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How to quickly re

If youd like to turn the agony
of small business bookkeeping
into the ecstasy of total control,
you've come to the right place.

Because even if you're starting
with a shoe box full of invoices
or a pile of checks hiding under a
pile of deposit slips, we can tell
you how to centralize, organize
and monitor all that information,
and manipulate it in ways that
will make your business a

pleasure —all with an Apple*III
Personal Computer.

Attaiq instant
financial status.

An Apple lI], teamed with the
BP! General Accounting Package,
can put every basic accounting
function right at
your fingertips.

Technically,

that means

radiohistorv com

General Ledger, Accounts
Payable, Accounts Receivable
and Payroll—all in one package.

Meaningfully, that means you
can turn numbers into answers.

With BPI, your Apple Il can
give you a snapshot of your
company's financial condition,
an up-to-the-instant

balance sheet. It

can also generate
instant and

; detailed
B e ?~" ) reports
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vain your balance.

on your customers and vendors.

So you know who owes whom,
how much, and how come.

And just how well your cash
flow is flowing.

And where to give credit where
credit is due (a customer inquiry

chidan Fish Supply Company

Con )hda!ed Income Shln it
Current Conparatyy
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Your Apple can generate instant income statements
(with expense ratios) or balance sheets, and let you
compare them to last month’s or year’s, then print
them out to suit your banker.

feature allows you to make credit
decisions based on the most
e current information).
You can also list your
purchases by discount
dates. And take advantage of
them in no uncertain net terms.

You can even keep payroll records cash receipts to payroll

without paying more, because it's
part of the same package

Profit from history.
\ In business as in life,

experience is the best

~ teacher. And the Apple/BPI
s system can provide you with
st instant comparisons of
Prln this-month-this-year vs.
this-month-last-year, or

this-year-to-date vs.
last-year-to-date.
So you can quickly

 spot changing expar:se

The BPI General Accounting
Package also lets your income
statements be coded by location,
department or product line. So
you know where your money's
coming from.

And where it's not.
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It can also allow you to take full advantage of
merchandise discounts. So youll know whom to pay
when to pay, how much to pay—and save a lot of
clams in the process.

Make a timely
statement.

Add an Apple Dot Matrix or
Daisywheel printer to your Apple
III, and you can print out your
entire balance sheet in minutes.

Or any number of reports, from

[l)odger to
income. You can even print
checks and customer statements.
The impressively professional

L kmd of us1,ness Bb-l;.

results will make an important
statement to everyone you deal
with —including your banker.

More ways Apples pay.
There are more people in more
places doing more things with

#3/31483

ustoner

']b avmd fishy transactions, you can instantly
lay customer’s payments, charges and current
nce. In this case, a few more cans of tuna
would put Mr. Moser over his $2,000 limit.

Apples than with any other
personal computer in the world.

Because for one thing, there's
more software for Apples than
for any other personal computer
in the world. So the same Apple
that handles all your accounting
needs can also handle financial
spreadsheets, word processing
and electronic filing:

You'll also find programs that

E for yo

are designed specifi
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Themes

46 The C Language by Bruce Roberts / Designed to make programs
portable, fast, and compact, C is the language of choice for many pro-
grammers. This month’s theme articles survey the reasons why.

48 The C Language and Models for Systems Programming by
Stephen C. Johnson and Brian W. Kernighan | A happy medium be-
tween low- and high-level languages, C provides a model for efficient
programming.

64 A C Language Primer, Part 1: Constructs and Conventions
by James Joyce | A guided tour through C’s keywords and functions.

82 Comparing C Compilers for CP/IM-86 by Jerry Houston, Jim
Brodrick, and Les Kent / A look at which compilers for CP/M-86 systems
are best suited to particular purposes, most cost-effective, and easiest to use.
110 Five C Compilers for CP/M-80 by Christopher O. Kern | How
C compilers for the CP/M-80 operating system stack up.

134 Nine C Compilers for the IBM PC by Ralph A. Phraner / A
discriminating look at the C compilers available for this lucrative software
market.

172 Managing Software Development with C by Jason
Linhart / Choosing a good programming environment can affect program-
ming ease and code quality more than you might imagine.

186 The Unix Tutorial, Part 1: An Introduction to Features and
Facilities by David Fiedler | An overview of Bell Laboratories” Unix
operating system and its toolbox of utilities.

212 A Survey of C and Unix Resources by Waliter Zintz | A guide
to materials, courses, and on-line instruction in C.

222 \What Is a Software Tool? by Rebecca Thomas /| How to use
Unix and C to design programs that in turn will help you to design other
programs.

243 The Unix C Compiler in a CP/M Environment by Matthew
Halfant /| A look at how compatible the standard C compiler is when it’s
used under CP/M.

268 Annotated C: A Bibliography of the C Language by Terry
A. Ward | Where to find books, articles, and reviews on C.

Features
36 Build a Power-Line Carrier-Current Modem by Steve Ciar-
cia | Now your computer can communicate over electrical power wiring.

BYTE is published monthly by McGraw-Hill. Inc.. with offices at 70 Main St, Peterborough NH 03458. phone
{603) 924-9281. Office hours: Mon—Thur 8:30 AM — 4:30 PM. Friday 8:30 AM — Noon, Eastern Time. Address
subscriptions. change of address. USPS Form 3579, and fulfillment questions to BYTE Subscriptions. POB 590,
Martinsvilie NJ 08836. Second class postage paid at Peterborough. N.H. 03458 and additional mailing offices.
USPS Publication No. 528890 (ISBN 0360-5280). Postage Paid at Winnipeg. Manitoba. Registration number 9321.
Subscriptions are $2 | for one year. $38 for two years. and $55 for three years in the USA and its possessions.
In Canada and Mexico, $23 for one year. $42 for two years. $61 for three years. $53 for one year air delivery
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286 Chisel Your Code with a Profiler by Dennis Leas and Paul
Wintz | Execute compiler programs at the rate of assembly-language pro-
grams, but at a fraction of the effort and cost.

292 A New Shape Subroutine for the Apple by Richard T. Simoni
Jr. I A flicker-free animation scheme for the Apple Il.

312 The Debate Goes On. . . by Jerry Pournelle | Jerry looks at pro-
gramming languages, from APL to Modula-2.

331 The IBM PC and the Intel 8087 Coprocessor, Part 1: Over-
view and Floating-Point Assembly-Language Support by Tim
Field I This software utility makes it easy to add powerful floating-point,
integer, and BCD arithmetic operations from assembly language.

386 Curlous Coordinates for Computer Graphics by Roger
Millikan I Cartesian coordinates are not always the best choice for all plot-
ting tasks.

401 BYTE West Coast: The Future of Software Design by William
Gates / Microsoft's chairman of the board analyzes today’s software issues
and predicts the directions software will take tomorrow.

404 The 8086—An Architecture for the Future, Part 3: Instruc-
tion Set Continued by Stephen A. Heywood / In the last article of this
series, the author discusses program transfers, string manipulations, and
processor-control instructions.

434 User’s Column: Epson QX-10, Zenith Z-29, CP/M-68K, and
More by Jerry Pournelle | Our resident user reviews new products and
answers some old mail.

456 \oice Lab, Part 2, Menu-Driven Routines for Digitai Speech
Synthesis and Analysis by John E. Hoot / Modular routines are well
suited to speech synthesis and analysis.

477 Help In Apple lil Pascal by Al Evans | Adding on-line instruc-
tions that will come to your aid anywhere in application software.

I
T il el M

Nucleus
4 Editorial: DEC, 1BM, and Athena 483 Books Received
7 MICROBYTES 484 Ask BYTE
10 Letters 490 Clubs and Newsletters

378 Programming Quickie: A Cross- 492 Software Received
Reference Utility for IBM PC BASIC 495 Event Queue

394 Technical Forum: A Gauss-Jordan 503 What's New?
Elimination Method Program 572 Unclassified Ads

430 Book Reviews: CBASIC User Guide; 574 BOMB, BOMB Results
An Assembly Language Course 575 Reader Service

Cover Painting by Robert Tinney

to Europe. 17.100 yen for one year surface delivery to Japan. $37 surface delivery elsewhere. Air delivery to
selected areas at additional rates upon request. Single copy price is $3.50 in the USA and its possesions, $3.95
in Canada and Mexico. $4.50 in Europe, and $5.00 elsewhere. Foreign subscriptions and sales should be re-
mitted in United States funds drawn on a US bank. Printed in United States of America.

Subscription questions or problems should be addressed to:
BYTE Subscriber Service, P.O. Box 328, Hancock, NH 03449
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DEC, IBM, and
Athena

Lawrence ]. Curran, Editor in Chief

Forward-looking computer manufacturers are wise enough to understand
that aiding education today can help computer sales tomorrow. IBM and
Digital Equipment Corp. are two such companies. In an effort called Project
Athena—after the Greek goddess of wisdom—DEC and IBM personal com-
puters could become the tools of wisdom in the hands of undergraduate
students at the Massachusetts Institute of Technology.

Both DEC and IBM will contribute goods and services valued at $50 million
over the five-year span of the project, which is aimed at exploring how ad-
vanced computers and computer graphics can change the ways in which col-
lege students learn. The idea is to create a “coherent” network of computers
that will enable students and faculty to share resources—hardware, software
and ideas—so that together they can solve problems in creative ways.

MIT officials should be applauded for using the project to seek ways to
make dissimilar computers work with the same languages and operating
systems. At the same time, the two companies deserve recognition for agree-
ing to contribute computers and talent. It's conceivable that the project will
take steps toward standardizing languages and operating systems, and
anything that fosters standardization in the computer business is to be
encouraged.

DEC will donate more than 300 display terminals, 1600 personal computers,
63 minicomputers, and the full-time services of five employees to Project
Athena. Similarly, IBM will contribute the services of five employees, 500
personal computers, 500 single-user work stations, software, maintenance,
and research grants.

While DEC and IBM merit recognition for their philanthropy, the fact that
today’s students are tomorrow’s computer buyers must have appealed to the
marketing departments of both companies, which stand to reap brand-
recognition and loyalty benefits from the experiment. Lest we be accused
of complete cynicism, however, it should be pointed out that DEC founder
and president Kenneth Olsen is an MIT alumnus who has demonstrated his
company’s commitment to the community. Project Athena is evidence of this,
as is DEC's decision to locate a plant in Boston’s heavily black Roxbury district.

DEC and IBM recognize that an investment in education is worthwhile
for its own sake, and certainly won't hurt future sales. Another company
with the same approach is Apple Computer Inc., which recently donated
$21 million worth of personal computers to 9250 public and private schools
in California. We applaud these companies and would like to hear about
others.m
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How to buy a computer
by the nhumbers.

Introducing the Cromemco C-10 Per-
sonal Computer. Only $1785, including
software, and you get more profes-
sional features and performance for the
price than with any other personal
computer on the market. We've got the
numbers to prove it.

The C-10 starts with a high-resolu-
tion 12" CRT that displays 25 lines with
a full 80 characters on each line. Inside
isa high-speed Z-80A microprocessor
and 64K bytes of on-board memory.
Then there's a detached, easy-to-use
keyboard and a 5'%" disk drive with an
exceptionally large 390K capacity.
That's the C-10, and you won't find
another ready-to-use personal com-
puter that offers you more.

But hardware can't work alone.
That's why every C-10 includes software
—word processing, financial spread
sheet, investment planning and BASIC.
Hard-working, CP/M "-based software

at meets your everyday needs. Soft-
\ wayre that could cost over $1000 some-

where else. FREE with the C-10. There's
really nothing else to buy.

But the C-10's numbers tell only
part of the story. What they don’t say
is that Cromemco is already known
for some of the most reliable
business and scientific
computers in the industry.
And now for the first
time, this technology
is available in a
personal computer.

One last number.
Call 800 538-8157 x929
for the name of your
nearest Cromemco
dealer, or to request
literature. In California
call 800 672-3470 x929. Or write
Cromemco, Inc., 280 Bernardo
Avenue, P.0O. Box 7400, Mountain
View, CA 94039. In Europe, write
Cromemco A/S, Vesterbrogade 1C,
1620 Copenhagen, Denmark.

Cromemco

Tomorrow’s computers today

Clrcle 119 on Inquliry card.

cP/MRisa registered trademark of Digital Research, inc.
All Cromemco products are serviced by TRW.
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Staff-writtan highlights of late developments In the microcomputer industry.

DIGITAL RESEARCH PLANS ALTERNATIVE TO MICROSOFT HARDWARE STANDARD

The proposed MSX standard announced by Microsoft, Spectravideo, and 14 Japanese computer
manufacturers won’t be the only attempt to define standard hardware and software parameters in the
low-cost computer market. Digital Research is also backing a proposal to unify software standards and
is talking with a number of Japanese manufacturers,

To meet the MSX standard, manufacturers must use a Zilog Z80 microprocessor, a Texas In-
struments TMS9918A video processor, a General Instrument AY-8910 sound processor, a Nippon
Electric Co. (NEC) cassette interface chip, an Atari joystick interface, 64K bytes of RAM, and
Microsoft's 32K-byte ROM-based extended BASIC. Some of the components can be purchased from
other suppliers.

NEC, one of the Japanese companies that Microsoft said supported the MSX format, plans to look at
any and all attempts to standardize hardware and software for low-cost game computers and plans to
remain neutral until all possibilities are considerexd.

Both Microsoft and Spectravideo expect the standard to have the greatest impact in Japan, where
the lack of a standard has held the home computer market back.

In addition to NEC, the following companies were reported by Microsoft and Spectravideo to have
supported the MSX standard: Matsushita (Panasonic), Sony, Sanyo, Hitachi, Canon, Mitsubishi,
Toshiba, Fujitsu, Kyocera, General, Yamaha, Pioneer, and JVC.

Specifications for the bus, |/O addresses, and game cartridge were not complete at the time of the
announcement but will be included in the standard. Disk-size and operating-system specifications will
not be included, but any disk system or auxiliary processors can be added onto the bus.

This fall, Spectravideo, which began shipments of its two home computers in early June, will offer a
$50 MSX adapter for its computers, one of which retails for $300. Microsoft, Spinnaker, Sierra On-
Line, and Sirius have pledged software support for the MSX standard.

COLECO’S ADAM SHAKES UP THE LOW-COST COMPUTER MARKET

Coleco’s Adam has stirred up the home computer market in more ways than one. The $600 machine
was the talk of the summer Consumer Electronics Show because of its aggressively low price. Shortly
afterward, however, Logical Business Machines sued Coleco and insisted that LBM owns the Adam
name because it sells a much more expensive business computer called Adam. Coleco argues that it
bought the trademark rights to the name from a firm that registered the name in 1976.

Coleco’s Adam includes a 10-character-per-second letter-quality daisywheel printer, two Coleco
Vision game controllers with numeric keypads, a ROM-based word processor, Applesoft-compatible
Smart BASIC, and 80K bytes of RAM, all for less than $600. The Adam will also be available as an ex-
pansion unit for the Coleco Vision game system for less than $400. A ''digital data pack’’ drive, which
uses cassette-sized cartridges, is included, but Coleco would not discuss its specifications.

SOFTREND UNVEILS AURA, AN INTEGRATED SOFTWARE PACKAGE

Softrend, Wyndham, NH, announced that it will soon offer an integrated software package similar to
Lotus’s 1-2-3. Designed for the IBM PC and XT, Aura is built around a database manager whose
various components are scheduled for release over the next few months.

Aura, the central database manager, will be released this month for $250. In November, Aura 3,
which also includes a Multiplan-like spreadsheet program and a Wang-like word processor, will be avail-
able for $395. Aura 4, which has graphics capabilities, will also be introduced in November for $495.
Aura 5, which is scheduled for a December release, will add IBM mainframe communications and will
sell for $995. Aura will not use a mouse, but Softrend is considering voice input.

SMITH-CORONA UPDATES PRINTER, OFFERS COMPUTER-COMPATIBLE TYPEWRITER

Smith-Corona has released an updated version of its TP-1 daisywheel printer. The TP-2, a smaller and
quieter printer, includes both serial and parallel ports and has DIP switches to select various print op-
tions. The TP-2 will list for $895. The list price of the TP-1, which has been offered by some dealers
for less than $500, will drop from $895 to $695.

Smith-Corona also announced the Memory Correcting 3 Messenger, a computer-compatible
daisywheel typewriter. It will include either a serial or parallel interface for $599. Like the TP-1 and
TP-2, the typewriter prints 12 characters per second.

<== Cjrcle 353 on Inquiry card. August 1983 © BYTE Publications Inc 7
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IBM EMBRACES CONCURRENT CP/M-86 THROUGH DIRECT SALES
IBM’s domestic sales force is now selling Digital Research’s Concurrent CP/M-86 for the |IBM PC and
PC-XT. IBM's 9000 sales representatives will also offer Micropro’s Wordstar, Ashton-Tate’s dBase I,
Chang Labs’ Microplan financial planner, and Digital Marketing’s Microlink communications program
and Milestone project planner. The programs can run concurrently and can transfer data through text
files. IBM’s announcement, which may signal a shift in operating systems for the PC in office use,
comes amid reports that IBM will emphasize direct sales of the PC at the expense of current retajlers
and distributors.

APPLE PRESENTS A NEW OPERATING SYSTEM FOR THE APPLE 1l
Apple Computer has announced ProDOS, a hierarchical, Unix-like operating system for the Apple |l that
is compatible with the Apple Ill’s Sophisticated Operating System (SOS). ProDOS is now being supplied
to qualified software developers and will be generally available in early 1984.

COMMODORE ANNOUNCES 70 SOFTWARE PACKAGES, INCLUDING MULTIPLAN AND MAGIC DESK
Commodore Business Machines has announced 70 new software packages for the Commodore 64,
including a version of Microsoft’'s Multiplan spreadsheet for less than $100. Magic Desk, an integrated
software package priced under $100, is intended to compete with Apple’'s Lisa and Visicorp’s Visi On.

Magic Desk is actually a series of cartridges. The first, Type and File, will offer word processing and
limited data management using pictures of a typewriter and file drawers and folders.

GAMELINE OFFERS ON-LINE VIDEO GAMES FOR THE ATARI VCS
Gameline, a new telecommunication system for owners of the Atari Video Computer System 2600
(VCS), is available from Control Video Corp., Vienna, VA. CVC will offer video games and information
services to VCS owners who buy a Master Module cartridge, which includes an autodial modem and
memory to store downloaded games or text.
Founded by William von Meister, who created The Source, Gameline will be priced at about $1 per
game, after the initial $50 to $60 charge for the Master Module and a one-time $15 membership fee.

NANOBYTES
Jon Shirley, who was vice-president of computer merchandising for Tandy Corp. (Radio Shack), has left
after 25 years at Tandy to become president of Microsoft Corp. . . . Harris Semiconductor and intel

jointly announced that both will produce a CMOS version of the Intel 8086 microprocessor and related
support peripheral chips. Harris's 80C86 will be the first 16-bit CMOS microprocessor when it
becomes available in the fall. Because CMOS chips require less power than regular NMOS
microprocessors, the 80C86 will probably be used first in portable computers. National Semiconductor
is working on a CMOS version of its 16-bit 16032 processor to be available in 1984. . . . Microsoft is
developing Logo for Spectravideo computers. Priced at $49.95, Microsoft Logo for Spectravideo will
be available by the fourth quarter of 1983 and for the MSX standard by early 1984. No additional
peripherals are needed to run Logo on the $300 SV-318 or the SV-328. . . . The Atari 1027, a
20-character-per-second letter-quality printer for $349.95, will be available this fall. Bundled with the
Atari 600XL computer and the Atariwriter word processor, the printer will sell for $599.95. . . . Texas
Instruments, which cited the turbulent home computer market as the reason for a projected
$100-million second-quarter loss, has cancelled its plans to produce the low-cost 99/2 computer an-
nounced in January. Tl said it has shipped more than one million units of its 39/4A home computer and
plans to introduce the 99/8, an ‘‘advanced home computer,’’ in the fall. . . . Microcom, of Norwood,
MA, has announced it will license the protocol used in its hardware and software communications prod-
ucts. Visicorp, Apple, and GTE Telenet have agreed to support the protocol as a standard, which
simplifies file transfers between microcomputers. . . . Softyme Inc. of San Francisco, CA, will test its
Softyme Express system in an El Cerrito, CA, Computerland store. The system includes a computer
with a database of available programs. When a customer decides what software package to buy, the
program is transmitted to the machine and copied onto single- or double-sided disks in IBM PC-DOS 1.1
or 2.0 format. . . . In November, Radio Shack will release a Videotex and Office Information System
based on its Model 16B multiuser system. As many as 64 terminals at a time can access up to 256
databases on the system, priced at $12,000 and up. . . . Digital Equipment Corp. (DEC) announced a
Winchester hard disk for its Professional Computer as well as changes to its operating system. DEC wiill
soon begin selling its personal computers through its Business Centers.

8  August 1983 © BYTE Publications Inc Circle 311 on inquiry card, ====p
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Percom Data Corporation has one hard disk drive system for just about ALL personal computets
. including of course . . . IBM*-PC, APPLE® II, and TRS-80%. Percom Data’s innovations
with 5%." Winchester technology mean that for most personal computers . . .
having a reliable hard disk system is as easy as hooking up a cable.

A Percom Data PHD ™ will interface with your present system . . . and your future system . . .
so if you do change computers, you can still keep your most important investment . . .
your Percom Data Hard Disk Drive.
Because Percom Data helped create the industry standards of today . . . new designs in software
and hardware will make your selection of a Percom Data Hard Disk Drive pay off
tomorrow through system compatibility.

A Percom Data PHD works to capacity because we take the time to correctly develop interface
software to your computer which leaves no performance holes for you to fall into.
Percom Data knows software functionality is the key to hardware performance.

Today, Percom Data PHD supports a variety of software to match your computer:
iIBM*-PC, PC DOS™ 1.1 OR 1.0
CP/M-86™, CONCURRENT CP/M-86""
APPLE*, DOS 3.3, CP/M"™
TRS-80“ MODELS il & I, DOPLUS, LDOS

IMAGINE . . . Percom Data Winchester 5%4" technology . . . for today’'s computers . . .
and tomorrow's.
To receive an informational booklet describing Percom Hard Disk Systems. or to determine if we
have a system for your computer call our
Hard-Line Hot-Line at 1-800-527-1222.
We will also give you the name of a nearby authorized Percom Data Dealer.
Dealer inquiries are welcome.

(PERCOM HATA

CORPORAT

Expanding Your Peripheral Vision

DRIVES ¢ NETWORKS °* SOFTWARE

(214) 340-7081 - 1-800-527-1222 » TELEX: 73-0401 (PERCOM).

IBM is a registered trademark of International Business Machines.  APPLE s a registered trademark of Apple Computer. Inc
TRS-80 15 a registered trademarhk of Tandy Radio Shack Corp.  PHD s a registered trademark of Percom Data Corporation
COPYRIGHT 1983 PERCOM DATA CORPORATION
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MILESTONE®
WHEN TIME IS MONEY

Is Radiation Harmful? 6. T‘he claim ‘that a lig.htjemi‘tting c.liode
display emits no radiation is stupid. It
Edward M. Gogol'’s letter (April, p. 14) radiates waste heat, it radiates very
presented some excellent thoughts about small amounts of “nuclear”’ radiation
radiation. But I have one correction. He from impurities in the package, and it
states, “Radiation levels decrease as the radiates light.

square of the distance from the screen.” | 7. Gogol's references are highly suspi-
This is true for a point source of radiation. cious. The Sierra Club is a well-known
It is not true for a 12-inch screen. Luddite organization, and Gofman’s
As a project manager, you know To illustrate, consider a video screen public stance suggests that he is inter-
the value of meticulous plan- the size of a movie theater screen. A per- ested in advancing his prejudices rather
ning. Oversights and miscalc‘u' son standing one foot from the screen then than finding the truth. An earlier Gof-
lations can cost you crucial moving to a distance of two feet would man book was described by Peter
time and money. receive almost identical radiation, not Beckman as “‘grotesquely biased.” The
Milestone is a project manage- one-quarter the radiation, as the formula Zapping of America is a sensationalis-
ment and time SChedU”pg_Pro' for point sources would indicate. tic book of no more scientific merit

gram. It is a powerful “critical The radiation, I believe, would be pro- than The Chariots of the Gods.

path” program for planning and
analyzing virtually any project,
from a cost estimate for a con-

portional to the angular area subtended
by the screen at one distance compared | Christopher M. Maple

struction project to a schedule with the angular area of the second | Chief Engineer

for installing a computer sys- distance. This presumes equal radiation | Ingrid’s Computers

tem. The applications are unlim- from all areas of the screen. As you can | 8377 Capistrano Ave.

ited. see, it starts to become complex. Canoga Park, CA 91304

Milestone uses PERT, Perfor-

mance Evaluation and Review Obe O. Doan I read with interest the letter by Edward
Technique, and CPM, Critical 14710 Parthenia St. M. Gogol critical of Dr. John Villforth of
Path Method, to plan a project, Panorama City, CA 91402 the U.S. Bureau of Radiological Health on
yet Milestone is one of the easi- his assurances of the near-zero present
est software packages to use. Edward Gogol’s letter does not belong | risk from ionizing radiation from video
The Milestone user can change in a magazine of BYTE's caliber. displays. The irony of this attack is amaz-
a variable and instantly Mile- 1. Contrary to his claims, no variety of | ing: in the more than 10 years that I have
stone will display the effect on radiation can be eliminated complete- | known Villforth, he has conducted a one-
the entire project. Forinstance, ly. man crusade against the hazards of dental

the estimated completion date 2
of a particular time-crucial task
may be changed. All schedul-
ing, manpower costs and asso-

. A properly designed video display | x-ray machines in particular. In this he is
does not emit significant X-radiation | supported by the National Health Physics
when operated within its design limits. | Society, which consists of 5500 people

ciated reports will be re-tabu- 3. The claim that “with radiation, there is [ nationwide engaged in protecting man-
jated. no threshold” is a statement that | kind from the effects of ionizing radiation.
nobody can make with certainty. The average natural radiation back-

TIME 1S MONEY. SAVE BOTH
WITH MILESTONE.

There is evidence pointing in all direc- | ground in the United States is about 100
tions, including evidence that more | mR per year with a large deviation from

The priceis 5296-‘:’?"/"3’12%% C:;/\ “&'82:;:;' radiation extends life (Pearson and | the mean, which I will discuss later. How-
sions require an r - . . . .

tivety. Mgnual alone is $30. Shaw, Life Extension. Warner Books, | ever, the average black-and-white (in-
For more information see your local compu- 1982, p. 516). cludes single colors like green) display
:,eir'egﬁ;'e' CIACEEI e IR L 4. The implication that microwave ex- | tubes, including TV tubes, have an accel-

posure below a level that causes signifi- | erating potential of 12 to 16 kilovolts
cant heating in the body is harmful isa | (kV). The 16-kV maximum x-rays pro-

lie that would be funny if so many peo- | duced by this type of tube are virtually

DIGITAL MARKETING . ple did not believe it. Fear of micro- | unmeasurable at the faceplate because of
DIGlTAL /VMRKE”NG waves is a much greater health hazard | its thickness of % to % inches of glass,
I = N N ?){_fgy ] than microwaves. which is necessary to protect the near-flat
> "R 7’5_“_-:'}-7'4}::‘;,:‘%"":- 5. On most terminals, turning down the | surface from the crushing pressure of the

-h o :;%r 3 oy, - brightness does not reduce the electron | air outside. The full-color display, like its
.Dr|__k‘m.‘mn-G|TALM ARKETING CORPORATION beam acceleration voltage but in- | TV cot.mterpart, requires an .acceleratmg
(800) 8262222 creases the voltage by a small amount potentx.al of about 25 ky and is capable of
B due to the finite resistance of the high- | producing 25-kV maximum x-rays. Be-

voltage supply and the decrease of | cause the glass faceplate is of similiar

Milestone is a registered trademark of Organic beam current. (Total high-energy | thickness to that of the single-color tube,

Software. iati is li i i
VA T TP e rad}atxon is likely to decrease, as Gogol | there is a greate.r ‘rlsk fo‘r the escape of
inc. claims.) x-rays. Very sensitive devices are required
CP/M-86 is a trademark of Digital Research. Inc
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THE NEW AMPLOT-]
S ALL BUSINESS.

PLOTTER APPLICATIONS

Analytical data display ® Mathematical functions ® Geo-
metric patterns ® System/component characteristic
display ® Statistical charts ® Workfiow diagrams e Per-
formance graphs ® Organization charts ® Creative
graphics ¢ Personal achievement charts e Instruc-
tional/reference diagrams.

The new AMPLOT-Il, on computer command, can
automatically produce hard-copy, 6-color business or
engineering graphics in minutes. Designed for the end-
user and OEM applications, its high pen speed, auto-
matic pen retrieval and high resolution assure fast,
accurate 10" x 14" plots. Compatible with most per-
sonal computers, the AMPLOT-Il is economically
priced at only $1299.00 retail. Just circle the reader
service number for complete engineering details.

2201 Lively Blvd. e Elk Grove Village, IL 60007 AMEK
(312) 364-1180 TLX: 25-4786

REGIONAL OFFICES: Calif. (714) 662-3949 * Texas(817)498-2334

Amdek . .

. your guide to innovative computing!
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Letters

to measure these low-energy x-rays for the
equivalent of 10 to 12 hours of use per day
for a full year, at levels a small fraction of
the 100 mR average annual dose. It is the
function of the Bureau of Radiological
Health to make such measurements and
issue warnings if the background level is
increased.

Surprisingly, the ionizing radiation
potential of the video display and its
counterpart, the TV screen, is not from its
x-ray potential but from its efficiency as
an electrostatic precipitator. In the air of
all buildings there is a radioactive noble
gas called radon. When radon decays, the
radioactive daughters formed are posi-
tively charged and are attracted to the
glass surfaces of the display tube, adher-
ing to the glass until the daughter’s decay.
We have used this phenomenon for some
years to estimate the amount of radon in
homes. When the TV set is turned off and
an alpha counter is applied to the screen, a
rapid count indicates the need for espe-
cially careful radon daughter measure-
ments. This buildup of radiation on the
viewing screen may disturb Gogol, but I
for one would rather have these radon
daughters on the screen than in my lungs.

While the national average background

is about 100 mR/year, there are wide vari-
ations. The area south of Chicago has
water wells and radium-bearing soil that
can increase this average by as much as 10
times. Similarly, the New England states
have areas of granite rock in the ground
that can increase the natural background
10 to 50 times. However, epidemiological
studies indicate these states to be as
healthy as any in the U.S. When actual
measurements are substituted for assump-
tions, no correlation between radiation
and health can be shown (Beck and Krey
in Science, April 1983, pp. 18-24).
Gogol has quoted Dr. John Gofman'’s
book Radiation and Human Health as the
authority on ionizing radiation. Gofman
and about 10 others have taken the posi-
tion that the radiation dose below 10
mR/year is more harmful than the linear
model will predict. However, most au-
thorities have agreed that health effects
cannot be scientifically verified below 10
mR/year. The linear model was chosen by
the NCRP and the BEIR committees not
because it could be scientifically verified
but because the levels produced were con-
sidered safe and allowed dose calculations
to be made relatively easier. This model
extrapolates radiation effects from the 10

® Full Olivetti
typewriter
warranty

e UL.
Listed

FEATURES

o Typewriter operation with nothing to disconnect ® 10. 12 or 15 characiers per
inch swiich selectable e Portahle with carrying case e Entire interface mounted
internally in the Qliveti Praxis 30 typewriter o Linderlining ® Cables availabie for
most computers @ Service from Olivetii dealers @ Centronics compatible parallel
input e Bullt in self iest ® Cartridge ribbon @ 2nd keyvboard switch seleciable.

