply call: OR detach registration form and mail to: 

415-957-9353 Cl Pub lications Inc. 
e Seminar 
131 Townsend SI. 
San Francisco, CA 94107 

limited space is available. Early registration is recommended. Acceptance will be confirmed by mail. Only paid enrollments can be confirmed. 

DISCOUNTS: Three or more enrollments from the same firm qualify for 8 S100 discount off each enrollment. Please submit multiple registrations 
and multiple payments togethe!. 

HOTEL ACCOMMODATIONS: A limited number of rooms is reserved at the Sheraton-Commander Hotel, where the seminar will be held. Contact 
the hotel reservations desk directly at (617) 547·4800 as soon as possible. For preferred rates please mention you are attending the CL Publica· 
tions C Seminar. 

COURSE SCHEDULE: Classes ale held flom 9:00 a.m. to 5:00 p.m. each day. Morning classes will be lecture style. Ahernooos will be broken into 
smaller workshops. Participants will select their wOIkshop choices when registrat ion acceptance is confirmed. Check in and receive CIMJrSe materi· 
als hom 3:00 to 5:00 p.m. Sunday or 8:00 a.m. on MOIIday. 

CANCELLATION: The registration fee is fully refundable up to September 9, 1985. All cancellations must be received in writing. 

GUARANTEE: If at any time you 8re dissatisfied, notify the seminar staff. Should you decide to withdraw, you will 
receive a 100% refund. 

TAX DEDUCTION: For all expenses of continuing management education (including registration fees, 
travel, meals, and lodging) undertaken to maintain and improve profusionsl skills (lreas. Reg. 
1· 1 62·5 Coughlin vs Commissioner, 203F 2d307). 

ABOUT THE SPONSOR: CL Putlication$, Inc. is lecognized as a leader in the 
technical computer industry. Their publicatioo, COMPUTER LANGUAGE 
magazine. is the first and only magazine dedicated to "'~. ~, ... 
programming languages. and software deSign. 

,,'j'c""--- C Saminar/Workshop 

. .. 
. ~-

n,ma & t~le ___________ ___ ___ _ 

Method of Payment: 
o Check Enclosed 
o 8ill My Company 

Make check PIIYlIbie to: 
CL Publications Inc. 
C SeminarfWorkshop 
131 Townsend St. 
San Francisco, CA 94107 

namll & til le 

nemll & tille 

n.me & title 

~~ -----------------------------

cit, __________ slati ___ '" 

phona ( 

INDrkshop selection list will be sent to confirmed registrants. l AB 

CIRCLE 97 ON READER SERVICE CARD 47 



helps save time , money and cut frustrations. Compare, evaluate, and find products . 
RECENT DISCOVERIES 

· COol"" ~ . "",,11ft,, · ",., ~ .... " 'i"'f . ~n.IIOrftr 
• btl .. ,itllilll ltlllltlrtl ·Onr 100,rodudl 
· ItJlLInUOoUl D· 1P'M "1 Aal I17·u.. .. 

PC LINT 

~;~~~~~~~m~~~~~~~:J and big, II !2 CSS, Lanice. MSDOS S 95 

ARTIFICIAL INTELLIGENCE FORTRAN LANGUAGE 
ARITY/PROLOG-full, debug, to ASM&C, 
16 Meg use, windows, strings. 
Withcompiler S1950. MSDOS $495 
ExpertEASE - Expert system tool. 
Develop by describing examples of 
how you decide. PCDOS $625 

Expert LISP -Interpreter: Common 
LISP syntax, lexical scoping, toolbox, 
graphics. Compiler. 512K MAC $465 
EXSYS - Expert System building 
tool. Full RAM, Probabili ty. Why, 
serious , fi les PCDOS $275 

GC IISP - "COMMON LISP", Help. 
tutoria l, co-routines, compiled 
functions, thorough . PCDOS Call 
M Prolog - fu ll, rich, separate 
work spaces. MSDOS $725 
PROLOG-S6 -Learn fast . Stan-
dard , tutorials, samples of Natural 
Language. Exp. Sys. MSDOS $125 

TLC LISP - "lISP-machine"-like. 
all RAM , classes, turtle graphics 
S087 CPM-S6. MSDOS $235 
WALTZlI8P - uFRANZ LI8P"-like, 
61 I digits, debugger, large 
programs. CPMSO MSDOS $159 

MlcroProlog . improve<! MSoos $235 

I:''fil' 
ACTIVE TRACE, DEBUGGER ­
BASICA, MBASIC, interactive, 
well li ked MSDOS S 79 

CADSAM FILE SYSTEM - fuIlISAM 
in MBASIC sou rce. MSDOS $150 

BASCOM·86 • MicrOSOft 8086 279 
CB-86 . DRI CPM86. MSDOS 419 
Data Manager· tull soure& MSDOS 325 
InloREPORTER · multIple PCDOS 115 
Prof. Basic - Interactive. debug PeooS 89 
TAUE BAStC . ANSI PCDOS 125 
Ask about tSAM. other addons tor BASIC 

EDITORS FOR PROGRAMMING 

BRIEF Programmer"s Editor - undo, 
windows, reconfig. PCDOS $195 
VEDIT - well liked , macros, buffers, 
CPM-SO-S6. MSDOS. PCDOS $119 

C Setaen W Ith SOUlce 
Epsilon· like EMACS 
PMATE . powerlul 
XTC . muMasking 

8680 75 
PeooS 195 _,85 
?COOS 95 

C·lerp Interpreter by Gimpel, 
full K&A, .OBJ and ASM interlace. 
8087 MSDOS $275 
INSTANT C - Interactive develop­
ment - Edit. Source Debug, run . 
Edit to Run - 3 Secs. MSDOS $445 

"INTRODUCING C" -Interactive 
C to learn fast. 500 page tutorial . 
examples, graphics peoos $ 95 

Wizard C - Lattice C compatible , full 
sys. I [ ! syntax, lint included, fast, 
lib. source. MSDOS $450 

MacFORTRAN - fu ll 77, '66 option. 
toolbox, debugger. 12SKor512K. 
ASM-out option MAC $375 
RM/Fortran - Fu1l7? BIG ARRAYS. 
S087, optimize, bad< trace, 
debug. MSDOS $525 
Ask about Microsoft, Supersoft, others. 
MS FORTRAN-86 - Improved. 
OR Fortran·SS . lull ·n 
PotyFORTAAN·XAEF. Xtlact 

LANGUAGE LIBRARIES 

MSDOS 239 
8OB6 249 

PCDOS 165 

MSDOS C86-8087, reliBble 
Lanice C - the standard 
Microsoft C 3.0 - new 
Williams - debugger, last 

CPM80 - EcoPius C-faster. SLR 
BOS C - sotid ~alue 

call MultiHALO Graphics-Mut1iple video 
call boards, printers , rich. Animation, 
279 engineering business. 
call AnyMS language , Lattice CS6 $195 , 
275 for Turbo$95. ", 

MACINTOSH Hippo .. 
Consuiair"s toAAC C, toolkit 

$275 
375 
395 

Compare. evaluate. conside< other Cs 

'II,l II IN:!" 
APPLICATION TOOLKIT by Shaw ­
Complete: ISAM, Screen, Overlay 
mgnt, report gen. Strings, String 
math. Source. CPM, MSDOS $395 

COMMUNICATIONS by Greenleaf 
(S1 59) or Software horizons ($139) 
includes Modem7, interrupts, etc. 
Source. Ask for Greenleaf demo. 

C SHAR P Realtime Toolkit-well 
supported, thorough, portable, ob­
jects, state sys. Source MANY $600 

Clndex + -full B+ Tree, vari . length 
field. Source, no royal. MSDOS $369 
dbVista FILE SYSTEM -full indexing, 
plus optional record types, pointers. 
Source, no royal. MSDOS $450 

CHelper: DIFF, ~rel , more 
CTree - source. no royal 
dBC ISAM by Lanice 
Greenleal-200 + 
OTHER: C Utitrties by EsS&ntial 
PHACT-up under UNIX. adoons 
ProScreen . windoWS 

SCREEN: CURSES by Lattice 
Software Honzons . Blocks I 
Turbo V - Greenleaf C, last 
Windows tor C 

86180 135 
ALL 369 

8066 229 
MSDOS 159 
MSOO$ 129 
MSooS 225 
?COOS 275 
PeooS 125 
PeOOS 139 
PeooS 159 
MSooS 175 

Screen Sculptor - slick, thorough, 
fast, BASIC, PASCAL. PCOOS $115 

GRAPHMATiC . 30. FTN. PAS 
File MGN1": BTrieve - aD lang. 
t.tcro: SubMATH - FORTRAN lui 
MetaWiNDOW . icons. ClIp 

PANEL - many tang. term 

OTHER LANGUAGES 

?COOS 125 
MSDOS 215 

.. '" 250 
PCOOS '" MSOOS 249 

ASSEMBLER-ask about Turbo ASM 
(S95), ED/ASM ($95) - both are 
fast , compatible. or MASM 
($125), improvements. 

BetterBASIC all RAM, modules. 
structure. BASICA -like PCOOS SIS5 

SNOBOL4 + -great for strings, 
pattems. CPM86, MSDOS $ 85 

MacASM - lull. fast. toos 
Assembler & T 0015 • DRI 
PLl ·86 
PefORTH . well hked 

SUPPORT PRODUCTS 

MAC l t 5 
8086 159 
8086 495 

MSDOS 95 

PLINK - a program-independent 
overlay linker to 32 levels for all MS 
languages. ca6 and Lattice. $315 

MuItilWlk - MuIIitasIung PCOOS 265 
Pfinish - ProIiIe by routine M500S 345 
Potthbrarian - thorough MSOOS 95 
PoIyMAKE PCOOS 95 
ZAPCommunocabons·VTtOO. 
TEK 4010. lull xfer PCOOS 65 

DEBUGGERS 
Periscope Debugger -load after 
~bombs", symbolic, "Reset Box·, 2 

1~II:IIi' 

" . r---------- ---, ~sc:;;;'e~e:;n, own 16K. peDOS 5279 
PCDOS 149 
PCDOS 395 
PCDOS 129 

Dig Res·d&Cent 
Macintosh COBOL· Full . 
MBP . Lev II. nallve. screen 
M,CIOFocus Prol.·lull 
Ryan McFarland·portable 

4 8 :;:,. ~_-:ttANGu"'Ge . "'UGUST\985 

Call for a catalog , literature, and solid valu e 

800-421-8006 
THE PROGRAMMER'S SHOP '" 

128·lRllckland Streel , Hanovel , MA 02339 
Mass:800·442·8070 II I 517·826-7531 8517 
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Part II : The ERGO 
Logic Editor • 

IC 
ata 

nce 
In this iustallment of our descripriOlz 0/ 

Ihe ERGO Logic Kit (see Pilfli ill 
COMPUTER LANGUAGE. July 1985). 
we wiilfocw' our at/entiall 011 {hose parts 
ofrhe kit/11m provide facilities jor the cre­
alioll and elliting of dcdsioll whits, with 
all eye (OW(/,tI compilarioll. We will lliscuss 
the/eO/ures (/I,(lilable, wily lire), exist, alld 
what some o/the com.promises illl'O/I'ed ill 
implementillg t/rem were. 

his rem'Vl/uble 10 eJ.pect 1/1(1/ these rop­
ies will be oillloM imereSI to programmers. 
Therefore the lellor oflhis article (inc/lid· 
i"8 tire e.tompleSj, will be sllll/led ill a ,eel/­
lIiea/ direc/i/l. 

How/'I'ef, /hose O/YOII who may be more 
inleres/ed ilz the expert S)'S/flll closs oj 
l'ppiicatioll ellgelldered by Ihe ERGO 
Logic Kit wOIlld probably llo we/110 bear 
with us. as the ERGO Logic Imerpreter 
(described ill "elOiI ill nexl //IolI/h 's illstall­
ment) uses rhe SOIlI(' oigorilllllls IIlId lech­
lIiques as Ihe ERGO Logic Compiler for 
d<'cisioll wble 11<Irsillg wrd rule mUllage­
lIIenl. Also. Ihesume Legic Editor is used 
whether )'011 're creating source emil' or 
executable tables. AlldjilJ{llly. Ihe ratio­
nale olUl,)hiiosophy oflhe ERGO Legic Kil 
are descriIJ/'t/ ill some dewil. and Ilrese are 
(Ipplicable across all elemems oflhe kit. 

For illformlltio/l 011 how to acquire your 
"ersiOIl of the ERGO Legie Kit ((It a lIomi­
/lu/ cost) set' /XIXI.' 4. 

rIIU"'o!iOM Ba,ba,o Lu,k 

By Jim McCarthy 

. h, ERGiO Logic 
Editordiffcrs 
from general 
purpose elec-

tronic text ed itors and word processing 
programs in that it will be useful only 
when the class of input is logical in 
nature. No provision has been made fo r 
general text entry. for example. Also. 
ERGO makes no claims to be in thai class 
of integrated software that includes multi­
ple. generalized applications: however. 
this system is meant to be a multifunc­
tional application within the domain of 
logic and logic programming. and the 
Logic Editor is at the hean of the manifold 
functions ERGO provides. 

Because the Logic Editor was designed 
to work within the confincs of a particular 
format used to encode and manipulate 
logic known as a decision table (see last 
month's article). many feaHlresofa 
highly specialized nature arc provided . 

The statu s display 
Refer now to Figurc I. This is a rcprcsen­
tation ofa Logic Editor screen. (Note: the 
CI through C7 and Al through A 7 label 
entries and code will be described later.) 
Defini ng the clements of this screen will 
be the best way to give you a glimpse of 
the ERGO method ofiogic processing and 
a view of the ERGO philosophy. 

The top three lines of the display are 
always uscd for one of: 
• Status information 
• Command menus 
• Helpful information. 

In Figure I. the top thrce lines arc 
devoted to the standard table status dis~ 
play. When this display is presented. the 
ERGO Logic Editor is in ready mode. that 

is. condi tion and action labels. stubs. and 
entries may be keyed in. 

The top left element on the status dis­
play is the table name. This is merely any 
arbitrary. legal fi le name. Perm itted char­
acteristics of the fi le name are. of course, 
dependent on the host operating system'S 
expectations. 

On the right side of the screen. top line. 
is a location indicator. This describes the 
editorial spot where the cursor resides. 
The location will always bc one of: 

LABEL 
STUB 
MATRIX 
ENTRY r:c 
ACT LAB El 
ACT STUB 
ACT ENTRY r:c 

where requals the current row and c 
(':quals the current column. The reason a 
location indicator is required is that the 
Logic Editor permits you to scroit around 
a large. vi rtuallablc. and it can be reas­
suring to know wherc you are in the table 
and that the editor knows . too. 

I suspect that this indicator wi ll be onl y 
of modest usc. This is because in decision 
table construction. as in software debign 
generally. a key value is 10 kcep the units 
you're working with smal l. As profi­
ciency in table fab rication and pahing 
grows. the cursor will always be precisel) 
where it appears to be in a table matri:(. 
and the "virtuality " provided b) the edi­
tor may well be a feature that atrophies. 

Nonctheless. the feature seem~ appro­
priatc: it is thcre \\ hen)ou need it as a 
beginner. and it is in line v. ith probable 
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user expectations, given the extensive use 
of numerical and data-based spreadsheets 
tha t encourage you to scroll hi ther and yon. 

Below the table name is the rule name 
indicator. This is useful for a variety of 
reasons . If you choose 10, you can name 
each of your rules (entry columns). Then , 
as you move Ihrough the rules , creating , 
editing or Olherwise re lating to them , the 
mnemonics you assigned 10 Ihe rules flash 
before you allhis spot. 

This can be tremendously important, 
because scrutinizing a column of yIn or a/ 
ble type entries docs require a moment 's 
(or several moments ') reflection before 
the meaning of that column crystallizes in 
your mind. Much delay can be avoided 
with rule names. Also, the rule names 
become a son of aecounlability feature: 
the name specifies in a natu ral language 
whitt the rule is, and you can balance that 

TABLE NAME 
RULE NAME 

M 1 
Cl length == 1-
C2 C ="" '\0 ' 
C3 c =- BACKSPACE 
C4 i =- 0 
C5 typ == NUMERIC 
C6 isdigit(c) 
S:.? i-length 

AB 

natural language specification against the 
more abstract depiction o f the same rule 
in a logically encoded format in the rule 
column itself. That is, the rule name 
should be equal 10 the rule entries­
they're mcrely twO different ways of giv­
ing form to the same substance. 

This is an important prinCiple to grasp 
in understanding the aims of the ERGO 
Logic Kit. ERGO really just casts some 
arbitrary logical essence into different 
and varied fo rms. It can be handy 10 have 
your computer focus on the trans­
formations while you tcnd to the informa­
tion. This was most vividly shown by 
Lotus 1-2-3 with nllmbers and formula s 
transformed to the mcdium ofbllsiness 
graphics. Using your computer to per­
form transformat ions will be a eominlling 
theme with software in general and in th is 
paniculardiscussion of lhe ERGO Logic 

4/ b/c/ d /ABCD 

Kit. 
A final use of the rule names is that they 

can become embedded comments in the 
code produced as OUtpllt by the ERGO 
Logic Compiler, and they can form a pan 
of the display prcscmation of thc ERGO 
Logic Interpreter. 

To the right of the rule name indicator 
is blank area thu t will display the matri;>; 
values, which will be discussed later. 

To the right of thi ~ area is a kcy status 
indicator carrying the label ·'COMP:". 
This is the table completion indicator. It is 
expressed as the rat io of dislinct simple 
rules that should be in the table (as com· 
puted by the matrix arithmctic) vs. the 
number that are in the table at ar.y given 
instant. 

A blank table wil l properly haveO:O as 
the constituenls o f this ral io. By way of 
example, a limited entry (yIn) table wi th 

LOCA TION LABEL 1 
CONP 128:0 

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 

~~==~~~=================================================================== 

Al bee pO 
A2 addch(c);ref resh() 
A3 str[i]= c 
A4 str[i+l] = '\0' 
AS backup(l) 
A6 i++ IAZ break ____ _ 

Figure 1. 

Frequency 
Cost 
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four conditions thai is half completed will 
have as its completion ralion 16: 8 (16 = 
21\8:8 = \6 of 16). 

The user's continuous access to this lit­
tle r.atio is an important piece of the 
ERGO Logic Editor. This is because of 
the comfort humans generally gain when 
they know how far along they arc in com­
pleting a task. The COMP ratio is 
instantly and always updated (al s ignifi­
cant CPU cost , incidentally) as rules are 
entered andlor edited. The user's goal is 
to make those two numbers on e ither side 
of the colon match . With each liule rule 
addition and with every clever rule speci­
ficat ion that increases the righlhand num­
ber or diminishes that on the left, the user 
is immediately rewarded with a certain 
visual indicator of his or her increasing 
success. 

Much like a bookkeeper who must 
make both sides of the ledger balance or 
the householder reconciling the checking 
account. a good deal of task direction can 
be maintained by foreknowledge of the 
end points. A delectable bit of satisfaction 
can be had when all the numbers do at last 
line up, and you arc utterly certain that 
you are done and you have a high degree 
of confidence that the work is correct. 
Achievcmelll and victory, order out of 
chaos. 

Viewed in this light, working with logic 
tables acquires many of the e lements that 
make playing a game play instead of 
work . Even a modest increase in the 
amount of pleasure to be had in creating 
and analyzing logical systems could entice 
many more people into recording thei r 
experience in more directly useful , log­
ical forms. Such a developmelll would 
have unpredic table though possibly mas­
sive effects. So perhaps those dimensions 
of ERGO (or other comparably intended 
systems) that can be thought of as plcasur­
able are the most significalll ones. 

The first display scgment on the third 
line fro m the top is labeled_ simply, "M··. 
This is the matrix column, holding the 
integer (2-9) that e xpresses the number of 
states a given condition can allain . This 
number defaults to two in the Logic Edi­
tor, as all logical problems of the class 
treated here can be reducoo to a binary 

matrix, yes or no, I orO. The logic Edi­
tor encourages the use of extended entries 
(those with greater than a binary state) but 
does put an arbitrary cap of nine on the 
number of matrix values a Single condi­
tion can attain. 

The rest of the third line is given over to 
a rather mechanical enumeration of the 
rules . The alphanumerical sequence pro­
ceeds 1-99 ,A I-Z9,al-z9,AA-Z2. I do 
hope you never find yourself working on a 
table that requires (in its final form) more 
than 99distinct rule expressions. You will 
have tackled a very formidable problem 
indeoo. 

Remember that a single complex rule 
can cover d07.ens , even hundreds, of sim­
ple rules. So while it is likely that you will 
encounter tables with greate r than 99 s im­
ple rules, they will probably condense 
down to less than a dozen complex rule 
expressions. 

The table image 
The table image occupies the space start ­
ing with the fourth line of the display and 
continuing across and down the balance of 
the screen area. 

The leftmost columns of the top half of 
the table are the label fi elds. By con­
vention, one labels conditions CI-Cn, in 
numerical sequence. Sometimes other 
labels are appropriate. particularly direc­
tives to the compiler or the interpreter. 

The next field is the stub, or description 
field. While the actual screen space allol­
ted for cach oflhe stubs is (by default) 12 
characters in width, each stub field is 
actually a horizontally scrollable window 
into a line o f 50 characters . You can set 
the number of characters Ihat will be vis­
ible in this field. 

When the ERGO Logic Kit is used as a 
programmer's tool. these stubs are pre­
sumed 10 contain syntactically mcaningful 
target source language expressions. Of 
course, the user is frcc to type in whatever 
is desired, but it is possible 10 make the 
ERGO logic Compiler outpullook pretty 
nonsensical and certainly uncompilable 
by a destination compiler. 

Nonetheless. pseudocode type of 
expressions arc often used here , as what is 
desired from ERGO is a module template. 
or architectural drawing as it wcre, rather 
than a eompilabk module . 

The next array of fields on the top half 
of the table image is the matrix count for 
each condition stub. While the maximum 
matrix is only nine, I personally have yet 
to encounter a problem that both required 
more than nine matrix values and couldn'l 
be more reasonably expressed in another 
way. 

The condition entries themselves com­
prise the rest of the top half of the table. A 
description of legal table entries is in 
order. 

Legality in a table entry is a function of 
the matrix of the condilion to the len of 
that e ntry. If the matrix is only twO, thcre 
are only three legal e ntries: y/n/ - (the 
dash , of course, meaning ·'don't care"). 
If, on the other hand, the matrix is greater 
than twO, say four, legal cntries are: 

o/blcld/AfB/CfD/-

The lowercase lette rs read "is equal to 
(var)," the uppercase letters read "is 
NOT equal 10 (var)," and the dash con­
tinues to read "don't care." 

The reason for including the '·not equal 
to" expression is that it provides one more 
way for the user (0 kee p the total number 
of rule expressio ns down. Conside r: if 
you had a rule that held true in all cases 
but one , and there was no "not equal to·' 
expression , you would have to explicitly 
key in (and document , and lest, a nd main­
tain, ad infinitum) three affirmative rules 
(given a matrix of four) instead of a single 
negative rille. 

It has been a nagging concern to me that 
I resorted (0 the terse a/b/c/etc. class o f 
mnemonics for extended entries rather 
than some more comfortable natural lan­
guage phraseology. Forexample. the 
phrases "low, medium , and high·' make 
for eminent readability and clearly 
inte nSify the legibility ofthc table fo rmat. 

Or perhaps the user would find more 
meaningful a construct like "always. 
ofte n, sometimes, hardly ever, never." Of 
course, there is an infinite var ie ty of 
descriptions that could be used th:n ",wId 
be , in terms of sheer sensibili ty at least . 
superior 10 the single letter variable I ha\e 
allowed. 

The reason I chose a model '" ith less 
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apparent communicative value was a pure 
and simple hunger for screen space. I 
decided, rightly or wrongly, that being 
able to sec an entire table at once. without 
a \01 ofscrolling folderol, or waiting for a 
printer, Of other less than optimal view 
port techniques, was ultimately more 
communicative, at a slightly higher level 
o f abstraction, than the more fult-blooded 
texlual approach I might have 
implemented . 

There is massive value in viewing a log­
ical system in its entirety. The uniquely 
human capacity for indenlifying struc­
tu res can be brought into play: obscure 
patterns emerge, insights flash. and new 
levels of understanding open suddenly in 
the mind of lhe attentive user. 

TABLE NMIE 
RULE NAME 

M 
Cl length 00 1 2 
C2 c == '\n ' 2 
C3 c 00 8ACKSPACE 2 
C4 i == 0 2 
C5 typ 0 0 NUMERIC 2 
C6 isdigit(c) 2 
C7 i == length 2 

C 

1 
y 

1\ 

1-99 All -Z9al-z9 AA-z z 

When you see that your logic looks like 
something, that there is an apparently nat­
ural design 10 what you suspected was a 
d isordered and peculiar thought process, 
thc balance shifts in your favor a bit. You 
begin to realize that this problem is solu­
ble, it's merely a matter o f ar ranging the 
patterns properly. 

Though there may be moments offrus­
tration ahead, your unconscious concerns 
about conlrol and the doubtful outcome of 
your efforts abate, you r self-possession is 
more profoundly realized , and the pro­
gram becomes an instrument you can play. 
The int imations of pattern are the point of 
identification between the user and thc 
logic. These can be revealed by thc dis­
play of the Logic Editor, and the recog­
nition of coherence can be most pleasant 
and informative. 

As is often the case. manifcst patterns 
are the frui t of abstraction, and an 
unfonunate by-product of abstraction is 
often a lack of clarity. To preserve the 
optimal degree of abstraction without 
inducing too much subtlety into the sys­
tem, I dccided to encourage the user to 
assign names to the alb/c/ctc. condi tion 
entry symbols. 

My encouragemt:lIt lilkt:s the fonn of 
reasonable dcfaull values for extended 
entries. These lire available for display 
and alteration at the command level and 
pop up as appropriate on the status display 
to remind the user of the meaning of a par­
ticular condition entry variable. 

Moving down the table imagc of Figure 
I and jumping across the horizontal bar 

LOCATION LABEL 1 
COMP 128: 112 

2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 
n n n 
y n n 

y y 
y n 

========================================================================== 
Al 
A2 
A3 
A4 
A5 
A6 
A7 

Figure 2. 

beepO 
addch(c) ; refresh() 
str[i] =: c 
str[i+l} = 
backup(l ) 
i++ 
break 

Frequency 
Cost 

' \0 ' 
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that distinguishes the condition from the 
aClion portions of the table, we see more 
or less the same layout: labels, stubs, no 
matrix for actions, and action entries. 

Action labels 8rc generally A I-An, 
again keeping in mind that cenain ERGO 
Logic Interpreler directives , discussed 
later, can appear here. Action stubs arc 
treated the same as condition slUbs. and 
legal action entries a rc numeric in nature. 

These numbers in the action entries 
(0-9) indicate precedence of action. Thai 
is, in a particular rule, the act ions are exe­
cuted in numerical rather than physical 
sequence (iftherc aTC morc than 10 
actions under a Tule, you can number all 
the actions grealer than nine with the 
number nine, and they will be executed in 
physical sequence). 

Below the action segment of the table 
are two rows that allow the assignment of 
numerics to rules. These two lines arc 
labeled ·'Frcquency" and "Cost:' 

The frequency line enables you to enter 
a sequence of numbers that suggest how 
oOen a rule might be expected to be 
invoked. I have del iberately avoided call­
ing this row" Probability" because that 
rea lly gets us into another mailer 
altogether. 

Although the subject of probability and 
decision tables is a fruitful subject to pur­
sue, and all types ofbcnefits can be 
accrued by the judicious use of proba­
bilities, time and space do not allow for an 
excursion into that area at present. Suffice 
it to say that the use of probabilities in the 
ERGO Logic Kit is await ing a fuller 
treatment. 

The optional entry ofnumbcrs into this 
row enables the ERGO Logic Compiler to 
do some optimizations relative to exe­
cution speed of the code structure pro­
duced (see section called The ERGO 
Logic Compiler) and can be used to 
speci fy to the ERGO Interpreter how the 
decision tree(s) should be constructed . 
Also the interpreter can make best guesses 
when relative frequency is known . 

The cost row provides the opportunity 
to enter some numbers that indicate the 
degree to which the respective rules 

impose a burden , whether in code cost, or 
actual fi scal cost, or gravity, or any class 
of what we might loosely term "l iability:· 
These numbers likewise come into play at 
compile and inte rpret lime. 

The entries to both of these rows may 
(probably will) be somewhat loose. For 
example, one need not worry thaI the fre­
quency entries add up to 100. The use of 
the numbers is to establish a kind of rela­
tivity among the ru les. That is. " Rule n is 
more frequent (or costly) than Rule f, and 
Rule f is more frequent than Rule g, etc:· 
Thus, it is imporlant that we know only a 
rough approximation offrequency or 
cost. which, after all, is the only type you 
are likely 10 have available in most 
instances. 

The command menus 
The slash (f) key invokes the ERGO com­
mand menu !ree. At the highest level , the 
menu offers the fo llowing options, dis­
placing the top two status display lines; 

File Tobie Draw Grid Compile Interp 
Prefer Exit Qu it 

These options represent the major com­
ponentsofthe ERGO Logic Kit. Selecting 
these options is accomplished by either 
striking the first letter of the option name 
or spacing through them with arrow keys 
or the space bar and hitting return when 
the proper command is highlighted. On 
the second line of the menu is either the 
appropriate submenu that will be invoked 
wi tb the highlighted selection , orexpla­
natory information relative to the high­
lighted command. 

This menu-driven interface is obviously 
deeply indebted to Lotus 1-2-3, which. in 
its turn, owes much to Visica1c. While I 
make no claims that it is optimal. I really 
find myself without motivation to tamper 
with an interface that has proven more or 
Icss acceptable 10 millions of users over a 
relatively long period of time. Perhaps the 
single biggest barrier to overcome in 
deploying new software is training; users. 
dealers. distributors. etc. 

By more o r less cloning the interface 
that most people seem familiar with, per­
haps much inertia can be overcome , and 
much more logic will be fruitfully 

encoded. Additionally, there was (and is) 
simply too much raw functionality to 
achieve, too many func tions to invent. and 
too many things to do that haven't been 
satisfactori ly done to devote energy 10 the 
creation of something that has. 

Since we are now focusing on the edi­
torial functions of the ERGO Logic Kit . 
the menu tree we will refer to is that 
which appears with thc selection of the 
" Table'· option from the main menu. 

The getl table 
We will do a small bUI probably useful 
example of a single table module to dem­
onstrate how a programmer might make 
use oflhe ERGO Logic Editor. The speci­
fications o f OUf problem are such as arc 
o ftcn encountered by prcgrammers writ­
ing an interactive applic;;.tion. 

We need a handy lillIe input routine for 
miscelianeousgt'1S from the console. We 
will pass this routine a st ring pointe r, a 
type designator (NUMERIC or othe r), and 
a length indicator. gell (the name of our 
routine) must provide the following 
faci lities: 
• If the type is NUMERIC, accept only 
numbers from the keyboard; if anything 
else is e ntered (except as described later), 
ring the console's bell to indicate an error 
• If the length expected is only onechar­
acter, don 't require that the carriage 
return be struck to ind icate end of entry ­
rather, return 10 the cal ling program afte r 
the entry of a s ingle character 
• If the user has typed in length charac­
lers, don't accept any more (except a new 
line), instead, beep the console to indicate 
an error 
• Accept a new line at any point to indi­
cate end of entry 
• Accept a backspace at any time. other 
than when the user hasn·t entered any­
thing yet. and call an appropriate backup 
routine 
• Echo all legal output to the screen . 

Since our ERGO Logic Compiler has 
an affinity to the C language, we will 
build the getl table from C language 
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. ----------------------------------------~ 

Condition specifications: 

length of only one 
'\n' 
BACKSPACE 

except when i ::: 0 ; 
NUMERIC typ 

1* no input */ 

require numbers for input 
length exhausted 

Condition code : 

length == 1 
c ="" ' \n' 
c ~~ BACKSPACE 
i ='= 0 
typ ~~ NUMERIC 
isdigit(c) 
i == length 

Action specification: 

r:i 'lg the bell on errors 
echo the characters typed 
store the characters typed in the string provided 

implied is proper termination of the string 
and keeping track of where the current char is 

backup on legal BACKSPACEs 
return when finished 

Action code: 

beepO 
addch(c) j refresh() 1* 'curses' screen update */ 
str[i] ::: C 
str[i+l]=' \O ' 
backup(l) 1* function that manages a backup *1 
i++ 
break 

Listing 1. 

1* we'll assume an infinite loop */ 

A 
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expressions. We will assume that the vari, 
abies passed to us are: 

chor str[J; 

inttyp; 

int length; 

/. destination string for ., 
/. keyboard input " 
/. NUMERIC or other '/ 
/. input type indicotor ./ 
/* maximum number of"' 
/. allowable characters " 

The calling program will be held 
responsible if there is insufficient room in 
the string pointer or if the typc or length 
indicator are radically wrong or out of 
bounds (such as a length greater than 
available memory or a zero or less then 
zero length). We will also assume two 
local variables: 

int i _ 0; 
char C; 

'* index pointer"/ 
/' the current charocter " 

10 help us keep track of how far along in 
the ~ tri ng collection we arc and what it is 
we have on hand in the current character. 

The specification tells us to watch for 
the code (and its ramifications) as 
presented in Listing I. 

Entering the conditions and actions as 
described into the ERGO Logic Edilor, 
we have the working lable shown in Fig­
ure I. Note the large number of simple 
rules yet to be created in order to attain 
complete mechanical perfection: 128. 
Let 's see what we can do to cut thatdaum­
ing number down to size. 

We'll Stan with some of the easy rules 
that come to mind at once. Fore:l:amplc, if 
i _ .. I. wealwaysstorethechar , termi­
nate the string, and return. Another easy 
ruleisif c== BACKS PACE and i = = 
o - there's nothing from which to back 
up. so we beep the bell. Alternatively, we 
do back up whenever there's a BACK­
SPACE and i does not equal 0). Also, if c 
= = . "n·. then we're all done, no maile r 
whal. 

We emer into the Logic Editor both 
condition and action e ntries that express 
this logic, as in Figure 2. Note that with 
these four complex rules (spaces are inter­
preted by the Logic Editor as dashes if 
there is an e ntry o n the lOp condition row) 
we have completcd ncarly 90% of the 
table. Also note the n entries that wcre 
only implicit in our textual description of 
the rules (three paragraphs previous) at, 



for example, entry 1:2 (1;ondition I, rule 
2). This is commonly done to distinguish 
rules and to make manifest implicit 
exclusion. 

Another interesting point here is the 
stair-step image of the logic. This also is 
common and represents (a t least to my 
mind) a well-ordcrcd analysis of the hier­
archy of the logic. Such stair-step images 
are often produced by the sorting oper­
ations available in the Logic Editor. 

Now let us assume that all the easy rules 
arc accounted for. There remain 16 rules 
yet to beentered. This can be quite 
tedious work. and here is where the Logic 
Editor really lends us a h3nd by gener­
ating the missing rules for us either one at 
a time or all at once. 