BYTEWRITER

125 NORTHVIEW RD., ITHACA, N.Y. 14850
(607) 272-1132

DAISY WHEEL
PRINTER

$SGO5

plus shipping
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mR area to 0, where no radiation effects
are assumed to be produced. In this no-
man’s-land below 10 mR, Dr. L. D.
Luckey has also written a book called
Hormesis with lonizing Radiation, pub-
lished by Chemical Rubber Press (the
book costs $60, so it might be advisable to
check it out of a library). Hormesis is a
neologism that, loosely translated from
the Greek, means “beneficial effects.” Dr.
Luckey has listed more than a thousand
experiments with plants and animals that
exhibit beneficial effects in the 10 to 50
mR/year region. He would be the first to
point out that there is still no absolute
proof. However, the total biological
evidence is not helping the case of in-
creased health effects/mR in the region
below 10 mR/year, the position taken by
Dr. Gofman and several others.

The second authority Gogol quotes is
Paul Brodeur's The Zapping of America.
The only review I have seen of this book is
a short one in the Health Physics Newslet-
ter warning that the book is long on
claims and short on proof. Because the
subject is radio frequency and micro-
waves, most readers of BYTE have
enough background to deal with it.

This nation has enough troubles with
the economy and displaced or discarded
energy without taking sides in a scientific
debate about whether or not harm exists.
The readers of BYTE will agree with me
when | say it pays to believe almost
nothing that you hear and to be very
critical of what you see.

P.T. Perdue
103 Oak Lane
Oak Ridge, TN 37830

Enhancing Usability

[ am writing in response to Gregg
Williams’ editorial (April, p. 6). Recently I
purchased a microcomputer and have ob-
tained first-hand information about
usability from the software I've been using
with it. [ have some ideas that could make
life easier for many people complaining
about usability.

First, it is not accurate to say that
nobody knows what makes software easy
to use. There is a great amount of
literature on laboratory studies of the sub-
ject. There are even more papers on the
subject—not always so well supported,
but by human-factors experts.

One principle of usability is to make
programs and parts of programs indepen-
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EE/EPROM PROGRAMMERS & UV ERASERS

INTRODUCING OUR NEW GANGPRO-8 & PROMPRO-8

GANGFRO-8

EPADM /7 F£MIOM OUILICATON 7 TT5TEN

GANGPRO-8™ MULTIPROGRAMMER.................$1295.00

GANGPRO-8™ allows user to program up to 8 EE/EPROMS ultaneously using | A B A RE R| V E

the latest state of the art programming algorithms, It can test and duplicate a AVA'I LE SOFTW D RS
wide varlety of devices from 16K to 256K. There are no personality modules to TEKTR 800
buy, 8 digit alphanumeric display prompts user with messages. This unit is ex- é %&C I 2 M.ARIOMCS 2
fremely easy to operate and is ideally suited for a production environment. '

QUV-T8™ series UV EPROM ERASERS e g i
QUV-T8/2T ($97.50) is an industrial quality eraser. designed in a steel '

enclosure with a 5 wide tray. UV indicator lens. antistatic pad, 60 minute rugged

timer and safety interlock switch are standard. Capacity is 24 EPROMS, 15-20

minutes erase time for 15 EPROMS.

QUV-T8/Z ($124.95) Similar to QUV-T8/2T (with 40% taster Erase Time).

QUV-T8/2N ($68.95) Same as the QUV-T8/2T version without the timer and

satety interlock switch.

QUV-T8/1 ($49.95) Economy model in a molded two part plastic case. Erases 15

EPROMS in 20 minutes.

PROMPRO-7™ SERIAL RS-232 STAND-ALONE $489.00 m @ n ﬂ m

MCS-48* FAMILY PROGRAMMING WITH PROMPRO-7I

PROMPRO-7" is an intelligent self-contained unit, ideally suited for engineering

development, tield service, or production. It can program and verity a wide

variety of 8K to 128K EPROMS. This unit has a 32K (4K BYTES). internal RAM Buffer 4 R . g .

that could be accessed by the user through a computer or terminal. This unit can W /0& Waa)p

also program the micro chips such as the 8478, 8749, 8751, 874], 8742, 8755. The price . "

includes all modules up to 32K EPROMS & The 8748 & 8749H Micros. ZM at ﬂ;@ k W pm ,/
Upload/download is done by either Motorola or Intel Hex format.

PROMPRO-8™ SERIAL RS-232 STAND-ALONE  $689.00

This extremely versatile programmer has as much as 128K (16K x 8) of internal Loe I:AL DE“I:ES, l“c.

RAM dedicated to the EE/EPROMs, This RAM buffer can be accessed either K
through a computer terminal, or by user target system (EPROM emulation). 1321-.E NW. 65th PLACE * FT. LAUDERDALE. FL 33309

PROMPRO-8 8 digit aiphanumeric display prompis user with the system 305) 974-0967

messages. A keypad option is available for standalone editing. An impressive ( )

1ange of devices are programmed (as standard feature). DISTRIBUTORS WELCOME FOR QUALIFICATION
*MCS48 is a registered trademank of Intel Co. Circle 239 on inquiry card.
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Intertec Offers
TheWarranty

Your First Computer
Should ve Offered.
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The rationale behind the
conventional 90-day warranty
is that anything likely to go
wrong will go wrong in the first
3 months.

But it can take 3 months
just to get comfortable with a
new system. That’s the honey-
moon-period, when you treat
your equipment with the deli-
cacy of a safecracker.

DRPLEAR

CompusStar can network up to 255 intelligent
terminals and give each of them access to
common or restricted databases.

Ah, but now it’s 5 months
downtheroad,the honeymoon
is over, your equipment has
finally begun to justify its cost,
and that’s the afternoon your
processor’s fan succumbs to
fatigue.

Or maybe the malfunction
is more gradual, like a disk-
head drifting increasingly out
of alignment.

Or more elusive, like an in-
termittent failure due to border-
line components.

WhenYou Build Them
Stronger, You Can Back
Them Longer.

And that’s why all Intertec
terminals, computer networks
and disk storage systemscome
with a full year of coverage.
Not because you'll need it,but
to assure you that you won't.

*CP/M is a repistered tracemuark of Digital Research.
* Microsoft Basic is a registered trademark of Micrasoft Corporation.

Circle 214 on inquiry card.

See—unlike other makers,
we know what we’re standing
behind.

We don't slap Intertec
nameplates on other people’s
parts. We build virtually all our
equipment ourselves.

Andwe assemble it ourselves.

And we test and re-test it
ourselves.

More Bytes

That’s also why
we can offer you flatly

A |07 LT D

superior dollar-values.

In single-user

desk tops, for example,

our SuperBrain offers
twin Z80s, standard;
64 kbytes of dynamic ram,
standard; up to 1.5mbytes of
disk storage, standard;

CP/M 2.2* and MBasic;}
standard.

And compared to conven-
tional multi-user systems, our
CompusStar systems can give
you many more hours of
productive labor every day—
because, instead of depending
on a central processor for data
manipulation, each worksta-
tion in a CompuStar network
has its own processor and its
own 64 kbytes of ram.

As a result, you can have
anywhere from 2 to 255 work-

stations workingsimultaneously

without suffering noticeable
declines in execution-time.

WhyJust Expand When
You Can Up-Grade?

In fact, if you assess your
expansion alternatives in terms
of relative payback potential,

www.americanradiohistorv.com

you’re very likely to find that
up-grading with Intertecequip-
ment from scratch would be
more cost-effective than
burdening your existing instal-
lation with add-onss.

Dollar for dollar, the Inter-
tec system is apt to be not only
faster,more powerful and more
versatile, but more reliable and
better supported.

Service On Site?
Within 4 Hours?

In addition to our one-year
warranty, and the carry-in
service provided by authorized
Intertec dealers, we also have
600 factory-trained technicians
to provide service on-site in 120
U.S. cities,often within 4 hours.

To arrange for that service

Stnce we build our
equipment from
scratch, we can
affordto do it right '}
and still hold down
our prices.

justcall our Customer Services
Department at 803/798-9100.
Atthe same time we’ll be happy
to give you the name of your
nearest Intertec dealer.
Orwrite on your letterhead
to Intertec Data Systems Cor-
poration, 2300 Broad River
Road, Columbia, SC 29210.

intertec

BYTE August 1983 15


www.americanradiohistory.com

16

C86 - For Professional Programmers

Complete C Tight Code No Royalties Library Source

® C - The Language for Professional Programmers: C combines
full control of the machine with the best productivity features.
C is used by:
IBM Bell VisiCorp Digital Research MicroPro Wang Microsoft

* A Complete Implementation - C86 includes all of the features
described by Kernigan and Ritchie. C86 delivers portability,
consistency, FULL C.

® Extensions include long identifiers and additional data types.

® Tight code is produced by C86. Only needed code is linked
from the library. The January 1983 Byte benchmark shows
C86 as the fastest.

* No Royalties are payable to us on C programs you sell.

e Library Source provided includes UNIX I/O support, interface
with and control of the Operating System and of hardware, all
functions described in K & R, a Mathematics Library, and a
Trigonometry Library.

e Overlay Support allows development of large programs.

* Assembler may be used to write a function. Macro support can
increase productivity. Programs are ROMable.

e Our Update Policy helps you to keep the Best Personal Com-
puter C Compiler for the 8086 as the technology improves.

See your Dealer for:

O Free Information: “C86 Product Description”. ............ NC
D “The C Programming Language” by K& R.......... $ 25.00
O“TheC86 User Manual”............c.coovvvnnennnnn. 35.00
0O C86 Compiler Diskette and Manual ................. 395.00

We support all common formats under PC-DOS, CPM-86, MSDOS
and MPM-86.

VISA and Master Card accepted. They Say It All... We Do 1t ALL

Computer Innovations
10 Mechanic Street
Suite J-104

Redbank, NJ 07701
201-530-0995

€88 is a trademark of Computer Innovations, inc. CPM-86
and MPM-88 are trademarks of Digital Research.
MSDOS Is a trademark of Microsoft. PCOOS Is a

trademark of international Business Machines. Prices sublect to change without nolice.
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Letters

dent. In other words, an editor edits; a
word-processing program processes a file
to produce text output. The future does
not lie along the path of integrating these
two functions, as with 1-2-3 or MBA, but
in separating the functions.

For example, in my editor, when [ want
to end a line, I should be able to press
Enter. There should be no implication to a
coupled word processor that Enter signi-
fies the end of a paragraph. If I want to
signal the end of a paragraph, I'll signal
that in the file I'm editing, using a word-
processor command, as a separate step.

There is no magic in being able to in-
clude spreadsheet output into a memo or
book chapter. I should be able to copy it
into the file I'm creating with my editor,
or to point to it, in the file, by means of
some imbedded command.

The structure of the editor output, the
word-processor input, and the spread-
sheet output should not imply among
them any native relationships or coupling.
I use such uncoupled software in my job;
there is no reason that it cannot be devel-
oped for microcomputers.

In this light, the new advances may
signal greater sophistication but not nec-
essarily greater ease of use. A desktop
manager is only a sophisticated analog for
being able to copy one file into another.

Robert C. Maegerlein
218 Watchung Ave.
Upper Montclair, NJ 07043

On Structured Programming

As a professional programmer and a
structured-programming maven as well as
the owner of an S-100, 8-inch CP/M per-
sonal computer, I have watched the lan-
guage diatribes fly back and forth with
great interest. Although | realize my
status as a high priest will leave my opin-
ions open to suspicion, I wish to make a
few points about programming and lan-
guages in general.

Despite anything else that may have
been uttered in haste about structured
programming, the primary lessons of a
structured approach are to figure out
what you want your program to do, what
type and form of data it is intended to in-
put and output, and how your program
will interact with its user, before you
write a single line of code.

The software designer usually uses
some kind or combination of hierarchical
tree chart, Verner-Orr diagram, and/or

Circle 141 on inquiry card. =)
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Before you buy a printer
look at the fine print.

There's a big difference in printers, and the proof

is right before your eyes.

This is an actual printout from Digital's Letterprinter 100.

As you can see, it's good enough to send out to customers.

But that's not all the Letterprinter 100 can do.

Suppose, for instance, you're in a hurry.

JUST FUSH A EUTTON AND YOU CAN FRINT OUT A WHOLE FAGE OF URAFT COFY

IN LESS THAN TEN SECONUS.

There are other fine points. You can see how the Letterprinter

100 car print multiple typefaces. It can also print in BOLD,
double —xwidth and condensed . And do all these styles
automatically, without stopping. And with its wide range of graphics

capabilities, you can even draw your own conclusions.

wheel printer, the LQP02, and a low-cost Persone
0, that still make you look good on paper.

i2n 70Q, for the

P e
g i
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flow chart to develop program function,
and these very high-level, abstract designs
are then translated to pseudocode that
describes in detail the operation of the
program in English, Latin, an arbitrary
mixture of C and Pascal, or however you
desire. This includes logic, mathematics,
and /0 in any form. These steps are
iterative—that is, the high-level designs
are modified according to the needs dis-
covered by the pseudocode, and the
pseudocode is redefined by new, more
elegant approaches that become obvious

from the tree/flow charts. So the pseudo-
code starts as a simplistic statement of
functions that quickly evolves into a
detailed list that will greatly resemble a
usable computer language.

From this point, it is easy to translate
the pseudocode to any computer language
that is appropriate to the functions to be
performed, the speed/memory require-
ments of the target computer, and the
fluency of the programmer. This ap-
proach even allows for structured BASIC.

Is this a lot of work? Yes, but it is plac-

18  August 1983 © BYTE Publications Inc
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ing the burden at the front, so much less
time is necessary to test and debug the
final result. The structured approach also
allows for another benefit rarely con-
sidered by hackers or even by a lot of my
fellow high priests: documentation.

A program for strictly in-house use will
be difficult to use after the coding is no
longer fresh in your mind, and even more
difficult to modify. With structured pro-
gramming, when you fix your program,
you can be aware of all the ramifications.

As for languages, my preference is for
any language that allows me to maintain
my logic structure easily within the code,
a natural for all the ALGOL descendants
(PL/1, Pascal, C, Ada, etc.). However,
due to my work, I find myself quite often
running afoul of these strongly typed lan-
guages and have to resort to good old
FORTRAN. At least it runs fast, is good
at math, and has mixed-record I/O. FOR-
TRAN 77 allows something of both
worlds, although it doesn't have data
structures.

BASIC also has its place. Although not
prone to informational error messages,
BASIC is easy for a beginner to learn and
get instant gratification from. With the
advent of compilers, BASIC can also
generate code that executes at a
reasonable speed, although 1 need
separately compiled subroutines.

Compilers that examine all of your code
let you see all of your programming errors
at once, an enormous advantage when
dealing with related variables and func-
tions that may have been confused some-
where along the way (built-in cross-refer-
ences are a great help, too).

Curtis W. Rendon
Syntax Constructs Inc.
14522 Hiram Clarke
Houston, TX 77045

Editor's Note: For further discussion of
languages, see Jerry Pournelle’s article,
“The Debate Goes On,” on page 312.

Mouse: Not So Mighty

In response to Gregg Williams’ editorial
("The New Generation of Human-
Engineered Software,” April, p. 6), the
mouse of Lisa, Visi On, and their pre-
decessor, the Xerox Star, is a truly
fascinating hardware device, and on those
few occasions that I have seen these
devices in use, | have been impressed. But
the mouse is not revolutfonary, and, as its

Circle 412 on inquiry card. ===
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" OPEN YOUR APPLETO A
WORI_D OF COMMUNICATION

Videx’ new PSI10 Dual Function . -
Interface Card gives you a whole’ .
new world of communication... . - .
with a whole new ease s ’
of operation. ™

‘ LI ¥ .
The PSIO allows you to use a Once youw've chosen your
printer (parallel output) = , & L] o options, the PSIO’s highly
Ind a modem (serial 'O ™ sophisticated NOVRAN
port) simultaneously, L (non-volatile RAM) will
through use of just one . 2 remember and perma-
card! But best of all, ® L nently save-them. That
the PSIO makes com- 4 means you won't have to
municating through o . . L give the same contig-
either method worlds ® urations over and over
easier than it's ever - again ... your PSIO will
been before. o do it for vou. And it you
The PSIO lets vou . - want to change those

configurations, you can
do it through software in-
stead of through the con-
fusing array of switches that
other cards use.
The PSIO will work with any:
printer/modem yvou now hap-
pentoown.. . and itwill work with
any printer/modem you happen to
purchase in the future. Adaptable?
Definitely!
The PSIO is. completely compatible wuth
BASIC, Pascal and CP/M® systems.

The PSIO from Videx...how in the world
LCARVOLL do. Wil ot't,?

choose from among
an unmatched range of
software-selectable
options, including vari-
able baud rate selection,
form width, form length,
auto linefeed, linefeed mask,
\on/Xoft protocol, lowercase
masking, shift wire mod support,
duplex mode, parity, data format,
video echo mode and a slot echo mode.
PSIO can also open up new worlds for
graphics, since it can reproduce your picture on
any graphics printer.’Rotate your picture, enlarge
it, change it as you wish.

897 N.W. Grant Avenue, Corvallis, OR 97330 503-758-0521 Apple is a registered trademark

Ay americanradiohisto om "____(?prpleComputerlnc.
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name suggests, it is really nothing more
than a rodent. Its functional predecessor
was the light pen. Some years ago, light
pens were fashionable devices for select-
ing a particular function, and they are still
in use. But displays attaching light pens
had to have an appropriate phosphor, and
they were not as easy to program as func-
tion keys. About the same time, touch-
sensitive screens were introduced, and
they are still used in applications such as
online catalogs in libraries; here, too,
however, programming appears to be the
chief stumbling block.

If the name of the game is "“ease of use,”
the industry would be far wiser to develop
touch-sensitive displays than mice.
Because a display has no moving parts, it
is likely to prove more durable than a
mouse. And a finger placed on a display
screen does not require additional desk
space, as a mouse does. If an executive
were having an office conference, don't
you think he might rather touch his screen
a couple of times than roll a mouse
around his desk pressing buttons on it?

There are, obviously, many considera-
tions at work in the development of new
products. My bet, simply stated, is that
the mouse is not a viable product. At best,
it will limp along like bubble memory.

John P. Rash

President

Acorn Data Ltd.

611 W. 111th St., Box 57
New York, NY 10025

The High Cost of Software

I certainly don't pretend to be in favor
of the theft of software, but I believe that
software piracy is being fought with the
wrong weapons. Perhaps software ven-
dors need to reevaluate their marketing
strategies. Simply keeping the price high
because the market appears willing to sup-
port it is both a greedy and naive ap-
proach.

Vendors are not solely to blame for
high prices. I believe that the average con-
sumer pays the exorbitant prices de-
manded because he simply does not know
the worth of a piece of software. If some-
one tried to sell that same person a text-
book for, say, $300, he would laugh. Yet
the textbook may easily represent more
hours of labor and may require more
years of experience on the subject area to
write. In addition, the book may not en-
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joy as large a market as a good piece of
software does.

I don't begrudge companies a fair pro-
fit, but I do object to exploitation. I think
that if anybody is being “ripped off” in
this industry it is we the consumers, not
the software companies. Perhaps they are
the pirates.

P. ]. Lenk
2505 David Ave.
Pacific Grove, CA 93950

New, Improved Complier

Jay Freeman's letter (April, p. 20) in
regard to Intel's FORTRAN-86 version 1.0
points up some known difficulties with
that past version of our compiler. The
release of the FORTRAN-86 Compiler,
version 2.1, that is currently being
shipped to customers corrects bugs found
in the previous version as well as provides
new features.

Kenneth A. Pomper
Development Systems Operation
Intel Corporation

3065 Bowers Ave.

Santa Clara, CA 95051

Algorithm Amended

I recently read Timothy G. Corrigan’s
“Add Dimensions to Your BASIC”
(March, p. 307). The idea of indexing
multidimensioned arrays with a single
dimension index is sound and useful.
However, the algorithm introduced is in
error. For instance, for a two-dimensional
array with a dimension X having a max-
imum index of XM, and Y having a max-
imum of YM, the formula given for the
index is

[=XXYM+Y

Considering X to be the row dimension
and Y to be the column dimension, you
can see that this formula produces indices
I from 0 to YM associated with the first
row (X = 0) of the matrix, as it should.
However, the next element I that is pro-
duced (for the second row, first column,
such that X = 1, and Y = 0) is also YM.
In every case, the formula repeats the last
index I for the last row element for the ele-
ment that is first in the next row. Ob-

WWWwW.americanradiohistorv.com

Now Attractive
Industrial Quality
Mainframes

Enclosures as low as
Dual LED Display szoo
Shock Mounted 6 Slot

Motherboard/Card Cage

PS-101 Power Supply

Power & Reset Switches, A/C Filter,
Fan, Etc.

SDS-S100-SL

8" Floppy Drive Enclosure/System
Special Lift Out Drive Rack

Fits all Regular and Slim-Line 8" Drives
Also Will Support 5-1/4" Hard Disk

SDS-5100-MFL

5-1/4" Floppy and/or Hard Drive
Enclosure/System

SDS-MF2 SDS-MIC

12 Slot SIOO Computer Chassis or
8" Hard Disk Cabinet

PS-101 Power Supply

This solid supply gives you the
capability of running any variety of
8" floppy or 5-174" floppy or hard disk
drive as well as provides power for a
tull SIOO0-Buss Motherboard.

Regulated:
8V @ 8 amp
+5V @ 5 amp
+12V @ 5 amp
424V @ 5 amp
-S5or -2V @ 1 amp

son v I ‘SIERRA DATA SCIENCES
Fresno, California/
Product Support Division

25700 First Street, Westlake, Ohio 44145
(216) 8921800 TELEX. 980131 WDMR

Unregulated:

+16V @ 1 amp
—16V @ 1 amp

Circie 355 on Inquiry card.
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On the Threshold

of 8-Bit Hyperspeed

At 8MHz, Sierra Data
Sciences’' new Z80 single-
board computers are the
first—and the fastest—
microcomputers in their

e Meets IEEE 696/5-100
Standards ¢ Z8OH (8 MHz)
Z80B (6MHz), or Z8OA
(4MHz), e 64K/128K*/
256K*/512K* bank-select-

class.

Under CP/M™ they perform like single
user minis. Teamed with networking
TurboDOS™ their 16-bit-buss-transfers
amaze the demanding 16-bit multiuser
world. And at Sierra Data’'s production-
oriented price, they bring an ever-
expanding universe of CP/M compatible
software into a whole new realm of price/
performance reality.

Solve your need for speed. Only a reliable
manufacturer with Sierra Data’s undisput-
ed technical lead and established reputa-
tion for support can deliver these fea-
tures—all on board our new slave/
satellite single-board computers:

SOFTWARE . SIERRA DATA SCIENCES
Fresno, California/
Product Support Division

25700 First St., Westlake, Ohio 44145
(216) 892-18CO TELEX: 980131 WDMR

able RAM in 4K incre-
ments ¢ High speed integer or Floating-
point math chip* e 2 Serial ports 2
Parallel ports ¢ 4 Counter timers ¢ 4K
CMOS cache buffer, buss addressable in
16-bit or 8-bit increments » 4K/8K/16K
EPROM e Operates under Sierra Data sup-
ported CP/M 22** CP/M 3.0** and
TurboDOQOS 12**

Make Sierra Data the hecn't of your ad-
vanced system or

discover one of %

Sierra Data’s cost- (1 '*“ €.

effective, turnkey "_} g f.«.
systems. Sierra \ s e e I o
Data’s single or ‘iv“““‘“u/; “’,'ﬁ",’- ‘
multiuser 20M ,,'[’ ) ”"'u :
byte hard disk m AL
system with 8 inch ““““‘-

slimline floppy-disk backup is shown
above. Other popular configurations are
shown on the previous page. Ask for Sierta
Data’s product catalog today.

*Optional
* *TurboDOS 15 a Registered Trademark of Software 2000 Inc.

°*CPM is a Registered Trademark of Digital Research
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If you guessed that a Practical
Peripherals Microbuffer™
printer buffer saves time,
you're right. For the way it
works, this inexpensive prod-
uct is the most practical addi-
tion to your microcomputer
system ever.

With Mierobuffer, you
don’t have to wait for your
printer to finish before you
resume using your computer.

Data is received and
stored at fast speeds, then
released from Microbuffer’s
memory to your printer.

This is called buffer-
ing. The more you print, the
more productive it makes your
workflow.

Depending on the ver-
sion of Microbuffer, these buf-
fering capacities range from a
useful 8K of random access
memory — big enough for
8,000 characters of storage —
up to a very large 256 K —
enough for 256,000 characters
of storage.
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Practical Peripherals
makes stand-alone Micro-
buffers for any computer and
printer combination, including
add-on units especially for
Apple IT computer and/or
Epson printers.

Each has different fea-
tures like graphics dumps and
text formatting besides its
buffering capabilities. You can
choose one that’s just right for
your system.

Best of all, they're built
to last and work exactly like
they’re supposed to.

If you're still guessing
whether you can afford to have
one, talk with any computér
dealer. That'’s the best way to
find out how practical a
Practical Peripherals
Microbuffer is.

PRACTICAL
PERIPHERALS

Practical Peripherals, Inc.
31245 La Baya Drive, Westlake Village.
California 91362, (213) 991-8200

Circle 319 on inquiry card.
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viously the index I must refer to a unique
array element to be of use. Perhaps an
even simpler way to show that the for-
mula is in error is to consider the two-
dimensional problem of a 10(X = 0 to 9)
by S(Y = 0 to 4) array, for which Cor-
rigan provided a BASIC program. You
can immediately see that the maximum I
obtainable from the prescribed formula
occurs when X and Y are maximum and is
40, yet there are 50 elements in the array.
The corresponding correct formula for the
two-dimensional case is

I=XXYYM+1) +Y

The algorithm can be extended to a
third dimension, Z, by modifying the pro-
cedure described by Corrigan. You must
enclose the two-dimensional expression
for I in parentheses and multiply by 1 plus
the maximum value of Z, ZM, and add Z
as

I=XX(YYM+1+Y) X
(ZM + 1)+ Z

This same algorithm can be used for any
number of array dimensions just by re-

peating the process.

In addition, it might be mentioned that
in many applications, especially in
statistics, many square two-dimensional
matrices that are encountered are sym-
metric, that is, the same elements are con-
tained above and below the diagonal. An
example is an intercorrelation matrix,
which expresses the degrees of relation-
ship between all possible pairs of
variables. Traditional statistical software
for mainframes has ignored this fact and
stored the whole redundant array in
memory; there was plenty of memory to
spare. With matrices of even modest size,
this is undesirable with the limited RAM
available to most microcomputers. An in-
dex similar to that introduced above can
be created to index only the nonredun-
dant information in such a matrix. Again,
assuming X as the row dimension and Y as
the column dimension, the appropriate
two-dimensional formula is

[=XXX+1)/2+Y
Using this formula, the appropriate in-

dices will be created for all the elements of
the “bottom” nonredundant portion of

such a square symmetric matrix.

John D. Morris, Associate Professor
Box 8143

Educational Leadership & Research
Georgia Southern College
Statesboro, GA 30458

“A More Powerful Pencll””

In his letter on “the myth of computer
literacy” (March, p. 16), Dr. E.].
Neiburger hit the nail right on the head.
One of the nails, that is. There are several
more nails to be hit before we hammer
down the lid on this argument.

In one basic sense Dr. Neiburger is
totally right. If you want to use a com-
puter for certain strictly defined, limited
applications, you need know nothing
more than how to turn it on, load the pro-
grams, and follow the prompts on the
screen. If all you ever intend to use a com-
puter for is these predefined applications,
then there is no such thing as computer
literacy. To fill out a form you need to
know how to read and write but not how

AZTEC C — ' C ' PROGRAM DEVELOPMENT SYSTEM

Shipping: COD, 2nd day delivery, or Canada, add $5. Canada 2nd day or US next
day delivery, add $20. Qutside North America, add $20, and for 2nd day add $75
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Teach your
computer
= -who's BOSSI

Attend adBasellor 1-2-3
SoftwareBanc Seminar

Here are just a few of SoftwareBanc Seminars’ clients:
ABC Digital Research Price Waternouse
Arthur Anderson Dunn & Bradstreet RCA
Boeing Aerospace E.F. Hutton Shell Oil
CBS Fox & Geller Smithsonian Institute
Chase Manhattan Bank IBM US. Air Force
Citibank Internal Revenue Service  U.S. Navy
Computerland Laventhol & Horwath UsS. Postal Service
Cornell University Mernill Lynch Victor Business Products
Digital Equipment Corp.  Osborne Computer Corp.  Westinghouse
Polaroid Corp. Xerox

1983 Schedule of Classes
Anchorage New York Dallas

August 11-12 September 19-23 November 14-18
ADAM B. GREEN Sheraton Anchorage New York Hilton AMFAC

Washington, D.C. Chicago San Diego
August 29-September 2 October 17-21 December 12-16
Marriott Crystal Gateway  Hyatt Regency Hyatt islandia

4 Days of Instruction

9:00 A.M. to 5:00 P.M.
dBASE Il Fundamentals
dBASE Il Programming
Advanced dBASE |l
Problem Solving with 1-2-3

State of the Art Presentation

* Video and sound system * Buffet Lunch/Coffee Breaks
* Video tapes of program authors ¢ Portfolio of Comprehensive
Seminar Notes

Taught by the nation’s leading
dBASE Il expert, Adam B. Green,
whose dBASE Il User's Guide

has sold over 30,000 copies. MasterCard, VISA or Check.
“Green doesn’t just teach dBASE Call or write to register

$175 Per Day of Instruction
Pre-payment may be made: by:

syntax, he establishes the
fundamental terminology and
organization behind data-base
management systems.”’

dNEWS - Ashton-Tate

SoftwareBanc Seminars
661 Massachusetts Avenue
Arlington, MA 02174

(800) 451-2502
(617)641-1241 in MA
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Szkata COLOR MONITORS

... We promise performance

NOW you can obtain the finest quality line of CRT DISPLAY
MONITORS at prices far below competition, (if there is any) BUT,
with unsurpassed quality found in more expensive CRT MONITORS.
lllustrated 13" COLOR Model SC-300 is super high resolution—RGB
video input—with every quality feature you'd expect and demand;
compatible with IBM, APPLE, ATARI 800, NEC and other fine
personal, popular computers. The modern design will sell itself on

sight and the splendid performance will
meet your most discriminating
requirements.

Also available: Model SG-1000. .. 12"
monochrome, high resolution CRT
MONITOR. Model SC-100. .. 13"
composite COLOR CRT MONITOR.
Model SC-200. .. 13" RGB high
resolution COLOR CRT MONITOR.

SAKATA CRT MONITORS are available
wherever personal computers are sold
. or, write for technical, illustrated

literature and prices.

SAKATA U.S.A. CORPORATION
651 Bonnie Lane
Elk Grove Village, IL 60007

(312) 593-32117800-323-6647 (outside Illinois)

"SAKATA . . . serving industry
worldwide . . . since 1896"
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SAKATA SC-300
COMPATIBILITY CHART

COMPUTER §C-300 COLOR
APPLE NI v
APPLE Il v
ATARI-800
COMMODORE-64
1BM-PC v
NEC-PC v
OSBOANE
T1-99
VIC-20
NOTE: ON CERTAIN COMPUTERS ADAPTER
CABLE REQUIRED.

Clrcle 348 on Inquliry card.
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to think. Using a computer only for pre-
defined applications is similar to filling
out forms.

I think that using a microcomputer this
way misses the whole point of the per-
sonal computer “revolution.” In consider-
ing personal computers, 1 prefer the
analogy of pencil literacy to telephone
literacy. Intrinsically the pencil is one of
the simplest of human artifacts, and yet it
takes great skill and creativity to realize
the full potential of a pencil as a personal
tool. With a pencil I can write, draw, cal-
culate, communicate, and remember. The
things [ can do with a pencil are limited to
what [ can imagine and the skill I have in
carrying through my imaginings. A per-
sonal computer for me is a more powerful
pencil.

My point is that there is such a thing as
computer literacy. I don't propose that to
be computer literate all of us need to
become programmers. I do believe that
we need to learn to understand the scope
of the tool we are dealing with and how to
use it creatively, not by rote. And to “use”
means just that, to invest the time and ef-
fort to learn the commands and pro-
cedures of packages such as database-
management systems, spreadsheets, and
word processors.

Computer literacy means learning how
to use and exploit the tool that a personal
computer is. If you use your pencil just to
copy over the accounts, you'll be the
clerk, not the boss. The same is true with
a personal computer.

Douglas F. Yriart
1005 Bayview Overlook
Stafford, VA 22554

Are Computers Like
Telephones?

Dr. Neiburger's contention that com-
puter literacy is overrated (Letters col-
umn, March, p. 16) is well taken and
almost convincing. Those of us who work
with microcomputers and spend a lot of
time thinking about them do seem to be
caught up in an imbroglio of expensive
gadgetry and words that have capital let-
ters stuck oddly in their middles. Like any
new toy, personal computers have been
subject to an intense media hype that
tends to throw the whole issue out of
perspective.

But computers aren't like telephones at
all, and to reduce operating a computer to
merely turning it on and following the in-

Circle 354 on Inquiry card. s
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WAS JUST SHATTERED!

256 K b Vte Floppies are ok for data transfer or long-term

- pm = ~ storage. But they fall far short as online storage.
sem 'D I s k ' ' If you are using high level languages, spelling
: B . checkers, word processors, databases and other
; A2 disk-intensive software, you know the price you
are paying: time. Your productivity is going down

the drain. The SemiDisk disk emulator will save
¥ time and increase your productivity.

more than a year, we've been making the
d&a\'bced disk emulator available for micro-
» ' 'Ms taken the “waiting”

have sc : .' 'Even better, Release 5.0 of the SemiDisk QPAM*BQ
g JL[l'\stallatlon software contains SemiSpool, an

@uiomatlc printer buffer. No extra hardware is
- required; it's all in the software. Up to 8 Mb!te$ of
er 'pacef Its a better gqluﬁ‘clﬂ ana $3§0'-

NO WAITING
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structions on the screen is a gross over-
simplification. If this were the only trick,
there would be no manufacturers’ support
services, no user groups, no manuals to
teach us how to read our manuals. Even a
novice should have some insight into the
workings of the machine, and that means
getting a sense of the mathematical and
electrical properties involved and learning
the terms that describe them. A user who
seeks only to snap the disk into the drive
and have his or her problems magically
solved will probably never feel confident
about the computer or use it creatively.

Many people view computers with
skepticism and deny their usefulness—at
one time or another we've all received
someone else’s bank statement. But when
a computer is working properly it can
help enormously. When it is not working
properly, it is better if the person punch-
ing the keys has a vague idea of how to
clean up the mess.

Terry Nasta

Senior Editor
Computing Physician
515 Madison Ave.
New York, NY 10022

E. ]. Neiburger replies:

Mr. Nasta’s comments on my letter are
well taken. It is true that many computer
systems and software are not as easy to
operate as a telephone, but that is due to
poor design or equipment limitations
(lack of memory for help screens, etc.).

The telephone is a complicated instru-
ment with many buttons, signal tones,
and series of numbers to be dialed (try a
long-distance number through MCI). But
the telephone is easy to use because its use
is easy to understand. Even 3-year-old
children routinely use them. My point is
that a well-designed computer and pro-
gram are also easy to use. Take a
templated Visicalc type of program, for
example. Load your disk, turn on your
computer, and fill in the requested blanks
when they appear on the screen. There is
no problem with this “user friendly” type
of program. You need not be “computer
literate” to use it. Visicalc may require
knowledge of a few commands gleaned
from reading a manual, but no big effort.

Conversely, many programs may re-
quire considerable effort in order to run,
but this problem can usually be solved
with better programming and design.

GET FULL VALUE

FROM YOUR VICTOR 9000™

with the

UCSD p-SYSTEM™ IV.1

Get the most from your VICTOR
9000 as well as from your software
development efforts. The power
and portabillty of the UCSD
p-System Is available for the
VICTOR 9000 from TDI.

The Standard Development
System Includes:
o Full Screen Editor, Filer,
Assembler and other Utilities
® The UCSD Pascal Complier
o Native Code Generator
® Ram Disk Support Above
128K
o Turtlegraphics -full use
of VICTOR screen
(800 x 400)
® Complete documentation

Options:

® Fortran 77 and Basic compilers
® Hard disk support

TDI SYSTEMS, INC
620 HUNGERFORD DR.
ROCKVILLE, MD 20850

(301) 340-8700

TDI LIMITED

29 ALMA VALE RD.
BRISTOL, U.K. BS8 2HL
0272 742 796

SUPPORT

VICTOR 9000 Is a trademark of VICTOR TECHNOLOGIES, INC.

UCSD p-SYSTEM and UCSD PASCAL are trademarks of the Regents of the Univarsity of Callfornla
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With rare exceptions, | believe that a
truly good program and computer system
should not require any complicated
manuals or other documentation. Like the
telephone, it should be designed to func-
tion well in the hands of the novice. Those
firms that develop systems along this line
will thrive. Those that hide their deficien-
cies under the buzzword ‘“computer
literacy” will fail.

Double-sided Recording with
Perpendicular Medla

“The Promise of Perpendicular
Magnetic Recording” by Clark E. Johnson
Jr. (March, p. 56) contains serious omis-
sions and errors of fact.

Johnson did not mention the fact that
“double-sided” recording is meaningless
with perpendicular recording because the
recording magnetic field necessarily passes
through the medium. Of course, the in-
creased density made possible with
perpendicular recording makes double-
sided recording less advantageous. Never-
theless, the disadvantages of double-sided
recording are still present and may be
magnified.

Most prominent of these presumed dis-
advantages is the fact that the read/write
head, instead of being one small compo-
nent, must have two parts, on opposite
sides of the medium, and that these two
parts must always be accurately aligned.
This condition is desirable but not indis-
pensable with double-sided longitudinal
recording. Furthermore, the length of the
magnetic flux lines, which must always
form a closed loop, is vastly greater with
perpendicular recording because the lines
must pass around the edge of the medium
rather than remain within the head and its
supporting structure. These long flux lines
require low magnetic reluctance in the ac-
cess mechanism to enable the detecting
circuits to pick up the changes in magnetic
flux when reading and to enable the drive
circuits to generate appropriate signals
when writing.

Johnson also mentioned the possibility
of using perpendicular recording of audio

signals and the applicability of data com-

pression to such recordings. That may be
true, but his example betrays a gross un-
familiarity with musical quality. He asks,
“Why record all 800,000 bits of data for a
soprano who sustains the same note for an
entire second?” The question is, what con-
stitutes the “same” note? All vocalists and
many instrumentalists—notably violins
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The IMS Computer Family

O 50005X/80005X

The SX table top computer systems are the ideal choice for
companies with expansion in mind. These systems are
easily expandable from one to eight users, each having his
own Microprocessor, 64K of memory, and local peripheral
control.

© The 5000SX chassis has three full width 5% inch Floppy/
Winchester slots available. Winchesters from 6.3 MByte to
19.2 MByte require one full width slot each. Floppies from
500 KBytes to 1.0 MBytes of storage require ' slot per drive.
© The 8000SX chassis has two full width 8 inch Floppy/
Winchester slots available with the added capacity to house
a magnetic tape bulk memory subsystem. Winchesters from
6.3 to 85 MByte storage require one full width slot each and
1.6 MByte Floppies require 2 slot per drive.

® 8000S “MAXIMA”

The IMS 8000S “MAXIMA” Computer system is designed for
the company where many people must have access to a large
common pool of information. Basically the system configu-
ration of the 8000S is similar to that of the SX Table Top
system with the added capability to support up to 16 users
each with his own Microprocessor and 64K of memory. The
8000S has five full width 8" Floppy/Winchester slots
available supporting any combination of full width Win-
chesters and ‘4 width Floppies plus a magnetic tape bulk
memory subsystem,

Circle 202 on inquiry card.

All IMS systems can be configured with 8 bit or 16 bit microprocessors.

® 50001S - “The Desktop Mainframe"

From the crystal clear monitor with a true typist keyboard to
the high performance power supply—the 5000IS is the most
versatile integrated system available—best of all, the
5000IS can serve as the host processor of a multi-user,
multiprocessing system supporting four users.

@ IMS “ULTIMA” Terminal

The “ULTIMA” CRT Terminal has a separate microprocessor
for each of its major functions: Local Intelligence, Screen
and Keyboard Control. It can be customized to perform
functions the others don’t even talk about. The contoured
keyboard has a touch the best typist will really appreciate.

@ Portable Cartridge Tape Back Up Unit

The IMS Stand Alone Tape Data Storage and Retrieval
Subsystem may be added to any IMS system.

To compliment the best microcomputers available, IMS
supplies a complete and comprehensive set of business
application software.

For complete information and specifications =

plus the location of your nearby IMS

International dealer, call or write today! ‘

(702) 883-7611 INTERNATIONAL

Telex 910-395-6051

2800 Lockheed Way, Carson City, Nevada 89701 @
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and other stringed instruments—in-
troduce tiny changes of pitch and not-so-
tiny changes in volume when sustaining a
note. These modulations constitute the
difference between a musical note and a
steam whistle. Anyone listening to a per-
formance by a would-be musician who
does not use them finds the experience
rather unpleasant. A recording of a per-
formance would necessarily include these
modulations, making the compression of
data considerably more complicated than
Johnson implies, if not impossible.

Wallace B. Riley
309 Garces Dr.
San Francisco, CA 94132

Clark E. Johnson replies:

Contrary to the opinion Riley expressed
in his letter, double-sided recording with
perpendicular media is not only fairly
straightforward but easy to implement in
a practical configuration. We at Vertimag
use a single-sided, single-pole head shim
that provides the advantages of the
Iwasaki single-pole, double-sided ap-
proach but mounts in a standard floppy-

disk head button configuration. The flux
from the record/write thin film travels
through the perpendicular storage media,
through the permalloy back layer, and
returns through a massive ferrite piece
that connects to the shim. No alignment is
required other than the normal azimuth
restrictions of high-density recording.

With such a head configuration in a
96-turns-per-inch disk drive using 50 turns
at a standard disk-drive speed of 300 rpm
and using our own double-layer media,
we have a read-back signal of approx-
imately 1 millivolt peak-to-peak. This
signal, at 30,000 bits per inch, exceeds that
from particulate media at one-fifth the
density.

With regard to the application of per-
pendicular recording technology to audio
applications, I did not intend to imply the
elimination of redundancy, as Riley in-
ferred. Because perpendicular recording in
its most efficient implementation uses
saturation recording, one can obtain ex-
traordinarily high signal-to-noise ratios
by pulse with modulation—what is essen-
tially a binary digital signal. The quan-
tization of the audio signal (equivalent to

the number of bits in a conventional
digital audio system) is limited only by the
atomic columnar structure of the media
itself. This limitation is equivalent to ap-
proximately 400,000 bits per inch.

Information Hiding

First it was hacking, then structured
programming, and now information
hiding. As a programmer who has out-
grown the need to produce arcane works
of twisted genius, I can appreciate the in-
novations that facilitate ease of implemen-
tation and maintenance. When I see an ar-
ticle like “Information Hiding: A Brief Ex-
ample” (April, p. 442) ['m gratified by the
thought that such techniques will free pro-
grammers to create useful, higher-quality
software. While our early methodology
was justified by slow processors, small
memories, and inefficient mass-storage
devices, the new machines’ capabilities
might never be realized if we were to con-
tinue so clumsily. I hope BYTE will con-
tinue to cater to the growing number of us

JUST SAY THE PASSWORD™
TO GET 1200 BAUD,
PROGRAMMABLE AUTO DIAL, FOR $449*

* 300/1200 Baud

* Auto Dial, Telpac™ software available

* Full or Half Duplex
¢ Audio Phone Line Monitor
* Two-Year Limited Warranty

Password™ is the new USR™ friendly mo-
dem, designed for use with any small
computer on the market today. We have
compressed into its miniature (shown ac-
tual size) case every operating feature for
unattended high speed telecomputing. With
auto dial/answer and auto mode/speed se-
lectthere islittle to dobut turnit on.So com-
pact it mounts on the computer with
Velcro®; when you carry your computer you
can pocket your Password. So brilliantly
conceived it achieves all this with just 12
tiny integrated circuits (a presage of long
trouble-free service). If your dealer doesn’t
know the Password yet, write or call for com-
plete specifications.
*Suggested list for Password complele with power, phone.
:?552 interface cables. TelpacTM software optionalextra,

Password, Telpac. USR logo and the U.S. Robotics corporate name
are all trademarks of U.S. Robotics Inc.

™ US. ROBOTICS INC™
1123 WEST WASHINGTON
CHICAGO, ILLINOIS 60607
(312) 733-0497
Circle 402 on inquiry card.



www.americanradiohistory.com

Your desk-top computer system is only a
beginning — plug a low-cost UDS modem
into the RS-232 port and a whole new world
of communications opens up!

UDS modems add a new dimension to
personal computers. For professional use, a
modem permits two-way, hard-copy communi-
cation between home office and branches or
among the branches themselves. Electronic mail becomes
a reality. Sales, cost and inventory updates can be sent
over ordinary telephone lines at economical, after-hours
rates.

When you use your computer for personal applica-
tions, the modem allows you to access up-to-date market
information, receive news and weather summaries, check
airline schedules or even electronically scan out-of-town
newspapers. Long-distance game playing and computer-
age personal correspondence become instant realities.

The wide range of UDS modems includes one that fits
your requirement perfectly. Top of the line is the micro-
processor-based 212 A/D which communicates at 0-300 or
1200 bps, stores and automatically dials up to five 30-digit
numbers and includes a complete prompting menu and full

Created by Dayner/Hali, inc., Winter Park, Florida

automatic test capabilities. Yet, with

all these features, it costs only $745.

At the other extreme is the $145

103 LP, offering simultaneous two-way

communications at 0-300bps without an

AC power cord. This unit siphons operating
energy directly from the telephone line!

In between is a large variety of units — many of them
in the LP no-power-supply design and all fully FCC certified
for direct connection to the telephone system.

Don’t be a computer hermit — treat your system to a
UDS modem; then you can reach out and byte someone! For
details, contact your favorite computer dealer or Universal
Data Systems, 5000 Bradford Drive, Huntsville, AL 35805.
Telephone 205/837-8100.

Universal Data Systems

@ MOTOROLA INC.
information Systems Group

Circle 408 on inquiry card.
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PROCESS
CONTROL

(TAURUS ONE) + (YOUR PC) = (PROCESS CONTROL SYSTEM)

Now a new micro computer based data acquisition and
control front end that gives you:—

Power that's easy to use:— Plugs into any
RS232C, RS422, or IEEE 488 port on your
Personal Computer ¢ Powerful Command
functions that include: simple reads and
writes, high speed block analog reads.
pulse counting, frequency, change of
state detection, direct thermocouple
input, and more ¢ Results in engineer-
ing units e Convenient screw termi-
nal panels ¢ Compatible isolated
AC/DC 3 amp switchers and
isolated input sensing ®

Power that's easy to cost iwy:—/
A full range of input output [
modules provide: 12 bit
analog inputs with 4
programmable
ranges for inputs
from * 10mV to
+ 10V, digital [/O, \
counters, pulse output,§
12 bit analog output,
4-20 MA input/output,
thermocouples ® Stand
alone mode with direct
terminal support ¢ Remote
operation ¢ Communicates
simultaneously to

three computers o

Internal diagnostics e

Power that's easy to expand:— Plug

in expansion to 1024 points e User memory

allows downline load of user written functions

and programs ¢ EPROM space for special user

functions ¢ Rack mount hardware available for all optionse

TAURUS ONE

Write or call for more information to: IN U.S.A. IN CANADA
CIO LM.S. P.O. BOX 911
COMPUTER  Ioiotws  smonu
BUFFALO, N.Y. . .
PRODUCTS 14203 M8Z 5P$
INC (603) 673-6662 (613) 226-5361
D) TELEX: 053-3577
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who implement the clearer design
strategies.

Rudy Smith
4601 Southwest 58 Ave.
Miami, FL 33155

Mass Storage for Apple Writer

An undocumented feature in the new
version of Apple Writer for the Apple Ile
makes it possible to use a Corvus mass-
storage device. Here are the necessary
steps:

. Place the Corvus controller card in
Apple Ile slot 6.

. Place the Disk II controller card in slot
7.

. Turn the Apple Ile on and press the C
key once while the system is booting
up.

. A prompt will appear: “ENABLE
CORVUS IN SLOT 6 (Y/N) :”; press Y
and RETURN.

Steps 3 and 4 are carried out each time
the system is turned on. These steps allow
Apple Writer Ile to work with a Corvus
drive that has been formatted with DOS
3.3 volumes.

Paul Lutus, President
Walden Software Inc.
2021 Placer Rd.

Sunny Valley, OR 97497m

BYTE's Bits

Electronic Help-Wanted
Comes to Valley

Connexions, the electronics industry’s
two-way, online help-wanted publication,
has expanded its operations from the East
Coast to California’s Silicon Valley. This
service lets recruiters post job openings
and prescreen applicants while offering
job hunters a comprehensive list of cur-
rent career opportunities that they can re-
spond to electronically with a resume and
a cover letter. Further details are available
from Connexions, 20863 Stevens Creek
Blvd., Cupertino, CA 95014, (408) 252-
7882. The East Coast headquarters for
Connexions is located at 55 Wheeler St.,
Cambridge, MA 02138, (617) 492-1690.8
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Weéve got a hit onthe charts.

One picture is worth a
thousand words. Or numbers.

Now there’s a simple way to
transform pages and pages of
business data into a single,
dramatic format.

Introducing DR Graph™—high
quality business graphics soft-
ware from Digital Research™ It
lets you create impressive
business charts, graphs, or any
combination of both—quickly
and easily. You can even build
graphs from electronic spread-
sheets such as VisiCalc® and
SuperCalc™

See what you're creating,
instantly.

Think of it as painting by
numbers. Because DR Graph actu-
ally lets you create your graph
step-by-step.

First, enter the data you wish
illustrated. Then just choose from
the menu, hit a key, and take a
quick look at what you've created
—instantly.

Make your axes thick, your
border lines thin. Go with solid,
or broken grid lines. Add color
when and wherever you please
for all your special reports. It's
easy to experiment until the
graph format is perfect. Then DR
Graph can print it, plot it, or
store it for future use.

You get the versatility
you need.

DR Graph lets you convert
business data into dozens of

Mudtiple graphs on a single page

Combine bar and line graphs with a simple
eystroke.

Pie charts with exploding slices add impact.

Create clustered bar graphs.

Tap a key and vertical bars turn horizontal.

DIGITAL
RESEARCH'

The best of everything in business graphics.

personalized choices. Do you like
your bars vertical or horizontal,
stacked or clustered? How about
adding line curves to your bar
graph? Or special labels on the
axis? With DR Graph, you've
got it. All with the simple stroke
of a key. DR Graph even displays
up to four different graphs on a
single page.

Mix words with your pictures.

DR Graph lets you write
comments on your graphs, too.
You not only control the size
and color of the type, but also
have four different typestyles to
choose from. Write your own
legends and titles. Or add addi-
tional text right onto the graph—
exactly where you want it.

Plus, its 8 color and 6 pattern fills
provide customized highlighting.
So, your presentation graphs

will be as professional as you are.

All the business graphics
you'll ever need, ready to roll.

DR Graph works with today’s
leading microcomputers, as well
as with a wide range of printers
and plotters. All you need is
Digital Research’s GSX™ graphics
enhancement for your computer’s
operating system. Contact your
computer manufacturer, or stop
by the CP/M Library™ at your
computer shop for an eye-
opening demonstration. Call
800-227-1617, ext. 400 (in Cali-
fornia 800-772-3545, ext. 400)
for a free, full-color brochure.

VisiCalc is a registered trademark of VisiCorp. SuperCalc is a trademark of SORCIM Corporation.
The logo, tagline, DR Graph, GSX and CP/M Library are either trademarks or registered trademarks of Digital Research Inc. ©1983 Digital Research Inc.
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Build a Power-Line
Carrier-Current Modem

Communicate using electrical power wiring

"Jiggle the printer cable, Jeanette.”

My assistant reached through the
rat’s nest of wires behind the com-
puter and grabbed the one connected
to the printer. As she moved it, I
identified its other end from my
cramped vantage point beneath the
workbench and pulled it through a
slot to attach it to my latest project.
I was glad that what we were doing
would keep us from having to run
cables around the Circuit Cellar so
often.

I have long had video terminals,
printers, and other data-communicat-
ing equipment located at various
places in the Circuit Cellar and
around the upper stories of my home
(see reference 3). Eventually the pain
of rerouting cables whenever [ moved
a peripheral device got to me, so
about a year ago I designed a com-
munication system that would save
having to string new wires every
time. My system revolved around a
carrier-current modem, which operates
in much the same manner as the
familiar telephone modem but sends
its signals over electrical power wir-
ing instead of over a telephone line.

After I pressed the carrier-current
modems into service (with a little

Copyright © 1983 Steven A. Ciarcia.
All rights reserved.
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help), they served faithfully and I
turned my attention to other projects,
some of which have appeared in this
column. But as of late more and more
of my readers have written to me ask-
ing for help on how to send data
through the AC power line. Ap-
parently the widespread use of and
media attention to the BSR X-10
Home Control System and similar
products have given many people the
idea of using the generally unex-
ploited carrier-current modem for
communication. Indeed, about five
years ago I published a project on
building a remote-control system that
communicated through the AC
power wiring of a building (see
reference 4). It worked very much
like the BSR X-10 as a carrier-current
remote controller.

I hesitated to present the carrier-
current modem as a Circuit Cellar
project until now because I feel there
is more to general-purpose carrier-
current communication than meets
the eye.

Simple on/off remote control is dif-
ferent. In most control applications,
the communication is generally half-
duplex or simplex; the transmission
is limited to an intermittent tone or
pulse burst that merely triggers a
specific receiver into a binary control
state. If the receiver is not activated
properly by a single transmission

www americanradiohistorv com

because of interference, it's easy to
send the control burst more than
once. (Many computer control sys-
tems that use the BSR X-10 receivers
send the same control code 10 times
to make sure it is received.) But in
general-purpose serial data commu-
nication, proper reception of every bit
may be necessary, and errors in
reception of the data may negate the
usefulness of carrier-current
operation.

To successfully use a carrier-current
modem and the AC power wiring for
data communication, we must either
tolerate a dropped bit now and then
or implement an intelligent protocol
of error checking, redundant trans-
mission, and handshaking. A really
dependable power-line communica-
tion system has the physical link (AC-
line transmission and reception) as
only one of its components.

I was going to wait until I had
perfected the control and error-
checking protocols for use with the
carrier-current modem, but the in-
creasing interest indicated by my mail
suggested that many experimenters
might benefit from building a simple
carrier-current modem; at least the
physical part of the connection could
be set up, even if the protocols and
software are not ready.

This month'’s project, a modem for
data communciation using the AC
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Photo 1: Prototype of the Circuit Cellar CCM-1 carrier-current modem, which transmits serial data over the AC power line at 1200 bits
per second. When in originate mode, the modem transmits mark signals at 90 kHz and space signals at 95 kHz; the answer mode transmits
marks at 80 kHz and spaces at 85 kHz. The receive unit, shown here, differs from the transmit unit only in the frequency-selecting passive
components.

power line, is mostly an analog cir-
cuit. Successful operation of the
modem, therefore, depends much
more on tweaking and tuning the
components than do digital com-
puter-related projects. I am present-
ing this two-chip modem chiefly to
discuss the principles involved, with
some emphasis on selecting com-
ponents for this application. Because
the principles are susceptible to
broad application, this knowledge
should also be useful in understand-
ing other modem designs as well.

All Modems Are Not Alike

The modem, named after a con-
traction of the words “modulator”
and “demodulator,” is a fairly com-
mon piece of computer equipment.
You've probably seen modems built
for sending data over telephone lines,
and you may have read my March
Circuit Cellar article about a low-cost

modem (see reference 2). A modem
allows two pieces of digital equip-
ment to communicate with each
other over long distances without
having a direct hard-wired connec-
tion between them. With a telephone
modem, the telephone lines form the
communication path.

Modems of the usual type translate
the voltage levels of the digital input
signal (usually RS-232C levels) to
tones at two frequencies, one of
which signifies a logic 0, the other, a
logic 1. The process of shifting the
frequency of the output tone as the
logic levels change is called frequency-
shift keying, and the modems are
called frequency-shift keyed, or FSK,
modems.

To allow communication in two dir-
ections at once (full-duplex mode),
rather than in only one (half-duplex),
two pairs of frequencies are used,
avoiding conflict when both ends of

www americanradiohistorvy com

the connection talk at the same time.
(By convention, one pair of tones is
called the “originate” set, and the
other is called the “answer” set. The
two terms merely signify which set
of frequencies each unit is using; no
implication is intended regarding the
content or origin of the data itself.)
For compatibility, modems are built
to adhere to certain standards of op-
eration; the most common system in
North America for low-speed
modems was first used in the Bell
System’s Model 103 modem, so
Bell-103-type modems abound.

Carrier-Current Systems

The AC power line is similar in
some respects to the telphone line.
One similarity is clear: we can send
data through the power line by using
an FSK modem.

Obviously, in addition to the data
we want to transmit, the power lines
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Figure 1: Block diagram of a data-communication system employing carrier-current modems. The AC power wiring of the building is used
to carry the frequency-shift-keyed transmission.

must continue to carry power or we
won't be able to operate the computer
equipment. The carrier-current com-
munication system superimposes a
high-frequency signal on the 60-Hz
power-carrying signal. On an oscillo-
scope, this is viewed as an additional
small voltage carried on or riding
atop the 115V (volt) alternating cur-
‘rent. At the receiving end, the
modem filters out the 60-Hz signal
and any other noise components on
the power line, demodulating only
the transmitted frequency. Unfor-
tunately, the power line sometimes
has an impedance less than 2 ohms,
along with thousand-volt noise
spikes that make it a hazardous en-
vironment and a less-than-optimal
communication medium.

There is a price to be paid for the
simplicity of this communication sys-
tem. Unlike the complex digital car-
rier-current systems, which transmit
around the zero-crossing interval of
the power signal, the analog FSK
carrier-current modems are more
sensitive to line peculiarities and
noise. However, the digital species is
much more complex, and after all,
my intention was to present a build-
it-yourself project. Learning a little
black art for the sake of simplicity
can't hurt.

Carrier-Current Modem Circuit

Figure 1 is the block diagram of a
carrier-current modem, which con-
sists of three basic components: mod-
ulator/driver, amplifier/demodulator,
and AC-line coupler. The simplest
usable system consists of two
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modems, one attached to each of two
pieces of data-communicating equip-
ment. One of the two modem:s is ar-
bitrarily designated as the originating
modem and the other as the answer-
ing modem. As in the case of tele-
phone communication, two sets of
FSK frequencies are defined, al-
though the power-line modems
operate at much higher frequencies
than the telephone-line type. The
connections from the communicating
equipment to the modulator and
demodulator on each modem are
through an RS-232C DB-25 connec-
tor. The driver and amplifier sections
are in turn connected to the AC line
through the coupler, the crucial
component.

In a direct-connect telephone
modem, the coupler is usually a
600-ohm isolation transformer, and
the characteristics of the line are well
defined. But in a carrier-current
modem, the coupling transformer is
very often a tuned circuit selected to
resonate within the passband of the
FSK tones to improve the signal-to-
noise ratio in this particularly noisy
environment. While tuned couplers
are not aways used, most carrier-
current driver circuits do employ
them to increase the transmission
range and receiver selectivity. For
most experimenters, the driver and
coupler are the hardest sections to
construct because so much depends
on selecting, balancing, and ad-
justing the components.

Taming the AC Line
Figure 2 shows two typical carrier-
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current driver-coupler circuits. Both
consist of a transformer capacitively
isolated from the AC line; 0.22-uF
(microfarad) 600V capacitors are rec-
ommended. Any 0.1-mH (millihenry)
slug-tuned transformer will probably
work, but I have had best success
with standard low-Q (low-resonance)
miniature IF (intermediate-fre-
quency) transformers used in tran-
sistor radios. In practice, the circuit
of figure 2b is less sensitive to com-
ponent selection and more easily
tuned.

If you have any doubts about
whether a particular transformer will
work, a few brute-force tests can help
you tame the AC line and give you
the confidence to build the rest of the
modem circuit. Just remember that
working directly with the AC power line
is dangerous if you aren’t careful.

Begin by building two couplers,
one driver, and one receiver, using
the component values and circuit
layout in the schematic diagram of
figure 3. (I'll get around to discussing
it shortly.) Temporarily apply power
to the driver section and attach it
(carefully!) through its coupler to the
AC line. The receiver should be
powered and connected through its
coupler across the AC line at some
other nearby location.

Use an oscilloscope (connected to
the AC line through an isolation
transformer for safety) to monitor the
signal present across the secondary
coil of the receiver transformer (or
from the collector of transistor Q2 to
ground), while you inject a signal for
transmission using a sine-wave func-
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Figure 2: Two possible schemes for coupling the modulator/driver portion of the carrier-current
modem to the AC line. The circuit of figure 2b is the more stable.

tion generator attached to the base of
the driver transistor, Q1. Sweep the
frequency between 50 kHz and 150
kHz until you detect the same fre-
quency (at greater than 10 mV [milli-
volts)) at the receiver. Take care that
you are receiving the fundamental
frequency and not a harmonic. Don't
be too surprised at the strange elec-
trical noise you'll no doubt observe.

You can shift the detection band
somewhat by adjusting the tuning
slug in and out of the transformer
windings or by changing the capaci-
tor across the transformer secondary.
The objective is to find the frequen-
cy band where the signal level at the
receiver is highest. The band should
be about 20 kHz wide; the frequen-
cy can go as high as 300 kHz (the up-
per frequency limit of the demodu-
lator) if necessary.

In my case the best results were ob-
tained between 80 kHz and 100 kHz,
so I arbitrarily set two originate and
answer frequency pairs within this
band. One modem transmits on 90
and 95 kHz and receives on 80 and
85 kHz; conversely, the other modem
transmits on 80 and 85 kHz and re-
ceives on 90 and 95 kHz. In a simple
system, any originate and answer fre-
quency pairs that work are acceptable
because each frequency pair has its
own tuned coupler. I recommend
that the frequency separation be-
tween the mark and space tones be
5 kHz or less to facilitate easy demod-
ulation. I only caution you not to set
any frequency that is a multiple (or
submultiple) of another one used in

the system.

Remember that, in an analog FSK
carrier-current communication sys-
tem, success largely depends on your
peaking the resonance of the coils
and finding the proper transmission
bands. I can’t provide a parts list of
components values that will be guar-
anteed to work because the behavior
of parts in the list could be other than
that predicted, due to performance
and tolerance variations. The most
important “component” in the
coupler sections is your understand-
ing the objective and knowing how
to pursue it through testing and
adjustment.

Fortunately, component selection
in the FSK modulator and demodu-
lator sections is much more straight-
forward and follows some basic for-

_mulas defined by the frequency and

application. However, because it is
possible that you might choose fre-
quency pairs different from those in
my design, I'll discuss the derivation
of the component values rather than
just the results.

Exar XR-2206 Modulator

First, let’s consider the modulator.
The XR-2206 is a function-generator
integrated circuit, made by Exar In-
tegrated Systems, which can produce
sine, square, and triangular output
waveforms at frequencies ranging
from 0.01 Hz to 1 MHz. It is ideally
suited for FSK applications because
it can be set for two different time
bases and digitally switched between
them. A functional block diagram of
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the XR-2206 and typical FSK circuit
is shown in figure 4.

The mark and space frequencies
can be independently set by the
choice of timing resistors R2 and R3
and the capacitor between pins 4 and
5. The FSK input signal is applied to
pin 9. A high logic-input signal to pin
9 produces the frequency:

1
fuor = R2xC

and a low-level input signal produces
the frequency:

1
fir = RBxC

where R2 and R3 are in ohms and C
is in farads.

R2 and R3 should be between 10
kilohms and 100 kilohms, and the
capacitor should be polycarbonate,
polystyrene, or Mylar for tempera-
ture stability. I chose to use a 0.001-uF
capacitor, which produces the follow-
ing resistor values for the frequency
pairs I chose:

‘R2: 85 kHz, 11.76 kilohms
95 kHz, 10.53 kilohms

R3: 80 kHz, 12.50 kilohms
90 kHz, 11.11 kilohms

In the case of R2 and R3, you can
use the nearest l-percent-tolerance
resistor or use a potentiometer in
combination with the closest 5 per-
cent fixed value.