Selecting the Missing command from 
the table submenu, we can then have 
ERGO fill Out all the missing rules for us. 
We add dashes as appropriate and use the 
ERGO disambiguate function to eliminate 
redundant columns. 

The case of disambiguation presents an 
interesting problem: if two rules overlap, 
how is the Logic Editor to know which of 
the two is the superfluous rule" After all, 
itlllust pick one of them for elimination. 

For this. the ERGO Logic Editor 
employs the following algorithm: 
• Compare the column counts of the rules 
(which will be either the product of the 
matrices of the dashed entries. or if there 
arenodashcs, I) 
• Ifone is less than the other, delete the 
rult: with the lesser column count 
• Otherwise, delete the rightmost rule. 

Whenever a programmer automates 
behavio r that normally requires judge­
ment. extreme caution is indicated. The 
judgement automated here is that a rule 
with more information (that is. column 
count), is somehow beller than its less 
informative neighbor and more descrving 
of continued c}listcnce. 

Additional judgement is rendered that 
the ERGO user is working from left to 
right and the sequence of table creation 
wejust used in our example will emerge 
as the standard way to create tables. Since 
the user wil l be entering his or her rules 
close to the left·hand boundary orthe 
table and since ERGO adds its rules to the 
end, or the right side of the table, the 
rightmost should be the one to go. 

The rationale for this particular set of 

judgements is that simple (nondashed) 
rules arc cheap. T he Logic Editor can 
generate them effort leSSly, one at a time 
or in large groups. But a comple}l rule. 
wi th dashes or NOT entries, is a rulc tha t 
has the human clement. It has necessarily 
been born of some person's mind and is 
therefore more valuable (at least from the 
human viewpoint). 

The real problem emerges when two 
human-generated rules C}lperience fric­
tion. As a result of this tidy little algo­
rithm, one of them will surely die. 

Picture the follow ing CIISC: there are 
three rules, two complex and one simple: 

2 3 
y y y 

" " 
y " 

Upon automatic disambiguation. the fol­
lowing events take place: 
• R I has a greatcr colunm count than R2. 
and therefore R2 is removed 
• R 1 and R3 match column counls . . but 
R I is the leftmost rule, so R3 is 
extinguished. 

All this is well and good, I supposc, but 
the problem is that J lik.ed HZ and R3: 
betwecn them. they had a higher column 
count than R!. and I figu red the Logic 
Editor would remove R t! 

While Undo is a function that c}lpresses 
Ihe lack of intel1igence in our software, I 
am afraid that it was this rule-gObbling 
disambiguate function (along with the sys­
tem's blithe ignorance of operations the 
user o rders up but COli 'r really want) that 
caused me to create an UfI(lo operation for 
the ERGO Logic Editor. 

This is a brute-force Ulldo. With each 
radical table operation (Delete/buen/ 
Son/Disambiguate/etc.), a lotal copy of 
the current table is made. This only goes 
to one level, and it takes time and space. 
but it does have the virture of reslOring a 
table that has been botchcd. 

An UI/do function can also cover a mul­
titude of sins. E}lcessive prompting and 
verifying. a practice not unlike the doc­
tors' practice of defensive medicine. can 
be minimized: user temerity can be 
reduced: and the revocability of major 
operations encourages their use. 

Not onc to overcstimate either ERGO·s 
perfection or its abi l ity to make clear what 
might happen ne}l\. I also e}ltended the 

Ufldocommand to Undo itself. That is, if I 
like what I have undone less than what I 
had done, I can undo what I have undone 
and do what I had done. 

Ne}lt month we will complete the logic 
proceSSing associated with thc getf table. 
compiling and optimizing it in various 
ways. Also we will delve into the Logic 
Interprcter and develop a small e}lpert 
system. II 
R. f. r.nces 
I. Pollaclr::. S.L. "Conversion of Limited-Entry 

Decision Tables to Compulcr Programs: ' 
CACM 8.11 (Nov. 1965): 677-682. 
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staff, resellrch (/lid tle\'elopmem. AT&. T­
Teletype. in Skokie . III. 

Tryout the ERGO Logic Kit 

You arc invited to experiment with the 
ERGO Logic Kit. 

I have two motives for dist ributing 
these parts of thc ERGO Logic Kit. 1 
hope that the software will be useful , 
and I am looking 10 "prove-in" both 
the software itself and the ideas that 
engendered it. You can communicatc 
with me by sending letters to: Jim 
McCarthy, elo COMPUTER 
LANGUAGE , 13 1 Townsend St., San 
Francisco, Cali f. 94107, or via UNIX 
mail at: ihnp4!ttrdc!jl11. I will attempt 
10 respond to all communications I 
receive. 

You should be aware that I am not 
placing the ERGO Logic Kit, or :my 
part of it. in the public domain. With 
every diskette order that the 
COMPUTER I.ANGUAGE Users 
Group reccives. I will receive S.IOas a 
license fee. You in turn will receive a 
license that allows you to do essen­
tially whatcver you dcsire wi th the 
software e}lcept sell it o r otherwise dis­
tribute it. You arc encouraged to rcturn 
the completed license so that good 
records may be kept from the start. 

You should also be aware that the 
ERGO Logic Ki t is morc a prototype 
than a product. with all that implies. 

Please give the ki t a try, and let me 
know what you think and what bugs 
yOIl find. 

I 



MasterFORTH 
Portable programming environment 

\ J I Whelheryou program on the Macintosh , 
the IBM PC, an Apple II series, a CP/ M 

• _ system, Of the Commodore 64, your pro­
~-=~ gram will run unchanged on all the rest. If 
""> 1M you write for yourself, MasterFQRTH will 

protect your investment. If you 7___ _ ___ -::':",=: 
write lor others, it will expand 
your marketplac€_ ==-= ':' = TM 

MasterFORTH IS a slale-oHhe-art imple­
mentation of the Forth computer language. 

Forth is interactive-you have immediate 
feedback as you program, every step of the 

way. Forth is fast, too, and you can use its (Q 
built-in macro assembler 10 make it even C7 
laslel. MaslerFOATH's relocatable utilities, Do. 
transient definitions, and headerless code 1M 

let you pack a 10\ more program into your memory. The 
resident debugger lets you decompile, breakpoint, and 

CPYM 
trace your way through most 

programming problems. A string 
1M package.lile interface. and 

ful! screen editor are all standard features. 
MasterFORTH exactly matches the Forth·83 Stan­

dard dialect described In Mastering Forth by Anderson 
and Tracy (Brady, 1984). The standard package in­
cludes the book and ovel 100 pages of supplemen­
tary documentation. 

MasterFORTH standard package 
Macintosh. . ............ . $125 
IBM PC and PCJr.(MSDOS2.1) ..... .. 125 
Apple 1I, 11+, lie, IIc (DOS 3.3) ........... 125 
CP/ M 2. x(IBM 374081 ...... 125 
Commodore 64 ... ... .................. 100 

Extensions 
Floating Point (1984 FVG standard) ..... $60 
Graphics (Apple II series). . ............ 60 
Module relocator (with utility sources) .... 60 
Printed source listing (each) . .. . .... 35 

Publications 
Mastering Forth (additional copies) .. ,., $18 
Thinking Forth by Leo Brodie .16 
Forlh-83Inlemational$tandard ... 15 
Rochester Bibliograph y, 2nd ed. 15 
1984 Rochester Conference . ............ 25 
1984 FORML Conference ................ 25 

MICROMOTION 
12077 Wilshire Billd., #506 

Los Angeles, CA 90025 
(213)821·4340 
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TOTAL CONTROL 
with LMI FORTH™ 

For Programming Professionals: 
expanding family of 

compatible, high-performance, 
Forth-S3 Standard compilers 
for microcomputers 

For Development: 
Interactive Forth-83 Interpreter/Compilers 
• la-bit and 32-bit implementations 
• Full semon editor and assembler 
• Usos standard operating system liles 
• 400 page manual written in plain English 
• Options include software floating pOint, arithmetic 

coprocessor support, symbolic debugger. natille code 
compilers. and graphics support 

For Applications: Forth-83 Metacompiler 
• unique lable-driven multi~pass Forth compiler 
• Compiles compact ROMabie or disk~based applications 
• Excellent error handli ng 
• Produces headerless code, compiles from intermediate 

states, and performs conditional compilation 
• Cross-compiles to 8080, Z-80, 8086, 68000, and 6502 
• No license fee or royalty lor compiled applications 

Support Services for registered users: 
• Technical Assistance Hotline 
• Periodic newsletters and low~cost updates 
• Bulletin Board System 

Call or write for detailed product Information 
and prlces_ Consulting and Educational Services 
available by special arrangement, 

lIlA • Laboratory Mlcrosystems tncorporated r I Post Offico Box 10430. Marina rip-I Roy, CA 90295 
~~hone credit card orders to: (213) 306-7412 

0..,.. .. DIstributor,. 
Garmany_ FOrlh-Syslerne Angehka Flesch, 0-7820 Titisee-NeuSladt 
UK ; System Science Ltd , l ondon ECTA 9JX 
France: M,cro-S,gma 5 A R l .. 15006 Pans 
Japan,' SOuthem Pacific Ltd , YOkohama 22Q 
Aus/IB/ia' Wave-onic Associalcs, 61.07 Wil son. W A 
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PUBLIC DOMAIN SOFTWARE REVIEW 

Threeapp\iC3liOn 
programs domi­
nate the 

microcompUicr field, bOlh in home and 
business use: word processing, spread­
sheet (financial) applications, and data 
bases. While discussion of products for 
the first two categories is wide open (wit­
ness the large number of word processing 
packages and spreadsheets that vie for 
attcntion), the data base end has been 
dominated by Ashton-Talc's dBASE line. 

Though there are many other data 
bases, some of which may be beneT Ihan 
the dBASE line, if ever there was a Iypical 
package for any of the three application 
programs, dBASE fits the bin for data 
bases. But whether dBASE is the best data 
base available is immaterial for our pur­
poses here; we're more concerned with 
the growth of dBASE public domain 
support. 

Public domain dBASE programs tend 
10 come in two varieties: ulililies and stan­
dard applications, such as mailing lists. 
Although the dBASE public domain pro­
grams don't really match those of a cus-
10m programmer's effo rts for a particular 
need, most of the material is of reasonable 
quality. In many cases, these programs 
are quile adaptable for several uses. 

Discussing d BA SE requires consid­
ering a number of categories, including a 
comparison ofdBASE II anddBASE III . 
dBASE II began as a standard program in 
the 8-bit C P/M world and was rapidly 
adapted to l6·bit machines. dBASE III 
soon followed, taking g reater advantage 
of 16-bit capabili ties. Tn fact, dBASE UI 
is probably one of the most copied pro­
grams available, with the possible e llcep­
tion of WordS tar and Vis iCalc. 

But whi le dBASE III is relatively new, 
there is fa r more available for dBASE II, 
so we'll concentrate on the latter. There is 
also the .maner of target machine: 8- or 
l6-bit. Both programs will run on either 
because the code is transportable, but the 
issue here is disk availability and formats. 
Unless you have one oflh e excenent 
series of muhiformat programs such as 
UNIFORM , your machine is probably 

By Tim Parker 

limited to one or two formats. 
To begin our discussion of dl:sASE II , 

let'S delve into the world of Big Blue and 
the IBM forma t public domaindBASE ll . 
Most of the programs to be considered in 
th is column surfaced originally as CP/M 
versions but now have been transferred to 
the MS-DOS formal. 

Whe n tackling IBM d isks, the fi rst ref­
erence I inevitably check is the PC·SIG 
catalog. Several IBM disks have dBASE 
material avai lable, some dedicated, some 
mixed in with other programs garnercd 
from bulletin boards, Co mpuServe, and 
the like. As ment ioned earlier, these pro­
grams tend to fall into two categories: 
completed applications and utilities and 
"boilerplate" routines that can be rapidly 
patched into code for a particular pur­
pose. The lattcr arc probably more useful 
for programmers . 

An excellent example of the so-called 
boilerplatc routines appears on PC-STG 
vol. 109. One routine checks whether 
dates entered into a program are val id or 
not. This routine ranges from simple 
(checking for invalid characters) to more 
complicated (checking for November 31) 
to the most complex (whether February 
28 ,1984 , occurred). 

One fairly common approach for 
checking dates is to convert to Julian 
days, use algorithms to check correctness, 
and the n reconvert. Alternatively, recent 
years can be checked by comparing 
matched substrings ofthc date function 
with a list of correct values . This is thc 
approach taken in DATE.PRG (or .CMD 
on 8-bit), written by Douglas Haman. 
This routine is self-contained and the 
results easily imported and exported. The 
date entered or passed to thc routine is 
broken down into month, day, and year 
substrings and the results matched against 
a list of valid characters. 

The routine is not particularly short, 
involving several nested DO loops and a 
mess of CASE statements , but it does the 
job, Documentation is nonexistent, but it 
is unnecessary for all but inellperienced 
dBASE users . The code is structured just 
as the manuals suggest and requires only 
slight modification to fit easily into a pro­
gram, but some programmers might want 
to rewrite sections to match their pro­
gramming style . As a quick and dirty rou· 
tine, it saves time in thought and cod ing. 

Another problem 
that often occurs 
when displaying 

data base fie lds on the 'SCreen is a w rap­
around of the field when it is lengthy. 
Most programmers get around this by 
limiting the f ields requiring this sort o f 
space (such as a comments field) to 60 
characters or so and having multiple 
fields devoted to the space 
(COMMENTI , CQMMENTI , etc.) o n 
separate lines. Howeve r,' the re arc times, 
such as when a lot of fiel ds arc in use. 
when It is necessary 10 have 3 lo ng field. 
When displayed on the screen or printer, a 
long field will break at an arbitrary place 
depending on thc display space availablc. 

d BASE docs not have word-wrap or 
anything similar. Usually it is necessary 
to try to arrange the displays so that a 
break does not occur in the middle of a 
word. A program by Melissa Gray on PC­
SIG vol. 139 allows a long field to be bro­
ken at a blank character or some other 
allowable line break characte r, such as a 
dash, semicolon, comma, equal sign, or 
backslash, and wrapped onto the ncxt 
line. This program, called PRlNTXTI , is 
one o f th ree files available on the disk. 
The other twO are a documcntation file 
and a procedure file. 

Records to be printed are trimmed so 
thai extra space is deleted and blank 
records nOt displayed. A series of vari­
ables require ini tializatio n before the rou­
tine is used , depending on the context. 

The coding itself is not particularly 
elegant and can probably be compressed 
quite a bit if desired. The aUlhor admi ts 
that it is a beginning effon. Regardless, it 
docs the job it is intended to do and solves 
the common dBASE problem of 
wrapping. 

PC-SIG voL 143 has a program that 
should be of interest to dBASE users . 
COPYFLD, Wrltten by Kenneth Eagle, 
provides a more powerful JOIN command 
function and allows a third file to be ere· 
ated by appending transferred fields 
rather than using dBASE's JOIN com­
mand . Funher, two or more fields in the 
source data base can be compressed into 
one field in the ta rget data base. A docu-
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f mentation file is provided . but the pro­
gram is documented well enough to be 
figured out without it. 

The program displays prompts for the 
name of the source file and destination 
file . (In a completed application, this pro­
cess can be bypassed with macros.) 
Prompts for the fields to be copied to and 
from are then displayed . The program is 
somewhat lengthy but checks for errors. 
Indexed files arc used throughout . 
Depending on the case, both the target 
field and the field that is to be copied from 
must be the key index. 

I used the COPY FLD program quite a 
bit for testing when creating a large inven­
tory data base program involving 12 data 
bases. (Most were combinations of other 
data bases but for different purposes and 
broken up for speed-a necessary con­
straint in this particular project.) No prob­
lems were encountered , and some tedious 
and frustrating work was eliminated . This 

program would be very useful for large 
data base programmers working in 
dBASE II. 

Vol. 128 in the PC-SIG library includes 
several dBASE utilities. Programs that 
determine the day of the week and set the 
system time and the date variable from the 
system date are useful routines that can be 
included in other coding . COMSTRlP is a 
quickie routine that strips comment files 
from other dBASE II programs. The 
advisability of such a move is left to the 
user, but where size is a factor such a 
move is probably neccssary. 

Aseries of com­
~leted applica­
tIons are 

available on PC-SIG vol. 126. The disk 

Patience isn·t always a virtue. 
Realia COBOL is fast: 

Reali, CO BOL ;. w, illen in COBOL. We offe r )'Ou the 
tools _ use oursel""" 

Com ila1ilHl S e<I _..,,_~ 

c-~ ........ ....... _~ ... _ 

. 1 ·05 -11 , 

• Ou, fO llOW_THE·SOUI1.CE~ interactive symbolic 
debugger. Work. wi,h normal nati"" code . 

-A sp~dylul l.s<r""n edito r that h. ndle,ve rylugelile. _ 
• Mainlro me IBM VS COBOt. compa1 ibility. 
_Inl"rla , e, 10 A,sembler and C. 

• No royalty Or run· time lee_ 
- No limit a n progrom oile. up to av.ilable memory_ 
. In our new ' ele""'. no need 10 in ... " lhe product 

di,ke"e whe n yo u"e u,ing • h.,d disk. 

Re. li. COBOL 'oStS S995. Qu. lified comp.n i". can 
try it lor hee. C. II u •. Md Uk . bou1 OU' oth er 
produ''', S pacem.ker~ and Ter mu lator~ 
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contains seven different program series: a 
form letter generator, a mailing list man­
ager, two backup routines, a library rou­
tine, a state and zip code checker, and a 
conversion program, with documentation. 

Warren McKenna's BACKUP is CP/M­
based and relies on the QUIT TO com­
mand to use PIP (the peripheral inter­
change program). It can be adapted to 
MS-DOS by using the COPY command 
instcad, but the structure of MS-DOS 
when compared to CPIM may not allow 
the program to work as easily. It adapts to 
the CP/M version through a relatively 
shari routine that utilizes file transfers, 
but it cannot handle files larger than disk 
capacity. 

For large files , SUPERBAK (by an 
unnamed contributor) uses hard disk 
backup onto noppies. Though the pro­
gram is longer it works well, allowing the 
user to name the input and output files or 
data bases. This routine works in CP/M or 
MS-DOS , although you have to insert a 
RESET statement in CP/M versions when­
ever disks are changed. 

SUPERBAK prompts the user for the 
capacity of the floppies to be used and 
requires the number of characters per 
record to be inputted. (This can be read 
directly from the records if the coding is 
changed slightly.) Restoration from the 
backups is also easy. This routine can be 
readily incorporated into another program 
by us ing the BACKUP/RESTORE option 
on !l menu and looping through a DO to 
this program. 

STATEZIP is a program (authoruni­
denlified) that chccks for valid state 
abbreviations and correct zip codes. It 
includes a data base with (surprise!) 52 
entries listing state abbreviations and two 
fields three digits wide with the high and 
low valid zip codes. 

The program is a self-contained pro­
cedure and can be trimmed 10 fit most pro­
g rams. Variables may have to be renamed 
for usage optimization-especially for 
variable passing- but the program is quite 
well laid out and concise enough 10 be 
useful in any program incorporating zip 
codes. 

In use , the program asks for the d:>ta 
base to be checked . This process can be 
avoided ifthe program is included in a 
larger routine. The data base to be 
checked is called the SECONDARY file , 
while the STATEZIP used as a reference 
is the PRIMARY file. After the program 
has been executed, you can edit the 
erroneous data or print out the bad values 
for future reference. 

MAIL is a series of programs that 
allows a mailing list to be generated and 
printed on labels and form letters to be 
used in conjunction with the mailing list. 
Mailing lists, as many custom program­
mers know, are one of the most frcquently 
requested and easiest programs to devise. 
Keeping a few basic versions on the shelf 
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is something It dBASE programmer 
shouldn't pass up, as these can quickly be 
tailored to a customcr 's requirements. 
MAIL does a fairly good job of creating 
lists but lacks any editing functions for list 
maintenance. These have to be added by 
the user. 

MAIL'sdesign fol lows thc form letter 
approach and uses a standard leiter format 
that can be edited with a word processor 
or dBASE itself. Thc lettcr salutation and 
headers are contained in a file with the 
dBASE commands for mcrging with the 
rest of the data base, while the body of thc 
letter is in a separate filc , saved as ques­
tion mark statements. 

The mailing list itself is straight­
forward, with fields for a title or salu­
tation, surname and given name, address, 
company and tille , and state and zip code. 
The entry process is simple bUI has no real 
power for editing, manipulation , or 
checking entries. 

The label generator is rout ine, and the 
printout uses a predefined format. It 
would be nice 10 have variable spacing, 
width control, and fields printed , but 
these would make the program more com­
plex. Also, selective printouts of matches 
with defined fields (such as all California 
residents or people of ABC company) 
would be appreciated by most mailing list 
users. 

The routim:s work as they should, but 
the program as a whole is rather rudi­
mentary, suitable for small uses but defi ­
nitely requir ing proj!; rammer modification 
for any large.scale usage. The series as a 
whole seemed remarkably like the maiHng 
list and form letter routines included in 
the sample programs with dBASE II, par­
ticularly in terms of capability. 

A more sophisticated mailing list and 
form leiter generator are included on the 
same disk under the name MU. This pro­
gram, written by Wil Wakely for the San 
Diego Computer Society, is far superior 
in all respects to MA IL, exccpt for the 
user whose major concern is simplicity. 

ML2 allows the user to edit entries. The 
data base is composed of fie lds for name 
and address, home and work phone num­
bers. and three fields-SORT, EXPIRE. 
and TYPE-for membership lists orcate­
gorizing data base entries. 

Form leite rs use the same fonnat as the 
previously mentioned programs, wi th a 
word processor used to create the body 
and the lctter read into the print routine. 
The label printing routine allows multiple 
label s 10 be printcd only in the standard (3 
'h-in.) label size. 

A disk library index manager was con­
tributed to this volume by Dr. M. Timin . 
This application allows the creation ofa 
subject indell to adisk filc library. with 
brief descriptions of passages refe rred 10 
in a separate data base. The user can 

search throughout the data base COntents 
for a string match or II particular subject. 
For those with extensive disk libraries, 
th is may be of some interest. 

PC-S IG vol. 102 has a complete series 
of programs designed for adVert ising 
agencies. These arc the sample programs 
included in the dBASE II manual. bUI 
revised. modified. enhanccd, and entered 
on disk for general use. While there may 
be limited demand for this particular type 
of program, it can be adapted eas ily to 
other situations and shows the construc­
tion ofa medium-sized application. 

Provisions for cntering bills (and pay· 
ing them), time sheets, deposits, check 
maintenance, media insertion orders, cli· 
ent billing, and various status reports are 
included. The program al so has job­
costing potential. 

In addi tion to the products listed here, 
much more dBASE material is available 
on the PC . Many of the programs men­
tioned in this column, as well as some not 
yet listed by PC-SIG, also are available 
from the New York Amateur Computer 
Club's PC/BLUE Library. Many of these 
programs are available in CP/M format 
from several sources, including SIG/M, 
CPM UG, and public domain libraries 
around the country. 

ext month we 
will be publish· 
ing a list of 

sources fo r public material , 
including addrcsses, prices , and (where 
possible) phone numbers. One such 
source is available from Dynacomp. This 
company has released a catalog thai 
includes several public domain library 
sets in addition to its line of commercial 
software . This catalog (#28) is available 
for $1. 

Apple software is represented on 50 
disks culled from the over 100 available in 
other collections, such as the Public 
Domain Exchange. Priced as low as $2.95 
in quantities of 10 or more, this is proba. 
bly the cheapest public domain library I 
know of for the Apple. 

PC/BLUE and PC-SIG libraries are 
also available fo r purchase or rent. 
Thirty-two disks, representing their better 
volumes, have been culled from PCI 
BLUE. Individual d isks are $5.95 each. 
while the full disk collection is S 119. 95 . 
(Rental of a 32-disk collection for 10 days 
i5$39.95.) 

The PC-SIG collection is made up or98 
disks and can bc purchased in its entirety 
for $399.95 or rentcd for 10days for 
$99.95. Individual disks arc $5.95. 

CP/M is represented by a nine-volume 
col lection available for S39 .95 ( IO-day 
rental) or $ 153.95 (purchased) with a 
book of documentat ion published by Peo­
ple Tal k. (The book is available separately 
for S 17 .95.) Individual disks are $4.95. 

For further information. contact Dyna­
comp at 1064 Gravel Road , Webste r. 
N.Y., 14580 . .. 

68000 
CO·PROCESSI NG 
For 
IBM PC, PC/XT 
and 
COMPATIBLE 
SYSTEMS 

Now you elnedd lhe MOTOROLA 68000 
16/32 Bit Procenorto your PC vii ull 01 
lhe Pro 68 Ad~enced TechnGI09Y CG· 
Procen or. Enjoy III 01 lhe pe"arm.nce 
baolll1l 01 the 68000 procluor without 
IIcrl/lclng your currlnt PC sy.tem. Con. 
sider lh.se Impren lv •• t.nd .. d lu tu, .. 
01 Pro 8a: 

• High Speed MOTOROLA 68000 micro 
processor 

• 10Mhz no walt slaledes lgn (3 time' 
lasl.r lnan lne IBM PCIAT) 

• True 1&132 bit te<::hnology 
• For useon IBM PC. PC/ XT or comp~l1l. 

ble ,ys lem, 
• On DOIIrll16 bll plrhy checked memory, 

256K to t02.K 
• Two serial 110 porlllor mull I user 

Inlerlace 
• Provision, lor lhe nigh ,Peed NS32081 

malh prOCeliSOr 
• High speed pro prlal. ry dual pon hOSl 

buslnlerface 
• P"ellet or e"ay pr~sing vie mul1l 

procenor erchi1eclure 
• MSIPC DOS RAM d isk driver progrem 
• Choiceoflwo popular inlegreted 16132 

bit operallng Iyslem.: 
- CPM6I!K from Dlgi lal Rellea rch Inc _ 

- Full lul le 01 de~elopmenl 1001. 
- "C" compHer with 1I0Il1' ;lind 

UNIX I/O library 
- Many thi rd p.rly compallble 

lilI1guage,end appllcallons 
- OS916800 from MICROWARE 

Corporallon 
- UNIX look allk. wilh mul1i user I 

mul111a,klng, Ihell. hl.rarchlcal 
disk directory, record ,nd llIe 
lock, pipes and Ill1ers 

- Fullsul1e 01 deve lopmenl10011 
- UNIX V comp.lible "C" complier 
- Dpllon.llanguages Include 

BASIC, ISO PASCAL, FORTRAN 
n. 

Pricing from $1195 includes Pr068 Willi 
256K, OS. end MS /PC DOS RAM disk 
driver. HSC ,Iso manu/,elures and mar. 
kel1 e luillinl 0/ <»-proceSSOfl end 
RAM dl,ks lor use on Z80 b'sed sYllems. 
DISTRIBUTORS: 
AU,1fella·Compuler Transillon Sy,lems 

.. 03·537·2761! 
Greal Britaln·Syl!em Science 

. .. 01·2.6·;062 
West Germany·DSC Inllln;ll1l0nal 

.. 089·723·1125 
C;IInada Remole System. 

Dea ler. DiS1r lbulo r and OEM Inquldes 
Invl1ed. 

I~~~~ D~ ~.IIOCk System. Co .• Inc . DO 
267 North M;IIln St'Ht 
He,k lmer. N'I' 13350 
(315) e66·1125 
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Productivity Tools from the Leading Publisher of C ProgramS:' 
The Lattice® C Compiler 
Thecornerstone of a program is its compiler; it 
can make the difference beh';een a good pro­
gram and a great one. The lattice C compiler 
features: 

• Full compatibility with Kernighan and 
Ritchie's standards 

• Four memory model options for control and 
versatility 

• Automatic sensing and use of the 8087 math 
chip 

• Choose from the widest selection of add-on 
options 

• Renowned for speed and code quality 
• Superior quality documentation 

"Lattice C produces remarkable code ... the 
documentation sets such a high standard that 
others don't even come close ... in the top cat­
egory for its quick compilation and execution 
time and consistent reliability:' 

Byte Magazine 

Lattice Library source code also available. 

Language Utilities 
ffb: 86/ffix 86 Plus - dynamic and symbolic 
debuggers respectively, these provide multi­
ple-window debugging with breakpointing 
capability. 
PI.ink 86 - a two-pass overlay linkage editor 
that helps solve memory problems. 
Text Management Utilities - includes GREP 
(searches files for patterns), DlFF (differential 
text file comparator), and more. 
LMK (UNIX "make'1 - automates the con­
struction of large multi-module products. 
Causes - lets you write programs with full 
.screen output transportable among all UNIX, 
XENlX and PC-DOS systems without changing 
your source code. 
BASTOC - translates MBASIC or CBASIC 
source code directly to Lattice C source code. 
C Cross Reference Generator-examines your 

C source modules and produces a listing of 
each symbol and where it is referenced. 

Editors 
Pmate - a customizable full.screen text editor 
featuring its own powerful macro command 
language. 
ESIP for C - C program entry with automatic 
syntax checking and formatting. 
VEDIT - an easy-to-use word processor for 
usc with V-PRINT. 
V·PRINT - a print formatting companion for 
VEDIT. 
CVUE - a full-screen editor that offers an 
easy way to use command structure. 
EMACS - a full screen multi window text 
editor. 
Fast/C - speeds up the cycle of edit-compile­
debug-edit-rccompile. 

Graphics and Screen 
Design 
HAW - one of the industry's standard 
graphiCS development packages. Over 150 
graphics commands including line, arc, box, 
circle and ellipse primitives. The 10 Fontpack 
is also available. 
Panel- a screen formatter and data entry aid. 
Latti« V\'indow - a library of subroutines al­
lowing design of windows. 

Functions 

usc asynchronous communications library. 
C Power Packs - sets of functions useful for a 
wide variety of applications. 
BASIC C - This library is a Simple bridge 
from IBM BASIC to C. 

Database Record 
Managers 
Phact a database record manager library of C 
language functions, used in the creation and 
manipulation of large and small databases. 
Btrieve - a sophisticated file management sys­
tem designed for developing applications under 
PC-OOS. Data can be instantly retrieved by key 
value. 
FABS - a Fast Access Btree Structure function 
library d esigned for rapid, keyed access to 
data files using multipath structures. 
Aulosort - a fast sort /merge utility. 
Lattice dB-C ISAM - a library of C functions 
that enables you to create and access dBase 
format database files. 

Cross-Compilers 
fur programmers active in both micro and mini 
environments we provide advanc~d cross­
compilers which p roduct Intel 8086 object 
modules. All ""ere developed to be as functional 
- and reliable - as the nativerompilers. They 
are available for the following systems: 

VAX/VMS, VAX/UNIX, 68KIUNlX·S, 
68KIUNIX-L 

Also, we have available: 
Z80 Cross-CompiJer for M5- and PC·DOS­
produces Z80 object modules in the Microsoft 
relocatable format. 

C·Food Smorgasbord - a tasty selection of 
utility functions for Lattice C programmers; 
includes a binary coded decimal arithmetic 
pa<-kage, level 0 va functions, a Terminal In· I :-:---=--:-~ 
dependence Package, and more. New Products 
Fioat-87 - supports the 8087 math chip to 
boost the speed of floating-point calculations. 
The Greenleaf Functions - a comprehensive 
library of over 200 routines. 
The Greenleaf Comm Library - an easy-to-

RuniC - finally, a C interpreter for all levels of 
C Programmers. 
C Sprite - a symbolic debugger with break­
point capability. 

Call1lFEBOAT: 1-800-847-7078. In NY, 1-212-860-0300. 

rYE5.1 Pleos-;ru;;/HC t";;'e-;; F~E uj'eboofT'" col%g ofC p;;;;c;' 
I NOllie Tille., ___________ _ 

COli/pony Notne·~~~~~~~~~~~~~~~_"BlJsiness PIIOlIe·~~~~~~~~_ 
Addnn' ___________________________________________________ _ 

Please cited one of Ike following cotegon"es: 
o /}ea/edj)isInOlllor 0 Emf User 0 Ol"er~:-:~~~~~_ 

He/11m COl/polliO: LifebontTM Associntes 
]651 Third AVclllle, New lOrk, NY 10128 

"~~.t...,....,.. 
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(8)0(8)0 PRODUCT BINGO 

Each month Product Bingo features the latest in new soft­
ware and hardware products of interest to COMPUTER 
LANGUAGE readers. Send new product information to 
Doug Millison , Product Bingo, COMPU TE R LANGUAGE, 
J 31 Townsend St., Son Francisco, Calif. 9.6107. 

Ladder up ta TapVlew 
C program developers wriling for IBM 's TopView can use a 
new library of 70 C functions. For the IBM PC family, 512K 
memory suggested, the l ottice TopView Toolbasket retails 
for $250. 

latlice Inc., P.O. Box 3072, Glen Ellyn, III. 60138, (312) 
858-7950. 

CIRCLE 101 ON READER SERVICE CARD --APL a day, chapter 2 
Users of APL • PLUS con speed program development under 
IBM DOS with APL· PLUS PC TOOLS, vol. 2; the first mod­
ule is now ovailab le for S8S. 

STCS Inc., 2115 E. Jefferson 51., Rockville, Md. 20852 , 
(800) 592-0050 (in Maryland, (301) 984-5 129) . 
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AT&T PC UNIX compliers 
AT&T users will develop business applications under UNIX 
with the Philon family of FAST! compilers, including FAST/ 
C, FAST/BASIC-C, FAST/BASIC-M, FAST/COBOL FAST/ 
FORTRAN, FAST/PASCAL, and FAST/ RPG. Prices were 
unavailable at press time. 

Philon, 641 Ave . of Ihe Americas, New York, N .Y. 10011 , 
(2 12)807-0303. 
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New, low-priced Pascal 
An interactive, multitasking Pascal compiler that claims to be 
a strong competilor to Turbo Pascal in speed, reliability, and 
price. Mystic Pascal is priced at 539.95, plus shipping. 

Mystic Canyon Software, P.O. Box 1010, Pecos, N.M. 
87552, (505)988-4214 . 
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16/32-bit coprocessor 
IBM PC users work in both worlds with the Pro68 co­
processor board based on the Motorola 68000 chip, with 
CPM 68K or 059/68000 operating syslems. Priced from 
51,195 for the 256K version to S 1 ,895 for the 512K co­
processor board. 

Hallock Syslems Co. Inc., 267 N . Main St. , Herkimer, 
N.Y. 13350, (315)866-7125 . 
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BASIC to Pascal translation 
Programmers can convert Applesoft BASIC programs to 
Apple Pasca l wilh P-tral, from Woodchuck Industries Inc " 
fo r the Apple II family. Introductory price S 125. 

Woodchuck Industries Inc., 34.0 W. 171h St. #2 8, New 
York,N.Y.l00 11,(212) 924-0576. 
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Pascal graphics 
Turbo Pascal users can odd drawing and animalion to their 
programs with Diversified Educational Enterprises Inc.'s 
Turbo Graphics, priced at 539.95 for the IBM PC or com· 
patible. 

Diversified Educational Enterpri ses Inc., 725 Main St., 
Lafayette, Ind. 47901, (317) 742-2690. 
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Turbo screens, too 
Turbo Pascal programmers can wrile and display full screen 
program s almost instantly wilh Technisoft's FASTSCREEN, 
for IBM PC and compatible, priced 01 529.95 . 

Technisoft, 17 10 Allied 51., Ste. 37, Chorlottesville, Va. 
22901, (804) 979-6464 . 
• ___ ;C~'R~C;;;lE 109 ON READER SERVICE CARD 

Pascal to C conversions 
IBM PC users con convert Apple, UCSD, MT +, Turbo, and 
MS-Pascal programs into equivalent C programs far 55,000 
per site license, or use the translation service for S50/hour. 
TGL Inc. will converl500 lines of Pa scoul ( Pascal) source 
free. 

TGLlnc., 4400 Sulphur Springs Rd., Corvallis, Ore. 
97330, (503) 745-7476. 
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New C libraries 
Through Greenleaf Software Inc. , C programmers con 
add 230 functions 10 supporl Microsoft C or MS-DOS, sup­
porfing a variety of compilers on the IBM PC or compalible, 
fo r 5185. 

Greenleaf Saftwore Inc., 1411 LeMa y Drive, Ste. 101, 
Carrollton, Texo$ 75007, (214)446-8641. 
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C Programmers: 
Consider 104 Ways 
To Be More Productive 

If you find and choose the right development soft­
ware, you can: cut development effort, make imprac­
tical proJects feasible, and elimInate unproductive, 
frustrating aspects of programming. 
Confused? We'll help you sort thru the huge number 
of alternatives. Call for comparisons or information. 

Learn C Programming 
Only $95 

" 'ntrorluclng C" Interpreter 

Computer Innovollons has done 
It again! This inTercchve implemen· 
ta tion is combined with 0 lul l 
speen editor and 0 thoroug h, sel!· 
paced monuol. 

You can develop progroms los· 
ter I)y genmg Immediate feed­
I)ack Programs Will start inslantly 
upon your commond There is no 
need to walt for "compile and 
link ., 

InlroduClng C includes demo 
progroms. powerful C language 
Interpreter, complete C function 
ill)rory. lull screen ecr itor, color 
graphics. and C longuage com­
potll) lhty PCDOS S95 

Simplify 
Screen Management 

Windows for C 

Keep your soltwore up to dote 
with the lalest screen monoge­
mentleotures: 

• POp up menus and help files 
• Instant screen chonges 
• Multiple windows 
• Complete color conlrol 

Windows for C offers all of these 
plus much more in on integraled, 
compact, eosy-to·use library of (1). 

jecf code functions. Thorough. 
reference manual Support for all 
memory models of popular C 
compilers_ New version 3.1 otters 
enhanced portal)ihty and TopView 
compatibility Full source avail­
ol)le MSOOS SI80 

WhIch Complier Features Do You Need? 
OpTimizing C86 Complier 

Over me years me Optimizing C86 has evolved 10 be the most complete 
set of C compiler tools II includes util ities, a riCh librory, and thorough tech 
support In line 8087/287 routines run up 10 100 times foster thon the 8086 
motn package. The source code 10 all routines is included. so you have 
complele control over haw they work. Thorough ROM support. Intel UDI & 
VMS cross versions ole available. 

More of me leaTures you want include: 
• spec ial IBM·PC library . 2 moth and 2 1/0 libraries 
• full memory util iza tion of Ihe 8086/8811861266 
• compatibility with masl tommercialirbra ries 
• Object oM source module Ilbra:lan 

Get File Access with 
TIGHTER Control 

db_VISTA Dora Management 

MSDOS S339 

Full source, no royalties alld "norma'" indexed file managem.,r;\ <:re 
port 01 db_VISTA. Gel.more for the price of only on ISAM. 

You can minimize dala 5tor9(l and access records even foster and 
more logically lhan just using indexes. Example: address and transaction 
dolo should nOI require redundant storage 01 customer names Of 
numbers. Use pointers. Reloted dolo fields paint 10 other related groups 
- the "netw:;)rk mode'" 01 dato. 

Use db_VISTA as a "normoIISAM" or save programming time. access 
time and file size. Lollice, C86. Williams. Oesmet. Microsoff C. 

MSOOS. SOtJrce $450. Object 5275 

We carry 27 C Compliers, 4 C Inteprelers, 49 Support 
libraries, 5 C source debuggers, and 19 other C Add· 
cns for programming with MSDOS, Macintosh, or 
CP/M - more thon 104 products, really. Here are 
some 01 the best products available: 

SORT I MERGE FlIo. for 
Cloan, Fast Maintonanco 

with OPT-TECH SORT 

Performance should nat suffer 
with DOS Of other "'ree" sorts. 
ISAMs alone are slow when 10% or 
even less Is changed/added. 
OPT-TECH Includes: 

- CALlable and Standalone use 
- C, ASM. BAS. PAS, FTN, C080L 
- Variable and fixed length 
- I to 9 fields 10 sort/merge 
- Autaselacl of RAM Of disk 
- Options: dBASE. STrieve files 
- 1 ta 10 files Input 
- No soHware max for /I Records 
- All common field types 
- By pass headers. Wmil sort 
- Inplace sort oplion 
- Ou!pul = Recard or keys 

Try whol you're using on on Xl: 
1.000 128 byte racOi'ds, 10 byte key 
In 33 secOOCis. MSOOS. S90 

Add Communications 
Features 10 

Your Programs 
Greenleaf Camm library 

Greenleaf now enal)les you to 
communicate with remote systems 
or databases with on asynchronous 
communications library for C. 

Individual transmission and re­
ception ring buffers cambine with 
an interrupt driven system. This 
eliminates Ihe exira function of 
separately calling up the com­
municollons program. 

Included are 1 library/object files. 
100 functions; 100 poge manual, 
complete sOtJrce COde. library 
10i!Of-made 10 suit compiler and 
memory. Hayes-compat ible 
modem commands. and a com­
plete sample file transfer program 

MSDQS $169 

Inventive Programming Becomes Possible 
with 300 + ESSENTIAL, tested, tast, routine. to Rely On. 

C Utilities library by Essential SaHware 

Recent Enhancements to Graphics. Windows, AT Support 
Every application you write is likely to require functions where you feel like 
you ore "relnventing" Don'!. Even If you use only 5% of this library, you will 
come out ahead on schedule ond cost. 

Full business Graphics, Window support, polled Communications, and 
Data Entry support have recently been added/upgraded along with more 
functions for OOS Interface and AT support. Stnng handling, screen control, 
"word processor" functions. meffJory management, directory and poth ac­
cess, dote handling. program chbining. keyboard and printer contrOl are 
traditional strengthS. 

Full source code is included. No royalties are charged to include functions 
In your programs. 95% are C for portability and to make it practical for you 
to unders!and or modify them. 

Lorti<:e. Microsoft, C86, Marl\ Williams. Aztec. Desmet and WIZard Core 
supported. Specify which you need. 

SUbstanlioltime, ettort, lesting and allenlion has been invested by Essen­
lial Software developing, documenting 000 supporting this comprehensIVe 
library. Make new pfOjeCts practical and interesting. USe this tested and 
reliable library. 

Some functions are PC-specific. Most support oily MSOOS. S159. 

~~.~~;~or for our "C Extras Packet" with over 50 

'"m,," ,""'''''' , 
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SOFTWARE REVIEWS 

In any review of 
Forth packages , 
the reviewer faces 

a frustration unknown to reviewers of lan­
guages such as BASIC and FORTRAN, 
Because Forth is an extensible language. 
its users can add new commands \0 it at 
any time- indeed, programming in Forth 
precisely consists of adding commands to 
address II specific task. Thus the lack of a 
particular command or feature in II Forth 
package must be measured against how 
difficult it would be for the user to add 
thai command or feature. 

In keeping with Fonh's guiding philOS­
ophy of simplici ty, most vendors avoid 
inc:luding nonessential commands as part 
of the package if the user can easily create 
them. Each command takes up room in 
the sys tem and adds 10 the bulk of docu­
mentation, If the command clearly is 
needed by a large number of users, well 
and good: but if the command would be 
used only in special circumstances and is 
re latively easy to bui ld, it probably is bet­
ter to let the user add the command when 
(and if) it is needed. Thus the presence o r 
lack of a particular command is not neces­
sarily of any real significance. 

So on what basis does a potential user 
choose a Forth? 

One cri terion is speed. The top of the 
Forth dictionary consists of words written 
in Forth- the same sort of extensions to 
the language that the user provides. But 
the very innermost words within any 
Forth dialect are written in machine code. 
Their structure and polish to some elltent 
determine how fast the Forth will be at 
traditional benchmark tasks. The more 
words written in machine code, the faster 
(and less portable) the particular Forth 
system is likely to be. 

It is worth pointing out , however, that 
the only true benchmark of performancc 
is a job mix of tasks specific to the user·s 
own applications. And because one of 
those tasks is programming , overall speed 
should also be mcasured from the 
inception of the idea to the arrival from 
the completed program of real output­
that is, real-world speed concerns not 
only internal performance once the pro-

By Michael Ham, Michael McNeil, Stephen Martin, and 
William Lindow 

gram is complete but also the ease wi th 
which one can program in a particular 
Forth. 

Thus a second key criterion for lan­
guage selection is the quality of the docu­
mentation. Is it clear, comprehensive, and 
readable? And for those instances in 
which a user cannot make out what is 
meant, is there telephone support? Is the 
... endor avai lable to answer specific 
questions? 

Another factor affecting the ease of 
using the Forth is the richness of the set of 
elltensions provided by the vendor. For 
example, considerations of speed suggest 
that in an applicat ion program the devel­
oper may want to write some parts of it in 
machine code. Forth does not use a sepa­
rate assembler and linker, the procedure is 
to begin the definition with CODE instead 
of: and then enter the name o f the word 
followed by its definition written in 
assembly language instead of Forth. The 
defini tion ends with £NDCODE instead of 
a semicolon. 

The usual development procedure for 
speed'critical applications is to get the 
entire program running in high- level 
Forth and then systematically replace the 
most frequently encountered Forth defini­
tions with assembler definitions. Since 
95% ofa program·s time typically is spent 
within 5% of the code. this procedure 
allows the programme r to gain asse mbly 
language speed with very little asscmbly 
language programming. Users whose 
applications demand extremely fast pro­
cessing speeds will want a Forth that 
includes an assembler. (It is worth point­
ing oUI that most Forths are fast enough 
for many users to write aU their code in 
Forth wi thout ha ... ing to dip into assembly 
hmguage at all.) 

The Forths reviewed here generally 
include an assembler and an editor. Look 
also for other extensions that might be 
important to you~a special capabi lity in 
graphics might be something you prize. o r 
a need to work with fil es generated wi thin 
a particular operating system . 

Another important criterion is vendor 
support, which is ellpressed in several 
ways. O ne important kind of support is 
the fixing of bugs. Forth systems. particu­
larly early in their evolution, are like any 
other programs: they exhibit occasional 
bugs that arise only in particularly 

obscure encounters with the operating 
environment. If the vendor is responsive 
to reports of such problems, the vendor 'S 
Forth wi ll quickly become reliable 
through its trial by fire in real-world 
cncounters. This evolution presupposes 
an ongoing effort on thc part of the 
vendor. 

An aspect of vendor support already 
touched on is in the number of extensions 
provided to the basic Forth package. 
Allied with this kind of support is the 
degree to which the vendor responds to 
customer requests and suggestions. Some 
vendors are elltremely open to ideas for 
ellte nsions and improvements, which is 
reflected in the polish their systems 
ellhibit. For example, the editor in PCI 
Forth v . 2.0 used its own unique set of 
control -key commands . Acting on a user 
suggestion , Laboratory Microsystems 
revised the editor in ... . 3.0 and installed 
WordStarcontrol-key commands, to the 
great benefit of users accustomed to those 
commands. 

Some vendors also act as a clear­
inghouse for user-developed software and 
suggestions. The electronic bulletin board 
systems installed by those vendors not 
only carry answers to technical questions 
but also allow users to upload and down­
load source code of various rout ines, 
writtcn in the vendor's Forth . 

Another consideration, particularly if 
you plan to develop programs across a 
variety of computers, is the degree to 
which the vendor pro ... ides the same Forth 
on different machines. It ob ... iously helps 
the de ... eloper tremendously if the bulk of 
the source code can be ported directly to 
another machine. 

Developers are also apt to be keenly 
interested in the royalty fee and licensing 
arrangements fo r programs wri tten in a 
particular Forth . Indeed, anyone who 
writes a program that may ha ... e more than 
one user should check the conditions 
under which the program can be shared. 
Some of the licensing agreements require 
the payment of a significant licensing fee 
even if you merely want to share with a 
local users group some program you 
developed. (Of course, it is perfectly 
legitimate to pay no license fee or royalty 
if you sell or give your program to those 
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HOW [ASY DE V~ LOPING 

PROGRAMS CAN BE WITH 

THE C UTILITY LIBRARY' 

COMPLETE. Over 300 tes ted 
and well documented func­
tions. All features of the PC 
&AT are at your finger tips . 

ADVANCED. Features like 
windows, data entry fields, 
switching displays, and balch 
file execution are supponed. 

GRA PHIcs. A complete set 
of fast business graphics 
func t ions. Our low level 
graphics routines are the 
fastest in the business. 

SOURCE. All source code is 
included. 95% of t he libra ry 
is written in C. Only func­
lions demanding fast execu­
lion speed are in A ssembler. 

COMPATIBLE. With Lattice, 
Microsofti3.0) , CI-C86, 
Az tec, DeSmet, Wizard, and 
Mark Williams. All memory 
models are supported. 

MUCH MOR E. Dozens o f 
s t ring functions, the best 
t i me & date math and for­
matt ing, DOS directory and 
file mgmt., keyboard control, 
polled async communi c at ions, 
and more. NO ROYALTIES. 
We SUPPORT what we sell. 

C UTILITY LIBRARY - $185 
COMPILERS: Lattice $349, 
C I-C86 $329, Mark Willi a ms 
$449. Sa ve $40-$50 with 
compiler & library package. 

Specify compiler and version 
nUll'ber when order ing . Add $4 for 
UPS or $7 for UPS 2-day shipping . 
NJ res idents add 6% sales tax . 
VISA, Me, Chks & qualified PO ' s . 

• E S!e n~,a l Softwa. e. Inc . 
• P.O. Bo_ 1003 
_ Maplewood, New .Jc " ey 07040 
• 9141762·6605 
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who al ready own that Fonh, since they 
can use it on thei r own systems.) 

It should be noted that many system 
features may seem positive or negative 
according to the individual 's point of 
view. To the e:'lperienced Fonh pro­
grammer. lack oflon g memory 
addressing opcralOrs, for example. is 
not panicularly a liability for a given 
system. When needed , the individual 
can add opcralOrs such as these 10 the 
language in fi ve minutes or so. includ­
ing testing. In the mean time, the pro­
grammer appreciates the lean and trim 
nature of poly FORTH , say, which pro· 
vides a larger programming space than 
its small-model memory addressing 
might lead one 10 imagine. 

The community of Forth users 

Fonh has come up from underground . 
The language was conceived and 
developed on the job, far from the nor­
mal programming language incubation 
site of academia or research and devel­
opment institutes. 

Charles Moore stated that his goal in 
developing the language was simply to 
make himself a more productive pro· 
grammer (see COMPUTER 
LANGUAGE's ComputerVisions. Pre· 
mier issue, pp. 69-70, and Designer's 
Debate, March issue, pp. 19-24). He 
developed Fonh gradually, over a 
period of several years in various pro­
grammingjobs for underfunded enter­
prise~ that were trying to wring the 
maximum of performance out of the 
minimum of machines. Forth's sim· 
plicity, compactness, speed. and 
extensibil ity resulted from its develop· 
ment in the rough-nnd-tumble world of 
real-life applications. 

As rumors about Forth 's capabilities 
began to percolate throughout the 
microcomputer community, those 
intrigued were frustrated by the lack of 
access to any packages. FORTH Inc. 
was al ready in existence, but the cost 
of its system made it prohibitive to 
hobbyists who just wanted to learn the 
language. In the late 1970s , the Fonh 
Interest Group. led by Bill Ragsdale , 
Kim Harris. and others, developed a 
public domain version of Forth for a 
variety of microprocessors and estab­
lished an organization 10 bring 
together hobbyists and developers 
interested in the language. Building on 
the fig-Forth effort, a number of com­
mercial vendors added polish, e:'l ten· 
sions, and support 10 the package, 
leading 10 loday's relatively rich Forth 
environment. 

Many experienced Forth 
programmers-fluent in Forth and not 
really wanting or expecting to deal with 
other environments-will value the 
approach taken by polyFORTH and other 
systems where a common non-DOS Fonh 
environment is created and maintained 
across a number of different processors . 
On the other hand, the individual who 
desires to coexist along with non·Fonh 
programs in a shared DOS data environ­
ment will find this approach to bea 
handicap. 

Allhough all these systems claim to fol­
low some Fonh standard or other, mod­
ifications to the benchmark programs 
were necessary in almost every case, 
mostly to semistandardized words such as 
2DUP, 2"', etc. The file interface varied 

Because Forth is a simple language 
to port, it is frequently the first lan­
guage up on a new machine (as Mac­
Fonh was on the Macintosh). And 
because Fonh has so much powcr 
despite its simplicity, a variety of com­
panies and products place thcir faith in 
Fonh . Simon & Schuster'S Typing 
Tutor III. Scarborough Systems' Mas­
terType, a variety of programs from 
Electronic Ans, and many small dedi­
cated devices. such as pocket trans­
lators and embedded control chips, al! 
do their magic via Fonh. 

The Fonh Interest Group continues 
to act as the main national Forth clear­
inghouse of infcrmation and activity. 
Membership is 520 per year and 
includes a subscription to the 
bimonthly Forth DimensiOTlS . (Fonh 
Interest Group, P.O. Box 8231, San 
Jose, Calif. 95155, (408) 277-0668.) 
Every fall the Forth Interest Group has 
a convention of Fonh users and ven· 
dors. The convention this year will be 
September 20 and 21 in Palo Alto. Calif. 

Another publication of interest 10 
Fonh programmers is The Journal of 
Forth Application and Research. pub· 
lished quanerly by The Institute for 
Applied Forth Research Inc .. 70 
Elmwood Avenue , Rochcster, N.Y. 
1461 1. 

Books on Forth are available from 
fig and from many of the Forth ven· 
dors reviewed in this issue. The stan­
dard beginner's book is Staning Forth 
by Leo Brodie. Olher good intro­
ductions are The Complete Forth by 
Alan Winfield and Mastering Forth by 
Anita Anderson and Manin Tracy. 
Intermediate te :'l ts include Thinkillg 
Forth by Leo Brodie and Forth Tools 
alld Applications by Gary Feierbach. 
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mbl1COBOL 
for your IBM/PC 

• 

Now, the mbp COBOL Compiler offers 
unrivaled com'enience to go with its 
unmatched performance. 

Here are the convenience 
features you've wished for: 

1) an enhanced Screen 
Management System with pro­
gram-controlled video attributes 
and color; 2) suPPOrt for PATH & 
sub-directOries; 3) DOS command 
execution from with in a COBOL 
program; 4) 'permanent' DEfAUlT 
modification. 

The new mbp Compiler has them 
all ! And they're excl us in:s; you gCI them only w ith mbp. 

Plus, its 4 times faster. 
Because the mbp COBOL Compiler generates native machine 

language object code, it executes programs at least 4 times faste r 

GIBSON MIX Benchmark Results 
Calcu l~led S·Profile 

(Representative COBOL statemellt m i..l.) 

(sec chart). No\'.; we've made 
that performance even 
morc convenient to use. 

Execution time ratio The complete CODOL. 
mbp' te\'d II ' R·M' Microsoft' An Interactive Sym· 

COBOL COBOL COBOl. COBOL balic Debug Package 
1::0() ---:ws 598 ~ included standard; Multi· 

. __ ... ___ .~ .., • ., ...... ' ... _~._'" keyed lSAl.\-1 Structure; SORT 
, .. ..... ~ ,--,~ '"u"",,,,,,_''' -~'-'" & CHAIN; GSA cenification 
to Ai\'SI '74 1.t::\'cI II; IB~VPC.AT and "1"1 Professio nal compatibility; 
with mbp, you get it all. Optional: Nm'Cli Nt::tWare interface. 

mbp COBOL: the choice of professionals. 
It 's no surprise more and morc companics like Bechtel, Bank 

of America, Chase, Cit icorp, Connecticut Mutual, Hughes Aircraft, 
McDo nnell· Douglass, and Price·Waterhouse choose mhp COBOL 

Make it your cboice, loa Just send lhe coupon, or call, for 
complete information . Today. 

ence. 

mbp COBOL. $1000 

• • • 

PICfJSe send complete mbp COBOL i"formation 
to: 

N~~£ ______________________________ ___ 

COMP~ ____________________________ ___ 

'""""-------------------------------
Ctn",STATmIP __________________________ __ 

PHO:-;~ ______________________________ __ 

• mbpSoftware&SystemsTechnology, Inc. 
: 7700 EdgeW'.lter Drive, Suite 360 
.Oakland,CA94621 
• • • 
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drastically, with phrases opening the 
benchmark source file ranging from 
OPEN BNCHMARK. FTH to ItO FCB 
BNCHMARK SCREEN-OPEN to 
·' BNC HMARK.SCR·' SCREENS 
OPEN IS DEFAULT. 

Finally, it should be pointed Out that 
most of the FOrlhs reviewed here are in a 
state of continuing dcvclopment and 
refinement. If you are interested in any 
particular packages, you should contact 
thc vendor to get current information. 

IBM PC FORTHS 
The [BM PC has attractcd the attention of 
numerous Forth vendors who offer a 
broad line of products tuned to take 
advantage of the various special featu res 
of the I~M and compatible products. This 
review discusses the capabilities of IBM 
Forths from I I vendors, in aIphllbeliclil 
order by vendor name. 

FORTH Inc, polyFORTH II 
FORTH Jnc. was founded in the early 
19705 by Charles Moore (the initiator of 
Forth), Elizabeth Rather. and Edward 
Conklin. Rather and Conklin still run the 
company, while Moorc has gone on to 
other work, including thc development of 
II microprocessor that runs Forth as its 

native language, From the beginning, 
FORTH Inc. has emphasized simplicity, 
compactness. and speed, avoiding any­
thing Ihat might be taken asa frill. The 
company 's product philosophy could be 
summarized as lean and mean. 

FORTH Inc. ported its Forth to pro­
cessor after processor until polyFORTH 
systems today run on Intel 8080, 8086, 
DEC PDP/LSI- II , Motorola 6809 and 
68000, RCA 1802-1805, NCR-32, and 
NC-4000 processors .. FORTH Inc. also 
does a large amount of contract program­
ming work in polyFORTH. specializing 
injumping into software engineering 
projects in a state of crisis. replacing the 
existing operating systems and applica­
tions with customized poly FORTH , and 
using the speed and compactness of its 
Forth (along with its programmers· famil­
iarity with it ) to save the day. 

The poly FORTH systems all include 
multitasking , They arc multiuser when 
desired and fast-compiling and compact 
even by Forth standards. poly FORTH 
commands a high price among the Forths 
reviewed , based on its features, reputa­
tion, and performance. Yet polyFORTH 
on the IBM PC presents some curiously 
old-fashioned and creaky traits. betraying 
its age and history llnd perhaps the weak 
points in a producl philosophy of 
spareness. 

THE-HAMMER 
Software Tools in C 

More than j ust BIOS/ DOS access, 
THE f1AMMER Library also provides routines for 
m ulti-level 123·like m enus, easy data en t ry 
&' verification of strings. numbers. & dates. 
screen attribute control. date & t ime pro­
cessing. AND MORE. 

Super d ata entry rou tines give program m er a 
natural. strong interface with the user. They 
work In both "single-Reid" and ··multi·field" 
( full screen editing) modes, This is NOT just 
another library of general purpose routines. 

For: IBM/ PC fam ily with DOS 2.00+ 
C Compilers: CI·C86. Lattice. DeSmet. and new 
Mic rosoft V3 .00 

$195 with source code and manual. To order 
o r inquire. CALL OR WRITE: 

O.E.S. SYSTEMS 
1906 Brushciiff Road 
Pittsburgh. PA 1522·1 
41 2/ 243-7365 

Looking for the right tool fo r the job? 

GET THE HAMMER 

Fonh would not be the language it is if 
Moore had not insisted on going his own 
way and holding fast to simplicity and 
compactness as guiding principles. How­
ever. in interpreting this overall strategy, 
FORTH Inc. has nearly always fou nd that 
the simplest approach for llny given 
implcmentation is 10 seize the ent ire 
machine and use Forth as ils own oper· 
ating system. Even when a computer has 
110 routines in ROM, fORTH Inc. gener­
ally prefers to interface directly with 
machine hardware. While this approach 
does provide a simple and compact struc­
ture for the operating environment and 
squeezes amazing capabilities and speed 
inlO small machine computers, il also has 
the drawback Ihat the resulting programs 
are incompatible with data produced by 
other (non Fonh) programs and cannot run 
in a common environmcnt with other pro­
grams the users may nave. 

This kind of simplicity has also led to 
compatibility problems as the hardware 
has evolved. While other programs were 
somewhat insulated from the hardware by 
using the manufacturer 's operating sys­
tem, the native polyFORTH for the IBM 
PC could not run on the XT when thc XT 
came OUI. Then the version of poly­
FORTH that had been modified for the 
XT would not run on the PCjr or thc AT. 
Another example: polyFORTH's stand· 
alone in tc rface to the DOS file system. 

CIRCLE 19 ON READER SERVICE CARD 
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Wlzanb C 
·· ... writt~n by someone who h .. bun in che bU5ineN 

II whil • . Thi, especially .how, in the documentation," 

COlI}puler Lan~ull.~e 

Febnuilry. 1985 

• All UNIX System V l.n~II11~e featu res 

• Support for 8087. SOl&> lind 80280 

• Fun libMlry s<Juree code included 

• Cross·file checks (full UN IX lint) 

• Uses "fS·L1NK Or PLINK 86 
• ROMahle datil options 

• In-line assembly lanbuabe 

• Crmls compiJ\lrs avai lable 

• Third party software available. includin!, PANEL 

The IH'W sta ndard for C Compilers on MSDOS! 

Only $450. 

(617) 641-2379 

Systems Software. Ine. 

11 Willow U!urt 
Arline,lon. MA 02174 
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For Complete 
Information Contact 

Novix 
10590 N. Tanlau Ave. 
Cupertino. CA 95014 

408/ 996-9363 
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designed for DOS I.x, could not be used 
to access DOS 2. ;\ files, even on disks 
lacking a subdirectory structure. Thus the 
FORTH Inc. approach forces Fonh 10 be 
agi le in dancing 10 thc hardware 
manufacturer's tune and tempo. poly­
FORTH also is not compatible with the 
Forth-83 Standard; the system is essen­
tially Forth-79 Standard. 

The problems in compatibility and mar­
keting are slowly moving FORTH Inc . 
toward safer methods of interfacing to its 
computers. Two level 3 polyFORTHs are 
reviewed here; one is the traditional 
stand-alone po!yFORTH for the IBM PC 

and performs its 110 by direct interface to 
the hardware. 

The other poly FORTH system 
reviewed is even more integrated into the 
PC environment because it resides in an 
MS-DOS COM file and performs its 110 
via DOS calls. Thus this system pre­
sumably is capable of running on any MS­
DOS computer. Even this polyFORTH, 
however, displays minimal integration 
into the DOS environment and remains 
much closer to the poly FORTH world 
than the DOS worfd. For its disk 1/0 , MS­
DOS polyFORTH simply accesses an 
image of the native poly FORTH system 
disk that has been lransferred, block by 
block, into a DOS file. polyFORTH still 

Now for the 
IBM PC, XENIX, UNIX, VMS ••• 

WINDOWS FOR C~ 
Advanced Screen Management 

Made Easy 
A video tool kit for all screen tasks 

• Pop-up menus and help fil es 
• Unlimited fil es a nd windows 
• Rapid screen changes 
• Logical video attributes 
• Complete color control 
• Horizontal and vertica l scrolling 
• Word wrap 
• Highlighting 
• Plus a library or over 65 

building block subroutines 

So easy to learn and easy to use, 
you'll wonder how you ever managed 

without it. 
Provides application portability 

between the IBM PC and XENIX, UNIX, 
VMS or any terminal-based system. 

Full suppon for IBM PC/ XT/AT and compatibles; Lattice C, CI-C86, Mark Wm. C , 
Aztec C. Microsoft C, DeSmet C (PC/ MSDOS): PC/XENIX. Source version aveileble 

lor Unix and other OS. 

NEW Ver, 4.0 
logical attributes 
Easler menus 
New pop-up functions 
WINDOWS FOR C 
PCUOS 
(s~ify,ompi ler) 5245 
PC/ XENIX $495 
UNIX and other OS Call 
Full Source A ... ;lable 

i .J . Creative • =- • Vermont 

i i Software 
21 Elm Ave. 
Richford, VT 05476 

.~ 802-848-7738. ext. 41. 
" -! 

• L-_ Master Card & Visa A.ccepted 
. .. . Shipping 52.50 

VT residents add 4% tax 

T,~demllfk~ - UNIX. AT&T: XENIX. Micr050ft VMS. DEC 

• 
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does not seem to be really at home under 
MS-DOS. 

FORTH Inc. says that the fully native 
polyFORTH for thc IBM PC will becon­
linued. A soon-to-appear upgrade of the 
nalive product will include an expanded 
(stand,alone) DOS file-handling package 
wilh the ability to c reate a DOS-boatable 
COM file containing a nat ive application . 
Accompanying current versions of poly­
FORTH arc various utilities, such as an 
8086 assembler, command-type block 
editor, and polyFORTH'sown fitesystem 
and data base manager, which aUow files 
and record structures to be declared and 
manipulated. 

Developers should note that FORTH 
Inc, requires no royahies or license fees 
for program products wrilten in poly­
FORTH, provided that the end user has no 
access to the underlying Forth. If the user 
can access the underlying Forth (under 
any circumstances), a fee is required. For 
serious development work, FORTH Inc. 
sells a \evel4 version of the product (at 
53,200) that includes the eompicle system 
source code and a target compiler that 
allows the customer to tailor {he complete 
system to his or her own situation. The 
system, consistent with its minimalist phi­
losophy, docs not have any lools for cre­
at ing binary (precompiled) overlays. An 
easy-to-use command is included for cre­
IIting bootabie and precompiled 
programs. 

polyFORTH documentalion is very 
complete. Two large manuals that come 
with the poly FORTH system are the 
432-page polyFORTH II Re/ercllce Man­
ual and a 91 -page ImelB086 CPU Supp{e­
melll to the reference manual. Also 
included is Leo Brodie's Staning FORTH, 
an excellent introduction to Forth in gen­
eral and polyFORTH in particular. Com­
missioned in 1981 by FORTH Inc" Start­
ing FORTH has become a Forth standard 
in its own right. 

Harvard 5aftworks H5/FORTH 
Harvard Softworks' name reOects its 
Massachusetts origins , though the com­
pany is currently located in Ohio. Its HSf 
FORTH (v. 2.05) includes scveral fea­
tures unusual among the other Fonhs in 
this review. HS/FORTH as booted is a 
Forth-79 Standard syslem , but it includes 
a Forth-83 Standard compatibility mode 
under which it confor ms to the Fonh-83 
Standard. HSfFORTH runs on various 
machines Ihat run MS-DOS since ils stan­
dard system 110 goes through DOS. 

The HSIFORTH system is modcrately 
integrated into the MS-DOS environment. 
The program is stored as a DOS COM fite 
and allows access to files via the mech­
anism of DOS 1.0 file control blocks. Not 
only is HS/FORTH capable of inter-

, 



LISP. 
OUR BUSINESS IS LISP, 

PERIOD. 
Tbe Lis plab is it complete Lisp resoure • . We- Dot ooly 
sell Lisp. we know Lisp. If you are looking for a Lisp 
implementation for your computAtr. you should talt. to 
us. We s tock it complete selection of interpreters and 
compilers for most compute,-s and operaUog s ystems 
including MS - DOS, UNIl, CP/M , VAl/VMS, RSI - I1M . 
05 - 9 and others. We can help you mate your selection, 
gel you up and running, keep you informed 01 updates 
and save you money in the bargain . 
Lis p Lab pricing is a s good or better than Ute mail order 
program s hops, yet we provide it depth of toowtedgtt 
and range of services they cannot match WlI.en it comes 
to Lisp . Please inquire about our schedul. of seminars 
and OD -slte training services . When we sell you a liSp. 
we Intend to make you producUvlI' In Lisp . 
Our bl -montbly pUblication. Tbe Lisp Letter, is full of 
news. Information, updates, code and bug reports . A 
sample copy is youes for tbe aSking'. Customers will Ret 
a free one year subsclption. Otbers may s ubscribe for 
e igbt dollar s per year . 
If your plans Include LiSp. tbey SboUld als o include 
LtspLab . Please welte or call . 

(LispLab) 
Bos 5"8 

Wind bam, New Hamps blre 03087 
Pb . (603) &98 - 49H 
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E SERIOUS KAYPRO® USER 

THE DISKIT 
SERIES OF 
HARD DISK 

-
DRIVES 

now · _______ ==~~::~~~ 
with 

ZCPR3 by Echelon, 
Now you can add from 5 to 40 Megabytes of fast·access Winchester 
storage to your KAYPRO 2, 4, or 10. The DISKIT is only 4 inches high; 
5.7 if you get the two drive model with the removable 5 or 10 Mb. 
cartridge, and weighs less than 10 pounds. Easi ly disconnect DISK IT 
from the computer whenever you want, and if more capacity is required, 
just swap your drive for a la rger model. . 
Our DISKIT Madel 10 has 10.8 Megabytes of formatted capacity ... 20% 
more than a Kaypro 10, and runs about twice as fast. Installs in minutes. 

Call SPC now and ask lor more information. Quantity and prepayment 
discounts are available. 

SYSTEMS PERIPHERALS CONSULTANTS 
9747 Business Park Avenue 

San Diego, CA 92131 
(619) 693·8611 
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YOU NEED 
A GOODe 

LIBRARY 

COMPLETE SOURCES 
NO ROYAlJIES 

COMPREHENSIVE C Powor Packs 
include over 1000 functions which 
provide an integrated environment 
for developinQ your applications ef­
ficiently. "ThiS is a beautifully doc­
umented, incredibly comprehensive 
set of C Function Libralies." 

- Dr. Oobb's Journal, J~ t984 
USEFUL " ... can be used as an ex­
cellent leaming tool for beginning C 
Programmers ... " 
- PC User's Group 01 CoIoraio, Jan. 1985 

FLEXIBLE Most Compilers and all 
Memory Models supported. 
RECOMMENDED "I haw no hesita· 
tion in recommending it to any pro­
grammer interested in producing 
more applications code, using more 
of the PC capabilities, in much less 
time." - Microsystems, Oct. 1984 

• PACK 1: Building Blocks I S149 
DOS, Keyboard, File, 
Printer, Video, Asyrv;. 