You must also consider the settings
of resistors R1 and R5, which adjust
for minimum total harmonic distor-
tion. In our case, where a few-tenths-
percent distortion is irrelevant, pins
15 and 16 may be left open and R1 can
be replaced by a fixed 200-ohm
resistor. With R1 installed (same ef-
fect as closing switch S1), the output
at pin 2 is a sine wave with an out-
put impedance of 600 ohms and
amplitude set by R4. The remaining
components serve to stabilize opera-
tion and are the same for all fre-
quencies.

XR-2211 Demodulator

The Exar XR-2211 is a phase-locked-
loop (PLL) integrated circuit especial-
ly designed for data communication
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Figure 3: Schematic diagram of a complete carrier-current modem. The originate-mode modem transmits mark signals at 90 kHz and space
signals at 95 kHz; the answer modem transmits marks at 80 kHz and spaces at 85 kHz. This diagram shows the circuit for one end of the
link; two such units are needed in the system with the proper component values differing between them. In one unit, the wiring of pins

2 and 3 of ]J1 should be reversed.

and particularly suited for FSK appli-
cations. It operates over a frequency
range of 0.01 Hz to 300 kHz and can
accommodate analog input signals
between 2 mV and 3 V. An XR-2211
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functional block diagram and typical
FSK demodulator circuit are shown
in figure 5. Frequency-shift-keyed in-
put signals fed into pin 2 of the
XR-2211 must be capacitvely coupled
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through a 0.1-4F capacitor. The inter-
nal impedance is 20 kilohms, and the
minimum recommended input
signal is 10 mV.

The first order of business is to set
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Figure 5: An XR-2211 functional block diagram and pin-out specification (5a) and typical FSK demodulator circuit (5b).

the center frequency of the demodu-
lator passband at the center of the fre-
quency band that we wish to detect.
In my case, the passbands are de-
fined by the tone pair at 80/85 kHz
and the other pair at 90/95 kHz. The
center frequencies for the two
demodulators would then be 82.5
kHz and 92.5 kHz, respectively. The
component values are computed as

follows:

1
fo = RoxC0

where RO is in ohms and CO is in
farads; f, is the center frequency.
Generally, RO is in a range of 10
kilohms to 100 kilohms, but the
choice is arbitrary. Often it is more
convenient to choose a value for C0
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and trim the value of RO with an ad-
jacent potentiometer. Using 0.001-4F
value (Mylar, polycarbonate, or poly-
styrene) for CO, the computed RO
values are 12.12 kilohms (f, = 82.5
kHz) and 10.81 kilohms (f, = 92.5
kHz). With a 5-kilohm trim pot in
series, more convenient resistors of 10
and 9.1 kilohms can be used instead.

R1 sets the system bandwidth and
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C1 sets the loop-filter time constant
and damping factor. The value of R1
is determined by the mark/space fre-
quency difference:

R1 RO xfo
“h-h

The deviation is 5 kHz by design,
and the values for R1 are 170 kilohms
(fo = 82.5 kHz) and 191 kilohms
(fo = 92.5 kHz).

While the equation for computing
the loop-damping factor associated
with C1 is complex, there is a conve-
nient rule of thumb. The damping
factor should be approximately 2,
and a value of C1 = C0/4 will pro-
duce this. With CO equal to 0.001 uF,
C1 equals 250 pf (picofarads).

Resistor Rb provides positive feed-
back across the FSK comparator and
facilitates rapid transition between
output logic states. A value of 510
kilohms is used in most applications.

Cf and Rf form a single-pole post-
detection filter for the FSK data out-
put. Rf is most often set at 100
kilohms. Cf smooths the data output;
its value is roughly calculated:

= (3/data rate in bits per second)
where Cf is in microfarads. Because
this modem is designed for operation
at 1200 bps (bits per second), a value
of 00022 xF or 0.0033 yF is acceptable.

The final area requiring calculation
is the lock-detect section of the
XR-2211, which is used here in a
carrier-detect function. The open-
collector lock-detect output, pin 6, is
connected to the data output, pin 7.
This will disable any output created
by noise unless a carrier signal is
present within the detection pass-
band of the PLL. Presuming a paral-
lel resistance of 470 kilohms, the
minimum value of the lock-detect
filter capacitor, Cd, is 16/(f, — f,)/2.
In this case 0.005 uF is adequate.

Testing the Completed Unit

I built the complete Circuit Cellar
carrier-current modem the way
shown in figure 3, with component
values for 80/85 kHz and 90/95 kHz
tone pairs, but you may substitute
other values as previously discussed.
In addition to the three functional
sections we have looked at, I have
added a carrier-detect indicator and
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an RS-232C driver (IC3) and receiver
(IC4).

To test the completed unit you
need some source of serial data out-
put. (I used a full-duplex video ter-
minal.) The easiest test is a simple
loop-back circuit. The terminal is con-
nected to the originate modem and
plugged into the power line. The
answer modem is plugged in some
distance away, with pins 2 and 3
jumpered together on J1, its RS-232C
connector. As you type on the ter-
minal, the data is transmitted to the
answer modem where it is looped
back through the jumper and retrans-
mitted to the originate modem where
it appears on the terminal’s screen.

You should be able to place the
modems anywhere within your
home or office, or even an adjacent
home or apartment. The ultimate
range is limited by the power com-
pany’s step-down transformer and
the cross-coupling between the two
115V legs of a multiphase 230V dis-
tribution system. But you can arrange
communication between the latter by
attaching a fused capacitor between
the two 115V legs.

In Conclusion

Using this modem I was able to
successfully communicate at 1200 bps
for extended periods of time without
loss of data. I've found FSK car-
rier-current communication to be fair-
ly reliable; it’s best at the lower data
rates. Occasionally a few characters
have been lost when my air-condi-
tioner compressor or water pump
turned on. These are occasions
where an intelligent control system
might be of significant help. I had in-
tended that the intelligence necessary
for error checking and redundant
transmissions be part of this project,
but as I explained, such a control
system is much more involved than
the modem itself. Given the excess
computing power available in most
personal computers, it would certain-
ly be feasible in most cases for error-
checking to be performed by appli-
cations software, perhaps using
something like the well-known
file-transfer protocol developed by
Ward Christensen for use with his
CP/M-based Modem-7 program.
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Generally speaking, while I have
detailed the hardware components of
a complete system that works in the
Circuit Cellar, it’s important to recog-
nize that AC line conditions differ
significantly between locations. Com-
plete frequency bands may be unus-
able due to interference produced by
machinery, digital clocks, micro-
computers, and fluorescent lights.
For this reason, you should under-
stand how the modem components
and coupler are designed. Your abili-
ty to customize a basic modem de-
sign to the particular electrical en-
vironment of your home or office can
make or break the project.

Next Month:
Build a digital video camera.m
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ntroducing the Most Fowertu
Business Software Ever!

TRS-80™ (Model I, I, IlI, or 16) ® APPLE™ ¢ IBM™e OSBORNE™ e CP/M™ e XEROX™
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ECEIVABLES™ $99.95
ERSARECEIVABLES™ s a complete menu-driven accounts receivable, invoicing, and
" monthly statement-generating system. It keeps track of all information related to who
 owes you Or your company money, and can provide automatic billing for past due ac-
~ counts. VERSARECEIVABLES™ prints all necessary statemants, invoices, and summary
- reports and ¢an be linked witg VERSALEDGER II™ and VERSAINVENTORY™.

VERSAPAYABLES™ $99.95 -

VERSAPAYABLES™ is designed to keep track of current and aged payables, keeping you
in touch with all information regarding how much money your company owes, and to
whom. VERSA PAYABLES™ maintains a complete record on each vendor, prints checks,
check registers, vouchers, transaction reports, aged payables reports, vendor reports,
and more. With VERSAPAYABLES™, you can even let your computer automatically select
which vouchers are to be paid.

VERSAPAYROLL™ 99.95

VERSAPAYROLL™ is & powerful and sophisticated, but easy to use payroll system that
keeps track of all government-required payroll information. Complete employee records
are maintained, and all necessary payroll calculations are performed automatically, with
totals displayed on screen for operator approval. A payrall can be run totally, automati-
cally, or the operator can intervene to prevent a check from being printed, or to alter
information on it. If desired, totals may be posted to the VERSALEDGER I™ system.

VERSAINVENTORY™ $99.95
VERSAINVENTORY™ is & complete inventory control system that gives you instant access
to data on any item. VERSAINVENTORY™ keeps track of all information related to what
jtems are in stock, out of stock, on backorder, etc., stores sales and pricing data, alerts
" you when an item falls below a preset reorder point, and allows you to enter and print
* invoices directly or to link with the VERSARECEIVABLES™ system. VERSAINVENTORY™ prints
" all needed inventory listings, reports of items below reorder point, inventory value re-
. ports, period and year-to-date sales reports, price lists, inventory checklists, etc.

FUTROMICS:

50 N.PASCACK ROAD, SPRING VALLEY, N.Y. 10977

e VERSABUSINESS" Series

5 ~ Each VERSABUSINESS module can be purchased and used independently,
' or can be linked in any combination to form a complete, coordinated business system.

T
-

= e
P LEDCER?

Pt ase, CPCR SRRSO

™,
e
l.‘__-‘

e

— CAN ME GSTD WITH 1 or MCRT DeBA DATVES
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VERSALEDGER II™ $149.95

VERSALEDGER II™ is a complete accounting system that grows as your business
grows. VERSALEDGER II™ can be used as a simple personal checkbook register,
expanded to a small business bookkeeping system or developed into a large
corporate general ledger system without any additional software.

® VERSALEDGER [I™ gives you almost unlimited storage capacity
(300 to 10,000 entries per month, depending on the system),

® stores all check and general ledger information forever,

® prints tractor-feed checks,

® handles multiple checkbooks and general ledgers,

® prints 17 customized accounting reports including check registers,
galance sheets, income statements, transaction reports, account
listings, etc.

VERSALEDGER II™ comes with a professionally-written 160 page manual de-
signed for first-time users. The VERSALEDGER ™ manual will help you become
quickly familiar with VERSALEDGER I™, using complete sample data files
supplied on diskette and more than 50 pages of sample printouts.

SATISFACTION GUARANTEED!

Every VERSABUSINESS™ module 1s guaranteedioc¢ riorm all other i 1

and at a fraction of their cost. If you are not satisfied with any VERSABUSINESS ™ module, you
may return it within 30 days for a refund. Manuals for any VERSABUSINESS™ module may be
purchased for $25 each, credited toward a later purchase of thai module.

To Order: A
Write or call Toll-free (800)431-2818
(N.Y.S. residents cull 914-425-1535)

* add $3 for shipping in UPS areas * add $5 to CANADA or MEXICO

* add $4 for C.O.D. or non-UPS areas * add proper posiage elsewhere

Circle 480 on inquiry card. ‘&

DEALER INQUIRIES WELCOME

All prices and specifications subject 10 change / Delivery subject to availability.

* TRS-80 is a trademark of the Radio Shack Division of Tandy Corp. - *APPLE is a trademark of Apple Corq. + *IBM 15 a trademark of [BM Corp. - *OSBORNE is & trademark of Osborne Corp.
*CP/M is a trademark of Digital Research - *XEROX is 8 trademark of Xerox Corp.
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Rana’s disk drive was
twice as good as Apple’s
with one head.
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Now we have two.
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We added another head
so you won’t have to buy another disk.

That's the beauty of a double sided head. A
floppy disk which allows you to read and write on
both sides. For more storage, for more information,

for keeping larger records,
and for improved perfor-
mance of your system.
That's what our new Elite
B [1= Twoand Elite Three offers.
It's the first double headed
Apple® compatible disk
drive in the industry. And of
Rana's double sided heads give Apple course, the teChnOIOQy is
e e e e . (TOM RANA. We're the com-
puters such as IBM's. pany who gave you 163K
bytes of storage with our Elite One, a 14% increase
over Apple’s. And now with our high tech double
sided heads, our Elite Two and Three offers you two
to four times more storage than Apple's. That's
really taking a byte out of the competition.

We put our heads together
to give you a superior disk drive.

We designed the Elite Three to give you near
hard disk capacity, with all the advantages of a
minifloppy system. The double sided head oper-
ates on 80 tracks per side, giving you a capacity of
652K bytes. It would take 4Y2 Apples to give you
that. And cost you three times our Elite Three's
reasonable $849 pricetag.

It takes 42 Apples to equal the capacity
of our superior Elite Three.

HRFERY o T
=
- = (8 =
[ ] | el e

The Elite Two offers an impressive 326K bytes
and 40 tracks on each side. This drive is making a
real hit with users who need extra storage, but
don't require top-of-the-line capacity. Costwise, it
takes 2Y2 Apple drives to equal the performance of
our Elite Two. And twice as many diskettes. Leave it
to Rana to produce the most cost efficient disk
drive in the world.

We've always had the guts to be a leader.

Our double sided head may be an industry
first for Apple computers, but nobody was surprised.

@® Appie is a registered trademark of Apple Computer, Inc.

They've come to expect it from us. Because Rana
has always been a leader. We were the first
with a write protect feature, increased capacity,

=

Your word processor stores 5 times as many pages of text on an Elite Three
diskette as the cost ineffective Apple.

and accurate head positioning. A first with attrac-
tive styling, faster access time, and the conve-
nience of storing a lot more pages on far fewer
diskettes. We were first to bring high technology to
a higher level of quality.

So ask for an Elite One, Two, or Three.
Because when it comes to disk drives, nobody
uses their head like Rana.

NOW AVAILABLE FOR THE APPLE Ill. . .
THE ELITE TWO.THREE AND ELITE THREE.THREE

RanaSystems

21300 Superior St., Chatsworth, CA 91311  (213) 709-5484. For dealer Information call toll
free: 1 21-2207. In Califomla only call: 1-800-262-1221. Source Number; TCT-654

Circle 337 on inquiry card.

Available at all participating Computerland stores and other fine computer dealers.
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The C language provides a new standard for portability in a computer
world characterized by a plethora of processors. Designed to make pro-
grams portable, fast, and compact, C fills a niche between such high-
level languages as BASIC, COBOL, and Pascal and low-level assembly
languages tied to particular processors. Perhaps most aptly described as
a ‘‘medium-level’”’ programming language, C is a powerful tool in the
hands of professional programmers.

Most major microcomputer manufacturers and software developers
use C for writing systems programs—operating systems, utilities,
languages, and applications. Digital Research is writing all of its new
products in C, including CP/M-68K for the 68000 microprocessor and
the new Personal BASIC. Both Microsoft and Visicorp have used C ex-
tensively in products ranging from Multiplan and Xenix to Visiword and
Visi On. The computer graphics sequences in Star Trek Il were created
using C, and Lucasfilm Ltd. used C for computer-aided animation in the
latest Star Wars saga, Return of the Jedi.

Why is C so popular? The primary reason is that it allows programmers
to easily transport programs from one computer or operating system to
another while taking advantage of the specific features of the
microprocessor in use. And C is at home with systems from 8-bit micro-
computers to the Cray-1, the world’s fastest computer. As a result, C
has been called a ‘’portable assembly language,’”’ but it also includes
many of the advanced structured-programming features found in
languages like Pascal.

Our theme articles in this issue take a close look at the C language.
Stephen Johnson and Brian Kernighan of Bell Laboratories present an
overview of C and compare it with other computer languages in ““The C
Language and Models for Systems Programming.’’ James Joyce offers a
guided tour of C’'s key features, along with programs that illustrate C
programming concepts and style, in the first of a two-part series, "’A C
Language Primer."’

C is a concise language that has a small kernel of 30 reserved words,
and its input/output specifics are gathered into a library of standard func-
tions. That means the language can be brought up easily on new micro-
processors, resulting in dozens of vetsions of C. We sampled a few of
these for the most popular operating systems.

Most applications programs are becoming large and complex in order

LANG
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that new users perceive them as easy to use. Jason Linhart discusses
how to choose a suitable computer language for ‘‘Managing Software
Development with C."”’

Not surprisingly, the largest number of C languages, and some of the
most advanced, are available for the highly regarded IBM Personal Com-
puter. Most of the C compilers for the |IBM PC are also available for the
MS-DOS operating system, on which the IBM PC-DOS is based. These
are reviewed by Ralph Phraner in ‘“Nine C Compilers for the IBM Personal
Computer.”’

The CP/M-86 operating system has a wealth of C compilers as well.
Authors Jerry Houston, Jim Brodrick, and Les Kent take a look at the
first of those available in ““Comparing C Compilers for CP/M-86."'
Christopher Kern reviews ‘‘Five C Compilers for CP/M-80."" C has been
available for CP/M-80 for a while, and as a result a strong C users’ group
and several volumes of public-domain software exist.

No discussion of C is complete without mentioning the Unix operating
system, which is written in C. Unix and its utilities comprise over
300,000 lines of C source code, certainly the most ambitious C project
yet. Developed more than 10 years ago at Bell Laboratories, both Unix
and C are now coming into widespread use. To round out our coverage
of C, in this issue we begin *"The Unix Tutorial,”’ a series of articles on
the Unix operating system. Part 1 is an overview of Unix and its features
along with a short history of how C and Unix were developed. Together,
C and Unix provide one of the most comfortable working environments
for professional programmers. A text box by Walter Zintz describes Unix
and C resources.

Both the C language and the Unix operating system are based on
modularity and short, general-purpose routines, a subject Rebecca
Thomas explores in ‘“What Is a Software Tool?’"’ “'The Unix C Compiler
ina CP/M Environment’’ by Matthew Halfant looks at some of the issues
and ambiguities involved in moving C programs between these two
popular operating systems.

An annotated bibliography of C on page 268 lists the books and ar-
ticles on C that have been published in the past few years.

C is relatively young for a computer language, but it is appropriate
that, in its 10th anniversary year, C is being recognized as the powerful
language for professionals that it is. —Bruce Roberts

UAGE
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The C Language and Models
for Systems Programming

A compromise between assemblers and high-level languages, C
helps programmers avoid the idiosyncrasies of particular machines

by Stephen C. Johnson and Brian W. Kernighan

The C language was created at Bell Laboratories by
Dennis Ritchie in 1972. One of its first uses was to rewrite
the Unix operating system, previously written in PDP-11
assembly language. In its early years, C was used to write
other critical systems programs as well: compilers, parser
generators, document formatters, and editors, to name
a few. At the time, using a high-level language for such
applications was a radical departure from standard prac-
tice; everyone knew that these programs had to be writ-
ten in assembly language “for efficiency” Yet in many
cases the C code, although clearly less efficient in any
given routine, produced programs that outperformed
similar programs written in assembly language.

A key to understanding the philosophy behind C is
the notion of a model for the problem to be solved.
Rather than try to deal with all of reality in every line
of code, programming languages, explicitly or implicit-
ly, construct models of reality and present them to the
programmer. In assembly language, for example, part
of the language model is that the programmer need not
be concerned with the actual memory location of the
variables; they can be referred to by names like start or
count. This simplification makes it far easier to pro-
‘gram in assembly language than to write the binary bits
that actually control the processor. The assembly-
language model does, however, leave the allocation of
registers and the choice of machine instructions to the
user.

BASIC provides another model, similar to that of a
very good programmable calculator..For many purposes,
BASIC programmers do not have to worry about the
details of where variables are stored, how arithmetic is
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done, or how to format output. As a result, BASIC is
much easier to use than an assembly language.

The Smalltalk system supports a very different model.
The Smalltalk programmer manipulates objects whose
physical locations are invisible to the user, as are the
details of the object’s creation, manipulation, and inter-
nal structure. This model leads to a very different style
of use; for example, rather than calling a routine to print
an object, a Smalltalk user sends a message to the ob-
ject telling it to print itself.

High-level models like the one supported by Smalltalk
tend to be easy to use (provided that the model supports
what we want to do) but are often less efficient than low-
level ones. The hardware support for some of these
models, especially on microcomputers, is not very good;
we may sacrifice efficiency for ease of use. In systems
code, efficiency is often very important, so the use of
high-level models may be impractical. On the other
hand, the low-level model presented by assembly
language is not ideal either. In an assembly language,
the details of the machine being programmed are im-
plicit in every line: how many registers it has, how it
uses its stack, how the I/O (input/output) is done.
Not only is assembly code too firmly attached to a par-
ticular computer and system, it is also harder to write
because the model supplied to us, with its registers and
branches, is too far from the application we are trying
to write.

~The C Model

C offers a compromise. It makes available a basic
model that is very close to the target machine, enabling
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...and the last word
in disk backup.

The 525-CT FloppyTape Is a new class of product
that provides the last word in Winchester disk drive backup with its
many unique design features. Using the standard 1/4-inch tape
cartridge, this innovative device combines low cost, high capacity,
and disk-type data accessibility to provide disk backup features

with new meanings:

Low Price 1. Seils for appreciably less than any other device with
comparable features. 2. Priced at $300 per unit in large OEM gquantities.

High Capaclty Storage 1. Stores 32 unformatted megabytes of
dataon astandard 1/4-inch tape cartridge. 2. Allows one tape cartridge
to replace up to 40 double-sided, double-density floppy disks.
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Floppy Disk Emulatlon 1. Configures a standard 1/4-inch tape
cartridge with important floppy disk features such as random access to
sectors and soft sector formatting. 2. Allows in-place updating of
information stored on the tape.
Immediate Integratlon 1. Attaches to standard floppy disk
contiollers. 2. Provides piug compatibility with standard SA450 or
SAB50 interface connectors.
Space Saving Deslgn 1. Packaged in the same compact form
factor as the 5-1/4-inch floppy or Winchester disk drive. 2. Designed
with easy front panel loading and positive cartridge lock. 3. Permits
flat or side mounting.

So, let FloppyTape redefine your disk backup requirements.
Next time you're in the market for the latestword in
backup, just look it up...then hook it up.
For a Further Definitlon—Contact
Cipher for a free 525-CT FloppyTape brochure, or
for further information on other Cipher products.

CIPHER DATA PRODUCTS (UK) LTD.
Camberley, Surrey, Engiand
Telephone: 0276-682912

Telex: 858329

cilher

adrdnproducts, inc.

10225 Willow Creek Road, PO. Box 85170, San Diego, California 92138

Telephone: (619) 578-9100, TWX: 910-335-1251

Circle 70 on inquiry card.

CIPHER DATA PRODUCTS SAR.L.
Paris, France

Telephone: (1) 668 87 87

Telex: 203935

www.americanradiohistorv.com

CIPHER DATA PRODUCTS GmbH
Munich, West Germany
Telephone: (089) 807001/02

Telex: 521-4094
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SupersS

The Finest Quality Products
for Apple® and IBM

The S stands alone in fine
quality and workmanship.

SuperS -CP80

® 640 dots/line. High density,
high quality character.

® Bit image graphic.

® 40, 71, 80, 142 columns.

® Adjustable sprocket pin.
feed plus friction feed.

® Cartridge ribbon.

® Standard centronics parallel.
Optional RS232C.

Super 5 has the following advantages compared to the normal floppy disk drive:
Normal Type
Bell drive
o
Piastic CAM positioner

Characteristics Super 5-T40

Direct shaft drive

Servo motor/Spindle connection

Head positioning mechanism Metal band positioner

Approx. 40 msec.

Track o track time Approx. 36 msec.

Write-protected sensor
[’No‘ ol tracks

Photo coupler Mechancial switch

35 tracks

— -l

40 tracks

SUPERS-T40 single sided, direct shaft drive
SUPERS-T80 double sided, direct shaft drive

T40 drive control card: suitable for 35, 40 tracks drive
T80 drive control card: suitable for 35, 40, 80 tracks drive

Mitsuba Corporation

667 Brea Canyon Rd,, #25
Walnut, CA 91789
Tel.: (714) 594-6959
Japan: EI-EN Ent. TLX J23325
Taiwan: GIFU Ent. TEL (02) 752-9661
Hong Kong: A&N Ent. TEL 5-488463
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us to write efficient code where necessary. At the same
time it provides powerful mechanisms for building our
own models, so that much of the coding can be done
at a more comfortable level, safely removed from the
idiosyncrasies of any particular computer.

Most computers have dozens of different operation
codes; because C tries to get close to the target hardware,
it has dozens of operators. This feature makes C slight-
ly harder to read (or, more properly, to learn) because,
in addition to the usual arithmetic operators, there are
operators for such common instructions as ++ (incre-
ment), -- (decrement), and << and >> (left and right
shift) as well as logical AND, OR, exclusive OR, and one’s
complement (&, |, , and ~). The reward for learning
the operators is that programmers can state their in-
tentions clearly and naturally and be assured of a direct
translation into suitable machine instructions.

—_————re e e —————
In C the basic data types include
bytes, short integers, long integers,
and single- and double-precision
floating-point numbers. C also

supports pointers to other data.
Es——————————— " L e —— _____J

For systems programming, it is often vital to
manipulate bits efficiently, for example, to control I/O
devices, displays, and other hardware. Such tasks are
easy in C because of its bit-manipulation operators. But
in BASIC, FORTRAN, or Pascal, the bitwise operators
do not exist—they are not part of the model. The only
recourse in those languages is a painful emulation or the
use of an efficient function call.

The model of data in C is also very rich. The basic data
types include bytes, short integers (typically 16 bits), long
integers (typically 32 bits), unsigned versions of these,
and single- and double-precision floating-point
numbers. C also supports the notion of pointers to other
data; these pointers correspond to machine addresses.
Because most hardware instructions deal directly with
such addresses, the support of pointers encourages
generation of extremely efficient code for critical program
segments and the building and manipulation of very ef-
ficient data structures.

Pointer Operations

The model of pointers supported in C includes the
standard operations of taking the address of an object
(& object) and accessing the object pointed to by a pointer
(*p). For example, suppose that X is an integer and p is
a pointer to an integer. (There is no such thing as just
“a pointer”; it is always a pointer to a particular data
type.) Then

>

=3; I* set x to 3 (what else?) */
= &x; I* set p to address of x */

©

The content of p is the address of x; the value pointed

www.americanradiohistorv.com
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WHAT GOOD IS A COMPUTER
THAT’S FASTER THAN EINSTEIN
IF YOUR FORMS SUPPLIER IS
SLOWER THAN GUTENBERG!

Circle 134 on inquiry card.
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Unlike our major competitors,
Deluxe gives you a 3-day in-plant
turnaround on standard computer
forms. Even on small quantities
of 500 or more.

What’s more, we can match
all popular software formats for your
checks, invoices and statements.

We'll even customize forms
for your own programs with
a 5-day in-plant turnaround, and
lots of ink colors and free logo
designs to choose from.

And if you're not satisfied with
any Deluxe form, simply return
it within 30 days for a prompt
refund.

We have a free full color
catalog for you, too. It features
computer forms, supplies and
accessories.

With it, you can order the
materials you need to keep up with
your business.

And the forms you need to
keep up with your computer.

See your local banker, or call
toll free:

1-800-228-2606.

(In Nebraska: 1-800-642-8777.)

Just send in this coupon

for our full color catalog
featuring computer forms,
supplies and accessories.

Deluxe Computer Forms, 530 North Wheeler,
PO. Box 43046, St. Paul, Minnesota 55164-0046

Name

Company
Address___ —

City.

|
|
|
|
|
T
|
|
State Zip. ’

ELUXE |

Phone(

_ COMPUTER FORMS
S R —— |
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to by p is written' *p. Thus, in this case, *p is 3. Converse-
ly, *p can be used to set the value of x:

*p =4 I* x is now 4 */

It is also possible to use the value of the pointer itself:
if q is also a pointer to an integer, then the statement
q=p; I* make g point to whatever p points to */
gives g the same value as p, so g also points to x. Figure
1 illustrates this operation.

Beyond this capability, which is more or less what
Pascal provides, C includes the ability to manipulate
pointers in ways that depend on what they are pointing
to. For example, if we have a pointer to a byte, and in-
crement it, it points to the next byte; if we have a pointer
to a 16-bit integer and increment it, it points to the next
integer (2 bytes away). Pointers are an excellent way to
do array indexing, as shown in figure 2, where x is an
array of integers.

In contrast to the pointer capabilities of C, FORTRAN
and BASIC have a restricted model that does not include
pointers. In Pascal, pointers are dynamic objects that can
be set only by calling the storage allocation function new.
Pascal does not allow pointer arithmetic.

Another use of pointers in C is to associate an address
with a device. Most BASIC programmers are used to
PEEK and POKE statements sprinkled liberally throughout
their programs to access memory locations that control
devices. In C, pointers achieve the same effect without
the need to add a new pair of functions. In BASIC, you
set a memory location by a sequence such as

100 V = 36828
800 POKE(V, 15)
In C, the same code might be written as

sound_vol = 36828; /* sound generator volume address */

*sound_vol = 15; /* set sound generator volume */

With the freedom implicit in C’s use of pointers come
certain risks. Much of C’'s growth over the last decade
has been in ways of detecting erroneous uses of pointers
without restricting the ability to write efficient code
when necessary.

Casts

Operating systems have to deal with some very
unusual objects and events: interrupts; memory maps;
apparent locations in memory that really represent
devices, hardware traps and faults; and 1/O controllers.
It is unlikely that even a low-level model can adequate-
ly support all of these notions or new ones that come
along in the future. So a key idea in C is that the
language model be flexible, with escape hatches to allow
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Figure 1: If pointer p points to location x, then the statement q=p
makes q point to x also.

P . !
I
P = 7 x (0]
P+l o x[1]
p+2 - x (2]
L e ;JF
p+n - x [n]

Figure 2: The ability to do pointer arithmetic facilitates array indexing.

the programmer to do the right thing, even if the
language designer didn't think of it first.

One such construct, called a cast, is a way of per-
suading the compiler that an object of one type should
be treated as if it had a different type. If, for example,
you write an expression of the form

(type-name) expression

the result is the value of expression as an object of type
type-name. For some combinations, this causes a new
representation to be computed, as in

(float) integer expression

but sometimes it simply means that the bits in the ex-
pression are to be treated as a different type without a
change in representation.

Casts involving pointers are of this kind. Suppose, for
example, that you want to test whether a pointer points
to an odd or even address. 1t is not legal to use the bit-
wise operators on pointers, but you can do the job by

Circle 178 on inquiry card. ===p
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IBM + GENIE = Solution

5.25" Fixed/Removable Winchester Cartridge Drive Systems
For The IBM Personal Computer/Compatibles

/__ ~ ©® The Genie Cartridge Drive

A revoiutionary new 10 Megabyte Hard Disk Drive that in-
cludes a 5 Megabyte removable hard disk cartridge. The car-
tridge drive system simply plugs into your computer, and in-
cludes all necessary software and hardware. Genle Drives
are compatible with most popular software, and each car-
tridge replaces over 30 double-density fioppy disks.

® 5.25” Removable Cartridge

{(Proposed ANSI! Standard) Imagine, 5 Megabytes in the
paim of your hand. These small Winchester cartridges are
only .75 inches thick and 5.50 inches square. The disk itself
Is compietely sealed from the outside and all its hazards by
a sliding door that opens only once the cartridge is firmiy
seated inside the drive.

® Genie’s Solution To Personal
® OF ON-LINE STORAGE
A R o Computer Mass Storage Problems

e BACK-UP 5 MEGABYTES IN TWO MINUTES Up until now, people with serious mass storage applica-

| tions have had no realistic means of conveniently maintain-
| * CARTRIDGE INTERCHANGEABILITY ing their large data bases due to the cost of sloryage media
GUARANTEED

and the expense and inefficiencies of doing back-ups. The

Genle systems approach solves such typical storage prob-

iems by aliowing both high capacity Fixed Drives and 5 Megabyte Re-
movable Cartridge Drives to be Intermixed on the same computer
system. This provides the ultimate storage solution because of the new
ease of doing back-ups, along with abllity to maintain several large data
bases on removable cartridges, eliminating the need to tie up expensive
disk drives over a single data base application. With Genle Drives, the
combinations are unlimited. Flexibility and versatility were key design
considerations, A user can conflgure up o eightof our Drive Products in
any combination to derive a storage solution for just about any

|
il
=)

|
!

MODEL
XSA

e 5 MEGABYTES OF ON-LINE

STORAGE

e FILE SIZES TO 5 MEGABYTES

e USER CAN BACK-UP TO MODELS 5+5 OR X5
REMOVABLE CARTRIDGE DRIVES OR DISKETTES.

5 MEGABYTES
10 MEGABYTES
15 MEGABYTES
20 MEGABYTES

Manufacturer's suggested retail price. Includes all required

components.

CP/M-86 and Concurrent CP/M-86 is a reglstered trademari

of Digltat Research.
iBM is a registered trademark of IBM Corporation.

Dysan Is a registered trademark of Dysan Corﬁorqlion.
e Regents of

UCSD P System is a registered trademark of t
the University of Calllornla San Diego.

ONX is a registered trademark-of Quantum Software System, Inc.
Etherlink Is a registered trademark of 3Com Corporation.
Ethernet is a registered trademark of Xerox Corporation.

Genie Systems

Expandable b |

Genie Drive

Are

Up To 160
Megabytes f
Using Any

Gombination ""’-..

ot

Models

=7) N

* |BM XT Compatible

e Automatic Install (Genie Custom BIOS)

* Comprehensive menu driven utility package

¢ Intermix different operating systems on
disk or cartridge

¢ Assign to any drive codes from A thru H

® Choice of volume sizes

® Glve your virtual volumes 16 character
names

® Assign command aliows you to assign 8
virtua! drives on line at any one time

* Show command allows instantaneous
viewing of ail virtual drives on line

* Help command displays syntax for all
new commands

* User can back up to or from any modei
Genie Drive

5-10-1

application Imaginable. With Genle, your personal

computer can now take on tasks that
had only been possible with
mainframes.

CEn,. MODEL

\ x5p

SIMPLY

PLUGS INTO

YOUR I.B.M.

7

TALK ABOUT USER FRIENDLY. . ..
3Com Ethershare™ Compatible (Ethernet Standard)

* File sizes 520 megabytes, dependent
upon drive type.

* Automatic recovery system

s Easy back ups in minutes

s Cartridges can have 16 character names

* System status screen messages

* System expandable to eight drives
using only one slot in your IBM PC

* Built-in error detection and correction

* No preventative maintenance reqguired

* Power-on self test

¢ Create turnkey systems

* Uitra hi-speed DMA data transfers

* Comes complete with all necessary
software and hardware

* Operating systems supported:
IBM DOS 1.1, 20, CONCURRENT CP/M 86?
CP/M 86% , UCSD P SYSTEM®, QNXTM

AVAILABLE AT YOUR LOCAL COMPUTER DEALER

CeNie COMPUTER CORPORATION
31131 Via Colinas #607 » Westlake Village, CA 91362+(213)991-6210 TLX 658233 (GENIE USA)

[ T


www.americanradiohistory.com

The Best In Price, Selection and Delivery
Professional Quality
Call Now TOLL FREE

800-368-3404

(In VA, Call Collect 703-237-8695)

AMPEX-INTERTEC-TEXAS INSTRUMENTS «GENERAL DATA
COMM.+«ANDERSON JACOBSON+*C. ITOH*QUME * BEEHIVE ¢
DATASOUTH*DIABLO*CENTRONICS « NEC « PRENTICE

CIT 414 (Graphics
INTERTEC SUPERBRAIN Il 640x480Res.) ........ Call
64KDD* .. ... ........ $1874 TEXAS INSTRUMENTS
64KQD* ............. $2249 745Standard . ........ $1172
fi(?*;sdlg' 5?52;(3 T $2689 | 745 Std. (Reconditioned) . . Call
LIELLEER IS 765BbIM'mMmy ........... Call
DYNABYTE 8/16BIT . .... Call 785/787 . . y R o7 |
Callan 16/32BIT ........ Call 810Basic ............ $1249
PRINTERS 810 Package .......... $1439
NEC 820 Package RO .. ..... $1610
7710Ser. .. ... ...... . $2089 820 KSR Package . . ...... Call
TS cvpursdanpianens $2099 703 St i $ 459
T730'Rar. .y y9e ryqsaup s $2099 707 KSR Eamassms ...$ 549
h UiZ20) 1exsmsnananadnn $2449 850 Tractor Feed . ..$ 549
TTEEL obmels bbbaas s addd $2496 m
Std. Tractor 77xx .. ... .. $ 199
3510 $1390 PRENTICE STAR 300Bd. $ 124
"""""""" U.S. Rob Auto Dial 212A . $ 469
B5MI5) A abirangdagmdda $1424
StatMuxes . ...... 44q - Call
8530 Tidscugadunassas $13390 Ventel 212 + 3E c
3550 (IBM) ........ ... $1869 T A = SREEEREaAe g
3520 $1979 GDC 24/9600 Bd. . .. .. Call
asps T $1999 Prentice 24/9000Bd. ... .. Call
DATASOUTH ED180 ... .. Call
DATASOUTH ED220 .. ... Call QUME
DIABLO DataTrak5% 289 or2for$ 549
620-SPl . ..o $ 889 DataTrak8$ 519 0r2for$ 999
630-R102/147 ... . ... .. $1949
ggg %Cgs ............ g;gg BISYNC-3780 ........ $ 769
AL Wordstar . ... ........ 279
*(lor IBM PC, Apple Il, TRS-80) DataStar . ......... ... : 218
gsl?MKé 04(KSR)........ $2265 MailMerge ........... $ 144
Spell Star . . e in o 3 144
Sprint9/45FP . ... ... .. $1794 p|pan 80 ... $ 249
Sprint O/551FEP 1 1im b hsan $2119 dBasell ... ... ..... $ 489
Sprint 9/55 FP/SMEM . . . $2186 CalcStar ......... ....% 191
Sprint 9/55 LP/XMEM . . . $2094 SuperSort .. .. ... $ 158
Sprint 11/40-PLUS ... .. $1449 SuperCalc . ...... $ 144
Bi-Dir Forms Tractor ....$ 199 InfoStar . . ........ $ 279
CENTRONICS: 122(p) .. $ 689 CIS Cobol ; $ 689
High Speed Line Printers . . Call Forms M ...... ..... $ 159
TERMINALS MACROS80 ........... $ 183
AMPEX “C" Compiler . ......... $ 239
D 3asqeaszawevaduan s1589 | Jermll...........onns L
PHAZE (3270EM) ... .. $1589 WordStar Professional
BEEHIVE (SMART DISPLAY) (WS, SS, MM, SN ... $ 399
DM5 ... ... ... Call ReportStar . ...... ... $ 199
DMSA ... Calt | Starindex wid bivea$ 129
DM83 (Burroughs) . ..... Call | PlanStar ............... Catl
DM3270 (3270 Emutator) .. Cail | StarBurst...... .. -0 Call
Protocol Converter .. .. ... Call infoStar Plus ... . - Call
QUME IBM PC
QVT-T02 (paipam:q58mm $ 549 256K RAMBd. .... $ 256
Y T-108 coassrnsrsnrans Call 256K RAM db/Full Parity . $ 305
C.ITOH CP/M-Z80 CO-PROC. ..$ 495
Clf 101 i viiamamaunin $1289 Baby Bl s« s s i al b bl $ 600
CIT 161 (64 Colors) . ... .. Cail Baby TEX ........... $ 600
CIT 201 (Graphics for Baby TALK 8270 BISYNC $ 895
TEK 4010/4014) ... .. .. Call 8" Disk Controller . ... .. $ 395
in addition, we canmake EIA RS 232 or RS 449 cables to your order, and supply
you with ribbons, printer stands, print wheels, thimbles for all printers listed.
And many, many more items. CALL NOW.
All lems shipped freight collecl either motor freighl or UPS unless otherwise specified
All prices already include 3% cash discount. Purchase with credit card does not in-
clude discount. Virginia residenls. add 4% Sales Tax. For tastes! delivery send cer-
tified check. money order or bank-wire transfer. Sorry. no C.0.D. orders. All equip-
ment Is in faclory cartons with manufaciurers warranty (honored al our depol). Prices
subject lo change without notice. Mos! items in stock rv— I@’

TERMINALS TERRIFIC

Terminals Terrific, Inc., P.O. Box 216, Merrifield, VA 22116
Phone: 800-368-3404 (In VA, Call Collect 703-237-8695)
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casting a pointer to an integer and then testing the low-
order bit with a logical and operator:

if (int)p & 1)

{ ... pointer is odd }
else

{ ... pointer is even }

The cast (int)p changes the interpretation of the pointer
p without changing its value.

A very similar example is the mechanism used with
the standard storage allocator. The C library function
calloc is analogous to the Pascal new function; it returns
a pointer to a block of storage. The pointer returned by
calloc must be cast to the proper type:

pthing = (thing *) calloc(n, sizeof(thing));

This tells the compiler that the pointer returned by calloc
may be safely regarded as a pointer to an object of the

type thing.

Higher-Level Models

We need not be stuck with a machine-level model for
long. C provides a number of ways by which we can ex-
tend the basic model to support data structures and
operations important to our particular program. The two
major ways to extend the model are by defining func-
tions and making data structures, as a simple example
illustrates. Suppose you are writing a video game and
want to have a number of pictures moving around the
screen. You could define a data structure that describes
the objects using the struct mechanism of C; such a data
structure might contain the x and y coordinates of the
current picture, enough information to draw the picture
on the screen, and other information of importance for
the game (such as orientation, velocity, amount of fuel
remaining, etc.). The declaration would look something
like this:

struct picture { I* picture for display */

int X, y; I* screen coordinates */
float vel; I* velocity */
float fuel; I* fuel remaining */

disp_list *dl; /* display list to print it */
b

You can then declare variables of this composite type
and build functions that provide basic operations on it.
Depending on the game, you might supply functions
to create, change, and destroy pictures, move them from
one place to another, and decide whether two pictures
collide. At this point, you will have effectively raised the
level of the model in which you program from bits and
bytes to picture manipulation. You can concentrate on
the rules of the program rather than the implementa-
tion. Once you're comfortable with this style of program-
ming, the nearly nonexistent model-building facilities of
BASIC, say, become nearly intolerable.

wWww.americanradiohistorv.com
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Teleteks

New Combo
Could Make
You A Hero!

The SBC-1I could be just the
right ingredient for your latest
concoction. The newest member
of Teletek’s family of multi-user,
multi-processing S-100 products,
the SBC-Il essentially combines,
or “sandwiches” two Teletek
SBC-I's into one board. The SBC-
Il provides the capability to sup-
: port two users from one standard

= ‘ - size IEEE-696/5-100 slave board.
: = The SBC-II maintains full
performance for each user with
an independent CPU (Z80A or
Z80B), 64K RAM, Serial I/0, and
FIFO communications port to
the system master. The system
" s integrator benefits by getting
PATY ORI, N~ el NSRRGSR complete support for two users
[PV —— WO v for the price of one board.

TurboDOS and MDZ

operating systems will support
combinations of SBC-’s and
SBC-IIs offering system design
efficiency and flexibility never
‘ before possible.
e If you’re hungry for value
and efficiency, order an SBC-Il
from Teletek. You'll love every
byte.

TELETEK

4600 Peli Drive
Sacramento, CA 95838
(916) 920-4600
Telex 4991834 TELETEK
Dealer inquiries invited.

© Teletek 1983

Circle 385 on inquiry card.

www.americanradiohistorv.com


www.americanradiohistory.com

Efficiency

Higher-level models have their drawbacks; you must
pay for the function calls needed to do many of the basic
operations on your pictures. Most C implementations
try hard to make function calls efficient, but if you
haven't skillfully chosen a model, the inefficiency may
be painful. Especially in the earliest stages of program
development, however, concern with efficiency may be
misplaced. Why optimize a program when you are like-
ly to decide tomorrow that it was all wrong and should
be rewritten? The models are tailored to a particular pro-
gram, so they may be readily adapted to improve effi-
ciency without destroying the program’s structure.

Although function calls and the use of a compiler
language are somewhat inefficient, they have dramatic
advantages. Algorithms and data structures expressed
in a high-level language are comprehensible and thus
more likely to be revised when a different good idea
comes along. If they were written in an opaque, incom-
prehensible language, changes would be attempted rare-
ly and successful even more rarely. Because real pro-
grams typically suffer a long series of changes and adap-
tations before a user ever sees them, being able to modify
the algorithms and data structures quickly as the job
changes leads to a better final product.

Another point about efficiency is worth mentioning.
Many studies have shown that most programs spend 50
percent or more of their time in a very small portion (5
percent or so) of their code. This suggests that the 95

percent of the program that is noncritical should be as
clear and easy to understand and change as possible.
When it comes to the critical 5 percent, C lets the user
get very close to the target machine in order to improve
efficiency. Furthermore, many C environments contain
measurement tools that enable the programmer to iden-
tify these critical sections easily. But the strategy is
definitely: first make it work, then make it right, and,
finally, make it fast.

Using functions to extend the base language also
prevents C from becoming unwieldy. Many built-in
features of other languages (notably /O, string handling,
and dynamic storage allocation) are supplied by func-
tion calls in C. This means that the model supplied by
C itself is very flexible; it adapts to different operating
systems and environments without suffering from a “one
size fits all” philosophy. For example, the character-string
operations appropriate for a text editor might be quite
different than those for a spelling checker, and those in
turn might differ from the operations needed in an
operating system (where you might not need such opera-
tions and could not afford to have them loaded by
default).

Portability

Using functions to extend the base language explains
why a language that is so low level can be so portable.
C compilers have been built for more than 40 different
machines, from the Z80 to the Cray-1. The Unix system

Make your micro work like a mainframe.

First, neatly tape the 370" label onto
your IBM Personal Computer.

Now slip a dBASE II™ disk into
your main drive.

That's it: your IBM PC is now ready to
run a relational database system, the kind
IBM put on their mainframes last year.

And you're ready with more data
handling power than you would have
dreamed possible before dBASE II.

With a word or two, you create data-
bases, append new data, update, modify
and replace fields, records and entire
databases. Display any information,
report months worth of data in minutes
and zip through input screens and
output forms.

You can use it interactively for
answers right now. Or save your instruc-
tions and repeat everything with two

Ashton-late

words: do Manhours, do Project X, do T — —
[ =
whatever has to be done. _ 2 E ==
To try dBASE II free for 30 days, | = S22 © 1982 AshionTote
droP by your local comPUter store. l:__’: : ‘.'..;-_'-1-": CP/M is a trademark of Digital Research
Or if they're sold out, call us at (213) — -

204-5570. If you don't like it, you get
your money back.

But if you do that, you'll have to
remove the label. Because nothing short
of a mainframe works like dBASE IL.
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Is your Apple’s 6502 processor chip a little
overworked lately? Have you been eyeing
one of those new, 16-bit systems? But you
don’t want to give up all your Apple pro-
grams ...

Add the powerful 16-bit 8088 processor to
your Apple with ALF's Processor Card. Let
the 6502 and 8088 work together to tackle
your toughest problems—Ilike speeding up
your Applesoft and Apple Pascal programs.
With the Processor Card, you can use the
CP/M™ 86 or MS-DOS™ operating system
to run the latest 16-bit software, including
many IBM PC programs.

64K or 128K of high-speed memory is
available for ALF's Processor Card. Use the
Processor Card with 128K as a fast disk
emulator or to view sixteen hi-res images in
under a second. Or run Basic, C, COBOL,
or Pascal with 16-bit performance!

The ALF Processor Card is just $395 (Ap-
plesoft speed-up software included). See
your Apple dealer today, or contact ALF for
more information.

Trademarks: '‘Apple’’: Apple Computer, '"CP/M'": Digital
Research, "*MS-DOS"': Microsoft.

ALF Products Inc
1315F Nelsor St. Denver, CD 80215
(3031234 0871 Telex: 48981824
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has been moved to over a dozen machines, with new
entries coming in weekly. All this from a language that
won't even commit itself to the number of bits in a byte!

C programs are portable to the extent that the model
they support is portable. A portable I/O library provides
simple formatting and file-manipulation facilities. The
model is so simple that it can be supported on most
operating systems. If your application uses that model
of 1/O and you use the portable /O library, then you will
have no problem with I/O. Similarly, C provides models
of data that can be supported on many different
machines; if your program uses only the features of the
basic model, your program is portable. Unfortunately,
data restrictions show up as you move from machine to
machine. The most unpleasant are the differences that
are now entrenched in the industry as to the ordering
of bytes in a word. The PDP-11 and many descendants,
for example, store the bytes from low to high, while the
IBM 370, Motorola 68000, and many others store the bytes
from high to low. The size of an integer may vary from
16 bits on most microcomputers to 36 bits or more on
some of the bigger mainframes. Finally, some machines
support 8-bit bytes, some 7, and some 9. If the model
you use in your program depends on any of these
features, your program will be portable only to those
machines with the same feature.

Even when a program is not directly portable, however,
the use of appropriate models lets much of the program
be identical in different environments, with the dif-
ferences isolated in subroutines or compiled condition-
ally. For example, the Unix file system has many pro-
perties that are independent of a particular machine: the
naming conventions, hierarchy, protection mechanism,
and allocation and deallocation. Machine-dependent
features, such as the sizes of sectors on the disk and the
number of files that may be defined, are hidden in a
small number of machine-dependent functions and data
descriptions. This means that the system is portable in
the sense that it can be moved in much less time than
it requires to rewrite it from scratch. The key to moving
the system is to write the machine-dependent informa-
tion that supports the underlying model. If the C code
written does not fit the basic model (for example, type
mismatches between a function definition and its uses),
the code may work on one machine but fail on others.

No language is perfect, or even close, and C is no ex-
ception. Some of the early design decisions are at best
open to serious debate. One is the treatment of floating-
point quantities; the current C definition requires all in-
termediate floating-point expressions to be evaluated in
double precision. This can lead to significant inefficien-
cies for floating-point applications. Another problem is
the large number of operators that have side effects; this
becomes even more serious when you observe that C
makes no promises about evaluation order in an expres-
sion or, in particular, the order in which arguments to
a function are evaluated. Consequently, some programs
can fail when run on different machines, and it can be
very hard to check for this problem mechanically. As a
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simple illustration, suppose that we have a function
called print that prints the value of a variable n and the
value returned by a function f. There is a natural tenden-
cy to believe that the statement

print(n, f());

will print the value of n, then the value returned by f.
But if n happens to be a global variable that is changed
by f, the results depend on the order in which the
arguments of print are processed. This problem is certain-
ly not limited to C, by the way—similar issues arise the
same way in most languages.

The C Programmer

Another model implicit in a language environment is
that of the programmer. Much of the C model relies on
the programmer always being right, so the task of the
language is to make it easy to say what is necessary. C
encourages telling the truth about strange constructions
(e.g., casts for pointer assignments) but does not pro-
hibit them. The converse model, which is the basis of
Pascal and Ada, is that the programmer is often wrong,
so the language should make it hard to say anything in-
correct. In Pascal (and presumably Ada) it is harder to
say strange things and therefore perhaps harder to make
mistakes.

By now it should be clear that C was intended as a
language for professional programmers. Early C faced

problems familiar to users of today’s microcomputers (for
years, the C compiler had to run in 12K bytes of pro-
gram plus data), and many traits of the early years are
still with us. The cryptic error messages in most com-
pilers were relatively unimportant for professionals but
tough on casual users. Also, C is definitely packaged as
a compiler, not a programming environment, so input
must typically be created with a text editor, placed in
a file, and handed to the compiler. On some systems,
this is rather painful, and it also makes it harder for the
novice to get started. Finally, the large amount of
freedom provided in the language means that you can
make truly spectacular errors, far exceeding the relatively
trivial difficulties you encounter misusing, say, BASIC.
One or two such goofs while learning the language can
lead a beginner to burn the manual. Despite its prob-
lems, however, C continues to be used and developed,
a good sign that there is a place for a portable low-level
language with powerful model-building facilities.®

Steve Johnson is head of computer systems research at Bell Laboratories (600
Mountain Ave., Murray Hill, NJ 07974) and designs languages for VLSI (very-
large-scale integration) integrated-circuit design. He is the author of the Unix
portable C Compiler and the YACC parser generator.

Brian Kernighan is head of computing structures research at Bell Laboratories
and is interested in document preparation, programming languages, and pro-
gramming methodology. He is the coauthor of The C Programming
Language and Software Tools.
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A C Language Primer

Part 1: Constructs and Conventions in C
by James Joyce

Part 1 of this two-part article includes a brief overview of the C language and its history as well as examples of programs
that demonstrate C's features. Because I have assumed that readers are familiar with a programming language, I have not de-
fined such common programming concepts as variables, loops, functions, and arguments.

The examples that follow will help you to explore C’s features. Each example is a small program that explores a single aspect
of the language, placing the focus on the feature instead of on the program or its possible applications. The only drawback
to this approach is that it sometimes sacrifices utility for exposition. For further explanation, I direct you to the definitive reference
for useful C examples, The C Programming Language, by Brian Kernighan and Dennis Ritchie.

To reinforce what you learn, 1 recommend that you enter each program into a computer. After the program runs successfully,
experiment with omitting or changing parts of it. Introducing deliberate errors will provide a controlled orientation to C's sometimes
cryptic error messages and will be valuable experience for interpreting compiler diagnostics. As is the case with many program-
ming languages, errors in C can have a cascading effect— when many errors are actually the result of one.

This article does not pretend to explain everything you will want to know about C. The idea is to get you started with key
constructs and conventions in C that you will eventually encounter.

C was developed in Bell Laboratories at Murray Hill,
New Jersey, in 1972. Created by Dennis Ritchie, it was
based on the language B, Ken Thompson’s adaptation
of BCPL (basic combined programming language).
Because the letters B and C are sequential in both the
alphabet and in BCPL, some contend the successor to
C will be D, and others say it will be P. As with ALGOL
68 and PL/I, many insist that C is the programming lan-
guage and that it will last forever.

Unix and C have been intimately associated from C’s
beginning. Unix was originally written in assembly lan-
guage, and transporting it to other hardware was a grow-
ing problem as new utilities and functions were added.
With C available, Thompson and Ritchie rewrote Unix,
leaving only a few very low-level routines in assembly
language. Transporting Unix to another computer is
mainly a matter of writing a C compiler for the target
computer. Most of the several hundred C programs that
make up Unix compile without a change in code on the
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new hardware, a feature that has helped make Unix and
C so popular today.

Because C appears to be so portable, it is tempting to
talk about “standard” C. Such a standard exists implicitly
in the Unix program lint, which parses C programs look-
ing for machine-dependent code. Though quite intelli-
gent for a program, lint can be fooled.

A partner program in C standardization is cb, the C
beautifier program, which reformats C code according
to the program’s structure. Thus a programming team
can run its programs through cb to gain an overall
uniformity of code format. Uniformity reduces the ef-
fort needed to get to know another team member’s code,
in turn making maintenance easier. The C beautifier can
also be used as a debugging aid because comparing the
reformatted version to the original may reveal misplaced
or missing code.

Good style in C is important because C programs can
be very hard to read. For example, compound statements

www americanradiohistorv com
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that in Pascal are grouped by the keywords begin and end
are grouped by the easy-to-miss { (leftbrace) and } (right-
brace) in C. Add to this the fact that C is free format
(without line numbers), and the ill-considered place-
ment of a brace can easily introduce a bug.

Another feature of C that can cause difficulty is that
expression values can be changed in the middle of a
logical test. The C instruction

if ( (byte = getchar()) == X" ) count++;

causes the function getchar() to read a character, which
is assigned to the variable byte and tested by == for
equality to X, all within the conditional test of an if state-
ment. This feature makes for compact code and can con-
fuse the unwary.

C Program Structure
This is the smallest possible C program:

/*- small.c The smallest C program --*/
main()  /* a comment */

{
}

Comments in C are, as in all languages, optional but
highly desirable. C comments are enclosed PL/I-style
within the comment delimiters /* and */. A routine
called main is required for each and every C program.
The pair of braces in the subsequent lines are also re-
quired, and any executable code for main must appear
inside them. Although the example is simple—there is
no executable code, so the program does nothing—I en-
courage you to enter and run it.

To compile this example under Unix the command is

$cc small.c
$

C programs under Unix must be in a file whose name
ends in .c, or else they will not compile properly. If the
compilation is successful, there will be no messages from
the compiler: the compile will end, and control will
return to the shell (Unix’s command interpreter), which
uses the § (dollar sign) to prompt for another command.

The ready-to-run program, which is named a.out, will
be in your current directory. If the C compiler had
detected errors, the errors alone would be printed, along
with an indication of the line number at which the er-
ror had become obvious. You may need to examine other
lines in the vicinity of the reported error to find the real
culprit.

This "silent treatment” can be disconcerting if you're
new to C. But as your confidence in writing C programs
builds, you will grow to prefer its brevity. To learn what
messages C gives when main, the parentheses, or the
braces are missing, try running the program without
them. This is good practice in reading diagnostics.

66  August 1983 © BYTE Publications Inc

The cc command causes the compiled code to become
an executable file named aout. To run the program,
simply type a.out. When the program has finished run-
ning, control is returned to the shell, which again
prompts with a §. You see no output because small.c does
nothing.

The entire program could have been written as one
line, as shown here:

[*—small2c The smallest C program, on one line --*/

main() { }

The format of the first version is the style Kernighan and
Ritchie recommend.

Functional Structure of C Programs

C programs are made up of functions, minimally the
function main. Our first program can be thought of as
a do-nothing function: there are no arguments given to
the function, and no processing is done. Good program-
ming style in C encourages you to structure a big pro-
gram as a number of small functions. The good C pro-
grammer will break large programs into smaller ones and
write a function for each. If each function can stand
alone, the programmer eventually develops a “toolbox”
of useful programs that can be combined in different
ways to solve problems. This is a very important and
powerful concept.

In the example that follows, main calls a function, doit,
that doesn't do anything. This is a bare-bones example
of a main program calling another function.

[*-- smallsub.c Smallest C program with a subprogram --*/
main( )

doit( );
}

/*--- doit doesn't do anything ---*/

doit()
{
1

The call to doit is given in maih within the braces
because functions are executable—even if they don't do
anything but return control to the main function, as they
do here.

A function is invoked by stating its name; arguments
to be passed to the function are placed within paren-
theses after the name. The semicolon after the call to doit
is C’s statement terminator (as found in PL/I) rather than
simply a statement separator (as in Pascal or other
ALGOL-like languages). In other words, a semicolon
must appear at the end of every legal statement in C.

After the code for main comes the definition of doit. The
definition is like that of main, further emphasizing that
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C programs are made up of one or more functions. Func-
tion definitions may not be nested in C. That is, the
definition of doit cannot be inside main. Once you have
this program running successfully, try defining doit in-
side main’s braces to view the message C gives.
Functions can be defined in any order, although main
is typically the first function in a program. Try moving
the definition of doit in front of main and compile the
result to verify that functions can be defined in any order.

Printing a Message

The library function printf prints output on the stan-
dard output device, your terminal, unless redirected to
another destination:

*— helloc Greet the world, introduce output in G -—*/

main( )

{
}

The message printed by this example is, of course,

printf(**Hello, world! \n");

"Hello, world!”

It is coded as a character string within parentheses in
the printf statement. The printf statement is simply a func-
tion call. Notice that the string between the " (double

PROGRAMMERS FLIGHT SIMULATOR
Apple 1 Plus DOS 3.3 48K

This total IFR Systemn disk features gobs of menu
selectable flight programs each with breath
taking realistic picture graphics, moving scenery,
airport approaches, holding patterns and much
much more,

$50.00 At vour Computer Store or direct from
Visa

Mastercard
Programmers Software
2110 N. 2nd Street
Cabot, Arkansas 72023
(601) B43-2988
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quotes) ends with the two characters \n (backslash-n).
This combination is C notation for a newline character,
which on a computer’s video terminal (or printer) will
position the cursor (or print head) at the beginning of
the next line.

In C, as almost everywhere in Unix, the \ (backslash)
is the escape character, signaling that the character that
follows is to be treated differently than it would be with-
out the \. Other common combinations include \b for
backspace, \f for form feed, \r for carriage return (to
the beginning of the current line), \t for tab, \" for dou-
ble quotes (rather than simply ”, which would signal the
end of the character string), and \\ to indicate the back-
slash.

All arguments of a function must be on the same line
in C. Because printf is a function, the entire string within
printf must be on the same line. If you have a particular-
ly long character string to print, it can be broken up in-
to several segments, each printed using a printf:

[*— stream.c Print “Hello, world” as stream output —*/

main()

{
printf(** \t");
printf(“Hello");
printf(“ , ™;
printf(" ";
printf(“‘world");
printf("1");
printf(** \n");

}

Because only the last line contains a notation for a new-
line character, the printf statements print one after another
on the same line. The output is a stream of characters,
one after the other up to and including the newline.

Variables, Assignment, and Output

Variables in C may be any length, though only the first
8 characters matter (external variables and function
names may be restricted to fewer characters, depending
upon the machine being used). Variables must be de-
clared explicitly:

[*— varc Introduce printf to print a variable —*/
main( )

int age;

age = 40;

printf(*“This year Sam is %d years old. \n", age);
}

Although int is short for integer, you cannot use the term
“integer” to declare a variable. The = (equal sign) in the
statement following the declaration is used for the as-
signment of values to variables.
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Notice that the printf statement is slightly different and
has two parts to it; a comma separates the character
string,. enclosed in double quotes, from the variable
name age. The character string also has something new
init, %d, telling printf that a decimal integer is to replace
the %d during output. The %d corresponds to the vari-
able age; the printf function will allocate enough space in
the character string for the width of the value that re-
places %d. The value of age will be inserted into the char-
acter string to produce the following message:

This year Sam is 40 years old.

The character string is, then, an output control string
for formatted output, providing guidance to the printf
function.

Sometimes C programmers forget to declare a variable.
You can discover C's message about that by deleting the
int declaration, then recompiling the program. You can
get the program to work again by deleting the assign-
ment statement and substituting the constant 40 for age
in the printf statement.

There are, of course, other variable types in addition
to int, and you will meet them in later examples. C has
several powerful control structures you will want to learn
first, with other variable types introduced in appropriate
circumstances.

Looping with while and Incrementing
We can use essentially the same program to introduce

an aspect of looping while incrementing:

[*--- whilec The while construct --*/

main( )
{
int count;
count = 1;
while (count <= 4) { I* A*l
printf(**%d \n", count * 10); /*B*
count = count + 1; I*C*l
} I*D*

!

‘The statement with the comment /* A */ sets the condi-

tion, given in parentheses, that count be less than or
equal to 4 for execution of the loop to continue. The loop
includes the two statements within braces, beginning
with the end of line A and ending with line D. The
braces enclose a compound statement in C (i.e., one or
more statements treated as if they were a single state-
ment). That the brace in A is on the same line as the
while is the preferred style in C.

The two statements in the loop print the desired
number and increment the variable count. What's new
here is that, in line B, we demonstrate that the variable
in printf can be an expression—in this instance, count * 10
(the asterisk means multiplication). The expression in
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line C, count = count + 1, is not used much in C because
there is a much shorter notation that we will examine
in the next example.

Line D contains the brace that ends the while loop. It
is lined up under the w of while as a matter of style. As
an experiment, you can remove the statement that sets
count to 1 to learn how C treats an undefined variable.
(Some undefined variables are given an initial value by
the C compiler so that they don’t have garbage in them.
More on this can be found in section 1.10 of Kernighan
and Ritchie’s book.) In this instance, the value of count
is arbitrary, and you may have a runaway loop (on most
Unix systems, this can be stopped by pressing the Break
key or the Rubout key).

In the example that follows, the term count ++; replaces
count = count + 1;.

[*-- while2.c  The increment-by-one operator ---*/

main( )

{

int count;

count = 1;

while (count <= 4) {
printf(**%d \n", count * 10);
count++;

}

This illustrates a powerful legal C construct, the incre-
ment operator, which is unusual in high-level languages.
The ++ assures the C compiler that you're telling it you
want to increment count and that you have not mistyped
the statement. The ++ is an operator that means “in-
crement by one,” and under some circumstances it is
faster than using count = count + 1; (it is certainly easier
to type). Although it is not required, putting the incre-
ment-by-one operator next to the variable it affects, with-
.out intervening spaces, helps those who must read the
code later.