• PACK 2: Database $399 
B-Tree, Virtual Memory, 
Li:s5, Variable Recort1s 

• PACK 3: Communications $149 
SmartmodemN

, XOfIIXoff, 
X·MoOOm, Modem-7 

• PACK 4: Building BIO!:ks II $149 
Dates, Textwindows, Menus, 
Data CompresOOn, Graphics 

• PACK 5: Mathematics I $99 
log, Trig, Random, 
S~_OOn 

• PACK 6: Utilities I $99 
IEX'lIIes) 
Ale, Diff, ~place, Scan, Wipe 

MasW ~ $7~, Mas:$. Sales Tax 5Il1o 
ASK FOR FREE OEMO DISKETTE 

..~ 
J.IIK. 
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SOFlWARE 
DEVELOPERS! 

v - FILE 
lHE VIRTUAL MEMORY 

FILE MANAGER 
Let V-FILE XI~ preCIOUS development 
trme & COSt as you create efficient appli­
CatJ<XlS Vv1t/l the povver of VlRnJAL MEMORY. 

DON'T RE-INVENT THE WHEEL 
\Mly spend INeekS or months CO(1Ing and 
oebuggwlg file and memory management 
systems when you can order V-FILE today 
V-FILE is a libra!)' that j"Qu can link with 
your code to previde sophist icated virttJdl 
rile and memory management - allOWing 
you to concenuate on developing your 
applicatIOn. 

VIRTUAL DATA 
OBJECTS SUPPORTED) 

DaL3 is referenced by using \/IRTUAL 
MEMORY DATA HANDLES. Your code 
doesrfl need to krow whe!her the data 
is actually on disk or in RAM. Swapping 
bel:\oVeen disk and RAM and upclatrng fi les 
on disk is handled aurom<ltically and trans­
parently! Complex \I1RlU"l DATA 
STRUCTURES can be created by linking 
with data handles instead of pointers 

CHECK mESE FEA TURESI 
• Multiple. independent swap buffers 
• Multiple files per swap buffer 
• Highly efficient swap algorithm 
• Automatic file updating 
• Data prefetchlng supported 
• Data rTld)' be lOCked in memory 
• Memol)' buffers may be fiushed 
• Makes full use of extended memol)' Of] 

IBM PC/AT 
• SOURCE CODE AVAILABLE 
• NO ROYALTIES REQUIRED 

Supports Dos 2.00+ with 
l...3ttict' & Microsoft C compilers 
Supports Microsoft w indows 

5299 
,~ 

M~h;_ ""'-­~.P"IS:m 
TM 412/68J--\l8JO 

VlSA./MASTER CARD ACCEPTED 
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preting te xt fil es, all the system source is 
distributed in that format. Optional pack­
ages allow interpretation of files and non­
DOS disks containing Forth blocks . HS/ 
FORTH does not support DOS 2.x path 
names. 

HS/FORTH possesses a highly seg­
mented memory organization, allowing it 
to take advantage of the 8088 processor ' s 
method of memory management . Stacks , 
tasks , high-level definition s, machine 
code, vocabulary word headers ­
everything is placed' in a separate memory 
segment. Thus headers can be easily dis­
carded by simply us ing a BEHEAD com­
mand , giving it eithe r a single wo rd or a 
range of words ; this provision frees up 
memory for bigger applications. 

HS/FORTH is accompanied by various 

SOJA: A CP/M Forth 
In addition to the recently released 
SOTA CPIM Forth, CP/M Forth prod­
ucts are also available from Labora­
tory Microsystems Inc ., MicroMotion, 
and Unified Software Systems. 

SOTA Computing Systems is the only 
company to bring out a new CP/M 
product: a fig-Forth model. fig-Forth 
antedates even the Forth-79 Standard, 
and most vendors have upgraded from 
this early system. The company plans 
publication in September of a Forth 
that can be easily configured to con­
form to fig-Forth. Forth-79 Standard, 
or Forth-83 Standard. 

SOTA is primarily concerned with 
the implementation of various inter­
preters and compilers on mainframc 
computers. This Forth is SOTA's first 
experience with the retail and mail 
order market. Ifthe manuals arc any 
guide, I believe SOTA will be 
successful. 

The SOTA manual set contains five 
sections. They are all printed on a dot­
matrix printer, probably because they 
use many icons. One problem with the 
dot-matrix print is the striking resem­
blance between a boldface slashed­
zero and a black blob. Each section has 
a table of contents. but none are 
indexed. 

The first manual is the six-page fig­
Forth fllstallation Guide. It providcs a 
~tcp-by-stcp procedUre for installing 
fig-Forth with a detailed description of 
what is happening at each step. Icons 
are used where necessary for clarity. 

The Users Manllal describcs the 
vocabularies for Forth execution, 
Forth compilation , the editor, and the 
Zl:!O assembler. In addition, the system 
messages and disk error messages are 
described. Each word is accompanied 
by an icon that specifics whethcr the 
word is compile mode only, a ctefining 

utilities: assemblers (which include syn­
tax checking) for the 8088 , 80186 , and 
8087 processors, an editor, and a program 
development toolkit. The system includes 
an example o f multitasking, but multi­
tasking is not built in . IBM features, such 
as a speaker, are supported through spe­
cial commands; for example, half a dozen 
commands control sound . 

Harvard Softworks requires no royal­
ties or fees for packages written in HSI 
FORTH that are distributed as bootable 
COM files if they do not contain the HS/ 
FORTH definition lists (which are easily 
removed with the BEHEAD command) . If 
the application allows the end user to 
enter commands to the interpreter (even 
though the user cannot define new com­
mands), the royalty is $ 1 per copy, with a 
maximum of $500 per program product. 

word, an immediate word, a run-time 
routinc, andlor a SOTA extension. In 
addition, the pronunciation of the 
word is given (of some importance 
since some words contain symbols or 
consist of symbols), and its effects and 
any restrictions on its use are 
described. The Z80 assembler vocab­
ulary has many examples to clarify the 
context of each word. This manual is 
88 pages. 

Brief tutorials arc provided for the 
editor and for the assemblcr. The edi­
tor tutorial is only three pages long and 
contains only one example. The screen 
editor commands and the mechanics of 
the editor operations arc briefly 
discussed. 

The assembler tutorial is designed 
for people alrcady familiar with Z80 
assembly language programming. It 
contains references to a Fonh tutorial 
manual to be released in September. 
Evcn though it is only eight pages 
long, it docs contain many good 
examplcs. 

The System Guide gives very 
detailed information on interfacing 110 
devices to TRS-80 models 1,3, and 4. 
It also discusses the video screen , 
printer. keyboard , and disk driver. 

If SOTA's planned documentation 
eHons for a beginner's tutorial and a 
programmer's guide arc as good as 
thcse manuals. then this may be the 
best documented CP/M Fonh system. 
SOTA's licensing agreement allows the 
developer to distributc programs writ­
ten in this Forth with no payment of 
royalties or license fees , provided the 
end user has no access to the under­
lying Forth. 

The vendor offers telephone support 
and plans a bulletin board system for 
the fall. 

• 



Now Supports Microsoft 3.0 

• t a $149.95 

ffi. 
1 1 c n v 

Windows that open, close, grow) shrink, move & scroll 
Input validationj"onnatting, editmg & processing. Help 

messages by fierd, by key word & from help me. Date & 
time math , attribute control, ull down menus, and more! 

Now even your simplest applications can easily include 
features that you didn't used to have time or patience e:nough 
to tackle, Vitamin C is more than a library full of building 
blocks. It is a well planned, tightly woven set of high 

level functions for quick results PLUS low level rou­
tines for complete control. Complete source code, 

CALL 
TODAY! 

no royalties. Great manual with tutorial and 
reference. Sample programs too! For 

Microsoft 3.0, CI-C86, & Lattice C. 
Creative 

Programming 
Box 112097 

Carrollton, Ix 75011 
(214)243-6197 

Extended Technical support availab Ie. 

Or send 149.95+ 
53 shipping and 
handling. Texas add 

Call for other versions, 
systems & products. 

sales tax. MasterCard and Visa accepted. 
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A FULL C 
COMPILER _IL. 

FOR 
Th .. Eco·C88 C compiler is selliog 0 new srondord lor price ond 
performance. Compore Eco·CBS·s performance ro compilers 
cosring up ro 10 rime' 0, m'-'Ch: 

Code Size 
Compile·link 

Seive Fib 
12.1 sec . .(J.1 sec. 

7782 7754 

Dehe f 
137 sec. 

7772 
76 Sec. 77 Sec. 77 Sec. 

tco·C88 Rei, 2.20. 0<'1 IBM PC with 2 lIoppy dish. 256K. 
Benchmcrlc. Irom Feb" 1985 Compute r longuage. 
Eco·(88 inc ludes: 
• All operorors ond doro rypes leoeepr bi r field,) 
• Error meuoge, in Eoglilih with poge numbe ... rhar reference 
the C Programming Guide - 0 reol plu, il you're IUS' gell,og 
,torted in C 
• O"E'r 170 libroryfunctions, indudi"'iJ <olorond rmnKendenlol. 
• New libmry functions lor treor,ng memory o. 0 liIe 
• User·selectoble ASM or OS) ovrpvr (no ossembler required) 
• 8OS7 support with 8087 ,emed ot runtime 
• cc ond '·mini·make" lor eo.y compiles (with source) 
• Fo.,. eHo.cienr code /.,.. olllaM·PC, XT, AT ond compotible. 
",iog MSDOS 2.1 or Iorer. 
• Complete vser', manual 
If ordered WIth the compiler, the C librory source code (e.elud· 
ing tronKendentoll) i, $10.00 ond rhe ISAM file handler (os 
published in rhe C Programme r', library, Q ue Corp) In 08) 
formo r is on oddi ti ooo l S 15.00. Pleose odd 54 .00 lor sh ipping 
ond hondling. 10 order. coli Or write: 

II. 

Ecosoft Inc. 
6.\3 N. College A ... n .... 
Indionopoli., IN 46120 
(317)255-6476 e S:30-.:30 
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C 
POWER 

C LIBRARIES 
C WINDOWS 

Best You Can Get! 
325 Fully Tested Functions 

Best Documentation 
(lYer .00 pales) 

SIX C LIBRARIES 
For IBM PC, XUI 

All Source Code. No loyalties. 
51 screen hintllini/iuphics 
50 cursof/keybwd/dlti entry 
85 sup!riar strini: hindlini: 
25 system stitus' control 
72 .tjIJI DOS/810S/timetdllt 
42 prinltfcontlo1 

RICHLY COMMENTED 
EASY TO LEARN 
EASY TO MODIFY 

NO MATTER WHAT ELSE 
YOU HAVE 

GET THESE!! 

ALL II LIBRARIES SIlIl.1I5 
(ON FOUR DISKETTES) 

POWER 
WINDOWS 

PROfESSIONAL WINOOW MANAGEMENT 

OVERLAYS,BORDERS,POPUP­

MENUS,COLOR HIGHLIGHTING, 

HELP WINDOWStSTATUS-LiNE. 

MONOCHROME OR COLOR, 
FILE, CURSOR,KEYBOARO 
CONTROL AND MORE 11 

C WINDOWS' COMPl[![ \{)URC[ CODE $99.95 

ALL LIBRARIES 
PLUS 

WINDOW $159.95 

Entelekon 
SOFTWARE SYSTEMS 

ENTELEKOH 12118K)M8fRlH 
HOUSTON, 1 X. 11024 (113) '4&8 · 4412 

VISA·MASTERCARO-CHECK 
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PROGRAMMER'S UTILITIES 
especially for Turbo Pascal on 
IBM PCIXTIAT and compatibles 

MORE POWERFUL THAN UNIX UT1UTIESII 

TnKI Allay-Ie·Use p~rlml MI)' I~p~rl boo Pm.1 
",rsIons 2.0 In(l 30. 100 PCooS 2X 100 3.0. Her,', wnll 

Pretty Printer 
Safld¥l!ll CirlI'IIIia.!ion. inolenlltion. IIlCI ,~ of 
JOUn;, o;oI!t. Doln'l WJSII }'OUI "". tmtl SM,a1 ~ 
W.mt1lB '" suit )01.'" IIlltl (Irro)rIcs vHI Ill\' IliMlrO 
Pucall£U"Wj. 

Program Structure Analyzer 
Find 5lJD1~ problems the .om~"r dlllsn'l: unlni~l~red ,0(1 
unu$tll "rilllles, mooifled ~Ilul Plrlm'~rl. "snuky" 
variaole rnocIir.cil~OO, rtO.llnld llalliliid Icjln~fill" Also 
glrl.flles I OOmllit!e variabll crosl rtltrt~ lI1<I In i!Xe(u' 
\1011 rw.'IIe/'!)' diagram. inllflCIi'It or .. rilt 10 file (Y«Itb 
willi ItIy lundilrd Puc.1 5ClllmI) 

Execution Timer 
~ I $1,1"""'" cllime loQInIlniK/l ~ >rod 
IuneIIOn 01 your ;lrogllfll. lOOJ". I) .iltlill 200 IIIicro­
MCOIICIs. .t.Iso COUnlS rkJmber 01 cds to nth SIJ\I~,.m. 
fuly Mom.~e. 

b ecutlon Profller 
Oblalrll griphic profil, Q! wnt" )OUr pr~lim spends I~ 
Imt. In"facti". u$y-!Il-use. klenatv wuk 1;001 111M In· 
,uoctlotllMl (ProIiII I.1Id T ...... lor 111M Pascll Soorce 
COOt orIy.) 

Command Repealer 
0is101l'ill "". _lIion ~ fN(IinQ aoICI ~I'SO'IO \lit s:.> 
dMIl """"" Send up I) 2S5 li;eyslrokn to "" ~ lIfO­
oram .... IDmI!Iedy 0t0tI11! DOS blteh lIts 

Pattern Replacer 
Ancllrlil' R'PLACE "'U~1t IIgulir exprtssion ~tt!rns ir1 
.,.,. [PI ~It, Supports gOfiellinll 'Mklwds. nU~"II . • 1'"1-
nl~OII. uggee WO<1iS "'" mort, 0..1 I lIOltn oroglilmmer's 
1~1IOII' inckoje<l 

Difference Finder 
FincI dllltrltlttS belWftll 1..0:> tell IIIri. 1<'111 Op!ion.Ity erult 
'" EOlIN sr;npI wIIich re!UI!s otII trorn the 01heI. 
IIisrtGW whit SI)ate. uw. IItIrI;rlrf clllrltllrS ....., PascII 
_ts~\Ie$nd. 

Super Directory 
flti!ID P'COOS OIR corronw.d WIlli " I!nde<l 1>I".,n 
1T\IlchillG, sor1 copl bii1)'. hkl<Jen lilt dl$Pll)', dill! li~!Iing . 
Ind mor •. 

File Finder 
locItt fiIH ."fII'/Itre in lire sul;WKlOry IIN.II'III IICcess 
IIItm ",III I songIe kq$\rOIQL DospIiy !he subo)rOC!Drf IrH ....... 

AVAILABLE IN SOURCE 
AND EXECUTABLE FORMAT 

bK"II~11: $55 COMPLETE rncIucIi ... tu ,nd $111_ 
ComDiIed ancI I!iIty I) run. irlc:l.Mlts 1.0-1>10. ~nlf<j ustl 
1T\I1III11. relere"", cord Ind 0IIf 5110 ' 0500 disk. Idul lor 
PlI)911mmers 1101 _ Tul~. NClI COP')' P<OIeCIed. 

SDurcf: US COMPLETE inckIOl"'l tu ....., shrtl\llllO 
Itro:k.odes ill 01 lire Jbo;t. I1IIl !WO I(I(IiDOnll OSOO disks 
CbIcs rnWde Cl')ll'lllll!1e lrrtKI PasCIII sourtI COOt. 1IttIrIed 
PlOIIIII'IIITItI'S ITWIIIIII (on ~ iIIO SMIlIII;roro.rs ~liilln. 
~ Ubo PisQI 211 or 3.0. 
~ P(;OOS 2 X or 3.0. 1m RAM - progrllTlS 
run III Itss RAM WIth """"*' ~Iy ""'" r!rMs or IYrd 
r!isk ItcG(nmend.c 

TO ORDER: , 
VISAlMlsltrCard OIlIers. coIl d~ \oII·lree 1-800-5;l&-eI57 
.830. In C.ilorniJ. coif I-aoo.m· .. ro .230 any dilf 
Or mlil o;hetkfmor.ey artier II' 

lWlHrPowtr SoIl_I 
411 W. Hamlilln ~"' . Suilt 196 
Clm~kII. tA 95001 

For ReIInicII QUeSlIOIIS. CII «1.378-3672 
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The HS/FORTH manual is 300 'pages, 
with updates mailed to registered users. 
Harvard Softworks offers telephone sup­
port during the business day. 

Laboratory Mlerosystems PC/Forth 
Laboratory Microsystems Inc., a long­
term vendor of high-quality Forth prod­
uctS, has released version 3.0 of its PC/ 
Forth, a Forth-83 Standard system. 
Version 3.1 was about to appear at press 
time. PClFonh runs on the IBM PC and 
AT, with versions aiso available for the 
HP-150 Touchscreen , the HP-II 0 Por­
table, and the Wang Professional. These 
various systems use the same command 
set but are hardware dependent for max­
imum performance. 

PC/Forth is well integrated into the 
MS-DOS environment. All disk VO uses 
DOS files and source code is stored in 
files, either in the traditional Forth format 
of I K blocks or as text files that are 
loaded with the INCLUDE command. Text 
can be in ASCII files or even in some 
word processor formats (such as Word­
Star document files). 

The file system interface is based on 
DOS 2.0 UNIX-style file handlers rather 
than the user-maintained file control 
blocks required by earlier versions of 
DOS, As a result, files may be referenced 
by their path names and the current direc­
tory changed at will. 

PClFonh is organized within a 64K 
address space , although another LMI 
package, PC/Forth +, is available that 
uses a 32-bit stack and can address all of 
memory for both data and operations. PC/ 
Forth and PC/Forth+ use the same com­
mand structure and can compile each oth­
ers' source code, though the different 
stack width may require you to make 
some minor modifications in the program . 

In PC/Forth,long operators can read 
and write data to high memory, either 
directly to and from the disk or to and 
from low memory. The long operators use 
segment addressing, with Forth com­
mands available to retrieve segment 
addresses. (Separate segmentS are also 
used for the stacks.) To optimize memory 
usage, system utilities are stored in pre­
compiled form as binary overlays. Com­
mands arc provided so that users can also 
easily create rclocatable binary overlays 
for their own program modules. These 
modules can be accumulated as a library 
of run-time routines that can be called as 
needed. 

The screen editor is fast and complete, 
with control key commands in the Word­
Star dialect. The screen editor requires a 
fair amount of memory, which is why it is 
a binary overlay. For program develop­
ment, a supplemental small editor would 
be useful. 

The PC/Fonh documentation is the best 

packaged of the Forth systems reviewed. 
Published in a sturdy IBM PC-style 
binder and box, the 383-page Pc/Forth 
Language Reference Manual has the usual 
chapters describing the source editor and 
assembler. In addition, the manual con­
tains a very complete 259-page descrip­
tion (glossary) of all Forth words needed 
by an applications programmer; there is 
also a more limited glossary of words of 
interest to the system programmer. AU 
words are listed in the index. Further 
chapters describe the use of binary over­
lays, how to create turnkey applications , 
and how to use the MS-DOS interface. 

A variety of edd-ons are available for 
PC/Fonh, including a very strong 
graphics extension, a debugger. a native 
code compiler that compiles Forth source 
code down to machine code, and a meta­
compiler that allows users to restructure 
the system according to specific needs and 
strip headers from application packages to 
gain more room and more program 
security. 

Laboratory Microsystems requires no 
royalties or license fees for program prod­
ucts written in PC/Forth. provided that 
the end user has no access to the under­
lying Forth. LMI docs request that devel­
opers submit a copy of the product and get 
explicit permission before distributing 
programs written in PC/Forth. 

Laboratory Microsystems maintains an 
on-line bulletin board during nonbusiness 
hours on which users can leave requests 
for technical assistance. Answers are nor­
mally posted within 24 hours. In addition, 
telephone support is available during 
morning business hours. 

MicroMotion MosterForth 
MasterForth (v. 1.0) is a high-quality 
Fonh software development system for 
the IBM PC developed by long-term Forth 
vendor MicroMotion and designed to be 
entirely compatible with the Forth-83 
Standard . MasterForth is well integrated 
into the DOS environment. The 
program is stored as a DOS COM file and 
allows access to files by way of DOS 
2.0-style file handlers. Files may be refe r­
enced by their full directory path names 
and the current directory changed at will. 

Certain deficiencies exist in the DOS 
interface. To be opened or created. for 
example, a file must have an extension 
(the up-to-three-charaeter portion of a file 
name following a period. No direct 
accommodation is made for interpretation 
oftexl files, though the STREAM package 
allows reading text filcs and the EVAL 
function permits interpretation of a SIring 
so that a user could write a word to read 
source code from text Illes. System 
source is distributed in the form of files of 
Forth blocks. 

To optimiZe memory consumption in a 
system designed for small-modc164K 
addressing , MasterForth maintains 





General information 

Manufacturer 
and product 

IBM PC 

Forth Inc. 
polyFORTH II IBM 
polyFORTH II MSD 

Horvord Softworks 
HS/FORTH 2.05 

Laboratory Microsystems 
PC/Forth 3.0 

MicroMotion 
Maste rForth 1.0 

83 yes yes yes 00 299' 

83 yes yes no no 380 

83 yes yes yes no 325 

Mountoin View Press 
MVP_FORTH ]I 79 yes yes yes yes? 204 

Ne~t Generation Systems 
NGS Forth 2.1.1 79' yes yes yes no 208 

No Visible Support Software 
F832.1.0 

Shaw Laboratories 
ToskFORTH 8088 v. 1.00A 

83 yes yes yes yes 10 

83,79 yes no~ no' no 

Sunset Technology 
ST-FORTH 1.3 83 yes yes no yes?'» 148 

Ubiquitous Systems 
u4th 1.0 

Unified Softwore Systems 
UNIFORTH 

Macintosh 

Creative Solutions 
Moe Forth 2.3 

MicroMotion 
MosterForth 1.0 

o '" Option. 
N/A '" NOT opplicoble. 

83~ yes 00 00 

83 yes yes yes 

79 yes yes yes 

83 yes yes yes 

1. po lyFORTH is 01$0 S/or/ing fORTH cOf"poTib le. 
2. Source;s writTen in forth ond Forth assembler. 

0" 429 

0' 500' 

no 509 

no 325 

3. One of the two d isks wiTh po lyFORTH is on.l ine documentation which 
corresponds with The source. 

4. F83 is distributed with all ~aurce present in compre" .. d ~Ies. 
Uncompressed, they toke two disks. 

5. Includes The addiTional MVP·FORTH PADS ond the PADS opTions. 
6. Avoilable in advanced package. 
7. Also includes a lig-Forth compatibility option. 
8. Includes a print spooler UTility, bvT naT generalized multitasking. 
9. We haven't seen port ar allal the manuals far these systems. 
lO. (an look at but not compile. 
11. u4Th is somewhat compatible with The Forth·83 Standard, but with a 

numoo of vor;anc:e5 from il. 
12. Source to u4th "wrinen in lhe ( language. 

Tobie 1. 
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13. A Forth uti lity interfaces directly to the DOS file system, allowing fi les 
to be accessed. 

14. A .ingle fil e named FORTH.SCR is opened and allowed acCesS as 
Forth blocks. The new \tilrs ion hosan e~tended DOS hand ling funct ion. 

IS. Two for the advanced package. 
16. Handles 1/0 redirection from the DOS command le",,1 but not from 

within Forth. 
17. u41h a llows 110 redirection both atlhe DOS command leve l and Irom 

within Forth. 
18. Double and higher integers are ovoilable only On CPUs where the 

nmural ward size molches--even then access uses 16-bit Fo rth operators 
(", etc.). a non-Standard feature. 

Codes for ClcceSllng extended memory: 
19. tong charocter letch and store operators such os lC@andLC! (names 

and fundions differl . 
20. Access using a RAM disk ond the Forth block buffers. 
21. Access by way of 0 segmented memory model organization. 
22. Uses binary overlays lor code (doesn't increase access to memory but 

improves memory usage). 



utilities, such as the editor, assembler, 
debugger, and beheader, as binary over­
lays. Provision is made for the user to cre­
ate custom overlays. 1\\10 additional 
memory optimization mechanisms are 
available: declaring certain code to be 
tranS.ient (allowing it to be discarded with­
out affecting residen\ code compikd later) 
and declaring the headers of words tran­
sient while the code stays resident (allow­
ing word headers to be discarded after all 
references have been compiled). 

MastcrForth is also well optimized for 
execution speed. II is organized inter­
nally according to a structuring scheme 
known as direct-threaded code. Most 
Forths today use indirect-threaded code 
or even token-threaded code. which have 
their own advantages (typically requiring 
less space) and disadvantages (slightly 
slower exccution speed) . 

Developers should notc that a one-time 
license fcc ofSI,OOO is required for each 
program product, even if the program is 
distributed at no eosl. 

MasterForth is accompanied by the 
I JO-page MaSlerFOr/h Reference M(ln-
lIa/ and by the 224-page textbook Master­
ing FORTH by Anita Anderson and Mar­
lin Tracy. Masterillg FORTH is a 
well-written introduction to Ihe Forth-83 
Standard, and the book describes itself as 
exactly matching the MastcrForth system. 
The reference manual includes details 
particular to MasterForth: file interface, 
utilities, system internals, and a 
description (glossary) of system words. 

Miller Microcomputer MMSFORTH 
Since this company was in between ver­
sions at the time of this review. the revised 
version ofMMSFORTH was not available 
for review. What follows is a brief 
description of the new version. 

Miller Microcomputer Service's MMS­
FORTH (v. 2.4). like poly FORTH , takes 
over the machinecomplelely and is 
incompatible with DOS and DOS-based 
files. Having complete control offers 
some advantages in terms of diskette 
capacity and video control but brings up 
the compatibility problems previously 
discussed. For example, if you arc using a 
nonstandard hard disk or equivalent, such 
as the Bernoull i Box, you would have to 
write your own driver. Iomega provides a 
driver with the Bernoulli Box . but it (of 
cou rse) is written as a DOS-based pro­
gram. 

Within these limitations, MMSFORTH 
is a responsive language. It is nOI a Fonh-
83 Standard , bUI it adheres generally to 
the Forth-79 Standard. The package has a 
long history, tracing back to TRS-80 
model I. Indeed, MMS continues to sup­
POrt MMSFORTH on TRS-80 models I , 
3. and 4; the MMS TRS-80 Forth is, 
within hardware limitations. the same as 
Ihe IBM MMSFORTH reviewed here. 
The continucd development of M MS­
FORTH has brought it to a high level of 
polish. The tie·on packages include not 

only Forth utility files but also suppon 
software such as a word processor, a data 
base system. and a telecommunications 
package. Thus the restriction to what 
amounts to the MMS operating system is 
not so severe as it might otherwise be. 

The documentation is comprehensiVe, 
with all commands defincd in an alpha­
betic list; command names arc also 
grouped by function , and the commands a 
beginner should master first are identified 
in boldface. The manual is in a large, 
three-ring binder and is indexed. 

The package includes an assembler and 
a breakpoint routine. Source is provided 
for extcnsions and the upper half of Fonh 
but not for the innermost kernel. The pro-

gram is restricICd to 64K, but words to use 
upper memory for data storage are 
provided. 

Double-precision integers come with 
the basic package. Arbitrary precision 
integers (you specify the number of bytes) 
and floating points (with 8087 support) 
are included on optional utility disks. On 
IBM computers. floating point operators 
can utilize the ROM routines. 

Bootable and precompiled applications 
are easily prepared via a CUSTOMIZE 
word. Binary overlays arc not supported 
directly but arc examples in source code 
on the utitity disk. 

Developers should nOIe that a corporate 
site license is rcquired for producing pro-

Lattice' Products Are 
Your Best Investment 
Lattice TopView Tool· S250.00 
basket - Provides more 
than 70 fun ctions that 
eliminate the need for 
extensive u se of 
asse mbl y langua ge 
when interfacing with 
TopView. Includes fun c­
tions to control window, 
cursor , pointer, a nd 
printer operat ions. Also 
provides access to cut­
and-paste facilit y and 
debugging services. 

LMK '''-Automated 
product generation utili · 
ty fo r MS· DOS, similar to 
UN IX "Make" 

C-Sprlte ''' - Sy mbolic 
debugger for programs 
written in Lattice C or 
assembly language 

C Compliers- MS· DOS 
and PC·OOS-The in · 
dustry standard 

Pancl-HiSh pcrfOnl41IlCe 
screen deSIgn and screen 
m anagement system. 
Available for MS· DOS, 
PC-DOS, and UNIX 
systems 

dBC U'" or dBC 111"'­
C function libraries sup­
porting indexed files that 
arc compatible with 
dBi\SE II' or dBASE 
III '" 

5195.00 

5175.00 

5500.00 

5295.00 

5250.00 

C-Food Smorgasbord'" 
- lncJudcs a BCD dC'd · 
mal arithmetic package. 
110 [unct ions, IB:\1 ·PC 
8105 interface. terminal 
independence packll~e. 
plus ~llan}' othrr ut ility 
functIOns 

Text Management Utili ­
ties - (G R EPIOI H /ED· 
\\'C/EXTRACT/SU I LDI­
F.ssential program ming 
and documentation aids 
in any envi ronmen t 

S l50.0(l 

S 120.00 

With Lattice published products 
you get "Lattice Service" including 
telephone support. free updates 
during the warranty period, notice 
of new products and enhancC" 
ments when you register, and a 
money· back guarantee. CorporatC' 
site lice nse ag rC'e ments a re 
available. 

Ca ll us today fo r further infor· 
mation on these, or our man}' 
other C programs, utilities, and 
tools! 

I 
Lattice, Inc. 
P.O. Box 3072 
Glen Eth'r., IL 60 138 
Phone (3 121 858·i950 
TWX 910·291·21 90 

Inlernational Sales Offices 

Belgium: Soft.hop. Phone: ,31131.fJ6.!ii ~3 
England: Roundhill Phone: \06,1 .)..!(I : j 

Japan: lift'OOaI [nc. PboM: ,03' 29)..4. 11 
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grams from MMSFORTH. along with a 
license fce of $500 for 50 units or a one­
time fcc of $5 ,000 for an unlimited num­
ber of units . The fce applies whether pro­
grams are sold or distributed at no cost 
and is for distributing a run-time vers ion 
of MMSFORTH (the end uscr having no 
access 10 the underlying Forth, only to the 
application program). 

The normal price is for a one-person. 
one-computer license; a corporate site 
license is an additional $1 ,000 for 
unlimited users and copics within a single 
building. Additional buildings are $500 
each. 

Mountain View Press MVP-FORTH 
Mountain View Press sells a wide variety 
of Forth systems, documents. and mater i-

als; some of these arc from other publish­
ers, some are published by Mountain 
View Press. The house-brand Forth is 
known as MVP-FORTH . Always a capa­
ble, well.-documenlcd Forth system, it 
now calls itself a vinual system (MVP· 
FORTH 's terminology for binary over· 
lays), allowing ccnain utilities 10 be rcad , 
already in precompiled form , from disk 
into the system's 64K addressable 
memory. 

MVP-FORT H lv.1.3)isnotan 
Fonh-83 Standard, though it is com­
patible with the Fonh-79 Standard. 
Mountain View Press states that its Fonh 
kernel will be unchanged in the future. 

MVP-FORTH is available with two 
optional system components known col­
lectively as the MVP-FORTH Profes­
sional Applications [)cvelopment System 

Mystic Pascal 
Fastest Compiler on Earth-$39.95! 
Mystic Pascal compiles at 100,000 to over 1,000,000 lines per minU!~! How~ It taKes a 
shorl cut callc-d mmmellw/ rompi/Ollon. Compared 10 earlier Pa.cals. Ih~ effe<:liv~ 
sp«d is astronomical. Give {he Compil~ command for a 1000 line program. and you 
probably can't lift your fing~r from {h~ K~yboard ~fore ,he compiler nBshe~-DO~E! 

640K of storage not 64K. Are you fed up with being forced In <hoc:horn your pro­
gram< ir,lo 64K~ You won', IlI't..J mystical powers 10 run \"OOT program in ,hI' full6-l0K 
that we allow-code, da ta and sud:. 

Imeraclive Pascal. ~ou can enter Pascal statements dir~c l ly and see ,he results 
instantl~,.1t works like a BaSic interpreter but it's a true compiler! 

Optimiz.-:d 8086 Code. Mystic Pascal produces true 8086 ohjen code. The TWO 
n)de optimi:cr~ run in the background.so t hey don·, ,low you down. Thanks 10 

another brei,kthrough , our software noating point arithmetic rum faster than Intel 
says ,s possible on the 8088/8086 chips. 

Real Multi-Tasking Pnscal. Advanced programmers mar ,,·rite tru ly wnc lI rrcm 
Pascal program, by simply staning Pascal procedures. Up 10 100 concurrent pro· 
cedure~ C3n communic3t<' hI' 1\3SStng messages through queues. 

ISO Standard Pascal. Educa tors in particular need a tru1,· Standart! Pascal for their 
students. And learning , $ mad~ "",sicr by the Help Windows which descrilk Pascal. 

Mystic Canyon Software 
PD. Gox 1010 
Pecos, New Mexico 87552 

Place your order by phone today-
(505) 988-4214 or mail the coupon. 
Rt.'quir«' an IBM Personal Com PUler or true 
companble with 256K. i"ot copy pl"{'lt.~ted. 

Rosh me the MVSIIC Pascal System wllh di~ke!le and manual! 

Name ________________________________________________________ __ 

Addre~ ______________________________________________ _ 

City _________________________ State ___________ Zip _________ _ 

o Chl'(k/Moncy Order 0 Visa 0 YlaS!crcard 

Price is 519.95 plus $4 shipping. CODs and Purchase Orders arc :-.:ar a,,·epted. Out· 
side US & Canada shipping charge is 520. Pnym<'nt must Ik in US funds on a US bank. 

c,", _____________________________ Exp. __________ _ 

Signature 
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(PADS). The first component of PADS is 
a package of Forth programming aids. 
The other optional PADS component is a 
unit made up of the metaeompiler and vir­
tualloader systems. 

The Forth programming aids are a set 
of routines designed to speed program 
development and extract subroutines or an 
entire application program for cross com­
pilation. Included in this optional package 
are a translator, which provides one-to­
o ne translation (a form of dec om pilat ion , 
not reeompilable) of high-level Fonh 
words in memory; a call finder, designed 
10 find all cal ls to a specified word or set 
of words; a decompiler, capable of 
deoompiling back to eompilable source on 
disk; and a subroutine decompiler, which 
may, fo r example, extract a working sub­
routine in source fo rm to disk. together 
with all its variables, constants, and called 
subroutines. 