Here's a further example of how the increment opera-
tor may be used in C:

[*-— while3.¢ Increment-by-one in expressions ---*/

main( )

{

int count;

count = 1,
while (count <= 4) {
printf(*%d \n", count++ * 10); I*E*I
}
}

In line E, the variable count has been rewritten count + +
so that the increment-by-one operation is done within
the printf statement. Some feel this and similar practices
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make C hard to read, and for the uninitiated that can
be true. You should be aware of this use of ++ , if only
so that you can read other C programs. With practice
you may even grow to feel this use is quite natural.

It is instructive to change count++ to ++count in the
above example and then run it. The ++ operator may
be used as both a suffix and a prefix, to affect the con-
tents of a variable before the expression is evaluated or
after. When ++ is used as a suffix, count is initially 1, its
value is printed, count is incremented, and the loop
begins again. When ++ is a prefix, count is initially 1, but
count is incremented before its value is printed.

There is a corresponding “decrement by one” operator,
--, which follows the same rules. If you experiment
with the increment and decrement operators, keep in
mind that you may want to change <= (less than or
equal) to >= (greater than or equal) to prevent the pro-
gram from going into an infinite loop. Try changing count
to count++ in the while instruction, leaving simply count
in the printf statement.

Looping with for
C’s for statement has three parts within its parenthe-

ses:

[*-- forc The for construct ---*/

main( )
int count;
for (count = 1; count <= 4; count++) ™Al
printf(*“%d \n", count); I*B*l

}

The first part initializes the for. The second indicates the
condition allowing the loop to continue. The last part
indicates what is to be done at the “bottom” of the loop
(in this example, count will be incremented after printf
prints).

The body of the forloop is given in line B. You might
want to add a printf after the for loop to see that the loop-
controlling variable, count, retains its value outside the
loop. This contrasts with for loops in Pascal and do
loops in FORTRAN, in which the loop-controlling
variable is technically “undefined” upon exit from the
loop.

Tllie printf can also be included in the third part of the
for loop:

*- for2.c The for loop with null statement body --*/

main()

{

int count;

for (count = 1; count <= 4; printf(**%d \n", count+ +))
; 1*C*l
}
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The lone semicolon in line C is still required by the syn-
tax of the for loop, and it ends the null (or empty) state-
ment that makes up the body of the loop. There is
nothing in the loop; all action takes place in the paren-
theses after the keyword for. This practice, which occurs
often in C, can result in fast code. The danger in this
practice is that someone reading the code may later miss
the null statement and mistakenly think the next con-
struct is included in the for loop. To help avoid such mis-
reading, the semicolon in line C is lined up under the
fin for.

getchar and putchar

Now that you know several basic control structures,
you're ready to be introduced to the library functions get-
char and putchar. As functions, they are not part of C
proper but are basic extensions necessary for writing
most programs. The function getchar receives one char-
acter from standard input (the terminal’s keyboard), and
putchar sends one character to standard output (the ter-
minal’s video display).

The following simple program using getchar and putchar
will copy one character at a time from input to output
until it finds an end-of-file indicator:

[*-- copy.c Copy input to output ---*/

main( )
{
int byte; I*A*
while ( (byte = getchar()) != -1) /*B*
putchar(byte); /*C*

}

The end-of-file indicator from a terminal is a Control-D
with Unix, which getchar signals by returning the integer
—1; thus, to get out of this program, you need only type
a Control-D at the keyboard. CP/M uses Control-Z for
an end-of-file marker.

Line A declares byte as an integer, which at first seems
strange because, as we said, the program copies char-
acters; but the gefchar function returns other values
besides characters (among them the integer —1, which
doesn't fall within the range of the char type). There is
at least one version of C in which byte can be declared
char and the end-of-file test in B will still work. Try
changing int in A to char and rerun the program to see
how your version of C behaves. If you run the char ver-
sion of this program through lint, it will indicate that the
“comparison” in line B is “nonportable.”

So long as the condition in line B is true, the while loop
will continue. It is a complex-looking expression, but you
can break it into its parts readily if you work from the
inside parentheses out: getchar is called and the value it
returns is assigned to byte; the value of byte is then tested
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against -1, and so long as they are not equal (the !=
means inequality), line C is executed and the loop con-
tinues. The call to putchar has byte as.its argument, with
the result that the contents of byte are sent to the stan-
dard output.

The C compiler employs a preprocessor that can be quite
useful in making programs readable:

[*- copy2.c Use preprocessor variable for EOF ---*/

#define EOF -1 )
main( )
{

int byte;

while ( (byte = getchar()) != EOF) [EER/

putchar(byte);
}

The # in line D is an indication that define is an instruc-
tion to the preprocessor. (Several other preprocessor in-
structions are given by Kernighan and Ritchie.) The ac-
tion of the preprocessor can be likened to the expansion
of macroinstructions in an assembler—it is not a separate
program from the C compiler. Before the lines of the pro-
gram are compiled, the #define instructs the preprocessor
to replace every occurrence of EOF with the constant -1.

With the substitution made, line E in this program will
mean the same thing to the C compiler as line B does
in the previous example, and using the preprocessor
makes the line more readable. This enables us to give
symbolic names to special numbers (such as —1, when
it signals end-of-file) or array boundaries in declarations
or loops (as we shall see next month). The preprocessor
will then replace the symbols in the program with the
proper values before compilation. This approach im-
proves both readability and maintenance.

We now know of two functions used for output: printf
and putchar. Here is a quick illustration of how printf can
be used in place of putchar in the previous example:

[*--- copy3c Show printf equivalent of putchar --*/
#define EOF -1

main( )

{
int byte;

while ( (byte = getchar()) != EOF)
printf(*%c", byte); (= &

}

The format specification %¢ tells printf that a single char-
acter of data is to be printed. Changing %c to %d will
not produce a character, but rather a numeric (integer)
interpretation of the value in byte. Normally we want to
distinguish between character data and its possible in-
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terpretation as numeric data because dwelling on the in-
terrelationship of char and int brings us too close to mat-
ters that are machine dependent.

if and else
C’s if statement looks like if statements in many pro-
gramming languages.

[*--ifc lllustrate the if and else statements ---*/

main( )

{

int answer;
printf(* \tDo you like C so far? \n"); I*A*
printf(" \tType y for yes, or n for no: ™);

answer = getchar();
if (answer == ‘y')
printf(" \tGlad to hear it! \n");
else
printf(" \tHope it changes. \n");
}

This example asks a question and prints a response de-
pending upon the answer. Those used to Pascal or other
ALGOL-like languages should note that a semicolon is
required after the printf, just before the else, as a state-
ment terminator. In this example, we also employ the
logical operator == (is equal to). Note that the two printf
statements that give the greeting are separated from the
get-the-work-done portion of the program.

The logic of an if statement can become quite complex.
Though we will avoid getting too deeply involved here,
C allows the nesting of if and else constructs:

[*-if2.¢ lllustrate nested if and else statements ---*/
main( )
{

int answer;

greet();

answer = getchar();
if (answer == ‘y)
printf(" \tGlad to hear it\n");
else if (answer == 'n’) *8*
printf(** \tSorry to hear that. Hope it changes. \ n"’);
else
printf ("l don't understand %c.", answer);

}
greet() /*-- greet the user —*/
{
printf(* \tDo you like C so far? \n");
printf(* \tType y for yes, or n for no:");
}
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Line B shows that if the answer character is not y, the
program is to check whether the character was an n. If
that test fails as well, an error message is printed.

In C, an else refers to the most recent if that does not
already have a closer else. Kernighan and Ritchie think
all it and else statements should be lined up under each
other, no matter what the depth of nesting, to prevent
the code from drifting off the right-hand side of the
screen or page. But the risk of associating the wrong else
with an if seems too great without indenting, and the
consequences too hard to detect, so I propose using the
approach illustrated. (This is an instance in which the
cb program perhaps should indicate its perception of the
program structure; instead, it dutifully formats accord-
ing to Kernighan and Ritchie’s suggestion.)

Good programming style encourages you to structure
programs as a number of small functions. While this is
not a big program and could quite easily be written as
a single function, the idea of structuring code is still a
good one. There is no need to clutter main with the printf
statements that greet the user. They belong in their own
function. If someone wants to modify the greeting later,
it can be done more easily with the printf statements suit-
ably identified.

It may be helpful to see what this example would look
like as it was compiled and run under Unix:

$ ccif2c

$ a.out

Do you like C so far?

Type y for yes, or n for no: y
Glad to hear it!

$

The program typed the question through a call to the
function greet and then waited for a reply. The user
typed a y and pressed the Return key. The first if was
satisfied and the appropriate message printed. Because
the if was satisfied, there is no need to consider the else
statement, and the program ends.

Had the response been n, the first if would have failed
and the else statement would have taken effect. The if
test for n would be satisfied and the message of sym-
pathy would be printed. Again, satisfying the if condi-
tion means the subsequent else is skipped and the pro-
gram ends. If the response had been anything other than
yorn (even uppercase Y or N), the third else statement
would have taken effect.

Here is a program that plays a simple guessing game
with its user, testing for the correct response by use of
the if statement. If the user types the letter e, the pro-
gram points to it and announces, “You guessed it!"

[*--- if3¢c Ilustrate the if and break statements --*/
#define EOF -1
main( )

{

Circie 126 on inquiry card. ===
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THE NEW DAS SERIES 500 FOR THE IBM PC:

das -cues oo

THE DATA ACQUISITION & CONTROL SYSTEM
YOU SHOULD CONSIDER OVER A MINIL.
EVEN IF MONLY IS NO OBJECT

Let's say vou have enough money to
buy nearly any dala acquisition and
controt system you might want. Whal
will you choose?

I sheer power is your main reqguire-
ment, vou might choose an expensive
minicompuler system. Bul, then
again, vou might just as well choose
the new DAS Scries 500,

Simply plug the Series 500 into any
off-the-shell 1TBM Personal Computer
and vou'll have up to 336 channels of
analog input, 60 channels of analog
oulput and 192 channelds of digital 1/0)
(even AC/DC device control). And
with measurement speeds as high as
25,000 analog data points per second,
and Lrue 12 or 14 hit precision, vou'll
have enough power and accuracy for
the most demanding applications.

If vou need flexibility, vou'll want
lo compare other, more costly syslems
o the fully modular Series 500, 1
comes supporled by an extensive
library of inlegrated plug-in modules
that let you custom Lailor almost any

combination of inputs and oulpuls,
digtlal or analog. And do so almost
instantly.

So the Series 500 is ideal for hun-
dreds of applications in product lesl,
process control and energy manage
ment; in psychology, biology, analyli-
cal chemistry and neuroscience,

I case of use is high on vour lisl,
consider this: Only the Series H00
comes equipped with the advanced,
integrated SoftH00 soflware package.
Wilhiit, vou can sel up, collect, slore,
conlrol, display and analvze, all wilth a
few simple BASIC commands.

In fact, Softhno makes prograim-
ming so casy, vou can be up and run-
ning with vour Series 500 the same
day vou get il livenif vou're nol i
computer experl.

Now compare advanced fealures.
Like exclusive foreground/
hackground soflware architecture
that lels vou analyze data while you
collectit. Like the real-time clock/
calendar and precision interval timer.

Or the tremendous range of signal con-
ditioning options, including soflware
selected gain and offsel, amplification
from millivoll levels, and provision for
direct connection of thermocouples,
strain gauges and RTDs.

These are fealures you mighl not
gel elsewhere, no matler how much
money vou spend. But then, why
spend alt thal money?

I3ecause lor less than $6000 you pel
hoth the advanced capabilities of the
DAS Series 500, plus an H13M 1°C
(which incidentalty, vou can still use
Lo do all the other things a 1°C does so
well).

[For complete information on
the DAS Series H00 dala acquisition
and conlrol syslem, write o us al
Dala Acquisilion Syslems, Inc.,

349 Congress Streel, Boston,
Massachusetls 02210, Or call us al
Hl7 A423-T6491.

NP e b ool arponnalect
SIS & Vol 1 e st
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Clrcle 158 on Inquiry card.

Since November of last year, we've been testing our new
Eco-C Compiler and now it's ready for your Z80™ CP/M™
system. Some of the features include:

® All data types, including float, double and long.

® Fast, efficient code. For example: Our versions of
“seive" in January, 1983, BYTE; 15.8 seconds
(standard) and 11.7 seconds (optimized).

® Uses Microsoft's MACRO 80™ for REL file output.

® Standard (K&R)file /0 and library (most in source)
included.

® Easy assembly language interface.
® No royalty fees on generated code.
The price for Eco-Cis $350.00 and includes MACRO 80 (a

$200.00 value by itself). We'll also include a free copy of
C Programming Guide while supplies last.

For turther information, call or write:

[ 4
P.O. Box 68602 [~
Indianapolis, IN 46268
EHCOBOFTHNINC. (317) 255-8478

Registered trademarks are: Zilog (Z80), Digital Research
{CP /M), Microsoft (MACRO 80) and Ecosoft (Eco-C).

Compiler

The MARK SERIES
WINCHESTER = pef g
DISK DRIVE e
WINCHESTER DISK
SUBSYSTEMS DRIVE SUBSYSTEMS

30 Ms. Average Access 85 Ms. Average Access
1 Year Parts & Labor 90 Days Parts & Labor

Warranty

20 MEGABYTES...$3,333*
33 MEGABYTES...$3,750*
46 MEGABYTES...$4,416*

Warranty

5 MEGABYTES...$1,995*
10 MEGABYTES...$2,295*
15 MEGABYTES...$2,695*
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COMPATIBILITY ——————————
Hardware and Software interfaces for TRS-80® Apple 11®
IBM-PC® CP/M®Turbodos® $-100, any 8 bit parallel port,
any Z-80® computer such as Osborne®Xerox® Televideo®
Northstar Advantage® NEC® AVL-Eagle®

NOTHING ELSE TO BUY

Subsystems include disk, chassis with power supply, con-
trolter, cables, hardware adapter and software package.

*SUBSTANTIAL DISCOUNTS AVAILABLE TO QUANTITY BUYERS.

P 8720 Old Courthouse Rd.
Fassociatesll vienna, VA 22180  703-281-5762

Circle 314 on Inquiry card.

int byte;
greet();
while ((byte = getchar()) != EOF) {
if (byte == '¢') { *D*
printf(* “—You guessed it! \n"); *E*l
break; I*F*
} *G*
putchar (byte);
} *H>*

}

greet() /*--- Print a greeting to the user --*/

{
printf("If you type a certain letter \n");
printf(“I'll congratulate you for guessing it. \n");
printf(“If you get bored, type control-d instead. \n");

The brace at the end of line D indicates that a com-
pound statement follows, just as a brace introduced a
compound statement in previous examples. The closing
brace for the if is on line G and is directly under the i
of the if.

The statements on lines E and F are executed if the
character entered was an e. The first not only con-
gratulates the user on the correct guess but points to the
correct letter on the line the user typed. (This extra touch
is meant to suggest a level of human interface being
found in more and more programs and is by no means
state of the art. For example, if your erase character is
# and you erase characters before typing the correct one,
the arrow will be meaningless. Try rewriting this exam-
ple to get around this problem. Next month, in the sec-
tion on character arrays, I will present some ideas that
may be helpful.)

The break on line F is a powerful statement in C. It
causes the program to break out of the first enclosing
while, for, do, or switch (I've omitted discussion of the do
statement here but will present switch in part 2), pass-
ing control to the statement following. In this case, the
break causes the while to release control, with processing
resuming just after the brace on line H, so the program
next reaches the closing brace for main and ends.

We have wandered through C programs to learn C pro-
gram structure, C functions within programs, basic in-
put/output in C, variables and assignment of value, and
control constructs such as while, for, if, and else. With
these five aspects of C you can write useful programs
so long as you are processing one character at a time.

Next month in part 2 we will take up the more ad-
vanced topics of arrays, pointers, communication be-
tween C programs and the host operating system, and
the important concept of tool building.m

James Joyce is president of International Technical Seminars Inc. (520 Waller
St., San Francisco, CA 94117) and founder of the Unix Bookstore.

Circle 108 on inquiry card. ==
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20/20

FORESIGHT

Right in any light.
COI‘III'EX WOI'd processing monitors. ( /
Fluorescent. Incandescent. Natural. Artificial. Comrex has word .

processing monitors for any kind of light. The CR-5400: a compact.
nine-inch diagonal screen; the CR-5600: a twelve-inch screen. Both
available in green. yellow-green or amber displays with tack-sharp
resolution. Easy on the eyes. Both so affordable they could
only come from Comrex. Easy on the wallet. The CR-5400.
The CR-5600. The monitors for your eyes.
your tighting, your wallet, you.

INTERNATIONAL INCORPORATED
3701 Skypark Dr. « Sulte 120+ Torrance, CA 30505 « (213) 373-0280
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Circle 198 on Inquiry card.

The IBM Personal Computer XT.
More power to the person.

Plenty of muscle. That’s what the new
IBM Personal Computer XT means to
a person with heavyweight data to manage.
Because one of the XT’s many strong points
is a 10-million-character fixed disk drive
that helps give you the power to pump
more productivity into your business.
What's so special about a fixed disk?
Exactly that. It's a/ready fixed inside
the system, with the capacity
to store the facts, figures, names and
numbers you need to work with.
(Rather than go from diskette to diskette,
store up to 5,000 pages of text or up to
100,000 names and addresses in one place.)
Yet there’s more built into the XT than
its fixed disk. Reliability and quality
are built in as well. Plus more than
30 years of IBM experience.
A new level of price/ performance.
And a remarkable compatibility of
both software #nd hardware with the
original IBM Personal Computer. So,
with the introduction of XT comes a special
tool designed to help you be more
productive in high-volume applications.

WHAT’'S THE DIFFERENCE?
e enav. = — [ N )
e V7 s E
- - ] - S W
A _.. S— = 7_\=
. Personal
Personal Computer
Computer XT
BASE SYSTEM*® BASE SYSTEM*®
User Memory User Memory
64KB (expandable to 640KB) 128KB (expanduble 1o 640KB )
Auxiliary Memory Auxiliary Memory
Uip to two 5% 160KB/180KB or - One 10 megabyte fixed disk
320K8/360KB diskette drives drive and one 514" 360KB
optional diskerte drive standard
* An expansion unit can also be added o borh 16-bit (BO88) systems for 6 more
system expansion slots. Added to the IBM Personal Computer, it can house
two 10 megabyte flixed disk drives. Added to the IBM Personal Computer XT,
it can house one additional fixed disk drive for a total of 20 megabytes.

Another tool for modern times to
keep you going strong.
To find out where you can see the
[BM Personal Computers, call 800-447-4700.
In Alaska or Hawaii, 800-447-0890. ===
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Comparing C Compilers
for CP/M-86

Portability, compactness, and speed are crucial

by Jerry Houston, Jim Brodrick, and Les Kent

The very number of C compilers
available attests to the strong position
C has taken as the shift toward 16-bit
microprocessors picks up momen-
tum. The popularity of Intel’s 8086
family of microprocessors (in com-
bination with Digital Research’s
CP/M-86, MP/M-86, and Concurrent
CP/M-86) prompted us to wonder, of
the C compilers currently available
for these systems, which are best for
a particular purpose, which are most
cost-effective, and which are easiest
to use? Portability, compactness, and
speed are crucial, but so are com-
pleteness of implementation and the
extent to which the compilers make
special allowances for the architecture
of the 8086 processor family and the
structure of CP/M.

Why C?

Long revered in the halls of
academe, C has recently become a
significant language in professional
circles. C is fast, efficient, versatile,
and, perhaps more than any other
significant language, portable. C’s
tendency to reduce projects to a col-
lection of discrete functions is well
suited to joint programming efforts
and produces code that is easy to
maintain.
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In the rush to migrate to 16-bit pro-
cessors, software houses are turning
to C in droves (see the text box “The
16-Bit Migration,”” page 84). It has
qualities in addition to its speed that
make it particularly suited for sys-
tems programming (e.g., flexible
pointers and efficient use of regis-
ters). Thomas Plum in Learning to Pro-
gram in C (Cardiff, NJ: Plum Hall
Inc., 1983) calls it “a portable assem-
bler” Yet, C nicely accommodates ap-
plications programming by inducing

Our evaluation is
slanted toward
identifying the

suitability of these six
C compilers for use by
a systems house.

its users to practice structured pro-
gramming techniques.

One software house newly com-
mitted to the C language is Digital
Research Inc. (DRI), whose CP/M
operating system dominates the 8-bit
world and whose operating systems
are a major force in the 16-bit world.
DRI has announced that, in order to
achieve source-code portability, all

www.americanradiohistorv.com

new CP/M operating systems will be
written in C.

A great attraction of the Digital
Research family of operating systems
is that it spans the gap between 8-
and 16-bit processors. In other words,
a data file that can be read on an 8-bit
CP/M system can also be read on a
16-bit one. And DRI has announced
that future versions of CP/M will sup-
port National Semiconductor’s 16032
and Zilog’s Z8000 microprocessors.

Evaluation Philosophy

We approached our evaluation of
six C compilers (Mark Williams
CC86, Digital Research C, Computer
Innovations C86, Mark DeSmet C,
Lattice C, and Supersoft C) with a
slant toward identifying their suit-
ability for use by a systems house
because we work for one. (That
means we make operating computers
out of a lot of interconnected parts.)
We are more interested in using C as
a systems language to produce device
handlers, formatters, diagnostics,
and utilities than we are in using it
to produce accounting programs and
database managers.

In evaluating these compilers, we
have chosen The C Programming Lan-
guage by Brian W. Kernighan and
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Does it really work...
prove it to yourself...

MICRO-TAX

Post Taxseason

SALE

Order the 1982 Micro-Tax™ personal computer tax preparation system
and prove-it-yourself that it can increase your client volume and
profits in 1984! Regularly $1000 ea (if current tax year) full

federal systems (not a sample) for only $58 ea.

A post-taxseason sale? That's right! We decided to have a

clearance sale for all you tax professionals out there who

need to be convinced that a Micro-Tax™ personal computer

tax preparation system can make life a lot easier for you, and
produce more profits for your business. For only $58 (the cost of
processing and handling) we'll send you a full 1982 tederal (regularly
$1000 ea., if current tax year} Micro-Tax* system that computes and
prints over 30 schedules and forms.

Test it on your own computer {Apple, IBM PC, IBM XT, or any other
personal computer with CP/M, PC DOS, or MS DOS*) and you'll be convinced
that you no longer need to prepare tax forms manually or use a computer service
bureau. Then, with complete confidence, you can order your 1983 systems.

MICRO-TAX* 1S VERSATILE AND FLEXIBLE—With Micro-Tax* you can input client tax
information at the time of interview and produce the forms immediately or enter data at
one time and print at another.

The data entry is organized in a sequence very similar to manual tax preparation. If
you're looking for a bargain, the Micro-Tax* system is it. . .and especially during
the “*Does it work . .. prove it to yourself... POST TAXSEASON SALE!" Go
ahead . .. send in the order blank now and get ready tor bigger profits in 1984.

-———-—-—-—--—-——--——-—I

Mail to: MICRO-TAX™ Dept. 1B

6203 Variel Avenue, Suite A |
Woodland Hills, California 91367 Phone (213) 704-7800 I
Please send me the full federal system (Reg. $1000 ea.} 1982 Micro-Tax" I
personal computer tax preparation package (or integrated state programy)
checked below for $58 ea., Calif. residents add 672% sales tax. |
O Level 2, Professional Individuai Package ........... ....... $58.00
S Efgt%' géciz;régership/Corporate Package ................... ggggg I 1982 SCHEDULES AND FORMS INCLUDED
....................................... . | | H | 1 | PR|NTS
| [FuLL reDERAL 140 ' '
Name of State Total et 1L E’ [ l | | ,
CJCP/M O PCDOS [ MSDOS I |rensouat cal | |1 a |
il | PR B
Make of your computer Disk size 1 |svstems = o t ghggg
Name l SrmeaEcET It g b s LA
Slekoiahela = RRRIS el Egv SRRRE3S!
Street Vo [Ceverz, protessionanr .| ... ','NW ARARAAR ..,n B
City, State, Zip | '""'“"’3"1' poew Ll L L1
Level 3, Partnershl o 1 hslel 11 ol L o) Lotelad L 1 | lakola)e)e]e
Phone | CB\r’:nralePrarl;:;sgapl | V] ‘ | [ | I ‘ [ ‘ I+ | ! |l
Check for—r - ].er[lcl(iseld ll'_']]Vi?a ID][Mlast]erfharge : 1F-111:'rlr::%Lat:leedcls::ll%gec'r:largégsvlaglr%laea m?;ggrrs taken for yearly update packages
CHARNO - | MICROCOMPUTER TAXSYSTEMS, INC.
Card expiration date 6203 Variel Avenue, Suite A
Signature 1  Woodland Hills, California 91367 Phone (213) 704-7800
*C/PM. trademark of Digital R . *Micro-Tax. i 3
ORDER BY MAIL OR CHECK WITH YOUR LOCAL SOFTWARE DEALER 1 ot ing VB DOS. Trademark o Virosoi Corporaton. 18H. 1841 PG, 1BM PEASONAL
1 COMPUTER, IBM XT. trademarks of IBM. “Apple. trademark of Apple.

Circle 272 on inquiry card.
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The 16-Bit Migration

The microcomputer industry is going
through a software cataclysm that has no
parallel in the minicomputer world. Three
major manufacturers—Intel, Motorola,
and Zilog—have all produced 16-bit pro-
cessors that are incompatible at the object-
code level with their popular 8-bit counter-
parts. A fourth manufacturer, National
Semiconductor, with no significant 8-bit
following, has produced yet another 16-bit
orphan.

In the minicomputer world, this would
have been considered a classical, almost
comical, marketing error: an entire genera-
tion of processors has been cut off. Huge
user bases with millions of man-hours of
software development and user training
have been abandoned during the industry’s
transition from 8 to 16 bits.

This situation has sparked a great migra-
tion. Masses of software are suddenly be-
ing uprooted from their 8-bit homes by a
relentlessly advancing technology and
forced to resettle in strange and hostile

16-bit lands dominated by the 8086, the
68000, the Z8000, and the 16032.

Operating systems, peripheral drivers,
languages, and application programs are
struggling to reestablish themselves in
new, fiercely competitive environments,
The reward for the first products to make
a successful transition from 8 to 16 bits will
be what marketing sages call "position-
ing”—which translated means popular ac-
ceptance, loyal followers, a place in the
sun. The penalty for delay is catastrophe.

The migration path must be well chosen.
Companies with products written in as-
sembly language are finding that their fast,
sleek 8-bit code, which took so long to write
and debug, will require a frightening
amount of time to be reproduced in a 16-bit
environment. The time spent in a major
assembly project costs more than program-
mers’ salaries. The major cost is in lost
opportunity.

Even more dismaying for the assembly-
language folks is that their programs will

have to be translated anew for, not just one,
but a whole flock of attractive target pro-
cessors: the 8086, the 68000, the Z8000,
and the 16032. Which one would you bet
on? Would you bet your company on just
one of them?

The great advantage of assembly lan-
guage—speed and compactness—is a lux-
ury few can afford now that nearly all soft-
ware projects are time critical. In this
virgin market, you don’t need fast prod-
ucts; you need products fast.

Companies with products written in ex-
otic, high-level languages like PL/I, on the
other hand, are in a slightly better situa-
tion. The development time spent on their
8-bit products will carry over to 16-bit ver-
sions, which should require no more than
a little fine-tuning to become marketable.
These companies need only sit back and
wait for 16-bit versions of their chosen com-
piler to be released. Yep, just sit back and
wait, and wait. . . .

Dennis M. Ritchie (Prentice-Hall
Software Service, 1978) as the stan-
dard definition of the C language. (In
an attempt to buck convention, we
will try to avoid the use of the word
“robust” and will resist all tempta-
tions to make puns about C.)

The Procedure

We have tested the six C compilers
that are curently commercially avail-
able for the CP/M-86 operating sys-
tem (although by the time this arti-
cle is published, we expect four more
to become available). To evaluate the
speed of each compiler, we selected
five benchmarks—each chosen to test
a certain range of C language fea-
tures. Not all the compilers were able
to run all the benchmarks. After
spending many hours trying to find
source code that was common to all
the compilers, we finally decided that
documenting the inability to compile
a legitimate program provides useful
information about a compiler.

These benchmarks were performed
on a Compupro system with a 10-
MHz 8086 and a 4-megabyte semi-
conductor disk emulator (Compu-
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pro’s MDrive/H). The 8087 floating-
point benchmarks were run at 5 MHz
to allow for the slower speed of the
8087 math processor. The operating
system used was our own implemen-
tation MP/M-86.

The Sieve of
Eratosthenes Is a
mandatory
benchmark—If nothing
eise, It tests a
compller’s abllity to
perform loops.

The four performance categories
we measured (see table 1) in these
benchmarks were (1) compile time on
a floppy disk and on a disk emulator
(or memory drive), (2) link time on
a floppy disk and on a disk emulator,
(3) absolute size of executable object
code produced, and (4) execution
time of compiled code (run on a disk
emulator).

For the first three benchmarks, we
also measured the effective size of the

www americanradiohistorv com

code generated by each compiler. We
derived this value by measuring the
absolute size of the code produced by
compiling a program with only an
empty printf function call—the only
function call used in the first three
benchmarks. We then subtracted this
value from the size of the absolute
code produced by the benchmark in
question. The resulting value repre-
sents the amount of incremental code
generated to run the specific bench-
mark.

Using the effective code size gives
a much more accurate picture of a
compiler’s code-generation efficiency
than merely looking at the size of the
executable file created by compiling
a given benchmark. The size of the
fixed portion of a program may in-
dicate only how elaborate the library
is. As your C programs grow larger,
only the amount of incremental code
will increase. (Note in table 1, for ex-
ample, that, although the command
files produced by the DRI compiler
are bigger than the Computer In-
novations files, Digital Research has
an edge in effective code size. This
suggests that the DRI compiler will
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DISCOVER THE DYSAN DIFFERENCE

san o
oftware Duplication:

It's vour name on the package label.
And your company’s reputation on
the line. Whether your program retails
for $40.00 or $400.00, or is for com-
pany internal distribution, the cost of
duplicating it on diskettes is just a frac-
tion of the value of your product.
Doesn't it make sense to protect the
time, money and talent invested in
your software with the finest and most
complete software duplication ser-
vices available?

Quality Software Deserves
the Quality Media.

Dysan'’s software duplication ser-
vices are unsurpassed for fidelity of re-
production. Not only is your program
copied unerringly onto the finest me-
dia made—the Dysan diskette—but
it's also copied on proprietary equip-
ment manufactured by Dysan, exclu-
sively for Dysan. Plus Dysan offers you
the widest variety of support services
available—from software protection
serialization and packaging. ;

Isn't it time you discovered the
Dysan difference? For more informa-
tion on Dysan software duplication, fill
out and return this coupon today, or
call (800) 551-9000.

i @ Dysan Dy San

ORPORATION Circle 153 on Inquiry card.

Dysan Software Duplication Division
5201 Patrick Henry Drive

Santa Clara, CA 95050

(800) 551-9000

(408) 988-3472

Please send me more details on

Dysan’s Software Duplication Services.
B8

Name:

Company:
Address:
City: State: Zip:

Phone: ( )

vvvvvv.amlérican|'adiohist0rv.com
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actually produce smaller programs
than Computer Innovations C86 once
the source program reaches a certain
size.)

Gary Gilbreath in “Eratosthenes Re-
visited: Once More Through the
Sieve,” in the January 1983 BYTE,
page 283); if nothing else, it tests a
compiler’s ability to perform loops.
All C compilers we tested ran this
program, even if they ran no other.
Lattice C was the undisputed cham-

Quick Results
The sieve benchmark in listing 1 is
a mandatory test (used by Jim and

Program: sieve.c
Execution
Compiler Compile Time Link Time Code Size Time
Floppy Memory Floppy Memory absolute effective Memory
Lattice 23 4 60 10 9984 128 36
Mark DeSmet 20 3 32 5) 4992 128 4.1
Digital Research 32 8 64 12 13888 144 49
Mark Williams 29 6 67 22 7,744 144 6.2
Computer Innovations 3t 7 49 20 11,888 208 9.4
Supersoft 253 142 266 148 5,200 416 12.0
Program: sort.c
Execution
Compiler Compile Time Link Time Code Size Time
Floppy Memory Floppy Memory absolute effective Memory
Mark Williams 45 12 84 22 8320 720 50
Mark DeSmet 35 9 49 1 5376 512 66
Lattice 36 6 82 15 10,496 640 79
Computer Innovations 46 15 n - 38 12,416 736 146
Digital Research 43 14 59 12 14,432 688 199
Program: fibo.c
Execution
Compiler Compile Time Link Time Code Size Time
Floppy Memory Floppy Memory absolute effective Memory
Mark DeSmet 21 3 32 5 4992 128 14
Lattice 21 4 60 1 9,984 128 15
Mark Williams 32 6 66 15 w2 112 17
Supersoft 238 141 251 146 4960 176 19
Computer Innovations 32 7 50 13 11,808 128 22
Digital Research 37 9 55 12 13,856 12 25
Program: float.c
Compiler Compile Time Link Time Code Execution Time
Floppy Memory Floppy Memory Size wlo 8087 w/8087
Lattice 22 4 65 1" 11,136 95 nfa
Mark DeSmet 22 3 34 5) 5,248 108 155
Digital Research 35 9 60 13 15824 116 11.8
Mark Williams 34 8 70 25 8320 167 nla
Computer Innovations 29 6 48 19 12,080 278 326
Program: lofile.c
Compiler Compile Time Link Time File Size Execution Time
Floppy Memory Floppy Memory Code Floppy Memory
Lattice 31 7 72 14 10,496 218 29
Mark DeSmet 26 4 39 7 9,856 592 37
Mark Williams 43 1 78 20 8624 654 40
Digital Research 42 13 60 13 16928 656 64
Computer Innovations 37 1 56 19 13,200 682 76
Table 1: Results of the benchmark tests.
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pion in this classic benchmark, tak-
ing just 3.6 seconds to complete 10
iterations. Digital Research’s C com-
piler for the 68000 performed this test
in 6.0 seconds on an 8-MHz 68000
system, which would put it in fourth
place, 1.1 seconds behind the Digital
Research 8086 C compiler.

Not all the C compilers that we
tested support floating-point opera-
tions. Of those that do, not all sup-
port the transcendental functions
(trigonometric, logarithmic, exponen-
tial, etc.). Thus, the philosophy
behind the floating-point benchmark
(see listing 2) is to keep things simple
and minimize the time spent loop-
ing; the only floating-point opera-
tions we measured were multiplica-
tion and division.

Comparison of the compilers’
mathematical ability is complicated
by Intel's phenomenal math pro-
cessor, the 8087. While it meets the
IEEE's (Institute of Electrical and Elec-
tronics Engineers) 80-bit floating-
point standard and is potentially as
much as 100 times faster than equiv-
alent software, the peculiarities of In-
tel hardware design require that the
processor with which the 8087 is
paired run at the same clock speed.
The fastest 8087 currently available in
production quantities runs at 5 MHz,
yet 8088s that run at 8 MHz are readi-
ly available, as are 10-MHz 8086s.
This means that the main processor
must be slowed down by as much as
50 percent, incurring a corresponding
loss in system throughput, in order
to take advantage of the 8087 math
processor.

With systems capable of handling
high-speed processors, you must
decide whether going faster while
number crunching (between 7 and 10
times faster on the compilers tested)
is worth sacrificing as much as half
your speed while doing anything
else. Lattice C was the “pure-soft-
ware” winner, running the float-
ing-point benchmark in 95 seconds
by itself, but Digital Research’s com-
piler, with the aid of an 8087, was an
order of magnitude faster than that.
(An advantage of the IBM Personal
Computer is that its 8088 pro-
cessor runs at about 4.77 MHz, so
that the decision to add an 8087 is
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OU ARE UNBEATABLE

v« CYBERNETICS TWINS!!

A

\

sl

..t /cosel' and (RTY. The combination provides a uniquely powerful set of

business software tools.

RAM/COROL IS THE MOST WIDELY-USED
MICROCOMPUTER COBOL...and for good
reason. Highly compatible across the
widest range of micro/mini/mainframe
computers, it is the language of choice for
serious business applications. With the
release of RM/COR®L, for the IBM main-
frame machines (370, 30xx, 43xx), it is now
possible to have compatibility over a truly
huge range of computing power...from
micros fo mainframes.

(RT! from Cybernetics (COBOL
Reprogramming Tool!) is a source pro-
gram generator for RW/COROL that can
automatically produce a wide range of
file maintenance, report printing, and
other types of RM/COROL source pro-
grams. Programs produced by (RT! pro-
vide a flexible alternative to many
"database” software packages, since
generated source programs may be
modified for special requirements if
desired. All source programs produced by
(RT!are, of course, the property of the user
of (RTY

In addition to the Cybernetics twins,
RM/COROL and (RT!, we offer source pro-
gram licenses for the most comprehensive
microcomputer business applica-
tions...the MBSI Realworld® software writ-
ten in RA/COBOL.. Starting life as the
minicomputer-based MCBA’ business
applications, this software brings a new.
degree of professionalism to microcom-
puter applications.

Our software is available and supported
for a wide range of microcomputer
operating systems including CPIM,*
CPIM-86°, MPIM*, MPIM-86*, PCDOS,
MSDOS®, OASIS®, TRSDOS’, UNIX?, and
RMICOS'. Contact us for details.

CALL NOW.
(714) 848-1922

trodemorks of:

1 - Ryon-Mckariand Corp

2 - Cypemnehcy. Inc.

3. Micro Business Sotware. Inc.
4 - DIgO' Research INC

5 . MICroon. Inc

- Phote One Systems. Inc.
- Tondy Corp
Bell Tsisphone Laborotoriet
« Mini Computer Butiness Applicotions. inc.

omwo

2 Copyright 1983 by Cybernetics, Inc. all rights reserved.
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Listing 1: The Sieve of Eratosthenes benchmark developed by Jim and Gary Gilbreath as
a standard for comparing the speed of various computer systems.

/* Eratosthenes Sieve Prime Number Program in C from Byte January 1983 */

#define true 1
#define false 0
#define size 8190

char flags[size+l];
main ()
{

int i,prime,k,count,iter;

printf("10 iterations\n");
for(iter = 1; iter «= 10; iter++) /* do program 10 times */
(
count = 0; /* prime counter */
for (i = 0; i «= gize; i++) /* set all flags true */
flaga[i] = true;
for (1 = 0; i <= gize; i++)

(

if (flags[i]) /* found a prime */

(

prime = i + i + 3; /* twice index + 3 */
/* printf ("\n%d", prime); */

for (k=i+prime; k¢=size; k+= prime)
flagsa[k) = false; /* kill all multiples */
count++; /* primes found */
}
}
}

printf("\n%d primes.”, count);/* primes found on 10th pass */

Listing 2: Floating-point benchmark. This simple program tests the speed of floating-point
functions in C compiler libraries. Compared to the number of multiplications and divisions
in this program, the time spent executing the looping instructions is insignificant.

/* simple benchmark for testing floating point gpeed of c libraries
does repeated multiplications and divisions in a loop that is
large enough to make the looping time ingignificant
*/

#define CONST1 3.141597E0
#define CONST2 1.7839032E4
#define COUNT 10000

main ()
(
double a, b, c;
int i;

a = CONST1;
b = CONSTZ2;

for (i = 0; COUNT; ++1)

[¥S
a

(

c=a * b;
c=c/ a;
c=a * b;
c=c/ a;
c =a * Db;
c=c/ a;
c=a * b;
c=c/ a;
c=a*Dh;
c=c/ a;
c=a*Dhb;
c=c/ a;
c=a *Db;
c=c/ a;
}

printf ("Done\n");

)
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simply a budgetary one.)

A word about future processors
and the 8087: Intel has announced a
solution to this problem in the design
of its new 80286 processor, which
runs at a clock speed different from
that of its 80287 math coprocessor.

.According to Intel, the 80286, which

can execute all 8088 and 8086 instruc-
tions, can execute those instructions
up to six times faster than the 8086
(a conservative figure might be four
times faster). Perhaps soon, the first
significant digit in our benchmark
times will be behind a decimal point.

The sort program in listing 3 is
designed as a general test of compiler
efficiency. It uses a random-number
generation algorithm to produce an
array of long integers, which are then
sorted using a quicksort algorithm.
The Mark Williams CC86 compiler
won this benchmark by a significant
margin.

The Fibonacci number generator in
listing 4 is a reasonably good test of
recursive function calls. This bench-
mark, which saw Mark DeSmet C
barely edge out Lattice C for first
place, had the tightest performance
grouping of any of the benchmarks
run. The Digital Research 68000 C
compiler performed this benchmark
in 16.8 seconds, which earned it a
third place, 7 seconds ahead of DRI’s
8086 C compiler.

The efficiency of low-level (unbuf-
fered) file I/O (input/output) is tested
by the program in listing 5. It almost
turned out to be the “unbenchmark.”
We had to struggle to come up with
code that most of the compilers could
handle. The Lattice and Mark
DeSmet Cs wouldn't run this bench-
mark as it was initially written using
high-level 1/O functions because
these Cs only support low-level disk
I/O. When we changed the bench-
mark to low-level operation, Mark
Williams C dropped out because it
uses only high-level I/O.

Originally the program wrote 128K
bytes onto the disk, but a bug in our
(beta release) DRI compiler would
not allow writing of files over 64K
bytes long, so we changed the file
size to just under 64K bytes. The
Supersoft compiler couldn’t handle
the long data types—a problem we

Text continued on page 94
- Circle 284 on inquiry card., ===
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You win.

Put your money on NEC's new PC-8800 personal
computer and you're automatically a winner.

You win with your choice of state-of-the-art
hardware, including a full range of
high-quality peripherals.

You win with advanced, user-
friendly software, including pro-
grams for all types of banking,
accounting, and business manage-
ment.

You win again with NEC’s
high-quality graphics. And our
reputation for reliability gives you as close to
a sure thing as you can get.

Souse a little horse sense and stack the
odds in your favor for once. With the
PC-8800-from NEC Home Electronics.

Your choice of hardware:
* 8-bit or 16-bit processor
*5-1/4" or 8" disk drive
* High-speed dot matrix or
letter-quality printer.

Free saftware with
complete system:
* WordStar" word processing
* MailMerge*
* Multiplan'" spread sheet
* BASIC {two versions)
* CP/M*

NEC Home Electronics (U.S.A}, Inc.
Personal Computer Divislon

1401 Estes Avenue

Elk Grove Village, IL 60007

NEC Corporation, Tokyo, Japan
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EXTRA

EXTRA

-100 World News

MACROTECH International Corporation

20630 Lassen Street, Chatsworth, California ¢ 213-700-1501

NOW 1 MEGABYTE MAX FOR ALPHA MICRO

B |

CHATSWORTH—June 30, 1983—Mike Pelkey, Macro-
tech International President, announced today that a spe-
cial version of MAX is now running in Alpha Micro
Systems.

This special version is available only through Soft Ma-
chines of Champaign, IL. (217)
351-7199. Howard Ogle of Soft
Machines stated, “The new
AM-MAX1 runs full speed with
all three Alpha S100 machines”
Ogle also said, “The AM-MAX 1
is not only the most economical
memory for Alpha, but the most
versatile as well. The system is
even faster with Soft Machines’
‘GO FAST disk cache utilities’

Bob Rubendunst of Soft Machines reports, “Every
MAX is shipped with software that greatly simplifies imple-
mentation on bank switched systems. Also included are de-
tailed installation instructions and diagnostic programs.’

Dealer inquiries and orders should be directed to Bob

HOWARD OGLE

at Soft Machines. kil

VIRTUAL DISK NOW NONVOLATILE

CHATSWORTH —June 30, 1983 —Mike Pel-
key announced today the release of the latest
addition to the Macrotech product family. The
B-Board is a multifunction system support
board, for use with MAX and 128ST memo-
ries. Used with the 128ST, this combination
creates a complete disk emulation, including
nonvolatility. The B-Board features include
battery backup, power fail monitor, and charg-
ing circuitry for on or off board batteries.

The B-Board functions also include a time-
of-day clock, using a National Semi device for
hassle free operation. It also gets early warn-
ing at power down, so the time-of-day can't
suddenly get creative. An interrupt is availa-
ble which can be used to turn the system on
or off at a preset time.

On board ROM space accepts the users’

EPROM based program storage. It can be
configured to accept one or a pair of any
EPROM type from 2716 to 27256, in 8 or 16
bit format. It supports a wake up jump option
with full or shadowed phantom overlay.

The ERROR TRAP feature is designed to
support the parity error detection feature of
the MAX series dynamic memories. Any acti-
vity on the system’s ERROR line causes the
trap to record the extended address and data
busses and 20 bits of bus status information.
Up to 16 events can be trapped; the trap issues
an interrupt when it's full.

The B-Board is a logical addition to the
growing family of Macrotech International’s
no-compromise S100 boards for no-com-
promise users. b

MAX Split Personality

BURBANK —June 30, 1983 —*“Many current

operating systems permit MAX to double as

both virtual disk and system memory,” stated

Dan West of Westcom Systems. As an example,
an MP/M 2.1* system using MAX-M could be

configured as a 512K system memory and a

512K Vdisk. A typical CP/M 3.0* configura-
tion could be 256K of system memory and up

to 768K Vdisk. CP/M 2.2? of course, only per-
mits a 64K system memory, leaving the bal-
ance for a virtual disk. With MAX, or the

128ST, both functions can run simultaneous-
ly in a single memory board. M

PRICE INDEX

SIZE P/N PRICE

MACROTECH Moves

CHATSWORTH—June 30, 1983 —Macro-
tech has moved to larger facilities located
at 20630 Lassen St., Chatsworth, CA 91311.
The new phone number is (213) 700-1501.
“Due to a healthier marketplace and a
phenomenal demand for the MAX series,
larger facilities were necessary. This per-
mits additional staffing, increased produc-
tion, and customer support levels} said
Mike Pelkey, President of Macrotech. na

©1983 Macrotech [nternational Corporation.
-

Virtual Disk for CP/M 86*

Dan West, Westcom Systems

BURBANK —June 30, 1983 —Most of the

CP/M 86* application programs available to-
day fail to take advantage of the possible one

megabyte address space. Virtual Disk for

CP/M 86* will convert this unused space into

RAM resident disk capacity for greatly im-
proved disk access processing. The easily in-
stalled Virtual Disk 86 software module has

been added to Macrotech’s applications soft-
ware available to owners of MAX series and

128ST memory boards. i

Circle 245 on inquiry card.
www.americanradiohistorv.com

Static Memory 128K 128-ST $1232

Dynamic Memory 256K MAX-256 $1108
24-bit 384K MAX-384 1202
Addressing 512K MAX-512 1647
640K MAX-840 1737
768K MAX-768 1815
896K MAX-896 1899
1M MAX-M 1983

With 16-bit M3 Addressing option, add $91

Software (provided on 8" disk)
Virtual Disk for MP/M 2.1* and CP/M 2.2?
CP/M 3.0* Bios modules,

CP/M memory tests $ 25
Manuals (sold separately)

128/ST $ 15
MAX Technical Manual 15

*CP/M 2.2. CP/M 3.0. CP/M 86 and MP/M 2.1 are
registered trademarks of Digital Research Inc.

Prices subject to chunge
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Listing 3: The sorting benchmark. This program creates an array of random long integers,
then performs a quicksort on them. In this example, the number of elements in the array is
set by MAXNUM, and the number of times the program is performed is set by COUNT.

/* sorting benchmark--calls random the number of times specified by
by MAXNUM to create an array of long integers, then does a quicksort
on the array of longs. The program does this for the number of times
specified by COUNT.

*/

#include "stdio.h”

#define MAXNUM 1000

#define COUNT 10

#define MODULUS ((long) 0x20000)

#define C 13649L
#define A 25173L

- -
fons et fine pl"‘ll"lt
| |
long random( );

1 buff MAXNUM] =({0};
ong buster [ 1 =to) Improve the output of your present

main () system with a dot-matrix printer
{ from NEC.
int i, 3; ci - iy, it
long temp; For guod-lnuhlng copy ina hL.rrr_',-_. its
hard ta beat NECs hard-working
printf ("Filling array and sorting %d times\n”, COUNT); PC-BO23A. This is a bi-directional 120
for (i = 0; i < COUNT; ++i) CP5, B0-column printer that can operate
{ In a compressed-print mode to yield 132
for (3 = 0; 3 < MAXNUM; ++)) columns. Speclal 2K buffer holds a page
( of data, so the unit can print while you re
temp = random (MODULUS ); typing in something else. Compatible
if (temp < OL) 4 i
with a wide range of computers, from
temp = (—-temp); Apple’ to Zenith'*
buffer [j] = temp; pple’ to Zenith.
) ) ) ) Compare these features with your
printf ("Buffer full, iteration %d\n", 1); present printer:

quick (O, MAXNUM, buffer);
}

prantf ("Done\n");

}

Tractor and friction feed

Complete ASCII characters plus
Greek, math, and graphic

quack (lo, hi, base) characters
int lo, hi;
long base [];
{
int i, 3;
long pivot, temp; Standard parallel Centronics

1€ (1o « ni) Imbavlac, sariat a ptionat

{ Prints clear original and up to three

Elite; pica, compressed print,
proportional spacing, subscript
and superscript

for (i = lo, j = hi, pivot = base [hi]); i < j; ) copies simultaneously
( — SE—
while (1+;1;.| && base [i] ¢ pivot) *Special cables may be necessarny.
while (j > i && base [j] > pivot) Ef{ma].:[.!:ﬁu; IF':::“ DR Hnme
"j:’ ECLrOMICE desrier
if (i< 3)

{
temp = base [i];
base [i] = base [j];
base (j] = temp;
}
}
temp = base [1i];
bage (i) = base (hi];
base [hi) = temp;
quick (lo, i - 1, base); n
‘;1“1‘”‘ (i +1, hi, base); Productivity at your fingertips
}

long random (size)
long size;
( 5 g NEC Home Electronics (U.5.A.], Inc.
seed = see LRl Personal Computer Division
return (seed % size); 1407 Estes Avenue
J Ellkk Grove Village, IL 60007
[312) 22B-5900

Circle 285 on Inquliry card. e==p NEC Corporation, Tokyo, Japan
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SERIAL PORT [Fomititimpriiycum it el
EXPANDER

#1nclude “gstdio.h"
A“D #define NTIMES 10 /* number of times to compute fibonacci value */
"on! #define NUMBER 24 /* biggest one we can compute within 16 bits */
main( )
(
4 int i;
&, UM (o unsigned value, £ib();
N : printf("%d iterations: ", NTIMES);

for (i = 1; i <= NTIMES; i++)

s MODEL 524 MULTIPORT R Rk
CONTROLLER is a code activated one printf( "fibonacci(sd) = %u.\n*, NUMBER, value);
to four serial port expander — but that's exit(0);
not all since it has separate and indepen- )
dent UARTS, buffers and handshaking ) ) ) )
each port can operate with a different :::1:1:1ed fib(x) /* compute Fibonacci number recursively */
configuration, i.e. different baud rates, ;
stop bits, etc. These features also permit if (x > 2)
two or more devices to communicate return (fib(x - 1) + fib(x - 2));
with the 524 simultanecusly, else

return (1);

}

Latte: -quality

=

Listing 5: Disk file I/O benchmark, which sequentially writes a 65,000-byte file on disk, It
then uses randomly generated long integers (modulo 65,000) as a disk address, from which
it reads, then writes, a random-length string of bytes. This exercises the file 1/O functions
of the compiler,

/* file reading and writing benchmark
e = sequentially writes a 65000 byte file on disk
F_““_ duplex with EIA R5-232 protocol generates random long integer:'t
e uses these modulo 65000 to read and write strings of ODDNUM bytes
with the file handling system of the ¢ package
the random number generator is set to a specific seed,
so that all compilers should generate the same code
Peripheral ports may be configured */

by user software

Baud rates up to 19,200

Expansion to 16 ports by cascading

#define ERROR -1

One year warranty
3 #define READERR 0O

#define BEG O
#define CURR 1
#define END 2
#define READ O
#define WRITE 1
#define UPDATE 2

I EEEE———. #define OKCLOSE 0
«MODEL 524 . . = ) #define FILESIZE 65000L

sMODELS24A ... .......... #define COUNT 500
same as model 574 except has 256 byte #define C 13849L
rxitx buffers per port #define A 25173L

Rl le ol N YL ) o S ¥ [ Rl | *define ODDNUM 23
same as model 524, plus continuous poll- long seed = 7L;
ing E.r.[ each peripheral device for data long randem (), lseek ():

transfer requests. The device is auto-

matically connected when its "turn comes main ()

up . ON, BUSY and OFF rmessages are (

sent to the peripheral devi int i

*Other models 2 ong 3, pos;

Orher _rnr_.u:.lt:ls. ety

your. deser: for : char buffer [ODDNUM + 1];

if ((fd = creat ("test.,dat", WRITE)) == ERROR)
abort ("Can't create data file\n");

else printf ("File opened for sequential writing\n");
PRI 39520

[BOT| 4678231 Listing 5 continued on page 94
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SAGE™ TECHNICAL BRIEFING

No computer can go faster than its
memory.

Even the lightning-fast 68000 proces-
sor can be slowed to a snail's pace by a
sluggish main memory design.

For that reason, we designed the
memory for 16-bit SAGE computers to
keep pace with the 68000. It's a close-
coupled, straightforward design that
lets the processor run full bore at 2
million instructions a second.

Anything less simply wouldn’t be
state of the art.

Simple isn’t Always
Easy.

To make a mem-
ory simple is simple.

But to make a
simple memory fast
is difficuit.

And to incorporate itinto 2
computer that doesn'’t cost a fortune is
next to impossible. That s, uniess some
highly-Creative circuit solutions can be
found.

And that's precisely how the totally
unique SAGE memory was born.

One MBYTE Of 64KBYTE Devices.

in keeping with the no-compromise
spirit of SAGE memory design, we

naturally use only 64K, dynamic 150-
nanosecond memories. SAGE IV ™com-
puters can be equipped with a
megabyte of this type of memory.

And you can specify as few asone
or as many as four built-in Winchesters,
plus floppy drive.

What's more, thanks to its exclusive
memory design, your SAGE computer
can take data as fast as its floppy disk

candish it out. In fact, with
no need for skewing or inter-
leaving, the SAGE Computer actu-
ally lets its floppy run as fast as
Winchesters do on some machines.
So when you select a computer for
serious development Or serious busi-
ness, remember the importance of
memory.
For more information and the name
of your nearest SAGE dealer, call us
today.

-
<.

wpn2s 1R
L3

e vm® B
%8 y2n

Sage Computer Technology, Corpo-
rate Office, 4905 Energy Way, Reno,
Nevada 89502. Phone {702) 322-6868.
TWX: 910-395-6073/SAGE RNO

Eastern United States

Sage Computer Technology,
15 New England Executive Park
Suite 120, Burlington, MA 01803
{617) 229-6868

In UK
TDILTD, 29 Aima Vale Road,
Clifton, Bristol BS8-2HL
Tel: (0272) 742796
Tx: 444 653 Advice G

In Germany
MM Computer,

Tx: 525 400 mmco-d

p-System standard, supporting Pascal,
FORTRAN 77, BASIC and 68000 Micro Assembier.
CPIM-68K, Hyper-Forth, Modula 2 optional.
SAGE and SAGE IV are trademarks of
SAGE Computer Technology.
© 1983 SAGE Computer Technology ali rights
reserved,
Circle 347 on inquiry card.
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Listing 5 continued:

for (j = 0; j < FILESIZE; ++j§

if (write (£d, "x",1) == ERROR)
abort ("Unexpected EOF in writing data file\n");
if (close {£d) t= OKCLOSE)

abort ("Error closing data file\n");
else
praintf ("Normal termination writing data file\n");
if ((fd = open ("test.dat", UPDATE)) == ERROR)
abort("Can't open data file for random reading and writing\n”);
else printf ("File opened for random reading and writing\n");
for (1 = 0; 1 < COUNT; ++1)
{
j = random (FILESIZE};
if (3 < OL)

J=(-3):
if (FILESIZE -~ j < ODDNUM)
continue;
if ((pos = lseek (fd, j, BEG)) == -1L)

abort ("Error seeking to random offset\n");
if (read (fd, buffer, ODDNUM) == READERR)

abort ("Error reading at random offset\n");
j = random (FILESIZE);
if (j < oL)

3= (=305
if (FILESIZE - j < ODDNUM)

continue;
if ((pos = lseek (fd, j, BEG)) == -1L)

abort ("Error seeking to random offset\n");
if (write (fd, buffer, ODDNUM) == READERR)

abort ("Error writing at random offset\n");
}
1f (close (fd) != OKCLOSE)
abort ("Error closing data file\n");
else
printf(“"Normal termination from random reading and writing\n");

}

long random (size)
long size;
{
gseed = gseed * A + C;
return (seed % size);

}

abort (message)
char *message;
{
printf (message});
exit (ERROR);
}

Text continued from page 88:
could see no easy way around—so it
sat on the bench.

Because the Mark Williams com-
piler does not support low-level I/0,
we compiled a special version of the
program that has the same algorithm
but uses high-level function calls
(fread instead of read, fwrite instead of
write). We assumed that this would be
slow but would at least work. Amaz-
ingly, Mark Williams C finished
third. Scoring a hat trick, Lattice took
this benchmark as well.

Let’s take a closer look at the com-
pilers (see also table 2).

Mark Williams CC86

CC86 has the most professional feel
of any package we tested. It makes a
good attempt at full Kernighan and
Ritchie and Unix version 7 com-
patibility. Of all the compilers, CC86
is by far the most efficient at using
buffered I/O functions such as fopen,
fread, and fseek (high-level I/O func-
tions). On the other hand, CC86
does not support low-level file I/O
(ie., block /O functions such as
open, read, Iseek). This decreases its
portability (we couldn’t run our low-
level benchmark) but in no way
reduces CC86's ability to function. In
fact, CC86’s benchmark results in
high-level I/O compare favorably in
execution time to the results of the
other compilers’ low-level bench-
marks.

BREAKTHROUGH

$ 00
450 *BUILT-IN SPEAKER

PNNNNNININNNINN NN
ANOTHER TECHNOLOGICAL

=== N\MNMMY%ﬂﬁ 7a
OM  *AUTO DIAL 300/1200 BPS
TR L 212A COMPATIBLE MODEM *EXCLUSIVE TWO YEAR WARRANTY

*COMPLETE COMM SOFTWARE AVAILABLE

The OSCOM

*520°°

*The STARCOM s our latest compact, most technologically advanced, 300/1200 BPS, SUPER INTELLIGENT AUTO DIAL MODEM. The STAR
COM is our second generation product, utilizing only 3 LS| Chips, packaged in a custom designed reinforced plastic case. With the STARCOM,
all you need is a modular wall plug: it requires NO TELEPHONE, simply key- in the phone numbers from your Terminal or Microcomputer
keyboard and the Modem will do the rest. ST o .
*The OSCOM is another New Product designed for the OSBORNE® Computer User. To simplify its use by providing the necessary communi-
cation software integrated in the Modem, no more guessing as to which Software to use.
*The SOFTCOM is a Communications Software Package for PC Microcomputer Users.
We Offer Very Generous Discounts To Our Dealers
Call and Place Your Order Today
ORDERS ONLY 1-800-323-2666
For Information Call 312-459-8881

INCOMM

Division of Interbusiness Corporation
115 N. Wolf Road
Wheeling, IL 60090
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TEK 2200

MULTI-PURPOSE
OSCILLOSCOPES

THE PERFORMANCE/
PRICE STANDARD

Now. Tektronix 60 MHz Performance
Is just a free phone call away!

These easy to order scopes are
proof that it’s not expensive to
have advanced, 60 MHz perform-
ance from Tektronix on your
bench. It’s just practical! Feature
for feature, the Tek 2213 and 2215
set a price/performance standard

unmatched among portable scopes.

And are backed by the industry's
first three-year warranty on all labor
and parts, including the CRT.

So advanced they cost you
less: $1200* for the 2213! $1450*
for the dual time base 2215!
These low costs are the result of a
new design concept that utilizes

5

fewer mechanical parts than any
other scope.

Yet there's no scrimping on per-
formance and reliability. You have
the bandwidth for digital and analog
circuits. The sensitivity for low signal
measurements. The sweep speeds
for fast logic families. And delayed
sweep for fast, accurate timing
measurements.

Scope. Three-year warranty.**
Probes and expert advice. One
free call gets it all! You can order,
or obtain literature, through the
Tektronix National Marketing Center.
Technical personnel, expert in oscil-

loscope applications, will answer
your questions and can expedite
delivery. Direct orders include
probes, operating manuals, 15-day
return policy, full Tektronix warranty
and worldwide service back-up.

Order toll-free:
1-800-426-2200
Extension 83

In Oregon call collect:
{503) 627-9000 Ext. 83

Circle 384 on inquiry card.

“Price FO.B. Beaverton, OR. Price subject to change

“*Three-year warranty applies to 2000 Family oscliloscopes
purchased after 1-1-83.

Copyright © 1983 Tektronix. All rights reserved. TTA 371-1

Tektronix

COMMIT TED TO EXCELLENCE
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Computer Digital Lattice  Mark Mark Supersoft

Feature Innovations Research DeSmet Williams

Number of

Passes 3 3 2 2 4 3

Source for

Library yes no no no no yes

8080 Model no no no no yes yes

Small Model yes yes yes yes yes yes

Medium Model no yes no no no no

Compact Model no yes yes no no no

Big Model no yes no no no no

Initialization yes yes yes yes yes no

Bit Fields yes yes yes yes yes no

Register

Variables yes yes no yes yes no

Floating Point yes yes yes yes yes no

8087 Support yes yes no yes no no

Overlay

Manager no yes yes no no no

Produces

Assembly no yes no yes yes yes

In-Line

Assembly no no no yes no. no

Assembler

Format n/a DRI n/a Intel own DRI

Relocated

Format own Intel Intel own own n/a
Table 2: Comparison of the features of the six compilers.

CC86, tailored for production pro-
gramming, is full of features that
speed up the programming process
and encourage portability. For exam-
ple, it includes an extensive library
(27K bytes) of header source files that
define commonly used structures,
operating-system interfaces, and
memory-allocation conventions. This
promotes consistency, and thus por-
tability, between C programs within
an operating system. It also saves
time because most C programmers
would otherwise be required to
generate their own header library.

The compiler runs four passes that
may be invoked individually or all at
once. Its executor program is a good
example of the package’s orientation
toward saving development time.
Only CC86 and the DRI package
allow you to compile and link a pro-
gram in a single command line,
without resorting to a submit file. Of
the two, CCB86 is the simpler. All the
defaults are geared toward making an
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end product, in this case, executable
object code. To compile and link the
sieve benchmark, the user types

cC sieve.c

This will compile the program sieve.c,
automatically build a loader directive
file, and link an executable object file,
sieve.cmd.

A wealth of options are available,
including the ability to compile only
(without linking), to produce an as-
sembly source, and to use either the
8080 model (64K-byte total) or the
small model (64K-byte code, 64K-byte
data). Options allow control of disk-
management directives and compile-
time symbol definition, specification
of stack, and dynamic allocation of
memory-pool size. A wonderful
so-called verbose option causes each
pass to print out special statistics as
it executes.

Assembly source files (with the ex-
tension .S) can be combined on the

www americanradiohistorv com

Small Model: 64K-byte code
64K-byte data, stack,
heap

Unlimited code
64K-byte data, stack,
heap

64K-byte code
64K-byte data
64K-byte stack
Unlimited heap
Unlimited code
64K-byte data
64K-byte stack
Unlimited heap

Medium Model:

Compact Model:

Big Model:

Table 3: Memory allocation for the four
different memory sizes allowed by Digital
Research’s C Compiler for CP/M-86.

command line with C source files to
produce a command file. For exam-
ple, the line

cc programi.c program2.c program3.s

would compile the two C source files,
programic and program2.c, into re-
locatable object files, invoke the as-
sembler to generate a relocatable ob-
ject file from the assembly source file
program3s, and then link them all
together into a command file. The
package also includes a librarian that
allows you to create a library and to
add, delete, and list library objects.
All this saves development time.