The metaeompiler system supports a 
range of operations varying from 
recompiling the MVP-FORT H kerncl 
after modifying some of the words to ere­
aling an entirely different system. The 
virtual loader system provides a technique 
for precompiling subsystems (overlays) in 
upper memory and storing them on disk 
until needed. 

MVP-FORTH is at an intermediate 
stage of integration into the DOS environ­
ment. The system disk eontains a DOS 
file system, with the Fonh system appear­
ing therein as a COM file . However, the 
remaining diskenes supplied with the 
MVP-FORTH system contain no file sy~­
tern bul are organized simply as Forth 
blocks. Several of these diskettes contain 
a stand-alone boot image of MV P­
FORTH. 

The MVP- FORT H system is reason­
ably well documcnted, with a 56-page 
MVP-FORTH Virtual Syslem manual. a 
55-page Forth Programming Aids manual , 
and a 23-page PADS Ml'tacompiler ana 
Virtual Loader Systems . Of the PADS 
options, the Floating Point Sysrem manual 
is 28 pages long, the Graphics Manual is 
13 pages, and the MS-DOS File Imerface 
Supplemem is 29 pages. Also included is a 
system source listing. In addition, Moun­
tain View Press has published several 
bookson·MV P-FORTH , including a 
detailed reference on the MVP-FORTH 
system. MVP-FORTH, PADS, and the 
PADS options are distribu ted on a lotal of 
eight single-sided, double...:lensity 
diskettes. 

With the exceptions of the meta­
compiler system and the programming 
aids, the MVP software is in the public 
domain. Thus no royalties or license fees 
are required for producls produced in this 
language. 

Next Gene ration Systems 
NGS Forth 
NellI Generation Systems' NGS Forth, 
like some of the other Forths, utilizes seg-



ment addressing to make full use of the 
IBM memory space, even though the pro­
gram is restricted to 64K. 

NGS Forth places thc stack in a sepa­
rate segment and allows the e:ttra segment 
to he set to point to data elements in 
extended mcmory. This makes better use 
of the 8088's 1MB addressing space with­
OUI incurring the overhead of full large­
model organization of the system. 

NGS Forth provides a good degree of 
DOS integration although at the DOS 1.0 
file control block level. NGS Forth is 
capable of a«:essing both Forth blocks 
and DOS text files and can convert from 
one to the othcr. NGS Forth is alsocapa­
ble of interpret ing text files directly. It 
docs not support DOS 2.x path names. 

NGS Forth is not Forth-83 Standard. 
Normally it is Forth-79 Standard, but it 
also has the option of switching to a Fonh 
Interest Group look-alike mode for a mea­
sure of compatibility with fig-Forth, an 
carly standardized Forth. 

NGS Forth's 208-page manual is pub­
lished in an IBM PC-size bindcr. lt con­
tains sections describing the operation and 
structure of NGS Forth , a glossary of sys­
tem words , and an index . Appendices 
describe specific tools, such as line and 
screen editors, an assembler, and 
debugging aids . The systcm supplied for 
review was v. 2.1.1, while theaccom­
panying manual was for v. 1. 1; we are 
unable to say what system features were 
added or changed fo r v. 2. 

Next Generation Systems requires no 
royalties o r license fees for the distribu­
tion of programs writlen in NOS Fonh 
provided that the user has no access to the 
underlying Fonh. 

No Visible Support Softw ore Fa3 
Those who use and appreciate Forth must 
give much credit for its early growth to 
those public-spiritcd founding members 
of the Forth Interest Group who ill the late 
1970s organized implemcntat ion teams to 
bring up their newly dcfined fig-Forth on 
major microprocessors . The fig-Forth 
systems were thcn placed in the public 
domain . The availability of inexpensive 
Forth systems where there had been none 
made it possible fo r people to learn about 
and usc Forth . fig -Forth defined its own 
standard and may be considered the first 
standard Forth to achieve widespread use. 

Many fig-Fonh syste!lls are still in use. 
However, the Forth-79 Standard defined a 
Forth of g reater power and capabil ity than 
fig-FoTlh . A further blow to fig- Forth was 
struck by the drafting of the Forth-83 
Standard. 

To blaze a trail into the Forth-83 Stan­
dard world and stimulate commerc ial ven­
dors to adopt the new standard, Forth col­
laborators Henry Laxen and Michael 
Perry revived the ideals of fig-Forth to 
create the Forth-83 Model lmp1c­
mentation, commonly known as F83. F83 
systems are availablc for 8080, 8086, and 

One Text Processor Beats Pmate':' 
The New Pmate. 

No other PC/MS-OOS® text proc­
essor lets you edit files at the same 
time thai you ' recompi1in~ a pro­
gram. Or, call up your edItor while 
Inside another applica­
tion. Or, put lon~ text 
processing jobs III the 
background and run 
()(her programs while 
they execute. 

No other text proces­
sor offers you buill-in 
macros that give you 
C and FORTRAN lan­
guage-specific editing 
features. Brace match­
ing . Movement , deletion, and copy 
by function. Keyword insertion. 
Error processing, and Illany more. 
Plus, since you get macro source 
code for all language-specific fca­
tures, you can modify or add features 
as you wish. 

And , no other text processor lets 
)'00 use l-2-3®-like menus, mouse 
pop-up menus, command-driven 
operation, or any combination of the 
abcJ.,'e. With Pmate's l70-command 
macro language, you can program a 
single key to handle multiple com­
mand sequences. CaU up other 
macros or common statements. Pass 
arguments to macros. Or, set up your 

own personalized text processing 
system with all your fa\'Orite features. 

Plus, you get full DOS 2.x path­
name support. 100 numeric variables. 

A number stack for 
storing intermediate 
results. Arithmetic and 
logical operations. Struc­
tured control statements . 
As well as numerous 
strin.s, text and document 
mampulat ion functions. 

And, of course, you 
get standard Pmate fea­
tures such as full-screen 
single-key editing. Auto­

matic disk buffering. Ten auxiliary 
buffers. Horizontal and vertical 
scrolling. A "garbage stack" buffer 
for retrieval of deleted text. 

Pmate is priced at $225 and is 
available for 8086-based micros run­
ning MS-DOS . A custom version is 
avai lable for the IBM® PC, TI Pro­
fessional~ Wang Professional;!d 
and DEC Rainbow.n , 

Find out more about the new 
Pmate today! Call (800) 344-7200. 
In Massachusetts (617) 762-5030. 
Or, write. 

Phoenix Computer Products 
Corp., 1420 Providence Highway. 
Suite 115 , Norwood , MA 02062 

PROGRAMMERS' PFANTASIES'" 

~'Am • 

Prna<c .nd rrosroR'lm<'" Pfuoca>i<>aro 'rodc:mack$ of I'hoe .. , CompiI<' ~ c<>rp><..x.. 
~'S.DOS .. " tnd<mo,t of Microooft corvor"_ ~2·l ...... ,>I<r<d ,rodc:marl; of lon>S ne.. ....... ", eo.po. .. "",. 

18~' iI .... ,;11<,'" ,rodc:ma,k oflnl<rnotklna' Sum", .. M"'hi ..... n Prole!.>.,.,., is. ,rodc:mo, k ofT.us 'n"""'I<"" IncOflKK'lk"d 
w..", Pro' .... i"" • • ;'" u odon\oO,k of"'nll ' ........ 'o. i ... In<OfJlOf" «l DEC Roin_ ,. .,rodo"..,k of D'i ita' R<><.",~ Corvor"'on. 
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68000 processors running CPfM and 8088 
processors running ~·IS-DOS. The version 
reviewed here is 2.1.0. 

Like fig-Forth. F83 is in the public 
domain. Laxen and Perry have published 
the following policy statement: "In order 
to prolllote widespread distribution and 
use of this model. we have placed it in the 
public domain. We encourage its use. 
reproduction, extension, and improve­
ment. especially the latter two." 

F83 is a Forth-S3 Standard and is sup­
plied with all system source. including a 
melacompiler. The system is multitasking 

Benchmark results (sec) 

• 
Manufacturer i 

g and product 
~ .. ~ 
0 ,. 

IBM PC ~ "'!! 
Forth Inc. 
polyFORTH II IBM 1.118 3.641 
polyFORTH II MSD 1,063 3.470 

Harvard Softworks 
H5/FORTH 2.05 1.204 3.284 

loborolory Microsystems 
PC/Forth 3.0 0.779 3.400 

MicroMotion 
MosterForth 1.0 0.638 2.691 

Mountain View Press 
MVP·FORTH I 1.098 3.570 

Next Generation Systems 
NGSForth 2.1.1 0.9'12 3.471 

No Visible 5upporl Software 
F83 2.1.0 1.172 4.462 

Show loborotories 
ToskFORTH 8088 v. 1.00A 0.893 3.553 

Sunset Technology 
ST-FORTH 1.3 0.850 3.470 

Ubiquitous Systems 
u4th 1.0 --' - ' 
Unified Softwore Systems 
UNIFORTH 0.779 3.426 

Macintosn 
Creotive Solutions 
MocForih 2.3 0.700 2.100 

MicroMotion 
MosterForih 1.0 0.400 1.400 
N/A _ Not applicable. 

1. Running Sieve 2 crashtl' MVP_FORTH. 

and comes with va rious utilities: an 
assembler. a Stanillg FORTH - compatible 
editor. a decompiler. and a source-code 
locator facility. 

As implied by the vendor name. F83 
has no vendor support and is supplied 
with no documentation other than the sys­
tcm source itself and a couple of text files 
containing hints. As Laxen and Perry 
State, "All [systemsJ are available as is, 
with no support, handholding, questions 
answered. warranties. guarantees, assur­
ances, refunds, o r any recourse 
whatsoever." 

F83 is moderately integrated inlO the 
DOS environment, providing operators to 

.: E 
.p- .t. 

0 
~ f 0. 

- ~ E~ .!! ,. > . 0 o· >i!! is.! >i ,,!! ., 
4.473 4.723 3.679 4.456 54.898 
4.250 4.463 3.471 4.235 52.502 

4.134 4.594 3.636 4.131 47.818 

4.265 4.621 3.223 3.991 52.209 

3.573 9.584 3.305 3.214 45.028 

4.461 4.589 3,801 4.214 55.010 

4.389 4.620 3.541 4.041 53.485 

7.619 37.367 4.463 5.206 67.796 

4.338 5.691 3.471 4.233 55.147 

4.303 5.130 3.471 4.049 54.754 

-' - ' --' -' --' 

4.281 4.462 3.371 4.061 54.145 

5.100 NfA 2.900 2.500 34.400 

1.700 NfA 1.900 1.900 25.200 

open and access DOS files at the DOS 1.0 
file control block level and storing its 
source in files of Forth blocks. F83 
includes no facilities for imerpretation o f 
text files and docs not support DOS 2.x 
path names. 

The MS-DOS vers ion of F83 is distrib­
uted on a single double-sided, double­
density diskette containing a number of 
Huffman-encoded files. When unpacked. 
these files expand to fill two additional 
floppies. a procedure requiring approxi­
mately one hour. 

" " .. '" f • f ~ > 

~ .! ~ .! ., ., 
36.907 66.026 66.384 74.070 
35.214 62.855 63.195 70.510 

33.841 53.530 56.934 61.522 

33.419 62.078 64.608 71.573 

29570 53.583 54.520 60.809 

- ' 64.680 65.709 72.671 

35.383 64.783 63.984 71.529 

43.923 79.863 80.430 89.008 

35.202 64.597 65.986 73.130 

34.498 64.808 64.511 71.953 

-' - ' - ' - ' 

34.128 63.807 65.141 71.826 

21.300 41.400 45.900 50.900 

16.800 29.700 30.200 32.900 
The basic Sieve of Eratosthenes algori thm. Sieve 2 i. on improved 
Erotosth<Jnes Sieve by Don Colburn. Sieve 3 is on Erotosthentl' Sieve 

2. Locking a XENIX system for the IBM pc. u4th could not be tested 
described as ' optimized.- Sieve 4 is 0 Sieve which makes use 0/ 0 CREATE 
DOES charaCTer array. Sieve 5 is a Sieve described as using on 

or benchmarkcd. -optimized orray. - Timings on the MS-DOS systems were performed by 
Note: The benchmark routines used in this review are essentiolly idenTIcal combining a count maintained by tile 55·mlllisec timer interrupt with low-
with mose used in a recent article in 8YTEby Ernie Tello (-Software Review: order bIts read directly from the IBM PCs 8253 chip, reset to mode 2. 
polyFORTH OM PC/FORTH,' NO"o'ember 1984, pp. 303·3W). The loop, Although up 10 microsecond resolutIon is thoor<Jtlcotly avoilable using this 
subtract, multiply, divide, move, OM compore 1~ls originally appeared in technique, In practice resolution to aboul a millisecond was attained. 
FORTH Dimensions (issue III/I, p. II I. The various Eratosthenes Sieve StaM·alone poly FORTH resets the 8253 to interrupt every mitiisecoM; in 
programs are derivatives 0/ the Sieve 01 Eratosthenes algorithm appearing Ihis case, polyFORTH's built-in timer utili ty-also estimated 10 have 
in the September 1981 BYTE, which Tello selected for his review. Sieve 1 is appro.imately milli,..,.;ond resolution-was used. 

Tobie 2. 
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• Programming in the UNIX 
Environment 
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FILE SAVIOR 1M 

is a disk utility you can 't afford to 
be without! 

Mi ke, r~co .. rini an <,uod fiI. noy ... 
n long " you haven', ... rillen • neW file 
on l OP of il 

Display and .dit Iny disk Kctor in hex, 
Asdi 01 Ebcdic 

~lrch I me Or your whol. disk fur I Inl 
• uina 

• 16.\,\ 1'C{XT/ AT and true campi llbl., 

DOS 1.0 thru 3.1 

An y DO S·form atted dilkette 01 hard dISk 
- up 10 33 meg 

V A residenll 
add 41' .. Ie, lax 

Technisoft 
1710 Allied Strul. Sune 31 
ChI,lollel' ;U'. VA 22901 

(8Q.t)97906464 

FAST SCREEN 
OUTPUT FOR 

TURBO PASCAL 

F ASTSCRE EN " 

is a set of inline assemble r and Pascal 
procedures for Turbo Pascal users. 

• Dilplay , n .nl;, . le,.en 0' ",,,,do,,,, almol! 
in'lInlly 

P,o" ... m~JI;·fi.ld inpul IoCr.em Ihl! gl'" 
you, u .. , full cU'lOr ,00uoI 

Samplo PfOSflm Ute. Conway'. LI FE 10 
alum.l. u .. ofptoceduru 

AU IOU'" code 'nduded 

Colo' and monoch.ome .uppotl 

lB. ... PC/XT/AT and Uue romplliblu 

OOs Opor.a1tnllyl,em 

VA ,"",denU 
add 4~ Alellu 

Technisoft 
1710 Aliled Sue. l. Sui le 37 
Ch .. loll ... ill •. V A ! ~9Q 1 

(804) 979·6464 

h,b<>",,,.I I" "lI" 't«l '''~'m,,1. 
of bl,od 10"'0' ''''0,1 
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Show Laboratories ToskFORTH 
George Shaw has long been a major con­
tributor to the Forth community ; he is a 
member of the Forth Standards Team and 
was onc of the elected referees who com­
pleted the Forth-S3 Standard. Shaw Labo­
ratories Ltd. has now released a new ver· 
sian of its TaskFORTH system that 
conforms to the Forth-S3 Standard as well 
as allowing Forth-79 Standard and Start­
ing FORTH compatibility modes. 

TaskFORTH (8088 v. I .OOA) is mod­
erately integrated into the MS-DOS envi­
ronment; it runs under DOS as an applica­
tion program, provides the ability to 
access DOS files (at thc DOS 1.0 filc con­
trol block level), and stores its source in 
files of Forth blocks. However, no capa­
bility is provided for interprctation of 
DOS tCltt files and DOS 2.0 path names 
are not supported. TaskFORTH is capable 
of accessing absolutely-addressed disks 
that lack a DOS file system. 

On top of DOS files (or absolutely 
addressed disks), TaskFORTH provides 
the capabilities of its own hierarchical file 
system and data base manager, allowing 
further internal structuring o f DOS files . 
The file system supports both fixed con­
tiguous and dynamic allocation with ran­
dom, sequential , and keyed file access. 
Additional file types , record structures , 
and access methods can be de fined and 
integrated into the system. Records can be 
divided into and accessed by named 
fields. 

TaskFORTH is multitasking and allows 
multiple uscrs as well. When an image of 
the TaskFORTH system is saved into a 
file, cvery task is provided with a vector 
allowing it to execute its own programs 
from a cold staTl. TaskFORTH's multi­
programmcr is an efficient. round-robin 
scheduler; any task can do anything a user 
can. The only limit on tasks is the amount 
of available memory. 

Various utilities accompany the Task­
FORTH system-a video editor, an 
assembler, a decompile r, a disassembler, 
performance monitoring tools. and an 
interactive high-level debugger capable of 
debugging mult iple tasks . A range of 
single-, double- , and triple-size fixed­
point arithmetic operations are supported 
and optimized for speed. 

Documentation for the new version of 
TaskFORTH was unavailable at press 
time and could not be reviewed. 

Sunset Technology ST-FORTH 
ST-FORTH (v. 1.3) iseompatible with 
the Forth-S3 Standard and is at an inler­
mediate stage of integration into the MS­
DOS environment. The program is sup­
plied as an MS-DOS COM file and has the 
ability to access DOS files by way of DOS 
I.O-type file control blocks . Words are 
provided to a llow access to sequential and 

randomly structured files. However, ST­
FORTH considers its normal method of 
source storage to be non-DOS absolutely 
addressed noppy disks containing blocks, 
similar to the access of the stand-alone 
systems such as polyFORTH and MMS­
FORTH . 

The ST -FORTH system includes a 
video edilOr, assembler, high-level 
decompiler, source code locator, system 
memory map, and other useful tools. In an 
unusual feature, ST ~FORTH is supplied 
with all source for the system (including 
the kernel) , organized as a single 267K 
file of blocks . Also included is a RAM 
disk that allows access, via the disk buff­
ers, 10 memory beyond the normally 
addressable 64K . 

ST-FORTH is accompanied by the 
I 56-page ST-FORTH Users Reference 
Mamwl, which describes the system com­
ponents and includes a description (glos­
sary) of all words in the system. 

Ubiquitous Systems u4th 
u4th (v . 1.0) is a Forth-83 Standard that 
runs on the IBM PC under the XENIX 
operating system. XENIX , a version of 
AT&T's UNIX. was developed by Micro­
soft and ported to the IBM PC by The 
Santa Cruz Operation. We were unable 10 

obtain XENIX for the IBM PC by press 
time and so cannot provide benchmarks ; 
however, wedecmed u4th to be a we\1-
developed product that deserves a report. 

u4th is designed to be a highly portable 
product. Like many UNIX systems , it is 
written entirely in C . u4th reportedly runs 
on processors as various as Intel 80286 
and Motorola 68000, with the only source 
changes being in a couple of statements. 
Another design objective was fastest cxe­
cution speed consistent with portability. 
u4th documentat ion claims the system is 
slower only by a factor of approximately 
two than fast assembly language Forths. 
Internally, u4th uses direct-threaded code. 

Highly integrated into the UNIX envi­
ronment, u4th allows access to all types of 
UNIX files and provides fully recursive 
1/0 redirection within its own process. 
Interpreting Forth source from a text file 
is performed simply by redirecting input 
to come from that file; similarly. output to 
files can be performed by redirecting the 
output. u4th allows commands to be auto­
matically passed through to UNIX ("fork­
ing a shell" ) if the input can't be found in 
the Forth dictionary. UNiX-style filters 
can also be run without leaving the u4th 
environment. II's worth noting thaI many 
of these capabili ties arc available to pro­
grams operating in the MS-DOS 
environment. 

Due to limitations in the XEN IX C 
compiler, u4th currently is available only 
by using small-model64K addressing. 
Upgrades to large model will be made 
available to current customers "when 
such support can be offered." Large­
model u4th will run with 32-bit stacks, a 
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P-tral: BASIC to Pascal 
Translation Software 

P·tral is the user-friendly translation software 
that converts Applesoft BASIC programs to 
Apple Pascal. 

• Translates any business, scientific, graphics 
and game software from source. 

• Translation results approach 100%. 
• Translates any sized program-Large 

or Small. 
• Essential compile directives generated. 
• PIONEER version only $125.00. 

REQUIREMENTS: 64 / 128K RAM, Dos 3.3 80-column 
cardl Apple II , lie, lie Apple Pascal 1.1 or 1.2 
To order or request more information contact: 
WOODCHUCK INDUSTRIES* 
340 West 17th Street, New York, NY 10011 
(212) 924·0576/(212) 206-6490 
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-i ,. t. o.~.'" • " ::"", 

JANUS ADA '" .-"",.. ..... 
"'~""OlV ",0(0-

R& R Sottware·s Janus is the best fo rm of Ada available for 
CP/M·SO. CP/M·S6, and PC/MS·DOS sys tems Workman 
& Associates is the sole source 01 the CP/M·SO version of 
Janus. The full syslem comes with access libraries (lor 
accessing system lunctions). eoS7 support. transcenden . 
tal hmclions, and more. Owners of thiS system can buy 
future updates at a discount For MS· DOS orders, p lease 
specify DOS 11 or 2.0 compatibility Proce MS·OOS 
5900, CP/M·SO 5300; please inquire about our CP/ M·86 
versIon. 

Zurich MODULA-2 

This is a perlect learning compiler lor those I .. terested on 
MODULA·2 ffs a true native code compoler lor CP/ M·eo 
that only lacks real numbers and conformanl arrays to be 
lull MODULA·2, Based on the ETH M4 compiler, il gen. 
erates compact. etl icient code, Price: only 5 t 60,00. 

Workman & Assoc iates 
112 Maroon AYenue 

Pasadena. CA 91106 
(818) 796·4401 

Please request our new ca talog. Workman and Associales 
ships over 200 formats from stock and we welcome COD 
orders. Please add 52.50 for shipping, 
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RUNIC:'· 
Finally. 
a C Interpreter 
Available NOW for only $149.95! 

Finally. a painless introduction to 
thee language. With RUN /C: 
The C Interpreter you 
can create and run C language 
programs in an environment as 
easy to use as,BASIC. 

RUN /C is C for the rest of us. 
It is a robust implementation of 
standard KSR. RUN/C is for 
both the beginner and profes­
sional. 

RUN /C includes full floating 
point. 8087 support. structures. 
unions. casts and more than 100 
built-in C functions. 

With RUN/C you get all this 
with a command structure mod­
eled after BASICs using familiar 
terms such as EDIT, RUN, LIST, 
LOAD. SAVE. TRON. SYSTEM. etc. 
Since RUN/C is a true inter­
preter it means that C programs 
can be written . tested and run 
within a single protected envi­
ronment. It is a teaching tool and 
a source code debugger. 

Here's more good news. 

• Great documentation: a 400-
page, easy-to-read manual 
filled with executable 
programs 

• Array-index and painter 
bounds CheCking 

• Variable-trace and dump 
diagnostics PLUS an integral 
program profiler 

• Full buffered and unbuffered 
file 110 

• Printer and asynch support 
• Forking to your favorite full 

screen editor with automatic 
return to RUN/C with 
your edited program 

• System Requirements: 
IBM® PC or compatible with 
PC-DOS 2 .0 or Msr"'-DOS 2.0 or 
greater w ith ANSI.SYS. 

Get things right the first time 
with RUN/C: 

The C Interpreter-m 

For immediate delivery or more 
information. call: 

1-800-847-7078 
(in NY. 1 -212-860-0300) 

or write: Lifeboat AssociatesT
'" 

1651 Third Avenue 
New York. NY 10128 

RUNfe is ' t,.demark of Ageof Reasoneo 
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variation from full compatibility with the 
Forth-S3 Standard. Other differences 
from the Forth-83 Standard include dcfi­
nition of system words in lowercase, and 
only optional, high-level support for 
accessing files of Forth blocks. 

The u4th product provides all system 
source, including the kernel , and makes 
use of UN IX's make program to control 
kernel recompilation. Since u4th stores its 
source in ordinary UNIX text files (which 
UNIX can manipulate through many well· 
designed utilitics) and commands can eas­
ily be passed through to UNIX, u4th rec­
ommends using a UNIX text editor-such 
as the popular vi- for program develop­
ment. For editing files of Forth blocks, 
u4th provides a video editor with a com­
mand set modeled after a subset of vi. 

u4th documentation consists of the u4th 
User's Manual, consisting of6O pages of 
"essential information," an introduction 
to u4th, and advanced topics; a 326-page 
description (glossary) of all system words 
(in the style of the UNJX Programmer's 
Manual); and 43 pages of appendices, 
including a 24·pagc appendix on object­
oriented Forth. The u4th manual recom­
mends Anderson and Tracy's Mastering 
FORTH as a supplemental guide to the 
Forth-83 Standard Forth. 

Unified Software Systems 
UNIFORTH 
Unified Software Systems is now eom­
pleting conversion of its Professional 
Series UN IFORTH to the Forth-83 Stan· 
dard. Because of this, we were unable to 
test the new Profes~ional Series; instead, 
we ran our benchmarks on the UNI­
FORTH Sampler System, a public domain 
subset ofthe Professional. 

A brochure describing the new UNl­
FORTH Professional System states that it 
includes both a line and video editor, an 
assembler, a decompiler, and a debugging 
traec facility. The Professional System is 
also a prioritized multi tasking ~ystem, 
Software and hardware floating point sup· 
port are standard, using IEEE format, and 
options such as a plotting package, 
EPROM programmer, and cross compiler 
(otherwise known as a metacompiler) are 
available. UNIFORTH does not support 
the creation of binary overlays or DOS 
2.x path names. 

Unified Software Systems requires no 
royalties or license fees for any program 
developed in the public domain sampler 
system or for any program developed in 
the Professional Series, provided the user 
has no access to the underlying Forth and 
the headers are stripped out using a word 
provided fo r that purpose. 

Documentation for the new Profes­
sional Series UNIFORTH was 
unavailable at press time so we are unable 
to report on it. The UNIFORTH brochure 
states that all UNIFORTH systems come 

with a manual set designed to lead you 
painlessly from the basics to the heart of 
FORTH . The manual set is divided into 
the User's Guide and Programmer's Guide 
and totals more than 500 pages. 

Professional Series UNIFORTH was 
scheduled for release this summcr. UNI­
FORTHs for a number of other pro­
cessors and opcrating systems are also 
reportedly avai lable. 

MACINTOSH FORTHS 
Creative Solutions Mac forth 
MacForth was the second language avail­
able for the Macintosh, coming shortly 
after the release of MS-BASIC for the 
Mac. MacForth was the first language for 
the Mac that offered the ability to ercate 
stand-alone applications without the need 
for an interpreter. Ma(,;Forth comes in 
three levels. Levell is an integer·only 
version without an asscmbler. Level 2 
adds floating point, an assembler, and 
advanccd graphics eapabllities on the 
Macintosh. Level 3 gives the programmer 
the ability to create stand-alone 
applications. 

MacForth is the Macintosh version of 
Creative Solutions' MultiFofth for the 
Motorola 68000 processor. Although 
MaeForth in general observes the Forth-
83 Standard, it has many nonstandard fea· 
tures, the most important of which is the 
stack width: instead of the standard 16-hit 
width (which accommodates addresses up 
to 64K), the MaeForth stack is 32 bits 
wide. Thus double-precision numbers use 
64 bits instead of32 bits. This provides a 
considerable range for fixed· point 
(integer-only) calculations, 

The editor provided with MacForth 
operates in its own window. Standard 
Forth I K blocks (16 lines of 64 characters 
each) are used to store source code; the 
mouse and pointer can be used with Mac· 
intosh cut-and-paste methods for very 
quick source code editing. If an error has 
occurred during compilation, the editor 
will present the block containing the error 
with the cursor at the exact spot where the 
error happened. Code compiled with the 
trace feature turned on can be debugged 
when executed. In this mode each word 
called will be displayed along with the 
stack contents at the time. Control-A can 
be used at any time to halt execution of a 
MacForth program. 

Numerous extensions are provided with 
MacForth. With level I, MacForth win­
dows and menllS can be created in the 
Macintosh environment, and lines , rect­
angles, and ovals can be drawn from thc 
Macintosh toolbox routines. Level 2 adds 
region and polygon capabilities for cre­
ating and manipulating complex graphics. 
MacForth allows the coordinates of a win­
dow to be defined by the user. 

The developer provides on· line support 
via a CompuServe special interest group. 
Access to this group is for registered 
users; the only fee is a surcharge on the 
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RELOCATING MACRO 
ASSEMBLER $49 95 

ONLY • 

AT THIS PRICE, SHOULD YOU BE WASTING 
YOUR nME USING SOMETHING ELSE? 

This is what they said about 
Z80ASM, our Z80 assembler. Now 
the same features and performance 
are available in our Inlel Mnemonic 
product. SlAMAC is compatible 
wi th MBO in .8080 mode. with many 
extensions. Too many features to 
list here. 

To order or to find out more 
about our complete family of 
development lools, call or write: 

...sLR~_S"'ystems_ 
1622 N. Main St., Butler, PA 16001 
(800) 833-3061 , (412) 282-0864 
Tele" 559215 Sl.R SY$ 
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from your C programs 
with 

PC-LINT 
PC-UNT analyzes your C programs (one 

or many modules) and uncovers ~itches, 
bugs, quirks and inconsistencies. It will utcn 
suode errors before they utch you, 

PC-UNT resembles the lint that runs on 
the UNIX 0.5, but with more features and 
greater sensitivity to the problems 01 the 
8086 environment 

- Full K&R C 

- SupportsMultip!e Modules-fiods incon-
sistencies between dedarations and use 
of functions and data across a set 01 
modules comprising a program. 

- Compares ftJnction arguments with the 
associated parameters and complains if 
there is a mismatch or too many or too 
few arguments. 

- All warning and information messages 
may be turned on and off globally or 
locally (via command line and comments) 
so that messages can be tailored to your 
programming style. 

- All command line information can be 
furnished indirectly via file{s) to automate 
testing. 

• Use it to check existing programs, prcr . 
grams about to be exported or imported, 
as a preliminary to compilation, or ptior 
to scaling up to a larger memory model. 

- All one pass with an integrated pre­
processor so it's very fast. 

- Has numerous flags to support. a wide 
variety 01 Cs, memoty models, and 
programming styles. 

-Introductory Pike: 598.00 Me, VISA 
~~¥>d~P"" "'-.od6511i 
...... IA 0I.r.0ide W.od I ro,oo. 

- Runs on the IBN\ PC (or Xl, AT or 
compatible) under DOS 2.0 and up, with 
a minimum of 126KBof memory. It will 
use all the memory available. 

3207 Hogarth lane - Collegeville, PA 19426 
(215) 584-4261 

·T'-.....u: IIM(16MC"",). PC-LINT fC,mpt'I So/Iw.",I. 
U'IIX ' .... 1& 1) 
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normal CompuServc fee. 
The benchmarks were all done with 

level 2 MacForth, but thcre should be no 
differenccs between levels. 

The prices for the various levels of 
MacForthare: level 1- $150, level 
2-$250, and level 3- $499. The upgrade 
from one level to the next costs only the 
difference in price. Devclopment o f 
stand-alone applications requires the level 
3 package . No royalties or license fees are 
charged for application programs wriuen 
in MacForth; the license agreement 
requires only that the use of MacForth be 
acknowledged and that the end user have 
no access to thc underlying Forth. 

Micro Motion Ma ste rFo rth 
MasterForth is a Forth-g3 Standard 
for the Macintosh and is essentially identi­
cal to MicroMotion's MasterForth run­
ning on other computers. An assembler is 
provided with th is package. The manuals 
for MasterForth consist of a copy of the 
book Mastering Forth, which is a generic 
guide for MicroMotion Forth products, 
and a small book that points out specifics 
of MasterForth for the Macintosh. 

The editor provided with MasterForth 
operates from within the main window. 
Standard Forth 1 K blocks are used for 
source code. MasterForth's editor does 
not use the Macintosh mouse; instead, 
control key sequences move the cursor 
and cut and paste lines of text. These 
sequences can be tedious to learn and 
awkward to use for programmers accus­
tomed to the Mac's standard interface. 

Macintosh toolboll routines are called 
by using traps. Eumples are given, but 
doing such things as creating windows 
and menus with this system require access 
to Apple's huge Inside Macintosh docu­
ment. The eumple code is sparse, SO this 
system cannot be recommended for the 
novice. As an example of the level of 
expertise required, note that MasterForth 
addresses only 64K of memory. To 
address S I2K, Macintosh 's memory 
requires the use of the Mac's memory 
manager. Source code is provided fo r 
accessing the clltra memory, but the pro­
grammer probably needs a good working 
knowledge of 68000 assembly language. 
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The stack uscd by MasterForth is the 
standard l6-bit width, with 32 bits for 
double precision arithmetic. As can be 
seen by the benchmarks, MaSlcrFonh is 
fastcr then MacForth, but the limitations 
of the MasterForth system should be 
taken into account. II should be noted also 
that Forth code is usually compact; more 

can be done in 64K than one accustomed 
to othcr languages would ellptct. 

The abili ty to take snapshots of the 
MasterForth system and create stand­
alone applications is provided in thc pack­
age. To distributc copies of programs 
written with this system requires a $1 ,000 
royalty fee for each program . • 

Forth products and monufacturers 

PolyFORTH 11-leveI3-$6oo 
level.4- $3,2oo 

Forth Inc. 
2309 Pacific Coast Hwy. 
Hermosa Beach, Calif. 9025.4 
(213) 372-8.493 

HS/FORTH-$250 
Ha rvard Softworh 
P.O. Bo)(69 
Springboro, Ohio .45066 
(513) 7.48-0390 

PC/Forth -$100 
Laboratory Microsyslems 
P.O. Box 10.430 
Morino del Rey, Calif. 90295 
(213)306-7.412 

MaslerForth-$ 125-system 
$60-relacatar 
$.40-flooting point 

MicroMotion 
12077 Wilshire Blvd., Sle. 506 
Las Angeles, Calif. 90025 
(2 13)821-.43.40 

MMSFORTH-S 179.95 
Miller MicrocompUTer Services 
61 lake Shore· Rd. 
Notick, Mon. 01760 
(617) 653·6136 

MVP-FORTH-S500-PAOS 
$ 175-programmers kit 

Mountain View Press 
P.O. Box 4656 
Mountain View, Calif. 9.40.40 
(.415) 96 1-.4103 

NGS Forth~S72 
NellI Generation Systems 
P.O. Box 2987 
Santo Claro, Calif. 95055 
(.408) 2.41·5909 

F83~S25 
No Visible Support 
2000 Center 51. 
Bo)( 1344 
Berkeley, Calif. 9470.4 

TaskFORTH-storter-S250 
odvonced-S395 

Shaw Laboratories ltd. 
P.O. 80x 3.471 
Hayward, Calif. 94540-5953 
(415) 276·5953 

ST-FORTH-$35 
Sunset Technology 
195.4 Menaho Ave. 
Menlo Pork, Calif. 94025 
(415) 325-3680 

u4th-S200 
Ubiquitous Systems Inc. 
13333 Bel-Red Rd. NE 
Bellevue, Wash. 98005 
(206) 641_8030 

UniFonh-S245 
United Software Systems 
P.O. 80x 2644 
New Carrollton, Md. 20784 
(301) 552_9590 

MacForth- levell-S 149 
leve12-S249 
leveI3_S499 

Creative Solutions 
4701 Randolph Rd., Sle. 12 
Rockville, Md. 20852 
(301) 984-0262 

MoslerForth-S 125-system 
$60-lelocator 
$.4q- floating point 

Micromotion 
12077 Wilshi re Blvd., Ste. 506 
los Angeles, Calif. 90025 
(213) 821-4340 
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catch the next micrO-Walle with 

UO-LISP 
Not "just another pretty dialect" but the most 
powerful implementation of LISP available in 
the micro market place. For the professional 
engineers , researchers, and educators, UO­
LISP maintains the power and flexibility 
inherent in LISP while providing the expected 
functionality of mainframe' LISP systems. ( + ) 
va-LIsP steps beyond the competition 
and provides a real source to native code 
compiler. 

#.~~ 
~8 
~~ 

~~~~ 
We Beat ALL 

Prices! 
Astom .. 
Crout,lk ......... .. , , •.. 
Greenleaf Communications .. . 
Greenleaf Functions 
In$tlnt C 
loru, ......... , , , •. 
Micro,oft C 
Pfini,h 
Ph 86+ 
Plink 86 
Pmlk, r 
Pmat. 

Pre C. 
Run C .... . 
Will rd C .. . 

LIST OURS 
195 '" '" '" '" '" '" '" 495 '" 495 '" 
'" '70 
'" '60 
'" '" 396 '" 19' '" 225 '" '" '60 
'50 99 

'" '" 
253 10th Av •. 
New York. N.Y. 10001 212-989-7167_ .. 

LISP 
The preferred symbolic processing language 

of the Artificial Intelligence Community 

CPU ~ratin9 ProdUClion .... m 
Family YSlem Syslem System 

MS·DOS IS()'O SSOO 

PC·DOS IS()'O SSOO 

CPM/86 oooilob/e soon 

CPM 125" SSOO 

TRS DOS 8()00 N/A 

Fa, MORE DETAIL AND TO ORDER, 
Send for FREE brochures and order forms. 

NORTHWEST COMPUTER ALGORITHMS 
P.O. Box 90995, Long Beach, California 90809 

(213) 426·1893 
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That's right , you can reach 34,000 software developers with your advertising 
message and get a free cat to boot. We're talking genuine felines with shots, spayed, 
declawed - the whole nine yards. 

Just call 800-GET-A-CAT and we'll ship immediately . Just let us know 
how to ship: 

_ UPS 
_UPS Blue Label 
_ Overnight 
_ Bulk Mail 

Advertise today (41 5) 957-9353. We're standing by ready to punch holes in boxes. 



SOFTWARE REVIEWS 

n this second and 
fi nal installment of 
COMPUTER 

LANGUAGE's coverage of current PC 
expert systems, we'll look at the packages 
falling into the following categories: 
intermediate-level systems, rule-oriented 
mathematical modeling systems, and 
advanced systems. 

Table 1 contains general information on 
all products listed in Part I and Part II of 
this article. 

INTERMEDIATE LEVEL SYSTEMS 
Expert Systems ES/P Advi sor 
Although Expert Systems International's 
EStP Advisor is a PROLOG-based tool, 
as opposed to an extension package like 
APES (reviewed in Pan I), it is a fully 
configured consultation and development 
environment that does not require the user 
to know PROLOG, But for those who 
already do or are wi ll ing to learn, there 
arc some substantial rewards waiting. 
Although ES/P Advisor is nOI merely a 
high-level programming language or 
e.l(!ension to PRO LOG , it allows any legal 
programs or functions in thc PROLOG-I 
dialect to be added freely to its knowledge 
bases. 

This system seems to have been 
designed specifically for the r.:reation of 
on-line manuals and how-Io applicalions 
that take a user step by step through a pro­
cess covering many diffe rent situations. II 
consists of two separate programs: Ihe 
consultation shell, or end-user environ­
ment, and the knowledge base compiler. 
The run environment stands out for its 
well-designed use of windows and color 
displays and a large number of commands 
that allow the user to take the initiative in 
a consultation. 

ES/P Advisor's knowledge representa­
tion language is powerfUl and is able to 
have variables a%igned a value through 
input from a user and then be quoted in 
subsequent texi displays . The inference 
engine is a backward chaining system that 
allows the knowledge system developer to 
assign goals. 

Though this system is powerful, the 
knowledge base files arc not particularly 
easy to read because they are structured 
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according to Ihe order that things will 
appear in rather than a logical order. 
Rules are not all in one scction but can 
appear throughout the source file, I have 
not found this a particularly easy develop­
ment environment. In many ways the 
KRL compiler is very strict about syntax 
idiosyncracies, and yet in others it allows 
files to compile that subsequently will not 
run properly. This puts the developer back 
in the situation of convcntional program­
ming languagcs , whete consideration of 
the tools themselves diverts attention from 
the problem to be solved. 

One of the best features of this system 
is the interface 10 the PROLOG language 
itself. An interface to PROLOG-lor 
PROLOG-2 is also available from ElI,pert 
Systems International as a separately pur­
chased option. This feature gives ES/P 
Advisor an open-ended architecture that 
allows a skillful PROLOG programmer to 
embed programs into the system to aug­
ment the inference engine or interface it 
with external hardware. 

PROLOG can be incorporated into 
ES/P Advisor in two ways: 
• As a ruie that is used to deduce a valuc 
of a knowledge base parameter 
• As a pseudo-paragraph, a procedure 
that is invoked after a qualifying condition 
is satisfied, 

In either case, ES/P Advisor itself does 
not provide any error trapping for PRO­
LOG code. The PROLOG programs that 
are entered must be fully debugged 
beforehand or errors will crash the sys­
tem. So although in principle it is not nec­
essary to purchase the ESJ PROLOG 
interpreter to add code to ES/P, in practice 
it seems essential for debugging any com­
plex. PROLOG routines. 

This system is appropriate where there 
is adequate programming expertise avail­
able, While it is wcll suited to developing 
gencric applications for resale, it is not 
easy enough to use to be appropriate for 
rapid prototyping. For programmers with 
expertise in PROLOG, th is could bea rel­
atively inexpensive environment in which 
powerful expert systems, within cenain 
limits, could be built. 

General Research TlMM-PC 
The Inteliigent Machine Model (TIMM) 
from General Research Corp. is the first 
knowledge engineering system availahle 

for microcomputers that handles prob­
lems where the user may not know al1 the 
necessary and vital information fo r a 
problem. 

The main features of this system are a 
preprocessor for knowledge bases that 
describes the way key attribute variables 
behave and a partial match search routine 
based on the nearest neighbor algorithm , 
As we will see later in the discussion of 
the fuzzy logic of REVEAL, few real­
world problems have the either/or, on/off 
digital logic on which computers are 
based, Systems that can be made tooper­
ate on the basis of a quantified similarity 
rather than exact congruent matching are 
more fle:dble and potentially more useful 
in a world where things usually change 
subtly and by degrees . 

By incorporating a prcprocessing mod­
ule, TJMM allows the knowledgc 
engineer to tell the system ahead of time 
how a particular variable is supposed to 
behave. Thrce types of variables are 
al1owed: unordered, linearly ordered, or 
circularly ordered. 

With unordered attributes, TiMM 
makes no assumptions about how the val­
ues can vary. In contrast , linearly ordered 
values assume that the permissible values 
will fall into some linear sequence. For 
example, with an attribute such as skill 
level , we could define the permissible val­
ues as novice, junior, senior, and expert, 
with each having its place in an ordered 
sequence. On the other hand, a variable 
such as month-of-de!ivery is considered 
circularly ordered because the values go 
through a 12-month sequence and then 
start over again. 

Knowing in advance how an attribute 
can vary is one thing that gives T IMM the 
ability to fill in miSSing knowledge. For 
example, if it has already been given the 
information that junior-level and expert­
level people have a certain skill, then 
TIMM would consider it a good assump­
tion that senior-level people have that skill 
also, because senior-level falls between 
junior-level and expert-level in the linear 
sequence. By adopting this strategy on a 
mass scale, it is not hard to see how 
TIMM could frequently fill in missing 
information when making inferences . The 
other facility TiMM uses to operate when 
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all the facts aren't available is based on 
the partial mateh algorithm mentioned 
earlier. 

7. Check Consistency 
8. Check Completeness 
9. Compress 

TIMM is made upof 10 separate pro­
grams that are available from a common 
menu. Here is the main menu as it appears 
on the screen : 

10. Convert Knowledge Base 

The Build program allows you to enter 
all the choices and facto rs for your prob­
lem and to specify how the factors will 
behave. With Train you can develop the 
rules that the knowledge system will 
contain. 

1. Build 
2. Train 
3. Exercise 
4. Mod ify 
5. Inquire 
6 . Gen eralize 

The example conditions are presented 
much as thcy would appear in rulcs. Each 
part of the example becomes visib le as 
one of a cumulative list of conditions, 

The Ultimate Programmer's Editor 
WENDIN'S XTC · 

SUPER PROGRAMMERS edit in XTC to make software development 
a s nap! Just look at these powerful features: 

I MULTITASKING 1 
XTCs built·ln multitasking lets you run your mactOS in the 
foreground or Independently in the background white you 
continue editing. A bac~ground process has full access to 

&<Iitor resources. and can be used to translate code from one language to another in REAL 
TIME, print tiles in the background, or even scan Syntall while you type in code. Best 01 all. you 
can use XTC to edit source and documentalion in any programming languagel 

I COMPILE IN WINDOWS I All DOS compilels and ulililies can be e~&culed Irom 
wilhln XTC using a single keystroke. While il runs. lITC 
captu res your compiler's output and redirects ~ into your 

tellt, so you can compare compiler messages with your sour~ code ON THE SAME SCAEEN. 
And using XTC's macro language. Turbo Pascal Is literally only a keystroke away. You can use 
other compilers and utilities inside XTC too - tike Lattice "C." Microsoft Pascal. and IBM's 
Basic, to name a lew. 

I 1 
XTC has the most powerful macro langegue in the &<Irting 

MACRO LANGUAGE WOrld . )(TC', macros aren't just keystrokes assigned to 
keys; they're real programs Ihal can be used to automati-

cally edit source code and data files. like any real programming language, XTC has control 
structures like IF THEN ELSE. WHILE DO, AEPEAT UNTIL. FOR NEXT, DUPLICATE N TIMES, 
INDEFINITE LOOP, EXIT, and BAEAK LOOP. XTC also has INTEGEA. BOOLEAN. and 
STAING variables to hold numbers. conditions, and pieclls 01 te~t. 

I WINDOWS & BUFFERS I With XTC you can display up 10 8 dillerent files or pans of 
the "me lile on the screen at Once. )(TC's windows ale 
programmable and can e~8n be linked together to share 

files. XTC also has 20 othar buffe~ that you can use to hold IHes and blocks 01 te~1. 

I INCREDIBLE EXTRAS! ·1 
XTC comes Wilh 7,000 lines of source code fam·packad 
onto two DSDD dis~s . Includes t 3 modules writtlln in 
Pascal. and 2 assembly libraries you can use to access 

the PC's screen, intercept software interrupts (like INT 21 H lunctions). allocate and dllallocate 
memory, and load and e~ecute programs. It's all included !=AEE for your recreation and 
enjoymentl 

• UNoo N TIMES • TAB EXPANSION! • 150 PAGES OF 
• AEMOVE WOADSTAR HIGH COMPRESSION MODE DOCUMENTATION 

81TS • EXTAA LONG LINES • RUNS ON IBM I PC. XT. AND 
• EDIT GRAPHICS DISPLAYS • MACRO COMPILEA I AT COMPUTERS ~AND 
• AUTOINDENTING MODE • TELEPHONE SUPPORT TAUE COMPATIBL S) 
INCLUDED FREEl 

~, .. • Macro Compile r with full source code In "C"! 

To gel your copy of XTC ~~ now. order it over the phone 
- we can ship it the same CHENEY, WA 99004 day you caU! Or. send in an 
order. Just li ke this one: 1M people wtlO makol qu-'ity 

aottwar. 100II affordable 
XTC ...... .. ...• . 599.00 
Macro Compiler . .... . FREE J4i ORDER HOTLINE 
Shipping, Hsndtlng, 0 509/235-8088 .~ 

Insurance .. ..... ... 3.50 
Want It COO? CREDIT CARDS WELCOME! 

Add thl' .. ........ . 1.90 
_·Io.~_,,-...., . ...... v.s_,",o.-

To"", Pooc", ~. ,,_"' _.., . .... )(fc ... u_"",", ",W_. I"" 
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with the choice entered last in the list. A 
prompt asks whether you wish 10 enter the 
examples or have the system do it for you. 
If you know many o f the rules you want to 
incorporate in the system then you can 
enter them as examples. If you let the sys­
tem choose thc values for you , then it ran­
domly picks values for each o f the factors 
based on the possible values you have 
assigned them. 

The Exercise program is where you 
actually run a knowledge system. It is 
here that T IMM can try to draw conclu­
sions without having all of the values it 
asks for. The Modify program is the edi­
ting program that allows you to make 
changes in the actual constra ints of the 
application. The Inquire program allows 
you to inspect the system to see what it 
contains . One option gives you the deci­
sion structure, meaning the entries you 
made in the Build program. Another 
allows you to sec a listing of all the rules. 

The Ge neralize program is one of the 
more interesting ones in the system. It 
uses the information so far on the system 
to make hypotheses to the user, who 
responds favorab ly or unfavorably and 
detennines whether or not the idea 
becomes a rulc. The rest of the programs 
arc straightforward util ities. T hc presence 
of inconsistencies here docs not mean log­
ical contradictions . Perfectly viable 
knowledge bases can have several 
inconsistencies. 

The main limitations of TIMM are that 
it only allows up to 25 end choices in a 
knowledge system, it has no provisions 
for variables or mathematical calcula­
tions, and it has no external interface. 
There are plans. however, to continue to 
extend this program. The manufacturer 
should be contacted for information on the 
latest release. 

There arc a number of very interesting 
ideas implemented in T1 MM, and I for 
one hope the authors continue to enhance 
it and add all the features needed to make 
this a complete system with all the capa­
bilities of the most advanced systems. 

l evel Five Research 
In sight Knowledge System 2 
Level Five Research Inc:s Insight 2 looks 
and feels like Insight, the $95 product by 
the same company that was described in 
Part I of th is series. but it is a far more 
powerful system worth considering as a 
professional development tool. 

The two products share identical end­
user interfaces, but Insight 2 's is not a 
separate, stand-alone program . Every­
thing is integrated into a single program 
available from a menu. Included are a 
WordStar-likc text ed itor, a data base edi­
tor, a compiler, and a run-time environ­
ment. Unfortunately, I can't say agreat 
deal about the editors because they were 
not finished in the prerelease version 
tested. 
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MIX EDITOR MIX C COMPILER 
Programmable, FuJJ/Split Full K&R StanchJrd C Language 
Screen Texr Processor Unix Compatible Function Library 

Introductory 2995 Introductory 3995 
Offer Off" 

Great For All Latiguages COmplete & Stanibii'd Standard Functions 
A general pUl:pOse text MIX C is a complete and In addition to the functions 
processor, the MIX Editor is standard implementation of C described by K&R. MIX C 
p acked with features that make as defined by Kernighan and includes the more exotic 
it useful with any language. It Ritchie. Coupled with a Unix functions like setjmp and 
has auto indent for structured compatible function library, it longjmp. Source code is also 
languages like Pascal or C. It has greatly enhances your abilily to included. 
automatic line numbering for write ponable programs. 

Special Functions BASIC (255 character lines). It 
The Best C Manual even has fill and justify for MIX C provides access [Q your 
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Custom Key Layouts wriuen about C. funaion that exC(.."Utes any DOS 
command string while another 

Commands are mapped to keys Fast Development executes programs and returns. 
just like WordStar. lfyou don't 
like the WordStar layoU(, il's MIX C includes a fast: single Language Features 
easy to change It. Any key can be pass compiJer and an equally 

• Data Types: char, shan, inl. mapped to any command Vou (asl linker. Both are executed 
can also define a key to generate with a simple one line unsigned. long, float, double 

a string of characters, great for command. Together they make (MSDOS version perfonns 

entering keywords. program development a quick BCD arithrnedc on float and 
and easy process. double-no roundoff errors) 

Macro Commands • Data Classes: auto, static, 
'nle MIX Editor allows a Fast Execution extem, regisler 

sequence of conunands to be The programs developed with • Stroct, Union, Bit Fields 
executed with a single MIX C are fast. For example, (struct assirent 
keystroke. You can define a the often quoted prime supponed 
complete editing operation and number benchmark exet.'Utes • Typedef. Initialization 
perform it at the touch of a key, in a very respectable 17 • AU operators and macro 

Custom Setup Files seconds on a standard mM pc, commands are supported 

CUstom keyboard layouts and 
30 DAY MONEY BACK GUARANTEE macro commands can be saved 

in setup files, You can create a Orders Only: Call Toll Free 1-8O().Sn-9S20, (Texas oruy 1-800-622-4070) 
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As I write this, Insight 2 still has a ways 
to go until it is finished, but it is clear 
what this system will become, and it is 
impressive. Once again, Level Five 
Research is offcring a lot of value for the 
money. So what does this higher-end 
package offer over the entry-level ver­
sion? In addition to the production rule 
language , DBPAS, a built-in mini-Pascal 
that allows you to wri tc programs, can be 
called directly from a PRL knowledge 
base. You can also call external programs 
written in other languages , but if you're 
willing 10 bi te the bullet and use Pascal 

you have the built-in ability to pass 
parameters from the knowledge system to 
the program and back again. 

With In~ighl 2 it is now possible \0 

compose the actual text of questions 
rather than rely only on the automatic 
question-generation facility alone. Multi­
pagcd tcxt displays are provided which 
areaclivated when certain rules fire. Dis­
plays can also use bar graphs to convey 
their information. A goal selection facility 
allows more knowledgeable users 10 skip 
the prcliminaries and jump directly to the 
subdomain of a particular problem. A 

ARE YOU TRYING 
TO COMMUNICATE ? 
C programs can communicate with the world now through the power of 
The Greenleaf Comm library. Now from the people who brought you The 
Greenleaf Functions General Library for C, comes this rich interrupt dr iven, 
ring·buffered asynchronous communications capability. 

Over 100 functions in C and assembler to facilitate communications at up to 
9600 baud. Up to eight ports at a time. ASCll or XMODEM. X-On/X-Offtoo . 
Hayes compatible modems controlled here. Safe toO, bet you can't exit your 
application with interrupts hot. Major applications around the world base 
their communicating applications on The GreenleafComm Library. Stop JUSt 
trying and start real1y communicating. Get your copy of TheGreenleafComm 
Library today. For all major C compilers, all models , all versions. For the 
ISM PC and just about any machine with MSDOS and an 8086. Comes with 
source code, extensive examples, demo programs, featuring C·TermillaJ, 
reference card and ncwsleucr. No royalty. $185 

Other Products: The Greenleaf Functions General Library, over 220 
func.tionS for total control of the IBM PC, with source. $185 for the compilers 
listed below. (See ordering instructions below). 

SpedfycornpU~, ... hen o rdering ' Lattice . ~!;cfO..,ft , Com pute, lnno • .tion • • 
Ma,k Wi lliams . Of DoSm",. ~dd $7.00 fOf UPS Sec,md Oay ~;, (0' $}_OO (0' 
g, ound)_ Tex .... ,esiden" .dd .... 1.,. ' . x. M .. 'ercOfd. VIS~, ch~k, 0 ' P.O . 
tn >t"" k . ,hipped .. me do)· 

o General Libraries 
OComm Library 
OCIIIl6 Compiler 
OLattice C 

$185 

$185 
$349 
$395 

O Mark Williams $475 

PRICES ~ RE SU BJECT TO 
CH~NG~ WITHO UT NOT ICE. 

For Information: 

214/446-8641 

2101 HICKORY DR. 
CARROLLTON, TX 75006 
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pursue facility also is included for 
exploring "what if" possibilities and 
determining the likelihood of certain situ­
ations occurring. 

The PRL in Insight 2 has been 
expanded to include arithmetic operations 
within rules. The system can use as much 
memory as you have in your machine. 
Other additions include full support of 
objeet-attribute-value triples; external 
programs, such as data base programs and 
custom programs that can be executed 
wi th theACTJVATE command; knowledge 
bases that can be chained together; and 
techniques for implementing inference 
procedures that essentially operate like a 
forward chaining in ference engine. 

A sample dBASE II data base intcrfacc 
is included in the appendix of the docu­
mentat ion. The demo DBPAS program 
makes all the variable and data base 
record declarations. It also implements a 
procedure that opens a data base file, 
indexes through it , and lists the record 
information in various ways . 

An APPEND procedure makes it possi­
ble to update the data files by adding new 
records. Since this is done in the DPAS 
language, a subset of Pascal that inter­
faces directly with insight 2 knowledge 
bases, an entirely open.ended situation is 
present. Those adept at the language can 
do many of the things that would ordi­
narily be done with Pascal. But in this 
case, these functions may be uscd to inte­
grate existing data ba~es with the Insight 2 
knowledge engineering environment. 
Although this interface is clearly biased 
toward one programming language, much 
as ES/P Advisor is toward PROLOG, it 
offers one of the most powerful extend­
able environments at a reasonable price . 

RU LE-ORIENTED MATHEMATICAL 
MODELING SYSTEMS 
Lotus/Software Arts TK!Solver 
Most of the ~ystems reviewed hcre arc not 
overly impressive in their math capability, 
but TK!Solver by Lotus/Software Arts is a 
clear exception . This unusual package is 
clearly an cxpert arithmetic problem- and 
equation-solver. But what it is or can be 
bcsides is not as easy \0 determine. 

Ccrtainly, TK!Solvcr is not an expert 
system tool of the usual production system 
type, being somewhere between a spread­
sheet and a symbolic math solver. But it is 
clearly a far cry from a mathcmatical 
expert system oflhe caliber of the MAC­
SYMA system developed at the Massa­
chusettes Institute of Technology, Cam­
bridge, Mass. Yet the potential for 
TK!Solver applications by a sophisticated 
developer goes weU beyond mere run-of­
the-mill math and engineering problems. 

The basic environment has eight main 
information modules or sheets: variable , 
rule, list, global, unit, table, plot, and 
user function . Each acts as a separate win­
dow onto a data set that drives the two 
problem solvers: the direct solver and (in 

... 



- Immediate Delivery­

Zetalisp'"-like capabilities PLUS 8087 support 
SmaUtalk'"- like class system PLUS first class instances. 

closures and environments 
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The LISP Company (T.(LC)) 
430 Monterey Ave. #4 
Los Gatos, California 95030 
408/354·3668 

Also A\ra;"'blo:, ne·Logo SIOO, and ou r book Thmk":!Il.i>wy'l n~~ lO!lO StS 
Z . .. h.p ;s. ".d."""k of Symbol,c>. Inc WordSto,; •• '<i,"er<d "adtma .... of M",oI'ro 
In,.,,,,,';.,...l Col'». Smalh .. lk;s. "',de""" k of Xe",x CO<p 

CIRCLE 65 ON READER SERVICE CARD 

NOW ONLY $79.951 
If you think you're missing out on innovativ, soft .... are 
developmenlS because nobody is wrijins for CP/M N_80. take 
a look at us. We've adapted UNIX M features to CP/ M like 
never before. and .... ith the kind of professionOlI. quality­
controlled produ ct that you desenre. Th~t product is none 
other than the critica lly acdaimed ConlX Opera1ins System. 

ConlX can provide OIny (8K+ CP/M·80 or compatible system 
.... ith I/O Redir«tion and Pirs (uses memory or disk!' 
perfected User Areas. Cornman and Overlay_ Path Searching. 
Auto Screen Pa,ins. 8Mb Print Bufferins. 22 ne .... SysCaUs. 
Function Keys. ·Virtuar· di sk system, Archiver (saves over 
SO% diskl. extensive command language. lOOt VOIriables. 100+ 
command s. pull-down menu. and much I1lOre! Uses as little as 
1/2K RAM! Runs with CP/M for true data and soft .... are 
compatibility . Installs easily .... ithout any system mods! 

The ConlX package lists at St65 and has been advertised and 
sold internationally to many enthusiastic (Ustomers since 
October 1983. As a special limited offer. we've Io .... ered the 
price of thl! complete ConlX system by 50% to on~ $79.951 
Don't miss this opportunity to bring your 8· bit micro back into 
the software revolution. Order your copy of (onlX today! 

Price includes rn~l'll il, a' · disk. 0I0d user SUI!PO"l. 5>.4.' (Oflversions 
anilable. Contact 10U" lotOII dQIer . or buy d,reo;t and add shipping; 
$4.50 UPS. '10 COIrIada. t25 overseas. NY residents add Siles tv. . 

~ 
Computer Helper Industries Inc. 
P.O. 8"ox 680 Pillkclles ter Station, NY 10462 
Tel. (212) 652-1786 (for information/orders) 

··We ·re heJpinc your computu ... ott betttr (or ytHJl " 
UNlX: AT' T B,M tab •. Cp/M: Dipu.l R ..... th. (""lX: C""VUIt. H,lper Ind. 

CIRCL.E 10 ON READER SERVICE CARD 

SPARRY BASIC·B COMPILER 

1. Float ing Point Math 

2. Use all 640K of Memory 

3. Multiple Data Segments 

4. Multiple Code Segments 

5. Internal ISAM File support 

6. 4 Virtual Screens (Big Windows) 

7. Easy Assembl y Language Interface 

8. Direct System In terrupt Calls 

9. A Compatible BASIC Compiler 

Req. PCDOS 2.00 + with 128K 

Sparry Software Labs 
P.O. BOX 632 
MILFORD, MA 01757 
617-473.5435 

( ) Compiler S 159 
() Demo Disk $15 

PCDOS is a Trademark of 
International Business Machine Corp. 

CIRCLE 66 ON READER SERVICE CARD 

Transform Your Programs 
with 
CPP-C Preprocessor Plus 

Includes ALL features of the standard C preprocessor .~ 
• Define arbitrarily complex macros with #define command. 
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case the first fails) the iterative solver. 
The emphasis of this design, as 

opposed to that of a spreadsheet, is on see­
ing clearly what goes in and what comes 
out in the calculation of answers. No 
attempt is made to provide a permanent 
storage matrix, as with a spreadsheet. The 
formula, or rule, sheet is kept separate 
from the sheet that contains the variables 
and their values. Rather than trying in 
vain to describe in general terms how this 
works, it will be much casier to give an 
example of TK!Solver at work on an inter­
e~ting problem. 

The example comes from The 
TK!Solver Book, by Milos Konopasck and 
Sundaresan Jayaraman, the developers of 
the system. It gives solutions to the so­
called Einstein Twins Paradox. More 
exactly, it is a model based on the equation 
for time dilation as predicted by special 
relativity. Listing I shows the rule sheet 
and the variable sheet. 

The items under the Name column are 
all the variables used on the rule sheet. 
They appear automatically here by virtue 
of being entered un the rule sheet. Prob­
lems are solved by entering values in the 
Input column for all the variables except 
the one being solved for. You recalculate 
and TK!Solver tries to find the answer 
with the direct solver. lfit can't, you then 
call on the iterative solver. As you can 
see, with the input and output columns on 
either side of the variables column , the 
focus is on what goes in and what comes 
out of the model . Among other things, 
TK1Solver is actually a highly interactivc, 
input/output-oriented simulation modeler. 

The rules used here are not the if . . . 
then type used in production systems but 
are equations or formu las that follow the 
variables rather than applying to the cell 
locations. There is no way to set up con­
sultations with TK1Solver where the user 
is asked questions. And there is no query-

Rule sheet 

S Rule 

Variahle sheet 

ing about how or why it gives the answer 
it does. Someone who needs to constantly 
get numerical answers to complicated 
problems may prcfer this format, because 
it offers a hands-on interactive style with 
everything clearly laid out. If the ultimate 
point is 10 get the problem solved, then the 
consultation paradigm may not always be 
as satisfactory as TK!Solvcr's plug-in 
approach . 

Although TK!Solver was not specifi­
cally designed to accomplish multiple 
condition statements and logical reason­
jng, Konopasek and Jayaraman have dem­
onstrated methods for allowing this. 
These tcchniques arc esoteric but fascina­
ting, and most importantly, they work. 

A good example of this, also from The 
TK!Solver Book, is on the color coding of 
resistors. By typing in the color names for 
each of the bands on a resistor in the input 
cells. the application can lake in these 
names for color combinations and spit out 
the value of the resistancc in ohms and the 
manufacturer's tolerance in percents. And 
by baeksolving, the process can be 
reversed, returning the color code pattern 
when the resistancc and allowable toler­
ance are provided . 

It is quite conceivable that someone 
might build a small production rule 
knowledge system for the color coding 
and decoding of re.~ istors . But why go 
through all the questions and reasoning 
when, with a system like TK!Solver, you 
can just plug in thc pattern and immedi­
ately get your answer? It is clear that 
TK!Solver is quite limited in somc ways 
and doesn't have the tools to handle 
powerful symbolic processing problems. 
But it is good to recognize that 
TK!Solver's simpler input/output parad­
igm may be the best approach to an 
important class of problems. 

St Input Name Output Unit Comment 

L 
10 

L 0 
299790000 

Listing 1. 

Te 
T, 
, 
c 

yr 
yr 
mf, 
mls 

time on earth 
time in the spaceship 
spaceship velocity 
velocity of light 

... 
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PROLOG-86™ 
Become Familiar in One Evening 

Thorough tutoriats are designed to help learn the PROLOG tanguage (luickly. The in· 
teractive PROLOG·86 tnterpreler gives immediate feedback. tn a few hours you wil l 
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Sample Programs are Included like: 

• an EXPERT SYSTEM 
• a NATURAL LANGUAGE INTERFACE 
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Ihe de laclo STANDARD. 
RECENT IMPROVEMENTS: Access to MSDOS, on·line help, load Editor. 
AVAILABILITY: All MSDOS, PCDOS systems. 
FREE with order: " Besl of Prolog-86 Programs"-contest entries include: a primate 
expert system, an automobile expert system, a blocks world natural language system, 
etc. Call belore November 30. 

Only 
$125. 

Full refund if not S
SoluHon 

, ystems 
J3S·L W~$h;n8 10n 51., 
Norwell, MU$. 02061 
617·659·1571 

800-821-2492 s~i~i:t~ dUri~g 
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NEW FEATURES 
(Free update for our early customers!) 

• Edit & Load multiple memory 
resident fi les. 

• Complete 8087 assembler 
mnemonics. 

• H igh level 8087 support. 
Full range Iranscendenlals 
(tan, sIn, cos, arctan, 
IO~$ and exponentials) 
Data type conversion and 
110 formatting. 

• H igh level interrupt support. 
Execute Forth words f rom with· 
in machine code· primitives. 

• 80186 Assembler extensions for 
Tandy 2000, etc. 

• VideolG raphics in terface for 
Data General Desktop Model 10 

HS/ 
/FORTH 

• Fully Optimized & Tested for: 
IBM·PC IBM·XT IBM·JR 
COMPAQ EAGLE·PC·2 
TANDY 2000 CORONA 
LEADING EDGE 
(Identical version runs on almost all 
MSDOS compatibles!) 

• Graphics & Text 
(inClud ing windowed scrolling) 

• Music · foreground and 
background 
includes multi·tasking example 

• Includes Forth·79 and Forth-83 
• File andlor Screen interfaces 
• Segment Management Support 
• Full megabyte· prog rams or 

data 
• Complete Assembler 

(interact ive, easy to use & learn) 
• Compare 

BYTE Sieve Benchmark 
HSIFORTH 47 sec BASIC 

jan 83 
2000 sec 

wIAUTO·OPT 9 sec Assembler 5 sec 
other Forths (mostly 64k) 70·140 sec 

FASTEST FORTH SYSTEM 
AVAILABLE. 

TWICE AS FAST AS OTH ER 
FUL L M EG ABYTE FOATHS! 

(iEN TIM ES FASTER WHEN USING AUTO.OPT !) 

HSIFORTH, complete system only: $250. 

m Visa Mastercard . 
Add $10. shipping and handling 

HARVARD 
SO FTWORKS 

PO BOX 69 
SPRINGBORO, OH 45066 

(513)748.0390 
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NGS FORTH 
A FAST FORTH, 
OPTIMI ZED FOR THE I BM 
PERSONAL COMPUTER NlD 
MS- DOS COMPATIBLES. 

STANDARD FEATURES 
INCLUDE: 

e79 STANDARD 

eDIRECT 1/ 0 ACCESS 

eFULL ACCESS TO MS-DOS 
FILES AND FUNCTIONS 

eENVIRONMENT SAVE 
& LOAD 

eMULTI-SEGMENTED FOR 
LARGE APPLICATIONS 

eEXTENDED ADDRESSI NG 

eMEMORY ALLOCATION 
CONFlGURABLE ON-LINE 

eAUTO LOAD SCREEN BOOT 

eLl NE & SCREEN EDITORS 

_DECOMPILER AND 
DEBUGGI NG AIDS 

e8088 ASSEMBLER 

.GRAPHICS & SOUND 

eNGS ENHANCEMENTS 

eDETAILED MANUAL 

elNEXPENSIVE UPGRADES 

eNGS USER NEWSLETTER 

A COMPLETE FORTH 
DEVEWPMENT SYSTEM. 

PRICES START AT $70 

NEW~HP-150 , HP-110 
VERSIONS AVAILABLE 

NEXT GENERATION SYSTEMS 
P . O.BOX 2987 
SANTA CLARA, CA . 95055 
(408) 241-5909 
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The last TK!Solvcr application example 
I will discuss is onc that employs logical 
inference to diagnose automobile prob­
lems. Here new user functions arc added 
to TK!Solvcr by assigning "'rue" \0 I and 
"false" toO and using numeric means 10 
develop the relations for all the logical 
operators. In Ihis example. input values 
for the variables of various condit ions of 
pans of a car are entered and then other 
condit ions are concluded. In one case, the 
car was described as fit at the same time 
that two tires were noted as punctured. An 
error message was displayed. 

Though this is a toy example, it shows 
that, similar to Expen Ease, TK!Solver 
can do input/output modeling exclusively 
with qualitative attributes. However, since 
no questions are generated with Ihis sys­
tem, there is no guaranlee that the user 
will put in just the relevant number and 
choice of input values to fire the responses 
that will help. The more complex the 
problem, the more the consultation parad­
igm is justified in providing users with 
guidance and explanations to SlOp them 
from getting lost. 

Based on actual examples, I have seen 
that the following types of problems can 
be solved with TK!Solver: nonlinear 
equations for two unknowns, linear 
regreSSion, curvilinear regression, ran­
dom number generation, numerical dif­
ferentiation and integration, and some 
symbolic d ifferentiation and 
optimization. 

The most decisive advantage TK!Solver 
has over spreadsheets is that , in principle, 
it can solvc for any variable immediately. 
To do this with a spreadsheet, extensive 
editing and even an entire new spread­
sheet might be required. Compared with 
BASIC, or nearly any OIher programming 
language, TK!Solver is far quicke r and 
easier to usc. Also, like production sys­
tems, it is very easy to modify lind 
expand . It is completely modulllr in the 
sense that a large number of independent 
models can be merged into act ion at once. 

Generally, TK!Solver is easy to use, 
but a user has to know what he or she 
wants and how to get it. It seems to be the 
kind of system where the same person 
would typically be both user and devel­
oper. Provisions for a DlF file inter­
change ensure compatibility with a broad 
range of existing software. Though not a 
general problem solver, TK!Solvcr may 
be the closest thing to it on micro­
computers. T his system is a rare combina­
tion of power and ease of usc. 

McDonnell-Douglas REVEAL 
So far very few products really make a 
serious attempt to bridge the gap between 
expert system technology and the more 
familiar business information and deci­
sion support systems. But REVEA L, by 

McDonnell-Douglas, does this in some 
very interesting ways, crossing over 
several application boundaries at the same 
lime. A powerful relational data base sys­
tem is combined with an approximate rea­
soning facility, based on fuzzy sets, that 
incorporates aspects of natural language 
proceSSing, expen systems, decision sup­
pon systems , and modeling and simu­
lation. While this may sound like quite an 
accomplishment, it is not too hard to see 
the sense in which it is true. 

At first glance, it might seem that the 
last thing we wanl is fuzzy reasoning . 
However, dig ital technology frequently 
imposes the false precision of an all-or­
nothing logic where it simply doesn't 
belong. The best example of this is in 
specifying quantitative criteria for data 
base queries, production rules, discrimi­
nation and trans ition networks, etc. T here 
are times when something is just over the 
line on several counts. but the combina­
tion makes it a highly attractive option. 
Conventional software usually misses this 
entirely. whereas a competent manager or 
analyst seldom would. Trying 10 make up 
for this wi th conventional production 
rules can get very cumbersome, but fuzzy 
sets provide an easier way out. 

With fuzzy sets, true or false is no 
longer an on-off affair but a continuous 
function with differing numeric values. 
The numbers measure the degree to which 
something is true- not the probability that 
they are true but the extent 10 which they 
are true. The idea is that some options are 
not 100% sound (100% true) and some 
notO% sound (0 % true) . It is often true ­
to at least a cenain extent-that a given 
option is a sound one. 

With a system like REVEAL. if a rule 
or query states "All the options with a rea­
sonable profit,"' the word "reasonable" is 
defined as a re latively continuous func­
tion. The records involved arc assigned a 
value representing the degree to which 
they satisfy the criterion. With this 
approach, all the usual set re lations-such 
as intersection, union, and so on- can be 
given a functional meaning. A key 
relation, though, is that one set logically 
implies another. 

To provide for saying something like 
"If a company has very high profits, then 
it has very high sales," REVEAL uses the 
maximum-minimum rule of com­
positional inference to implement its 
fuzzy implication. This means following 
tW(l provisions: the degree of truth of the 
consequent set (in this casc high profits) 
cannot be of a highcr value at any point 
than that of the antecedent set (in this case 
high sales); and the value selected from 
the consequent SCI to be the implied 
amount is the most possible or maximum 
value for any given antecedent value. So 
in the column of values of the sales corre­
sponding to a given profit value, the one 
selected is the largest one. One difficulty 
with this approach is that since the logical 



relation is replaced wilh a malhematical 
curve, there i5 no way to portray that prof­
its imply sales while sales do not neces­
sarily imply profits. 

REVEAL's architecture is complex but 
well integratcd, At any given time, the 
full cnvironment is referred to as the con­
tcx!. This context contains four things: 
• Data tables that form the raw material 
on which the rest of the logic will operate 
• The data dictionary, which consists of 
user-defincd constants and variables 
• A program in the REVEAL language 
which can be a normal algorithmic pro­
cedure or a policy consisting of approxi­
mate reasoning based on fuzzy set logic 
• A command file with control parame­
ters which provides a givcn sequence of 
operations that occur as a batch operation. 

The REVEAL uscrenvironmentoper­
ates like an interpreter with a large num­
ber of command modes. T he main parts of 
this environment are the editor (a fairly 
powerful command-driven lineedilOr), 
the programming language, the command 
file processor, the data handler. the 
approximate Teasoning facility, and the 
repon and graph generator. 

Model programs, label sets, and com­
mand files are edited in Iheediting mode. 
Included in the edi ting subcommands arc 
the usual editing functions. as well as a 
PARSE command that toggles syntax 
checking on and off, a STACK buffer for 
temporarily clearing the editor work­
space, and VERIFY, which switches veri­
fication messages on or off. I did not sec 
any character or block editing functions in 
the editor, however. 

REVEAL's programming language is 
block-structured and reflects its FOR­
T RA N herilage. However, as previously 
mentioned, this language is interpreted. 
In addit ion to the usual string and constant 
identifiers and logical, arithmetic, and 
inequality operators, REVEAL includes 
built-in functions and series identifiers for 
referring to the rows in data arrays. 
Branching to labels, repeat looping, and 
conditional expressions arc also supported. 
Special functions include data handling, 
mathematics. finance, str ing variables, 
integer arithmetic , data moving, and 
external file operations. As you can see, 
REVEAL i.;; a very complete language 
that is quite suitable for providing data 
manipulation, modeling, and calculation. 

Besides the regular programming lan­
guage, REVEAL has command file 
parameters and policy statemcms that can 
incorporate the fuzzy sets. Command files 
automate model processing by 
batehing operations thaI would ordinarily 
be done by commands from the 
keyboard. Branching within a command 
file and nesting with other command files 
also are supported. 

To use the policy facililY. you first 
declare a vocabulary. Each vocabulary 
set is identified by its name. As soon as a 
set is declared it comains a default of 

hedgcs and noise words and one qualifier, 
named TRUE. The default hedge words 
are ABOUT. ABOVE, BELOW, NOT, 
QUITE, and VERY, with the synonyms 
AROUND, NEAR; MORE THAN; and 
LESS THAN. 

Each of these default words represents 
a continuous fuzzy truth fu nction that acts 
as a modifier on the truth curve of what 
comes after i!. It is possible to nest hedge 
words indefinitely, as in VERY VERY, 
NOT QUITE, and cven QUITE LOW BUT 
NOT VERY LOW. 

To help construct statemcnts that read 
like colloquial English, noise words arc 
also defined in a vocabulary but are 
treated as if absent. The default noise 
words for each new vocabulary aTe MY 
YOUR OUR THEIR, HIS HER fry , A AN 
HE, THISTHATTHESETHOSE , 
SHOUW WOUW COUW, MIGHT MAY 
MUST, and THAN TO. 

In addition to the hedges and noise 
words, new fuzzy qualifiers such as 
HIGH. Law, STRONG, WEAK, and so on 
can be defined with custom truth func­
tions that allow policy statements which 
reflect both the way we speak and think 
and the contours of real situations. 
Resulting polley statements would include 
statements such as: 

IF PROFITS· .51S lOW THEN COSTS 
SHOU LD BE SOMEWHAT 
LOWER 

IF PROFITS IS NOT LOWTHEN PRICE 
SHOULD BE MUCH HIGHER 

Once the statements that define a policy 
are formulated, they can be applied to a 
given model and can be evaluated by cxe­
cuting the APPLY command from within a 
givcn model or from the command level. 
In this way, sensitivity analYSis, mod­
eling. and forecasting can all be done by 
forming policies and command processing 
files that schedule processing operations. 

For many problcms, particularly in the 
business world, the REV EAL environ­
ment provides the net result of a relational 
data base and equation modeling with 
fuzzy sets and a natural language front 
end with far more efficiency than if these 
things were done literally. In a sense, it is 
such a direct approach to solving a certain 
range of problems that it might be unncc­
essary to use a more unwieldy environ­
ment when REVEAL can do the job. For 
a broad range of knowledge-based busi­
ness problems requiring a combination of 
both numerical and symbolic processing, 
REVEAL is an attractive option to 
consider. 

ADVANCED SYSTEMS 
Software Architecture & 
Engineering KES 
Knowledge Engineering System (KES) 
from Software Architccture & 

FOR TRS·80 MODELS 1, 3,4,4P 
IBM PC/XT, AT&T 6300, ETC. 

THE COMPLETE FORTH 
GETS A 

MAJOR UPDATE: 
MMSFORTH V2.4 
• A total software environment: custom 

drivers for printer. video and keyboard 
improve speed and tle)(ibility. (New TAS­
SO M.4 version. tool) 

• Common SVS formal gives you a big 
395K (195K single-Sided) per disk. plus a 
bOOllrac~ 1 

• Common wordse! (79-Standard plus 
MMSFOATH extensions) on all sup­
ported computers. 

• Common and powerful appliC3tlOI'lS pro­
grams available (most with MMSFORTH 
source code) so you can use them com­
p{ltibly (with the same data disks) across 
all supported computers 

• Very last compile speeds and advanced 
program development environment. 

• A fantastic full-scraen Forth Editor: 
Auto-Find (or -Aaplace) any word (for­
ward or back). compare or Pairs-Edit 
any two ranges of bloc~s. much more. 

• Temporary 'Oictionary areas. 
• QUANs. VECTs. vectored I/O. and many 

morEl or the la test high-performance 
Forth constructs. 

• Manual and demo programs arEl bigger 
and beHer than ElvElrl 

• Same thorough support: Users NElwslet­
ter, USElr Groups worldwide. telephone 
tips. Full consulting services. 

• Personal Licensing (one person on one 
computer) is standard. Corporate Si te 
Li>";ansing end Bulk Distribution Licens­
ing available 10 professIonal users. 

mfiiSfFORTH 
IT'S BETTER THAN EVER. 

The total software environment for 
IBM PC/XT. TRS~80 Model 1. 3, 4 
and close friends. 
- Personal Lice nse (required): 
~~SFORTH V2A S1",m 0 .. _ •.. . '179.~ 
ffAS-e3_ I __ . DD£N. I ..,... .... , ... , 

'Personal License (additIOnal modules): 
FORTHCOM CO<nmJllJCllIOtIImodIJie •••• $ 'a.~ 
UTiliTIES 49.95 
GAMES . 38095 
£XPERT.2 •• po"SysltM 89.~ 
OAUHANJ)lER . . • . 5a.~ 

OATAHANOlER.PLUS 1PC."..,.. 12!lK <eq ) ".95 
FORTtlw,un wo.d proceuor ".95 

• Corporate Site License 
Extensions .. I,om $\.000 

• Bulk Distribution . Irom SSOD/SO .. nil •. 

- Some recommended Forth books: 
STARTINO FORTH (pr09'lIMIif>g) . ".95 
TH'N~ING FORTH (I$(;Miq1.>t) . 15.95 
BEGINNING FORTH ( .. MMSfOATH) l e.95 

Sliiwnglll&ndl.ng & w; .. lr • . No .elu"," on sot_.e. 
ASk yGUr dealer to show you the world of 

MMSFORTH, or request our frae brochure. 

MILLER MtCROCOMPUTER SERVICES 
61 Like Shore Ro.d, Nallck, MA 01180 

(617) 853·8136 

CIRCLe 20 ON READER SERVice CARD 

95 



Engineering Inc. is one of the few LlSP­
based ~ystems currently available for 
PCs. KES was originally released on the 
DEC VAX running under UNIX, the CDC 
CYBER, and the Apollo workstation. It 
dates back to a system developed at the 
University of Maryland by James Reggia 
and Barry Perricone. The PC version is 
ported to IQLlSP, a subset of the INTER­
LISP dialect. Onc of thc advantages of 
having thc LISP intcrpreter is that experi­
enced programmers can add to the system 
the features they consider imponam. 

KES is really three separate programs: 
KES.PS , KES.BAYES , and KES. HT. 
Each has a different type of inference 

engine and can develop entirely di fferem 
expert systems . One of the most attractive 
features of this package is the ability of 
any of the three models to call on the oth­
ers as often as nccded. Th is makes KES 
the first hybrid system available for 
microcomputers. I have not tested this 
fcature , however, and cannot guarantce 
that it is usable in the PC environment. 

One of the morc substantial advantages 
orthe KES environment is the powerful 
array of commands available to the end 
user. justify is the main command used 10 
ask the system to explain its results. As 
with many of the other commands, 
options arc specified by what is typed 
immediately after issuing the command . 
You can ask the system 10 justify either the 

Instant-CT: 
The Best Value 

In C Programming Tools 
The edit-compile·link-test-debug cycle that takes tens of minutes with 
compilers and linkers is only seconds with the Instant-C interpreter. Yet it 
runs your programs 50 to 500 times faster than conventional C inter· 
preters! You get the best of both compilers and interpreters. Only Instant· 
C is a complete, integrated environment for creating, testing , and running 
your programs. 

Instant·C gives you all of these proven capabilities in one tightly inte­
grated package: 
Interpreter-Instant-C runs your programs laster than some compilers; 
has direct execution; full K&R 
compiler-Instant-C can make stand·alone programs 
full-screen language editor-shQIAIS syntax errors with cursor set to 
trouble spot 
C source debugger-single-step, breakpoints, stack trace, more 
run-time checker-validates pointer refs, array bounds. more 
C source formatter-save editing time, find logical flaws 
standard library with source-for best portability 

linker-work with multiple source modu les 
Lint-extensive compile-time validation 

The cheapest available examples of these tools would cost $800 (and 
they don't even work together). You could spend close to $3000 to get the 
best product of each kind, but you'd have ten times the complexity, filling 
megabytes of disk. Instant-C is faster: it per/arms these functions 
automatically. Instant-C is far more than the sum of its parts. 
Instant-C is all of these capabilities in one package, fi ts on a single floppy 
d isk, is full K&R, works on IBM PC 's, compatibles, and others under DOS 
or CP/M-86. 1\ costs only $495. 
Instant-C is the best value in C programming tools. Guaranteed, or your 
money back for any reason in first 31 days. 

Rational 
Systems, Inc. 

Insl~nI·C 1$' lradem.rk of Aauonai Syslem$. I"" 
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main result. other particular results, or all 
of the values that have an attribute of the 
samc namc. Forexample, you might type: 

justify problem = dirty carburetor 

in an auto repair application to ask KES to 
provide the basis for its result. In thi~ 
case, KES might respond: 

reasons for this statement : 
ageofcor = 7 
type of noise = backfire (by rule: 

DIRT 1.0) 

Further infonnation can then be 
requested by the general purpose display 
command. In this case, you could make 
use of the display < rule> option by typ­
ing display DIRT, which would show the 
rule that was uscd to arrive at the 
conclusion . 

Another area where KES shines is in 
math . In addition to standard inequality 
and arithmetic operations, including 
exponentiation, KES also has absolute 
value, common and natural logarithms, 
and sine and cosine functions that can be 
calculation attachments to att ributes. 

KES.PS is the system's rule production 
module. This is a fairly standard back­
tracking inference engine. A typical 
knowledge base using this module would 
include a section in which the attributes 
are declared, a section for stating the 
rules , and an actions section whcre thc 
goals that guide rule processing are 
stated. Text messages can be provided at 
any stage of a consultation. 

The KES. BAYES module incorporates 
an inference procedure for statistical pat­
tern classification that is based on the 
well-known Bayes · theorem. It is appro­
priate for problems where there is a large 
amount of data that can be expressed in 
the form of probabilitics, such as when 
available experts, based on their experi­
ence, can provide knowledge about the 
likelihood of various states of affairs. The 
inference engine first asks for all the input 
attribute values. Then, using the proba­
bilities in its knowledge base, it calculates 
the probability of possible outcomes by 
plugging values into the Bayesian proba­
bility equation. The output of a typical 
consultation will consist of the formatted 
printing of probability values for various 
outcomes. 

This type of inference module clearly is 
applicable to problems where such proba­
bilistic knowledge base data is attainablc 
and it is appropriate for the outcomc to be 
expressed in probabilistic terms. This 
type of inference mechanism is often· 
associated with the PROSPECTOR sys­
tem, where a similar approach was used 
for estimating the probability of valuable 
mineral deposits. 

The KES.HT module, which uses 
frame representation and a hypothesis and 
test inference mechanism, is the most 
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PROGRAMMER DEVELOPMENT TOOLS 
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Turbo PASCAL vet 3.0 by Borland Inl'l . . . , Sale 
Turbo PASCAL w18087 Of BCD. . . •. . . . . . Sale 
Turbo PASCAL wl8087 & BCD . • ...•..•..•• , . Sale 
Blrle'l8 by Soflcral! . . ... ...... ..... .. .. . 
ESP lor Pascal by Belleso/t ..... . ...... .. .. .. . 
MetaWlndows 10f Turbo PASCAL by MetaGraphics . 
Multl·Halo Graphics by Media Cybernetics . . 
Screen Sculptor by Software Bottling 
Turbo ASYNCH by Blaise Computing, .. , ... 
Turbo GRAPHICS TOOLBOX by Borland Inl'l. 
Turbo POWER TOOLS by Blaise Computing . New 
Turbo TOOLBOX by Borland Inl'l ...... , 
Turbo TUTOR br Borland Int'l ..... ... ..... ... . 
TurboP':)wef Uti wlsourca by TurboPower Sftwr . . 
XTC Taxt Editor by Wendtn 

1:f41ti1It!1W11WJI 
BetterBASIC by Summit Soft ware .... , .... . 

8087 Math Support ................... . 
Run-time Module . . ........... . 

ProfeSllon,1 BASIC by Morgan Computing ..... 
8087 Math Support .. .. . ... .. .. . . 

True Basic from Addison·Wesley . N,w 
Run·lime Module 

8088 Assembler w/Z·80 Translator by 2500 AD . 
APL* PLUS/PC by STSC .. , ... , ...... 
Golden Common LISP by Gold HIli .. 
Janus/ADA by R&R Software ........ . 
MASM·86 ver 3.0 wlutilltles by Mic rosoft 
Modula-2186 by Logilech . . . ............... . 
MS Fonran 3.3 . . . . .. . .. . . . . Links with MSC 3.0 
MS Pascal 3.3 ... , ........... Links with loiS C 3.0 
Prolog VMS by Automata Design Associates New 
Prolog VM L by Automata Design Associates New 
Prolog VMA by Automala Design Associates New 
Prolog·S6 by Solulion Systems ...... . ........ . 
RM/Fonran by Ryan·McFarland .. 

70 
110 
125 
250 
Call 

" 250 
125 
100 

" 100 

" 35 
95 
99 

200 
99 

250 
99 
50 

150 
500 

100 
595 
495 
900 
150 
495 
350 
300 
100 
300 
500 
125 
595 

49 
89 .. 

199 
Can 

49 
199 
109 .. 
49 
89 
'9 
211 .. 
89 

16. 
89 

239 
89 
47 

129 
4S9 

89 
44' 

Can 
69. 
109 
430 
239 
219 
Can 
C. II 
C.II 
C.II 
439 

--I,)':I@;I!Z1:[t\lW1"1"44"iilUd,'·1IDi~~ 
APL2C by lauer Software .. Interfaces APL 10 C 150 139 
BtrleYe By SoltCralt 250 199 
Blaise Tools for PBscal . , ... ...... .. .. . , . . . . Call Call 
FORTRAN Libraries by Alpha Computer Service. Call C.II 
Sci Subroutine Lib lor Fol/ran or Bas ic 175 139 

C,n#! 8 ;1,;,., "1[Ii~i 
Adv.nced Tr.ce·S6 by Morgan Computing . 
Codesmlth·86 Debugger by Visual Age .. 
Polytron Products. . . . . . . . We Carry. Full Lln{f 
Profiler by owe Associates ..... , .. 
Rtrieye by Soflcraft . ..... .... ... . 
Xtrleye by Soflcraft ............ . 

Periscope Symbolic Debugger 
by Data Base Dedslons 

175 
145 

Call 
125 
85 

195 

Write·protect memory I)oard and breakout switch allows 
Instant recovery from runaway Code. Provides on·llne help. 

windowing. extensive breakpoints. dual monitor suppo.t and 
more. 

Lisl Price $295 Our Price $269 

1:11 n"@m:.iJ;t".lIlt11 .. 1 
SUMMERTIME SALE! 

149 
129 

Call 
6. 
79 

16' 

C-terp C Interpreter by Gimpel Softwa re, .... , .. 
C-terp demo system . ...... . Appll.a to purchese 

Computer Innovations C·88 Complier ..... . 
DeSmet C Complier with Debugger .......... , . 
Instant C by Rational Systems .. ...... .. .. S,'e 
Lattice C Complier from Lattice 
Latt ice C from Lifeboat . . . .. Ltd Qty SpBclal 
Mark WIlliams MWC·86 w/Source Debugger. Sale 
Safe C Standalone Interpreter by Catalytlx ..... . 
Wizard C Complier by Wizard Systems ...... Sale 
Xenlx Development System by SCQ . , ... . 

IMitlmiC,$O-UA j'iMU1'4il.1 
DeSmet/Ouye C Complier . .. New 
Msc C by Consulalr ... . ..... ... .. Call i or Details 
Meg.mll'; C complier lor Meclntosh ..........•... 

IWI) ;1,$01" i "'IV :ltlli i ".,'*'1 
Microsoft C Complier Yerslon 3.0 ........... Sale 
Blaise C Tools ............................. . 
Blaise C Tools 2 ..... . ....... , .. . 
C·terp by Gimpel Software ............. . 
C Utility Library by Essential Software .. . . 
Greenleal C Functions Library YN 3.0 ..... . 
Greenle.f Comm Llbr.ry .................... . 
The HAMMER by OES ............. , ...... New 
Multi-Halo Graphics by Media Cybernetics ..... . 
PANEL Screen Dulgner ver, 6.0 by Roundhill 
C Power P.ks from Software Horizons .. . 
Windows for C by Cleative Solutions .. . 

N".II •• lil 
B.slc_C Library by C Source ........ . 
BI.lse C Tools ............................. . 
BI.ise C Tools 2 .. , , .... . ... .. . .. .. ..... .... . 
Btrleye by SoftCrafl .... ... .... , .... . 
C Power P.ks From Software Horizons ........ . 
c·hee by Fa lrCom ................. New version 
C Utl1lty Llbrery by Essent ial Software ......... . 
ESP for C by Bellesolt . , .. 
GraphiC by SCientific Endeayors . .... New version 
Greenle.1 C Functions Llbr.ry ver 3.0 
Greenle.f Comm library ....... .. .... ... . 
Multl·Halo Graphics by Media Cybernetics .. 
PANEL Screen Designer ver. 6,0 by Roundhill 
PC Lint by Gimpel Soltware ... .. ... , .. '. 
Safe C Dyn.mlc Profiler by Catalytlx .. 
Safe C Runtime An.lyzer by Catalytlx ..... 
Scientific Subroutine lib lor C by Peerless . , 
Windows For C by Creative Solutions ..... 

300 
45 

395 
159 
500 
500 
500 
495 
400 
450 

1350 
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295 

395 
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100 
300 
185 
185 
185 
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250 
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125 
100 
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295 
100 
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'00 
175 
195 

269 
'5 

299 
145 
39. 
349 
275 
379 
Call 
359 

1099 

13. 
Call 
239 

259 
109 .. 
289 
139 
139 
13. 
179 
199 
234 
Call 
139 

13. 
109 

89 
19. 
C.II 
359 
139 
Call 
20. 
139 
139 
199 
23' 

89 
Call 
C.II 
139 
13. 

The HAMMER C library by OES ~ 
This excellent new C library Is designed for creating end.user' 
interlaces. There are functions fOI creating 123·lIke menus, 
managing the screen. creating Input forms. prompting lor 
inputs and mOle. No royalties a!>d Includes source code. 

LIst Pr ice $195 Ou. Pllce $179 

" .nU414i'ehIlW"'1 
All products receive Support and updates directly from Lattice. 

lattice C Is in stock and ready for shipment. 

l.lIIce C Complier from lattice. 500 349 
C·Food Smorgasbord .... . ..... 150 119 
C·Sprlte Program Debugger , . . . . , . . • . 175 149 
Curses Screen Manager. . . . . . . . . . . . . . . . . . . . . 125 109 
dBC C Interlace lor dBase /I or 11/ Files . . . . 250 209 
dBC wilh source cOde. . . .....• , . 500 439 

In stock and ready for immediate shipping. lMK Mde Fec ilily .. ... , .. ,............. 195 159 
Pasm86 Macro Assembler. . . . .... •... , 295 195 Text Mgmt Utlls (GREPIDIFFIEDIWCIEwacIlBulld) . 120 105 
Pflnlsh Performance AnalYllf . . . . . . . . . . . . . . . . . 395 289 Utt.@.n"'j*-i 
Ptlx·86 Plus Symbo!lcDebuggerforPllnk-86. 395 289 
Plink.86 Overlay Linker . . . . . . . .. . . .. . 395 269 Briel By Solution Systems. . . . . . . . . . . 195 Call 
Pm.te Macro Text Edi tor . . 225 145 Epsilon Emacs·like Text Editor by lugaru . . 195 179 
Pmaker Program Development ManlJgar 195 119 ESP for C or Pescal by Bellesoft . . . . . . . . . . . . . Call Call 
Pre.C Lim VII/ify for C 395 269 ESP for C and Pasc.1 by Bellesoft Call Call 

D I I I I I I d 
Vedit by Compuvlew . . .. . . . . . Call Call 

8a 8r nqu r 85 nv te XTC Text Editor By Wendin 99 89 
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DeSmet 
C 

8086/8088 

$109 Development 
Package 
FULL DEVELOPMENT PACKAGE 

· Full K& R C Compiler 

· Assembler, Linker & Librarian 

· Full· Screen Editor 

· Execution Profiler 

· CooIplete STDIG Litwary (>120 Func) 

Aulom.ile DDS 1.1/2.X SUPPORT 
BOTH BOB7 AND S/W FLOATI NG POINT 
OVERLAYS 

OUTSTAN DING PERFORMANCE 

· First and Second in AUG '83 BYTE 
benchmarks 

SYMBOUC DEBUGGER $50 
· Examine & change variables by 

name using C expressions 

· Flip between debug and display 
screen 

· Display C source during execution 

· Set multiple breakpoints by function 
or line number 

ODS LI NK SUPPORT $35 
· Uses DOS .OBJ Format 

· LINKs with DOS ASM 

· Uses Lal!ice~ naming conventions 

I Check o Oev. Pkg (109) 
o Debugger (50) 

I 
I 

o DOS Link Supt (35) 

I UIrTt: __________ _ 

I 
I 
I 
I 
I 
I 
I 
I 

-------- '''---

I P.O. BOX C 
I Sunnyva le, CA 94087 
I (408) 720·9696 
I All orclers shipped UPS surface 00 IBM lorm;li disks. 

I 
SI'IIPPIOII in;klded in PIa. CalilCl' .... residents acid 
sales tiLl. Canada ShIPPIng add $5, ebewhefe add 

I S15 CheCks must be on US Bani( and ill US Dollars 
tall 9 a.m - 1 Ilm to CHARGE by VIS~MCJAMEX. 

I 51'"' Address, 505 W. Qli,e. "167. 1940861 ----- ---- - - - -CIRCLE 11 ON READER SERVICE CARD 

OPSS+-AnAI 
development tool 

Dallas, Texas-based ArtelJigence 
Inc.'s OPS5 + is a production quality 
implementat ion of OPS5, the rule­
based languagc used to write R I 
(XCON). the first commercially suc­
cessful afl ificial intelligence program. 
Wriuen in C, QPS5+ is a high-level 
language designed to implement 
forward-chai ning production systems. 

This enhanced version of OPS5 runs 
on the IBM PC or XT and compatibles 
such as COMPAQ. II supports up to 
1,500 production rules on a 640K IBM 
PC and requires 256K of memory. 
Window-based application develop­
ment tools are utilized. and the multi­
ple windows allow separate types of 
information [0 be kept in separate 
areas of the screen. The source code 
and interactions (program 1/0) are 
handled in the large window, while 
informative messages, the system 
state, and the command menu appear 
in surrounding smaller windows. 

OPS5 + utilizes mouse/menu 
interaction for greater development 
speed and ease of use. In order to use 
the full development environment, 
IBM color-card or Hercules graphics 
and a Mouse Systems or VisiCorp 
mouse are needed. All user routines 
written in C are supported, as is fu ll 
IEEE 32-bit floating-poin! math, with 
64-bit calculation accuracy. BUlW 
action and a BACK command (which 
allows the user to back up for up to 32 
steps) also are supported. 

OPS5 + combines the flexibility and 
features of interpreted versions of 
OPS5 wi th the speed of a compiler. An 
example of this system's extended 
capabili ties can be seen in the PAUSE 
command. Invoking PAUSE allows the 
user to temporarily leave OPS5 + and 
edit another program or use a feature 
of the operating system and then return 
to OPS5 + with no loss of state. 

The documentation for this product 
includes descriptions of OPS5 and the 
OPSS + system and several case stud­
ies. In addi tion to consulting and main­
tenance services, A rtelligence also 
offers user seminars and has the hard­
ware to support graphics-based devel­
opment systems. OPS5+ is available 
to the public for $3,000 and to edu­
cational institutions for $960. 

OPS5 + was not yet available for 
review at press time; a midsummer 
release was planned. The product 
information provided in this sidebar 
was supplied by the manufacturer. 
Iy Kathy Klncad. 

interesting and unique of the three KES 
modules. Since it is the only one of its 
kind I have seen so far on a micro­
computer, it is worth elaborating in some 
detail. This knowledge system module is 
devoted ellclusively to knowledge bases 
that diagnose such problems as equipment 
malfunctions and medical disorders. 

The main ingredients of the KES.HT 
knowledge bases are: outcomes. called 
disorders; attributes, which are divided 
into manifestations (the undesirable 
symptoms which should not be occur­
ring); and setting conditions, which also 
fix the situation but are not necessarily an 
indication that something is wrong. These 
attributes are represented in the knowl­
edge bases by a frame template, as in this 
spill detection example from a sample 
system: 

Nome: type of spill 
Is: ottribute 
Type: mit 
Marked: evoking 
Synonyms: 

contaminonts 
inferred: yes 
possible values: 

sulfuric acid 
corbonic acid 
chromogen R23 
hydroxyluminum 

current value: 
sulfuric acid < m > 
carbonic acid < m > 
chromogen R23 <m> 
hydroxyluminum < m> 

External: • none· 

The hypothesis and test module per­
fo rm their inferencing by following this 
procedure: 
I. Get a symptom attribute from the user 
as suggested by the current FOCUS. 
2. Retrieve the relevant causes from the 
knowledge base. 
3. Reset the SCOPE to reflect the new 
input. 
4. Resel the FOCUS to cover the new 
symptoms. 
5. Repeat until no fUflher symptom attri­
butes are needed. 
6. Assign a rating to each possible 
explanation. 
7. A final score fo r each explanatory attri­
bute is caleulated on the basis of its setting 
score and match score. This is converted 
to a verbal statement of its probability of 
being the cause. 

Because of the possibility of developing 
complex architectures that incorporate all 
three of the inference mechanisms in a 
single expert system, KES offers some 
powerful advantages over other currently 
available tools for PCs. The main draw­
back of this system is its huge size. stem­
ming from the fact that it was ported to the 
PC from a minicomputer implementation . 
I would not suggest running it on anything 
less than an IBM PC or AT with at least 



General information 

Statistics Knowledge structure Devel?pment 
atds 

Manufacturer 
and product 

Decision modeling software 
Docision Supparl 
Softwore Inc. 
Expert Choice 256K all 

lightyeor Inc. 
lighlyeor 

Extension packages 
Programming logic Systems 

mK most 

APES 12BK 40K 

Mountain View Press Inc. 
Experl-2 

Rule Induction systems 
Expert Systems Inc. 

64K 24K 

NfA 

500 

1"20 

• / 

~ 

1·o8 C1 .. 1 "rJ! .§o -~ J " . i iiilll J 
no no no N/A yes yes no yes yes yes yes N/A N/A N/A N/A N/A 

Ilia 
no yes yes NI A yes yes lah./$ no Ill) no yes Nt A yes yes I'\() no 

yes yes flO no yes yes yes no no yes yes yes yes no no yes 

Expert Eose 128K 011 255' yes no no yes yes no no no no yes no yes flO flO no flO 

KDS Corp. 
KDS 512K some 16,000 yes yes yes yes no no N/A yes yes yes yes yes yes yes no yes 

Small production system tools 
lellel Five Research Inc. 
Insight 1 128K all 2,000 yes yes no no yes no no yes yes no no flO no yes yes no 

EXSYS Inc. 
EXSYS 256K all unlimHe& yes yes yes no yes yes yes yes no no no yes yes no yes yes 

Intermediate le vel systems 
Expert Systems International 
ESiP Adllisor 256K some unlimitecP yes yes yes yes yes yes yes no yes no yes yes no yes yes yes 

General Research Corp. 
TIMM-PC 

l evel Five Research Inc. 
Insight 2 

640K all 

44BK all 

500 yes yes no yes yes yes no yes no yes yes yes yes yes yes yes 

2,047 yes yes no yes yes yes yes yes yes no yes yes no yes yes yes 

Rule oriented mathematical modeling systems 
lotus/Softwore Arls 
TK!Solller 128K 66K 32,000 N/A yes yes yes yes yes yes no N/A yes yes yes yes yes yes N/A 

McDonnell-Douglas 
REVEAL 

Advam::ed systems 
Software Archi tecture 
& Engineering Inc. 
KES 
Teknowledge Inc. 
M.l 

N/A .. Not opplkoble. 
1. Expandable to IS motrices. 
2. Total memory limited. 
3. Virtvol memory system. 

640K all no no yes yes yes no yes yes yes no no no yes yes yes N/A 

640K 512K unlimited' yes yes no yes no no yes yes yes no no yes no yes yes yes 

192K all 200 yes yes yes yes yes yes yes yes yes yes yes yes no no yes yes 

4. Relef"5 to obility to make fact statements in knowledge bose. 

Table 1. 

99 
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640K RAM. Anything less than this and 
the system would run sluggishly and have 
to garbage collect rather frequently. When 
the long-awaited IQLlSP compiler and a 
significantly updated version of this sys­
tem are released, KES could become one 
of the most powerful ClIpert system devel­
opment tools available for a moderate 
price. 

Teknowledge M. 1 
M. I is a PROLOG-based knowledge 
engineering tool from Teknowledge Inc. 
thai offers several advanced fealUres. 
Like ES/P Advisor, it was written with 
PROLOG- I , an implementation of EcHn­
burgh PROLOG produced by Expert 
Systems International. 

The knowledge representation lan-

guage is very full. allowing even the user 
interactive commands to be called from 
within a knowledge base. There are vari­
ous provisions for controlling how the 
inference engine operates on a knowledge 
base that add power and efficiency to 
knowledge systems built with M.I. The 
environment for user consultations with 
finished applications is very polished and 
includes a multiple window panel display, 
but it requires specific programming to 
provide the end user with the most helpful 
featu res. 

Because of its PROLOG heritage, M.l 
essentially uses a backward chaining 
inference engine. You give it a goal and it 
searches the rule base for rules with thai 
goal as a consequence or Ihen part. It 
then tries to prove the rule's premise true 

If you can't share files on PC Network, 
you're using the wrong file manager. 

Be connected. Btrieve:" 
Networks can solve problems. But 

running a single-user file manager 
can create new ones: Lost updates. 
Garbled data. Trashed files . 

Btrieve™/N offers safe multi-user 
file management that protects your 
data when sharing files. And 
eliminates the need to rewrite your 
application for LANs. BtrievelN sct 
the file management standard for the 
industry's most popular networks: 
Netware, Davong MultiLink, Onmi­
net, PC Net, EtherSeries, Nestar, and 
NetOne. And now IBM's PC Network. 

Fast. BtrievelN is fast, too. II's writ­
ten in assembly language especially 
for the IBM Pc. And based on 
b-tree file indexing.. fo r access speed 
that won't degrade as your database 
grows. 

Automatic file recovery. BtrievelN 
provides automatic file recovery after 

a system crash. Your Btrieve data al­
ways comes back inlact . 

Fully-relational data management. 
SoftCraft's entire family of products 
gives you a complete, fully-relational 
database management system. 
Rtrieve™/N adds report writing capa­
bilities. Xtrieve™/N speeds users 
through database queries with inter­
active menus. 

For professional programmers. 
BtrievelN is the fast, reliable answer 
for all your application development in 
BASIC, Pascal, COBOL, C, FORTRAN, 
and APL. With BtrievelN, you can de­
velop better network applications. And 
solve problems, not create new ones. 

~ SoftCraft Inc. 
P. O. Box i'9V Austin, Texas 7f5766 
(512) 346-8380 Telex 358 200 

S"&~n/ffl ""I~il prius: B/rieve, $245; /Jlrirod N. 5595; Xlrieve, $195; XlrievelN, $395; Rlril't!t'. $85; 
Rlri~~/N. $175. &qui~ PC-DOS Qr MS-DOS I.X. 2.X, or 3.X. 
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or to make the premise true. To remove a 
lot of redundant searching, there is a 
cache for storing conclusions. Normally, 
M.l enters results in this cache as il finds 
them. 

However, some facilities allow both the 
user and the application developer to 
interact directly with the cache. At any 
time. a user can call upon M.I either to 
save to the disk whatever is currently in 
the cache or to load a cache file from the 
disk. The knowledge engineer can also do 
this from within the knowledge base and 
can specify certain items to be auto­
matically insened in the cache. The 
advantage of this is Ihat Ihe conclusions 
are there when needed, so M.l doesn't 
waste time searching fo r them in the 
knowledge base. It is also possible to 
design knowledge systems so that alterna­
tive faci models can be loaded from the 
disk to try "what if" scenarios by 
applying the same rule set 10 different sets 
of fac tual values or assumptions . It also 
makes it possible for very large applica­
tions to be broken down into a sel of 
smaller, more manageable modules. 

IfM . J doesn' t find a value in Ihecache 
or in a fact in the knowledge base for an 
expression illlCeds to reach ilS goal, and if 
there is no provision for calculating this 
value from rules it already knows, then it 
will automatically ask the user for the value 
it needs or use the tellt provided by the 
knowledge engineer to pose the question. 

M.l 's knowledge base language has 
three types of entries: facts, metafacls, 
and rules. A metafact is an entry that tells 
the M.l inference engine 10 behave in a 
cenain way. Forellample, the "question" 
metafact instructs M. I to ask Ihe user a 
question using a specific telll to obtain a 
specific value. 

One very useful and powerful featu re of 
this knowledge-based language is its abil­
ity to use variables anywhere and in any of 
the three entries. Thus it is possible to cre­
ate very efficient knowledge bases. 
Generic rules can be written in terms of 
variables and the faClS can be supplied like 
lookup tables for the rules. NOI only does 
this keep the rule base small, bUI a variety 
of fact bases often can be used as alternate 
models with the same rule base . This pro­
vides a degree of modularity not often 
found in knowledge engineering systems. 

Another very useful feature of M. I is 
its ability to aUow you to vary its synta ll 
by defining new operators . Thus it is pos­
sible for rule statement expressions to 
look as much likc English phrases as the 
developer wanls. For example. if you 
have an ellpression in the knowledge base 
like "end-of-consultation," il can easily 
be changed to a more readable fonn. such 
as "the end of the consultation; ' by defi­
ning the right prefix, infix, and postfix 
operators. Normally, you would develop 
your application in the less friendly form 
and then, after completing it. define all 
the operators needed to make it read more 
like ordinary English. 
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Pascal Users-Save Time & Errors 
(with PascalPac- and tidy-) 

For the IBM PC, XT, AT. 

A major step toward papt'rlu, programmingl 
Debug on the ~n! 

PascalPac" 
X· REF creates cross reference table . 
X-RAY browses CJQSS ~ference and 
program simultanf'OUsly. 
X-PRNT is a versatile listing program. 
X·PEEK browses programs or text files. 
One version of Pascal Pac supports Mi<.TOSQ/"t 
MOd TIJRBQ PASCAl.. 

tidy '" 
Program furmatter makes a PASCAL program easier to 
~ad, understand iUld modify. In ~ for over one year in 
INjorW1llplrUa md programming O~iulio .... Av,IIlable in separal(' 
\'ersions for MIcrosoft and TURBO PASCAL. 

NealO:'T programs! 

" tidy is a lightning-fast Pascal formatter from Major Software." 
NOI the products we've seen, we felt that tidy is the one most 
programmers will prefer. " 
PC Tech !OllflUl/ 

PascalPac .. .. $69; s"p" .... le Modules .. $60; tidy-TurOO ... $49; tidy Microsoft. .. $69; Shippil1S .. $5 

To order: VISA/MasterCard orders. 0.11 (41.5) 941-1924. Or mail c"ccklmoney order 10; 
~jor Softw.re, 66 Sylv"'n W'y, Los Altos, CA 94022 
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Now With Windowing! 
$49 .95 Basic Compiler 

MTBASIC 
Features: 

Multitasking Windowing 
Handles interrupts Interactive 

Fast native code Compiles quickly 
Floating point No runtime fee 

MTSASIC is a true native code compiler. It runs Byte 's Sept. '81 
sieve in 26 seconds; interpreters take over 1400 seconds! Because 
MTBASIC is multitasking, it can run up to 10 Basic routines at the 
same time, while displaying ten separate windows. Pop-up/down 
menus are a snap to implement. 

The MTBASIC package includes all the necessary software to 
run in interpreter or compiler mode, an installation program (so 
any system can use windowing), three demonstration programs 
and a comprehensive manual. 

AVAILABLE for CP/M (Z-80). MS-DOS, and PC-DOS systems. 

ORDERING: Specify fonnat when ordering. We accept Visa, MC, 
checks and COD. Send $49.95 plus $3.50 shipping and handling 
($10 overseas) to: 

P.o. Box 2412 Columbia, MD 21045 -1412 
301/ 792-8096 
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8OcRE~!i:i~~ 
for programs to 

compile and link? 

useC-terp 
the complete C interpreter 

This is the product you've been 
waiting {and ~ for! 

Increase yOOf productivity and avoid 
agonizing waits. Get instant feedback of 
)'OUr C programs for debugging and rapid 
prototyping. Then use your rompiler lor 
what it does bet...compiling efficient code 
... slowly. 

C·terp Features 
• Fulll(&R C (no compromises) 
• Complete built·in screen editor--

no half-way house, this editor has every­
thing you need such as multi-files, inter·file 
move and copy, global searching. auto­
indent. tab control, and much more. 

• Fast--Linking and semi-oompilation are 
breath-takinglyfa~ (From edit to run =rletion in a fraction of a second for 
smal programs.) 

• Convenient--Compilingand running are 
only a key-strokeor two away. Errors 
direct you back to the editor with the 
cursor set 10 the trouble spot. 

• Object Module Support - Access functions 
and externals in obiect modules produced 
by CBOor lattice C or assembly language. 
Utilize your existjng libraries unchangedl 

• Complete MultipieModule Support­
Instant ~I searches, auto-compile 
everything mars changed, etc. 

• Many more features including batch mode, 
0087 supPOrt and symbolic debugging. 

• Runs on If!i>..I Pc. DOS 2.11, 192K and up. 

• Price: $300.00 (Demo $45.00) Me, VISA 
/'Iu 01 d.m:> >-rl.odes dorurn.:-nI..-. _ """"'" ,,-u.s. ... A....".,..,~6:$ ... lb 
~C8601u.~"'"""'" 

3207 Hogarth lane • Collegeville, PA 1942& 

(215) 584-4261 
• T,""'""'-b: CIl6~ ... ~lMbc:e 

t.mu Inc1l8M(!6M COIPlC·,,,,,, iCimpoI SolI",.,..) 
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M.1 now has an interface arrangement 
that allows functions to be called from an 
external library through the use of an 
external metaproposition. Assembly lan­
guage, or any compiled programming lan­
guage that conforms to the standards of 
the supported interface, can be used to 
prepare external functions. The interface 
requires an additional simple assembly 
language routine called USER , which 
forms the bridge to M.I . An objeeteode 
module, M IAUX.OB1 , is linked with the 
USER module and the external functions 
to form the M IAUX.EXE file . This file is 
loaded when M. I boots, giving it access 
to the exte rnal functions. 

This gateway also allows up to e ight 
arguments. either numbers or atoms 
(strings), to be passed both to and from 
M .1. Each external function is accessed 
by an integer that is the function identifier 
assigned to it. There can be up to 200 
functions, each with a unique function 
identifier. These fun ctions can access 
external data collection hardware as well 
as external data bases and even other 

machinery and computing devices. 
The major limitations of M.I are its 

speed. (which is not overpowering), its 
200-rule limit, and its use of only a back­
ward chaining inference engine. But other 
than speed , none of these are absolute lim­
itations. It is not a problem to design 
knowledge systems with M. I that would 
consist of a network of component files, 
a11200 rules o r less, that directly call and 
load one another as the need arises. 

Sueh a system has many possible archi­
tectures. They range from one where the 
first knowledge base file is really a dis­
crimination net that determines which of a 
large number of other expert systems to 
load to more complex networks of inter­
related knowledge files . Also, powerful 
techniques using recursive procedures, 
cycles, list processing, and metarules and 
metapropositions can permit the design of 
knowledge systems that get some of the 
same results as forward chaining and 
other types of inference engines. 

All in all , M.I 's power is very impres­
sive for its size, even though its price 
limits it to a rather select cl ientele .• 

Expert Systems products and manufacturers 

OPS5+ -$3,000 
Artelligencelnc. 
1.4902 Pre!ton Rd., Ste. 212-252 
Dallas, Texas 752.40 
(21.4) 437-0361 

ES/P Adyisor- $895 
Ellperl Systems Internotional 
1150 First Aye. 
King of Prussia, Po. 19.406 
(215) 337-2300 

TIMM-PC -$9,500 
General Reseorch Corp. 
7655 Old Springhouse Rd. 
McLeon, Vo. 22102 
(703) 893-5900 
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Insight Knowledge Sy!tem 2-S.485 
Level Fiye Research Inc. 
.4980 S. Highway A-I-A 
Melbourne Beach, Flo. 32951 
(305) 729-90.46 

TKISalyer-$399 
lotus/Software Arts 
27 Mico Ln. 
Wellesley, Mass. 02181 
(617) 237-.4000 

REVEAL_$2,OOO 
McDonnell-Douglas 
20705 Valley Green·Dr. 
Cupertino,' Colif. 951 0.4 
(.40B) .4.46-6000 

Texas Instruments 
Persanal Cansultant 

One expen systems tool we still have 
not received as this ankle goes to 
press is Personal Consultant from TI. 
It is avai lable for the IBM PC and com­
patibles as well as the TI Professional. 
Briefly, it is a LISP-based, baekward­
chaining expen systems shell of the 
familiar Myein type. It offers function 
key commands and an English-like 
syntu for rule explanations and allows 
the indusion of custom routines writ­
ten in lQ LISP. 

Personal Consultant is available for 
MS-DOS releases 1.1 through 2.1, 
requires 512K RAM and, according 
to the TI brochure, can accommodate 
up to 400 rules. The price is $3,()(X). 
Personal Consultant comes packaged 
with the latest release of IQ LISP. 

KES-S.4,OOO 
Software Architecture & Engineering 
1500Wil$on Blyd., Ste. 800 
Arlington, Va. 22209 
(703) 276-7910 

M.I-$ 10,000 
Teknowledge Inc. 
525 University Aye. 
Palo Alto, Calii. 94301 
(.415) 327-6600 

Personal Cansultant-$3,000 
Texas Instrumonts 
P.O. Box 809063 
Dollo!, TOllos 75380-9063 
(800) 527-3500 
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~. 
a...~-Advanced 
T Trace86" 

o Full.""r_ tr.". wUh ""9" ,topping; 
E ... tIOCkttOQPlngl 

o wrn., edit COM , EXE _._ 

o Condltlonol~" UN'OOrlmmal>le) 
• SwitCh boot_ It.".."" output .... -.; 

Or M1 up twe monitor. 
• 8061.80 ' 88.80286. 1!0281 . uppor! 
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CIRCLE 22 ON READER SERVICE CARD 

Pascill- to-C rnut~llItor. Convert UCSO 
Pascal, Mr. PasalI, cod others to K&R C. 
Hondle, nested procedure" intrinsic 
functions, separately compiled I.I!lts end 
I'I'IO<kIles, ell dIIte types including long 
inteqen. Requires 2S6K I!IM PCIXT/AT. Send 
lor free samples or send us ~ to 500 lines 
of PlISCel lllld we will convert it for you for 
FREE. Licensed sourte ond e)(ecut!lble code 
15,000, cooyersioos 2S cents/line. 

TGllnc. 
4400 Sulph.rSprinqs Rd. 
C<>rIollis, OR. 97330 
(S03)-7"S~ 7476 

CIRCLE 9S ON READER SERVICE CARD 

HtNNE50TA * * 
INOBOLII 

ONLY 144.'iS 
TNa eJ<Ceptionej 111<\111'''11:': will IItTIIIze \'011 with its 
ver.atilot~. Compat,ble w ith m. in· frlme 
SNOB0l4. use it at wort<.-.d horne. Pwrformthose 
~ po <l9 _>g jabs ..t p!'CItC>tYI* your 
uotiC idees q..ickIy. ThiI robust ~ 
supparU largo ITII!IT"ICIr1 medeI. 8081bf Itoet de· 
8ir'Id1. 32 bit inte~. 32K stnl\9S. Inc:Iudes 60 
~ rotference guidft .-.d ....."pI" ~_ ineJud. 
"'0 EUZA. You con elsooet Gri$w()l(!, It III defini· 
tive -green- book or even t.Ile"""""''' codot. Needs 
IBM PC orB088lB6. ;o.1~K. IBM or MSOOS. 
Guide + 5'M'SSDO~ . $4<1.95 
Guode + diskette + -V-- boot ....... $59.95 
"'Green- boI;ot orIy . . 524 .95 
5ou'ce code and license .. . ... . .... $500.00 
Price. postpaid. In NY state add salttl tu. 

m 19141271-5855 Z E9 
eeRSTIS INTERNATIONAL 
P . O . Box 441 
MILLWOOD. NY '101546 USA 
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COMPUTER 
LANGUAGE 
source code 

now ovailable 
in disk formatsl 

(Details on page 4) 

Contoct: 
Cl Users Group 

COMPUTER LANGUAGE 
131 Townsend St . 

Son Francisco, Calif. 94107 

Finally. 
BSW-Make. 

The Roston Software Works now brings a 
oo,:e!e implell"lentlltion of the Unix 
.. ,. facllit?; to MS-DOS. No more fflCOm-
piling evcd: Ii e in sight after a small ooit; no 
more won eri;j! if you'vc 1'OO11y rebuilt every 
module affocl. by an edit. Just tyFc;; "make" 
and BS\V-Make a.utomatically bui ds your 
product quickly. effICiently and correctly. 

BS\oV-Make supports: 
• most !;ompilers and assemblers 
I MS-DOS or PC-DOS v2.00 or later 
• macros for parameterized builds 
• default rules 
• M5-00S pathnames 
• any MS-DOS machine 

(102K minimum) 

Onl~ S6'J.II~ pO$Ipooid II\-t/lu. <e$icknt ... dd ~"" sa les llUl 

The Boston Software Works 
120 Fullon Street. Boslon. MA02109 

(617) 361·6846 

CIRCLE 3 ON READER SERVICE CARD 

Software 

Development Package 
ThtOtwbtri._~IOd~ loOt 
• now n atlKole lor Ihez.«lOQ ..-.d .... :z .. undor 
CPIII. . SIlOS. ar..J ISIS. 

Includes; 
o us FIob::oIablo Ma<:rc q",. ~ 

-38 t::tr.o::bv •• .....,; _ • .tc 
• zu: Tm 1!uIderll.W! .. 

......n.CAUr •. _.....-.Md 
- Z1D u.r. Moo:bI>obOo 0I:t0ct l.oodot 
o ZEX [)...t """""""" Run T ..... S"pport 

Users' 
Croup 

Over 40 volumes of public 
domain software including: 

• compilers 
• editors 
• text formatters 
I communications 

packages 
• manyUNIX·liketools 

Write or call for mo re deta ils 

The C Users' Group 
<lISE. Euclid - Box97 
McPherlGn. KS 67460 

1316) 241 · !065 

CIRCLE 62 ON READER SERVICE CARD 

FORTRAN 
PROGRAMMERS 

Discover why 
you should be using 

F77L 
the complete implementation 

of the ANSI FORTRAN 77 
Standard for the IBM PC and 

compatibles. 
[f you are serious aboul your 
FORTRAN programming, you 

should be using FnL. 
$477 

~ h hey Computer 
~ Systems, Inc. 

31244 r.l"" Vetd<:$ Drive we'l . SuiTe 241 
Rancho r. l", Ve,d~. C~hfomia ':10274 

(111) ~'·11OO 
Ser vooll' ,he fORTR .... N community 

~once 1969 
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The Most Powerful C 
for the IBM AT • MatITOSH • /'IS DOS • CP/M-BO • ROM APPUCATIOHS 
IBM PC/XT • APPlE /I • CP/M-86 • TRSDOS • CIIOSS D£VELOPMEtIT 

Why Prol .. , lol\IIl . Choo .. Aztec: C 

AZTEC C compilers generate last, compact 
code. AZTEC C Is a sophisticated developmefll 
system with assemblers, debuggers, linkers, 
editors, utilities aM utenslve run time libraries. 
AZTEC C is documented In detail, AZTEC C is 
the most accurate and portable implementation 
01 C lor microcomputers. AZTEC C supports 
specialiled professional needs SUCh as cross 
development and ROM code develop men!. 
MANX provides qualified technical support. 

AZTEC C8B/PRO 
- lor th, IBM AT .nd PCIXT 

AZTEC C86IPRO provides the power, portablll· 
ty, and proleulonel le.tures yOl,l need to 
develop sophisticated software lor PC DOS, MS 
DOS ANO GPIM..e6 based mlcrosystems. The 
system also supports the generation of ROM 
based software for 808818086, 80186, and ao286 
processors. OpUons exist to cross deyelop ROM 
code for 55xx, 8080, BOSS, and zao processors. 
Cross deyelopment systems are alao available 
that target most micro COmp!.lta~. Call lor inlor· 
mallon on AZTEC C86JPRO support lor XENIX 
and TOPVIEW. 

POW ERFUL - AZTEC C86IPRO 3.2 outper· 
forms Lattice 2.1 on the OHRYSTONE 
benchmark 2 to I lor speed (17.8 sees vs 37.1) 
while using 55% lass mamOf"y (S.ak vs 14k). The 
AZTEC C86/PRO system also complies In 10% 
1060% lass time and supports fast, high volume 
,/0. 

PORTABLE - MANX Software Systems pro· 
vldes rea l portability with a lamlly of compatible 
AZTEC C software development systems lor PC 
~OS, MS DOS, CP/M-88, Macintosh, CPIM-80, 
APPLE 11+, lie, and Ilc (NIBBLE · 4 apple reUng), 
TRSOOS (SO·MICRO· 5 star ra ting), and Commo· 
dore C64 (the C64 system Is only available as a 
cross compHer . call for detaUs). AZTEC 
C86/PRO Is compallbla with UNIX and XENIX. 

PROFESSIONAL _ For profenlonal fealures 
AZTEC C86JPRO Is unparalleled. 

Full C Compll .. (808818086 . i!IOllM · 80288) 
Macro Au ...... l>ler 10< 8088I8086JIIOllM1!10208 
Lin~.g. Edllot willi ROM .uppon and .... rlly. 
Run Tim, Libfafl ... object 11b< •• ~. + ...... re. 
OOS 1 .~: DOS 2 .• : DOS 3.x: KtHn I/O; Gfaphlet: 
UNtl( I/O: STRING; . Imulll.cl lloIIt; 8087 ,uppotl: 
MATH: ROM : CP/M. 
Selection of 8IlI38I808$, 80188, 0< 80281 00d' o-ne ... 
lion 10 guaran I .. bell cholc. ror perror .... nc. and 
comlNltlbllity 

TRS 80 RADIO SHACK TRS OOS ... trademark 01 TANDV. 
IlPPlE OOS MACINTOSH I •• tr_.rIr;OIAPPLE. 

Utility to con""" AZTEC Object cOd. or librarl .. to 
Mlcrosou rormal (Assemblv + con.e .. 1on ,,~ •• 
IIss tha.n hall the 11m. n MicfO!loll ·. MASM 10 pro­
duc. MS Object) 
large memory mOdel1 and sophlttlc.l.d memory 
management 
Support prOducts lor graphics. 08. Screen, &.. 
ROM ablecOde + ROM I UpPOrl .. separa te cOde.no 
d", + INTEL He< Con.erter 
Symbolic Debugger &. Olner Ulllltl.~ 
Full Screen Editor (lI~e VII 
CAOSS Compile," are ,.al lable 10 AP PLE II. M,cl n· 
tosh, CPIM-80, TRSDOS, COMMODORE C64. and 
ROM based 65n. 'M 80801808~1Z80 
De ta iled Docu mentation 

AZTEC C86IPAO·A T . ... .. S500 
(configured lor IBM AT· optlo~s fo< 808&i8086) 

AZTEC C86JPRO·PCIX7 ....... .. ........... . ... $500 
(configured 10< IBM PCIXT . OPllon' IOf 8(186180286) 

AZTEC C86JBA$ includes C compil.r (.mlil moc!el Of"Ily~ 
8086 MIlCRO ..... mbl.r, ...... rfay IInk.r. UNIl(, MATH. 
SCREEN. and GRAPHICS librarl •• , 'lebugg.f .• nd 
editOf. 

AZTEC CS6I8AS • . ....••..........•••••• $ 11111 
AZTEC C6M1AS (CPfM-86) .. .. ........• . ...... $1l1li 
AZTECC6MIAS(OOS .. CPIM -86) . . ...... I2I1II 
UPGRADE loAZTECC86IPRO .................. $3fCt 
C·TREE Oa l.tIIISflwilh IOUrce .................. $399 
C-TREE DatabaSe(Objecl) . . ...........• $'~II 

CROSS COMPIL ERS 
CfOlI Compilers lor ROM. MS DOS, PC 005, or CPIM. 
applications. 

VAX • > 8OS6I8Oxxx CrO!l • . 
PDp·, I . > 808618O~~~ cron 

.. ... . ........ . $5000 
...... S2000 

CrouCompile rs with PC OOS orCPIM-&6 hOII ..... UM 
for Ih' lil$1 targel a nd $500 lor GlCn .ddltlon.1 target. 
Targets, 65u: CPIM-80; eM: 8080160851Z80; Mlclnlo. n: 
TRSDOS; 8086I8066i80186180286: APPLE II. 

AZTEC C68K 
_ lor lI"Ie M.clnlOlh 

For pOWet. pOrlabllitV, atld pfole .. lon.1 I.-Iuf" 
AZTEC C61iK-c: I. t!"le finUI C lol twa,. d •• llopmlnl 
sylle m •• ,lIable lor Iha MacinIO,h. 

The AZTEC C68K-c: sYltlm InclUdes. aeooo ",,"cro 
.uembler .• II n~age edilo< .• lource editor .• mOUI' 
b.ased editor. a SHELL de •• lopm.nt ,n.lronm. nt .• 
library of UNIX I/O ,nd utilily rOirtin ... lull . cc ... and 
euppefi 01 l!"1e Macintosh Tool80l( routln.,. d'bug. 
ging aldu. ullllll.s, ",,"~e, dill. gr. p. TTY Ilmutalor wllh 
uoload & dcwnla.d (acufe. supplled~ • RAM dl.~ (lor 
512K Mac1 a resou'ce ",,"k.r. and a no ,O)'.lty license 
ag'eem,nt. Pfogflmmlng .. amples Ir Incl<><l.cl. (0 .... 
6CXI p;oges of docum,ntation~ 

AZTEC C68K-c requires a 128K Macintosh, 
and two disk drives (frugal devefopers can make 
do with one drive). AZTEC C68K supportS tile 
5121( Macintosh and hard disks. 

AZTEC C6/1K-c: {commefcl.l.y" .... 1 ... . .. S500 
AZTECC6IIK·p (Pe'SQnoIl system) .. . ............ Sli5I 
AZTEC C68K·o to AZTEC C66K-e upg,a"- ......... $310 

Mle C·I, .. dellbast ........... . . . .. SUg 
MIC C·l'" d.al~base wltll sou'c. . ......... . . . . $3911 
LlII K,I IPascal to AZTEC C66k o~iect conve,le r) .S 99 

AZTEC CBS 
_ rot 1M APPLE /I 
" ... Tn, AZTEC C·sy.t.m Is on. 01 Iha IIneSI sol/w'" 
~c~.gu In ••• n.n ... " NI88LE review. July 1984. 

TI"Ie only comm.rcial C deV9lopmen t sys lem available 
I~'I runs llatl.e on Ihe APPLE 11+. IIc, and li e, the 
IlZTEC CO, development I yllem InCludes a lulilla.tlng 
pOI~I C eompller COmlNltible wltn UNIX C aM othe, 
MIlNl( AZTEC C compll, rl, • 6!i02 relocatin g uum. 
ble' .• IInkag, ed ilOr, a IIb,ary utility . • SHELL de.elop. 
me nl Invlronment. a lull SC ,een ed itor, UNIX I/O 1M 
utility SubrOUtines .• lmpl, graph lea. and scree~ junco 
tlon •. 

AZTEC CM (Appl. OOS 3.31. . . . . . . . . . . . $1l1li 
AZTEC C6M>RO(Apple OOS .. P'oOOS). . $3!iO 

(call for a •• llabllityl 

AZTEC C II /PRO 
- roo CP/M .. 

The 1If11 member of tile AZTEC C I.mity was tile 
CP/M" AZTEC C compile,. It la ··Ihe sta.nr:t.rd" COm· 
ptler lor "-... IOp .... nt on CPIM-30. The Iystem 1nc;luO" 
the AZTEC C II C compiler, an 8080 us.mbl ..... IInirag. 
.cIilor. In Obj«I libf.fl,n. a lull library of UNIX I/O and 
utility fOYllnel. CPIM-80 run time routines. II"re SMIlLL 
Ilbr.ry (Cf .. I.S module. lell lha.n 3K In sia~ II"re Inl 
IIn~ ... !Of «<IuCed de •• lopment times. Ihe ROM I'br.ry. 
RMAC Ind M80 .upport. libf.ry source. suppotl for 
DRI ·, SIMSIO symbolic d.bugge,. a nd mer, . 

AZTEC C 1IIPRO 
AZTEC CIIIBAS . 
C·TREE Oataba •• wlth sOurce. 
C·TREE Databue in AZTEC obi.ct lor m 

AZTEC cso 
- 10' TRSOOS (R.dlo Sl"reck Mod , 1 III • 41 

.. . »19 

. .. $199 
. . ... . 5399 

... $149 

·'1 .... h,d I lor 01 upariMe, with dille,ent C compllar'. 
bUI Ih. AUK CIJ() Compile, and Pro/.uionel D,v,lop. 
m,nt SY''''m I, Ih. bUI I've sun.·· 8O·Mic ro. Deeem. 
ber. 1~. JOhn B. H."ellill 

Tnll Iytam ha., mosl of the lealurel 01 AZTEC C II 10' 
CP/M. It I. perh,pI llIe beSI software de.elopment 
'Yltlm lor lhe Radio Sn,Ck MOdel III .nd IV. 

AZTEC C80mod.13 (no lloating peinl) . . . . .. ... $I.g 
AZTEC C80 mOd."{lul~ . . . ... . . . ....... . $199 
AZTEC C8OIPRO (lull lor mod.1 3.nd ') ...... .. ... $299 

800·221·0440 
t2011 s:JO.M7 (NJ .nd out."", U.S.A.~ Of wnte. MIl NX 
SOF TWARE SYSTEMS. PO 80~ 55. Snre,"bury. N.J 
07701 

SHIPPING INFORMATION Standard u.S. 
Ihlpment II UPS ground (no IWI. In 11"re U.S. 
on, day sh ip ment I, $2(1. two day. i. S10. 
ea",dl,n I hlpmenl I, $10. Two dayl ship. 
menl OYI,lde Ih' u.S . I. by cou,le r .nd is 
lrelght coll.ct 

For Technical Support 
(Bug Busters) call: 201·530·6557 
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I~: ""UK" PRODI (T OF TilE YEAR 
PC ,\IAGAZINE'S A\\<\RIl FOR TECIINICAI. EXCEI.I.F'JCE 

Borland Introduces 
the Laws of TURBO DYNAMICS'" 

Turbo Dynamics Applias 10 Turbo Pascal. Laws Thalllllrk LlkB Magic. Whether considering 
technological excellence, or innovation in Borland's Pascal family of products is growing 
areas such as pricing, 

2ND LA~ 
NOT COpy·PROTECTED 

SOFn\;uE AND 
RfASOMBLE UCENSI.'\(j 

SPFm, PO'Mll 
AND PRICE.. 

, by leaps and bounds. 

3RDLAW: 
60 DAY MONEY-BACK 

Gl.IA.RANI'EE.. 

not copy-protection, 
licensing agreements, 
site licenses, 60 day 
money-back guarantee 
-Borland is clearly 
recognized as the 
software industry 

AGREE."-E.'IS. 
We will alv.'ll)'S offer not 
copy-protected versions of our 
software. Also, OIJr licensing 
agreement is 1l0\\' so simple 
thaI C\'en a child can under­
stand iL 

Borland prodtlCts are knQWfl 
10 be fast, pCI\\'€rful and In 
delil'€f an incre<lible price per­
fnrmance ralio. \l;'e onlybeUeve 
in absolutely superb software 
al rock bottom prices. 

This third law is actually a 
Arsl in the IndusUj'! ~ are so 
sure that )00 will love ror 
software thai all of oor pro­
ducts now cnme backed with 

You can now join 
hundreds of thou­

sands of users 
and enter the 

world of'lltrbo 
Pascal program-

ming. And 
remember, all 
three laws of 

leader. The following 
three laws of " 71lrbo 
DynamicS' '" exemplify 
our pledge for excellence. 

TURBO PASCAL'" $69.95 
DtilMty ...... \\ih~1Iun3'jO,00l 
users worldwide 1Iubo I'3>caJ is the indus­
try"5 de bao IUndard. 111100 Paso:al is 
pr.i1Sfd bf !IIOI"t enginem. hOObyisu, 

1"" ...... students and prof&IooaI prognmmm 
m:m any olher deYelopmcnl tl1l1ronmenl 
In Iht hislOlY of microcompuling. And)'l1, 

~~6" Thmo Pz.IcaI isslmple and ron 1O\I.1e. Fr« 
spl"WisMet included on t:Ytr'f Thrbo disk \\im ready-~ 
compile source code. Opt/fill': ~ offer the exd~ng Binary 
CodM Dedm<ll (BCD) option foryour rosiness appllcatiOlU:IS 
~I ~ an 8087 opIloo for)'Wr num~r-cl\IIIChlng applka­
tiQIU al a >-ery low durge. Please refer 10 the eoopoo. 
~IHy. Turbo ~I Is available today ror mw coml',l1tl!; 
running PC-DOS. MS-OOS, CP/M-i(I or CP/M-S6. JtIf 
DU9f1r111lM, PC "'1fIl1.: "In Its simplicity It achieves Jln 
elegance thllt no other language complier has ever di~ayed." 

BORLAnD 
INTERNATIONAL 

4$85 Srotu \WIey " rIVe, Srons YaIIey f .... 9S066 
Pbooe.(40S)438-8400 ThIeJ; 172373 

Copyrigtlt 1985 Borland Interll8lklnlll BI-l011 
l\lrII(J Pai<al. Tl:rl>o II>uboo! TooI>rI>, M>o~ .. T<»lboIJ 'lIItI>o'llloJ and 

- 'lII!t>o 0)n>r01C> ~","""'~4:!or~ 1"",,,W~..t \1'01: 
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a 60 day money-back 
guarantee. Nn questioos asked. 

TURBO 6RAPHIX TOOLBOX' $54.95 
H/ft1JUJltJ1II1IHIWNM fIlPIIlu lit . ,,,,PC. 
The l\ubo GraphiJ: Toolbox \\ill give eYtII 
a beginning programmer the upen', 
• 1I's ~ complete library of I'2scaI 
pmc:e<ilres and /unction$. 1boIs tlut \\ill 
allow )0.110 drzw and hllCh pie cIwts. 
bar chJns. circles, I"KWlgle:s and a full 

riIlge of geornt'I!"k shlIpes. ~ that \\i11 salle :md 
~tOfl' graphic Images to and from d~k. And mud!, much, 
more. YOll may inrorporate plIn Of all of these toOls In )WI 
programs and yet VIf l1'(li1'1 charge )'OIl any ~1.11\es. IlesI of 
aU, these functioos and procedti~ ClIme oompltte wilh 
~ted SQI.!1"C€ code 00 disk ready 10 compile. 

Thrbo Dynamics 
apply to all Borland products. 

TURBO TUTOR ' $34.95 
F,.. #rft " IM/u M 300",.. lIIrbo 
Tlnor is for ~ from IlOI'ict lOexperI. 
f\'t'lI if)'IXIYt IJe"l'I" programmrd beore 
Thrbo ThIOl" \\ill get)W stalled rig/1t away. 
A lIIRI. \W'n find the S(llm' rode foe aJt 
tilt tDITIpIe; in the 000I.:!II IhI' aaxmpany­
ing db!; ready to compile. l\nbo 1\J1~ 
might ~ the only rcfertnct on f'.LscaI and 
programming )W'n erer Ilt'td 