The linker gives you considerable
control over aligning code and data
segments and can be passed argu-
ments on the command line, in a file,
or interactively. The linker has far
more power than even a systems pro-
grammer is ever likely to require.

Our major complaint about the
CC86 compiler is that its assembler
is not Intel-compatible, which means
for some applications you must learn
yet another assembler. Still, this is a
high-quality, professional compiler
with good portability, good efficien-
cy, and excellent speed.

Digital Research C Compiler
When Digital Research speaks, pro-
grammers listen. Digital Research has
begun speaking in C. DRI's C com-
piler has arrived, and it is a biggie.
A three-pass compiler with a ton of
options, a relocating assembler that
creates Intel-compatible object code,
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WOCC Software Distributing Inc,

\J 632 Essex Street

Cliff Wilton, President s el o
The Computer Store

855 Front Street

San Francisco, CA 94111

Dear CI4ff:

Her our report on Super SpellGuard.
@wg how to exp the product to your
customers, there cer Qjﬂ' is a lot to say.

.1 there's the gen'dea that nobody's
Supe 11Gyagd~Ctan help them look perfect

rack1ng d hatﬂ?\ nd typos, transposed
]etters and e . b words.

Then there's the fact that Super SpellGuard can
proofroad. a 10-page report in under a minute. And the
stathat Super SpellGuard's vocabulary includes
20,0000 "the most commonly used English words.

Other strengths: the original SpellGuard was named
INFOWORLD's product of the year. This is the same
basic program, only better. It also works with every

major word processing softygeeOpackage available
today. And has the affordprice of $195. It
even comes from the makers o SuperCa]c. If your
customers don't have word processing software, you can
always tell them about SuperWriter, which 1ncludes
Super SpellGuard.

I'm looking forward to our to prdmot) this as
a product no business should-be wi @
jjgper 1y,

"
LGF Karraker
Sales Manager

for 10-page report:
35 minvtes.

L
i
|

there’s

soffvare

that catches mista

pack

|
‘ WCC Software Distributing nc.
R 632 Essex Strest
C1iff Wilton, President S
The Computer Store
855 Front Street
San Francisco, CA 94111

Dear Cliff:

Here's a report on Super SpellGuard.
In thinking how to explain the product to your
customers, there certainly is a lot to say.

First, there's the general idea that nobody's
perfect. Super SpellGuard can help them look perfect
by tracking down hard to find typos, transposed
letters and even nonexistent words.

Then there's the fact that Super SpellGuard can
proofread a 10-page report in under a minute. And the
statement that Super SpellGuard's vocabulary includes
20,000 of the most commonly used English words.

Other strengths: the original SpellGuard was named
INFOWORLD's product of the year. This is the same
basic program, only better. It also works with every
major word processing software package available
today. And has the affordable price of $195. It
even comes from the makers of SuperCalc. If your
customers don't have word processing software, you can
always tell them about SuperWriter, which includes
Super SpellGuard.

I'm looking forward to our efforts to promote this as
a product no business should be without.

jﬁqper 1y,
g K amir—
CT:‘-r Karraker
Sales Manager

‘Proofreadi
with Su

IGuard:
seconds.

per SpeliGuard

By Sorcim® 2310 Lundy Ave., San Jose, CA 95131 « (408) 942-1727

< SORCIM®

Sorcim® SuperCalc® SuperWriter and Super SpellGuard are trademarks ot Sorcim Corporation.
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a linker, a big library, support for the
8087, support for large amounts of
memory—this compiler has it all.

This is the only compiler tested that
supports four memory models,
namely, small, medium, compact,
and big (see table 3). This is a signifi-
cant advance in the state of the art for
CP/M-compatible languages because,
finally, you are allowed to write real-
ly big, RAM-resident programs in a
high-level language. The different
models allow you to select the way
memory is allocated to the code,
data, stack, and heap segments of
your program (the heap is a dynam-
ically allocated data area).

Note the assembly code produced
by the identical line of C source as
compiled by each of the four memory
models. The assembly code in listing
6 was produced by the following line
of C source code, which was com-
piled by the DRI compiler:

WELCOME TO DIGITAL
=\

printf("**
RESEARCH C

The size of the code increased by 75
percent going from the small model
to the big model. While the 8088/

Listing 6: Assembly code generated by Digital Research’s C compiler for CP/M-86. The dif-
ference in code among the four models is caused by setting the compiler for different memory-

allocation schemes.

Small model Medium Model Compact Model Big Model

(8 bytes) (10 bytes) {12 bytes) (14 bytes)
mov ax,0x32 mov ax,0x32 push ds push ds

push ax push ax mov ax,0x32 mov ax,0x32
call printf callf printf push ax push ax

pop es pop es call printf callf printf

add word ptr s8p,0x4

8086-type processor can address a
maximum of 1 megabyte of RAM
(random-access read/write memory),
not all machines that can run
CP/M-86 can hold that much mem-
ory. The ubiquitous IBM PC, for ex-
ample, cannot. On the other hand,
the Compupro 816 could, theoretical-
ly at least, run an 832K-byte C pro-
gram! (This would require most of a
double-sided, double-density 8-inch
floppy disk to hold the object code
alone.)

A count of clock cycles required for
each routine reveals that the code
would run about 36 percent more
slowly on the big model than on the
small (42 clock cycles versus 57). This
is what people mean when they say

add word ptr sp,0x4

that the peculiar architecture of the
8088/8086 family makes it awkward
to take advantage of its 1-megabyte
address space. Fortunately, the 8088/
8086 family from Intel keeps getting
faster (especially the 80286), so this
sacrifice of execution speed could be
quite tolerable.

Our first benchmark can be com-
piled and linked with the following
command line:

drc sieve -asieve

Twenty-three options and eight sub-
options (i.e., options to the options)
are available when running the com-
piler. You are allowed to specify the
memory model desired, use the 8087

floppy disks

Type of Complier

Computer Needed

Documentation
three-ring binder

Audience

At a Glance

Name Mark Williams CC86 C Compiler
version 1.1.2

Type C programming language compiler

Distributor Control-C Software Inc.
6441 SW Canyon Court
Portland, OR 97221
{503) 292-8842

Price $500 for compiler, librarian, and
linker

Format

SY%-inch or 8-inch CP/M-compatible
Produces object code in its own
relocatable format

Any computer capable of running
CP/M-86, MPIM-86, or

Concurrent CP/M-86

59-page loose-leaf manual in

Systems and applications software
developers, C programmers

1.0 (beta version)

Digital Research inc.
POB 579

160 Central Ave.

Pacific Grove, CA 93950
{408} 646-6230

linker

floppy disks

DRI relocatabie format
CP/M-86, MPIM-86, or

Concurrent CP/M-86

167-page manual

developers, C programmers

Digital Research C Compiler version

C programming language compiler

$600 for compiler, librarian, and

Sl -inch or 8-inch CP/M-compatible

Produces assembly or object code in

Any computer capable of running

Systems and applications software

Computer Innovations C86 version
133

C programming language compiler

Computer Innovations Inc.
10 Mechanic St., Suite J
Redbank, NJ 07701

{201) 530-0995

$385 for compiler, librarian, and
linker

SY-inch or 8-inch CP/M-compatibie
floppy disks

Produces relocatable object code
Any computer capable of running
CP/IM-86, MPIM-86, or
Concurrent CP/M-86

12-page loose-leaf manual in
three-ring binder

Systems and applications software
developers, C programmers
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3M diskettes remember everything, every time. Because at 3M,
reliability is built into every diskette. We've been in the computer
media business for over 30 years. And we've never settled in.
We're constantly improving and perfecting our product line, from
computer tape and data cartridges to floppy disks.

3M diskettes are made at 3M. That way, we have complete control
over the entire manufacturing process. And you can have complete
confidence in the reliability of every 3M diskette you buy.

Look in the Yellow Pages under Computer Supplies and Parts for
the 3M distributor nearest you. In Canada, write 3M Canada, Inc.,
London, Ontario. If it's worth remembering, it's worth 3M diskettes.

Circle 380 on inquiry card.

3M hears you...

WWWwW.americanradiohistorv.com
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math coprocessor, generate or sup-
press source and assembly listings,
invoke the linker, direct disk I/O, and
more and more.

DRI has obviously made an effort
to give its compiler Unix compatibili-
ty. The library contains functions that
have no place in a CP/M environment
other than to tolerate C code trans-
ported from Unix. For example, the
functions chmod and chown, which
under Unix change the protection
mode and owner ID of a file, are
treated under CP/M as no-op instruc-
tions. This concern about portability
is a very heartening sign.

Because this is the compiler DRI
uses, it would be a force to reckon
with regardless of its intrinsic merits.
Fortunately for the industry, the com-
piler is not only serviceable but is a
dramatic software breakthrough. It
has broken through the memory bar-
rier that has caused every previous
CP/M-compatible, 16-bit, high-level
language to flounder. At last we have
justification for going to 16 bits,
namely, space. The new frontier.
Scotty, start writing code!

Computer Innovations C86

C86 by Computer Innovations is a
three-pass compiler with full Ker-
nighan and Ritchie compatibility, a
large library of Unix version 7 and
special machine-dependent functions
(the largest library of all the compilers
tested), and support for the 8087
math coprocessor. The compiler
package has its own relocatable ob-
ject format and linker and includes
source code for all library routines.

The sieve benchmark can be com-
piled and linked by entering four
lines in succession:

ccl sieve
cc2 sieve
cc3 sieve
cl sieve

(86 has proven to be a reliable pro-
duction compiler. We have used it to
produce a number of large commer-
cial programs at Gifford Computer
Systems; and, though the bench-
marks show that C86 wins no medals
for speed or compactness, the very
fact that we are still in the black and

The Serious Game Design Tool
For The Serious Designer
At The Price Of A Toy For The Hobbyist

The Game Cariridge
Development System
for the Afari- 2600
Video Computer System™
Optional:

Atari 5200 Supersystem
Adapter Package

Features Include:
Real-time development
No machine moditication
Apple 11 48K/ one disk
drive required

Now Only $495
Call today to order
408-429-1551

All major credit
cards accepted.

For high profit rewards. purchase '
the tool that can do the job at an
unbeatable price

b
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frobco

408-429-1551

100

A Drvision of Tn.comp Polytechnical. inc

PO. Box 8378. SantaCruz. CA95061

The Miracle of Creation Can Be Yours™

_ \ The FROB-26"
-

L Now Avallgb.le\
For The

Atan and Apple are
registered trade
marks of Atarn. Inc
and Apple
Computer Inc
respectively
Video Computer
Systermn s a lra f
maark ol Atan lre

Circle 397 on inquliry card.
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have a reasonably satisfied clientele
speaks favorably for it. We may have
run the other compilers through their
paces, but we have given C86 the acid
test.

Two important features a compiler
must have in order to be commercial-
ly useful are portability and reliabili-
ty. Neither of these qualities is very
easily measured in a benchmark. Of
all the compilers tested, only C86 ran
all the benchmarks as they were writ-
ten, following Kernighan and Ritchie
specifications, which indicates a high
degree of portability.

As for reliability, that is something
that can be judged only over time,
and so it is not really fair to the other
compilers tested to stress this aspect
of C86. We know CB86 is reliable
because we have relied on it. Unfor-
tunately, we don’t know of any reli-
ability benchmark that reports back
a bug index or a glitch quotient. All
we can do is use the compiler as a
professional tool and see whether or
not it works. We should point out
that all significant programs have
bugs. The last bug disappears only
when the last user stops running the
program.

To a large degree, reliability comes
down to support—the willingness
and ability of the producer to provide
timely fixes to problems as they are
discovered. In the case of C86, the
support given by Computer Innova-
tions has been little short of heroic.
The introduction to the C86 User’s
Manual states: “If you have any ques-
tions, or problems, please write or
call. We really do care and will do our
best to help you. We are usually avail-
able between 9 a.m. and 9 p.m. Mon-
day through Friday, and sometimes
Saturday and Sunday.”

Our major complaint with C86 is
that the interface to assembly lan-
guage is awkward, due to the lack of
a relocatable assembler. This con-
trasts sharply with the DeSmet com-
piler, which actually allows in-line as-
sembly (a feature we love). In
general, the C86 compiler is a solid
product with a good track record.
Support is excellent, to say the least,
and improved versions have been re-
leased regularly. It's good now, and
it keeps getting better.
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Memorex® Reliability.
Now You Can Trust It
Even Longer...For Years.

MEMOREX

A Burroughs Company

© 1983 Memorex Corporation Memorex is a registered trademark
of Memorex Corporation

Memorex's new 5
year warranty on our
flexible discs gives

you more protection

and value—at no
extra cost. It's what you've
come to expect from the leader
of computer media products
for the past 22 years.

Memorex's “Is It Live or |s It
Memorex?” means quality. Qual-
ity that makes Memorex the first
choice of millions of computer

customers. Quality that keeps
Memorex discs working flawlessly
on personal and business com-
puters—like Atari, Apple, Com-
modore, IBM, Osborne, Radio
Shack (TRS-80) and most others.
Your computer data is critically
importantto you—andto us.Use
the flexible disc you can trust
longer. Use Memorex. See your
dealer or distributor today. Or call
(800) 538-8200 for the one
near you.
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At a Glance
Name

Type of Software
Package

Distributor

Price

Format

Type of Compiler

Computer Needed

Documentation

Audlence

Mark DeSmet C Development Package

version 1.5

C programming language compiler

C Ware

1607 New Brunswick Ave.
Sunnyvale, CA 94087
{408) 736-6905

$100 for compiler, assembler, linker,
and visual editor

5%-inch or 8-inch CP/M-compatible
floppy disks

Produces Intel-compatible relocatable
object code

Any computer capable of running
CPIM-86, MPIM-86, or
Concurrent CP/M-86

106-page manual with
snap-on binding

Systems and applications software
developers, C programmers

Lattice 8086/8088 C Compiler
version 1.03

C programming language compiler

Lifeboat Associates
1651 Third Ave.

New York. NY 10028
{212) 860-0300

$500 for compiler, librarian, and linker;

$395 for linker with overlay manager

5%-inch or 8-inch CP/IM-compatible
floppy disks

Produces Intel-compatible relocatable
object code

Any computer capable of running
CPIM-86, MPIM-86, or
Concurrent CP/M-86

175-page. stapled manual punched
with three holes

Systems and applications software
developers, C programmers

Supersoft C Compiler
version 1.1.5

C programming language compiler

Supersoft

POB 1628
Champaign, IL 61820
{217} 359-2112

$250 for compiler; assembler and
linker/loader not included

5%-inch or 8-inch CP/M-compatible
floppy disks

Produces DRI-compatible
assembly language

Any computer capable of running
CP/M-86, MP/M-86, or
Concurrent CP/M-86

8l-page loose-leaf manual
in three-ring binder

Students interested in learning
about assembly source

libraries for C

Mark DeSmet C88

The C88 compiler by Mark DeSmet
offers a stunning amount of bang for
the buck: the $100 C88 development
package is loaded with excellent fea-
tures. The compiler conforms almost
fully to Kernighan and Ritchie and
has support for the 8087 math pro-
cessor. An additional feature that is
a great convenience for system pro-
grammers is support for in-line as-
sembly-language code, using the
#asm control. Also included is an
Intel-compatible assembler, a fast
linker, and a rudimentary librarian.
And that same $100 also gets you a
screen editor called SEE with a
cursor-control library.

This compiler does not have the
maturity and finesse of the Mark
Williams C, but it is useful, it com-
piles faster than any of the others
(probably because it has only two
passes), the code it produces is fast
and compact, and the package is very
inexpensive. It is an ideal introduc-
tion to C programming if you want
to get the feel of a real, full-feature C
compiler but don't want to have to
choose between C and a trip to
Europe. If you're toying with the idea
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of taking up C, this is the way to go.

C88 does have some drawbacks:
being a two-pass compiler, C88 can-
not resolve references to structures
and data types unless they have been
previously initialized. Some high-
level I/O functions such as fread, fwrite,
and fseek are not included. Also, the
librarian is primitive (it doesn't let
you delete routines, only add them).
These are by no means fatal flaws. We
have completed some major produc-
tion work using C88 and have been
delighted with the extent to which its
fast compilations speed up develop-
ment time.

The sieve benchmark can be com-

piled by typing
C88 sieve

An executable object file is created by
typing:

BIND sieve

Using a submit file on a memory
drive, the sieve program was com-
piled, linked, and run in 10 seconds!

This compiler’s price tag of $100 is
startling and may, unfortunately, hurt

wwWw americanradiohistorvy com

its sales. It might be difficult to con-
vince dealers to carry this compiler
because the profit on a $100 sale bare-
ly pays for one invoice and one sup-
port call. Also, a low price is often
associated with poor credibility. We
are not recommending that C Ware
raise its price, we are recommending
that people buy the compiler—look
at the benchmark results. The Mark
DeSmet C compiler consistently took
second place, except when it took
first.

Lattice 8086/8088 C Compiler

The Lattice compiler may be the
one for you if you need code that
really flies. Using the Olympic scor-
ing system, Lattice was the overall
winner in our benchmark speed
trials (three golds, a silver, and a
bronze). The powerful two-pass Lat-
tice compiler supports full Kernighan
and Ritchie (with the exception of
register variables as of now) and pro-
duces Intel-compatible relocatable
object code. This code can then be
linked using Plink86, a remarkably
versatile linkage editor from Phoenix
Software Associates.
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Plot

your next meeting
yourself.

Read how 2 pens can become
your best presentation tools.

Introducing the New Personal
Computer Plotter from
Hewlett-Packard.

Now you can use your personal
computer to generate your own presen-

quality, low cost HP 7470A

Personal Computer

Plotter. = ~
The 7470A helps you

save time and save money, and

lets you communicate quickly, accu-

rately and effectively.

tation charts, graphs, and pie charts.
How? Simply add on the new high ;i ‘ .
~

N
A

Quicker understanding.

Data, when visualized graphically, becomes information
fast. Charts and bar graphs can make any presentation
clearer and more readily understood. But asking your staff
to produce the graphics man-
ually for your next presenta-
tion doesn’t ensure accuracy
or artistic talent. And going
to outside graphics suppliers
can be costly. Combined with
your personal computer, the
new HP 7470A plotter does
the communicating for you.
Quickly. Logically. And with
off-the-shelf software avail-
able from most HP dealers.

Fast and pretty.

The 7470A gives you high plotting speed with excellent
line quality...faster than any competitive small plotter.
On top of all that, it comes in an attractive design
package that looks nice on your desk. And it does it
for only $1,575.(U.S.A. domestic suggested retail price.)

2851

Count on it.

The 7470A is built the Hewlett-
Packard way. To last. Designed and
engineered with only a few parts, none
of which require adjustment. And with
customized integrated circuits
that ensure reliability.

Pen pals.

The HP 7470A has
T two single-pen stables.
~  Simple pen changes give you
multi-color plots in your choice of ten
coordinated colors. Pens are automatic-
ally capped and stored.

An option you’ll want, too.

For only $95, you can also get a 17057 Overhead
Transparency Kit that turns your plots into transpar-
encies for overhead projectors. For “I need it tomorrow
at 9:00 A.M.!" meetings, it's a necessity.

Start plotting your next presentation today.
Clip and mail the coupon below. Now.

Mail the coupon below and we’ll send you— absolutely
free —a sample plot, a more detailed brochure, and a
sample overhead transparency.

Then...stop in at your nearest Hewlett-Packard
Dealer. See the HP 7470A in action. Once you see it
demonstrated you’ll find a hundred ways to make your
own applause-winning presentations.

When performance must be measured by results

/1~ HEWLETT
’5:” PACKARD

F------------------------q

I Seeing is believing. Send me a sample plot, an overhead transparency, and more detailed information.

Name

Company

Address

Phone Number ( )

My computer is

| City. State & Zip

Send to: Hewlett-Packard, 16399 W. Bernardo Drive, San Diego, CA 92127 — Attn: Nancy Carter 11203 BT
h-———————————————————————
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THE

PURCHASING AGENT

has made some changes!

What's new? ¢ New telephone number. ¢ New address closer to our

Silicon Valley suppliers.

* New corporate structure.

What's the same? We still act as your buying agent, buying micro-
computers, peripherals and software for you at wholesale prices. We
still can buy 6,600 different products for you—all equipment is new.
with full manufacturer’'s warranty.

Call us for your net price on any product not listed.

Your Net
COMPUTERS  "ou N
Alpha Micro 1000VFF  $5,060
Alpha Micro 1000VWF 6,957
Alpha Micro 1042V,
128K, 32 meg. 15,433
Altos 8000-10 5,499
Altos 8000-12 6.599
Altos 580-10 4,779
Altos 5-15D. MP/M 2.100
Altos 5-50. MPIM 3.950

Compupro GodboutiM
Sys. B16/A” 4.200
Sys. 816/A. Ram21° 4.275

Sys. 816/C. Ram21* 6,733
Sys. 816/D° 10,324
Sys. 816/68K* 6,632
‘completely assembled
M-Drive-H 1.250
8| 513

68K

CPU-Z 6 Mhz 258

Ram 21, 128K, 12Mhz. 807

Disk 2. hard disk contr. 586

Progmatic 20meg 2.990

Progmotic 40 meg. 4,686
Eoglell 4,575

Eagle 1620 2.999
Eagle 1630 4,699
Eogle P.C. 2,699

IBM compatibles & peripherals
Amdek Color Il monitor 429
AST MC-064SPC
Baby Blue 525

Prices subject o change without notice

COMPUTERS V°P“.'CN°'
1BM compatibles & peripherals
Corona portable 2,255
Columbia system 2,779
Davong5meg.H.D.  1.249
Diablo 630 AP 1.775
NEC 3550 1,920
Seattle CALL
Morrow MicroD. MD-2 1.245

Morrow MicroD. 1.6 meg. 1.631
NEC 16 bit APC HO-3
NEC APC WP2 (HO-3)
Northstar Advantage
Northstar Adv. w/15 meg. 4,649

Onyx CALL
Pied Piper | 1.055
Sage |l 3.410
Sage IVw/15me 5,890
Sanvo 1000 wisoffware  1.540
Seaftle Gazelie. h. disk  5.970
Televideo 15-802 2,598
Televideo 15-803 2.027
Televideo 75-806 5.443
Televideo 15-41602G 3,448
Televideo T5-1602GH 5.385
vector 4-20 3.637
Vvector 4-30 4,547
vector 4-40 4,961
Victor 9000 s.s. 2,874
Zenith ZF-400-24 2,525
Zenith ZF-110-22 3.099
Zenith ZF-120-22 3.176

Your Net

PRINTERS i

Anadex 9501A. 2.7K but. 1.300
Brother. Pcuollel daisy 783
C. Hoh, F-10, daisy 1.200
C.Itoh 8610 par. 999
Dalsywriter 2000 48K dsy 1.150
Diablo 620, 25 cps, dalsy 890
Diablo 630. daisy 2.045
GorllaBanana, 50 cps. 199

DS Prism 132 all opts 1.430
NEC 3510 1.468
NEC 7710 2.094
Okidata 92, paralie! 510
Qkidata 93 witractor 913
Okidata 84, paraliel 1.024

Qume 11/40+ wiint'face 1,359
Tally 160L. witractor 789

Texas Instr. 1810 basic~ 1.240
Texas Instr. T1810LQ 1.789
Toshiba P41350 1,673
Transtar 4130 693
OTHER PERIPHERALS
Amdek Color Il momitor 610
Corvus 18.3 meg. 3,423
wimitror 3.995

Hayes Smartmodem 1200 535
Houston Instr. DMP-42 2,324
Morrow 20 meg. wicontr. 3.650
Qume QVT 102A term. 542
Qume QVT 103G term. 708
Televideo 925 term 744

B-83-8

The Purchasing Agent Philosophy, Part 2:
* Don’'t delay buying a computer just because a new development
has been announced and will be out soon; this condition will always
exist and you will never buy a computer.

574 Weddell Drive, Ste.
Sunnyvale, CA 94089

(408) 744-0646
Open Monday thru Friday, 8-5 PST
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wwWwW americanradiohistorv com

The library included with the com-
piler implements a large subset of the
Unix version 7 C library and contains
a number of useful non-Unix func-
tions as well. Because the library
does not include the buffered I/O
functions fread or fwrite, we were
unable to run the high-level file I/O
benchmark.

Our sieve program can be compiled
by entering

lc1 sieve
followed by

Ic2 sieve

Linking the sieve program with
Plink86 is a little trickier. You type

Plink86n

then, when the => (prompt) ap-
pears, you enter the following lines
(without waiting for any intervening
prompt):

output sieve.cmd

section code group pgroup

file ¢, sieve

section data max 1000h group dgroup
lib l.lib

The Plink86 linker is not the sim-
plest linker we have ever seen, but it
appears to be able to do everything
except write articles. One reason link-
ing a C program with Plink86 is so
complex is that unlike, say, the Mark
Williams linker, Plink86 is a general-
purpose product and so its defaults
are not designed to make it easy to
link CP/M-86-compatible C
programs.

A great advantage to using the
Plink86 linker is that its extended ver-
sion (which costs an additional $395
above the price of the standard com-
piler/linker package) has a trans-
parent overlay manager for creating
programs with more than 64K bytes
of code (the most code possible with-
out using overlays). This feature
allows you to create programs that
will load library routines from disk as
needed during program execution.
The Digital Research compiler is the

Clrcle 56 oninqulry card. esp
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Presenting Hyperion™, the world's
most powerful, portable computer

developed for the busy professional.

Stnlight

Hyperion is a true portable,
weighing in af only 18 pounds. It is
light on the eyes with its European
amber screen and styling. But heavy
on performance with many
standard features which are
expensive necessities for other
personal computers. And all for a
price that's less than you'd expect.

StanBu

Hyperion is bright. Communicating
with the world is easy with our
integrated voice and data

ckage. Standard is our 256K RAM
memory, essential for the new
generation of application
programs.

Hyperion has the same processor,
graphics and operating system as
the 1BM P.C. However, an improved
keyboard ties the function keys to
our screen soft keys. All this means
Hyperion can run popular IBM
software right off the shelf — Visi
Caict, Word Start, Data Base lIt and
many, many others.

Hyperion is the rising star in personal
computers. Catch a rising star
foday.

"Y

Advanced Basic (Microsoft)
Advanced User Interface®

256K User Rom*

4", 320K bytes, IBM compatible
Virtual Ram Disk (Up to 160K)*

7" Non-glare amber
Graphics — 1BM PC compatible
Full 80 x 25 character format

RS 232C*
-R§423°

Paraliei Port . . .. CenhonlcsIIBM compaﬂble‘
Other Features . . . . Time and date clock with
baftery back-up®

Addltional video output for extemnal

monftor*

*These exiras worth over $4000,

" 3"
(28. acm)

—————— 18.3"(48.4 cm) ————|

MGl

he world’s most powerful

Optional Exiras

Addttional §Y4" 320K drive

IN:-TOUCH felephone
management system

Buiit in 300 baud modem (103J)
Direct connect

Uses Internal modem

.. 5or10'MB of hard disk
Up to 7 slots for IBM
compatible cards

Atiractive case with
accessory pockets

tvisi Calc Is a frademark of Visicorp

tWord Star Is a frademark of Micropro
Intemational Corp.

tData Base !l is o frademark of Ashion Tate

tMultiplan Is a frademark of Microsoft Corp.

423 Is a frademark of Lotus Development Corp.

" 88"
(22.3cm)

F_. N PAC N

N B

portable computer

The Bytec Group  North America: (613) 226-7255; Telex 053-3358
Europe: U.K. 04026 4926; Telex 894222
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only other one tested that supports
overlays.

Though this overlay technique
generates programs that will run
more slowly than the RAM-resident
code supported by the Digital Re-
search compiler, it does have the ad-
vantage of conserving memory use,
which can be especially important in
a multiuser MP/M-86 system. Even
this sacrifice in speed can be mini-
mized if overlays are restricted to a
program’s seldom-used options, in
which case, overlays would allow an
application program lots of conve-
nient extras that might otherwise
have been eliminated due to lack of
space.

We have maintained a polite silence
concerning the documentation that
comes with the other compilers. With
Lattice, we have to say that the docu-
mentation is superb. Only DRI even
comes close.

In general, the Lattice compiler is
a sophisticated, high-performance
package that appears to be well
suited for development of major ap-
plication programs. It is unfortunate
that the CP/M-86 version of Lattice
was released only recently, so we
have not been able to use it in pro-
duction work. The benchmarks, on
the other hand, speak for them-
selves. Lattice is a real performer. An-
nounced improvements are a debug-
ging facility, support for register
variables and for the 8087 math
coprocessor, and an additional level
of optimization for speed (this should
be interesting, because Lattice al-
ready seems to be the fastest).

Supersoft C

The Supersoft C compiler was
unable to run three of our five bench-
marks due to its failure to support the
long data type. We were actually re-
lieved that Supersoft had this failing
because the process of producing ex-
ecutable code through the Supersoft
compiler is like pulling teeth.

The great problem with the Super-
soft C compiler package is that it has
neither a linker nor a library-search
feature. This means that to compile
a program easily, you must include
all library files (either on the compiler
command line or with an #include
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statement in the source file). This will
ensure that all necessary library rou-
tines will be compiled with your
code. It also ensures that all un-
necessary library routines will be com-
piled with your code, thereby result-
ing in an enormous object file.

To create a smaller object file, you
must cull the specific library func-
tions required by your program from
the Supersoft library source files, as
well as extract the library functions
called by those functions. You then
use your favorite editor to patch all
these together into a single file and
include this new file when you com-
pile your program.

In the two benchmarks we ran, we
used the CRUNT2.C library module in
toto and an editor to extract from the
FORMATIO.C module the source code
for printf. We then extracted the rou-
tines that printf called and included
them all in a library we called printf.c.
We compiled the sieve program with
the following commands:

CC sieve.c crunt2.c printf.c
cod2cod sieve.cod
€2i86 sieve.u

This created assembly source code,
which we assembled with the Digital
Research assembler ASM86 using the
following command:

asm86 sieve

This produced an object file of type
.H86, which we fed to the CP/M-86
loader, GENCMD, to produce an exe-
cutable file called SIEVE.CMD. We did

this by typing
gencmd sieve data[xfff]

Compared to the other compilers
tested, the compilation time of the
Supersoft product seems to be for-
ever. More precisely, it is 47 times
longer than the DeSmet compiler. A
saving grace of the Supersoft com-
piler is that it gives the complete
source for its library—a feature
shared only by the Computer Innova-
tions compiler.

The Elusive Ideal of Portability
Though portability is one of the

www americanradiohistorv com

most prized characteristics of C, we
were surprised at how difficult it was
to find code that would run on all six
of the compilers. Most surprising was
that the five compilers we considered
the most significant had only 14
library functions in common. This is
despite the fact that some of these
compilers include as many as 100
library functions. No two compilers
handled direct movement of data that
was bound for memory in exactly the
same way, and, as might be expected,
the compilers had little in common
regarding the handling of functions
dependent on either the processor or
the operating system.

As we stated earlier, our attempts
at writing a routine to test disk I/O
were futile. If program portability
withirt one operating system was a
problem, transporting C programs
from another operating system to
CP/M promises to be especially
thorny. For example, a severe incom-
patibility exists between CP/M and
Unix. The exact length of a CP/M file
is known only to within 128 bytes,
whereas the length of a Unix file is
known exactly (it has 1-byte “granu-
larity”). This means that any C pro-
gram written for Unix that relies on
the operating system to provide the
exact length of a file will be impossi-
ble to transport to a CP/M environ-
ment without a significant rewrite.

On a more upbeat note, we were
startled not just by the large quanti-
ty, but the extremely high quality of
C compilers already available for
CP/M-86. By the time this article ap-
pears, four more compilers should be
available from Aztec, Telecon, White-
smiths, and Epsys. Sounds like C is
here to stay.m

Jerry Houston is vice-president of marketing at
Gifford Computer Systems (1922 Republic Ave.,
San Leandro, CA 94577). He was formerly head
of the technical departments at Computer Marketing
Associates, Morrow Designs, and Compupro.

Jim Brodrick, who holds a doctorate in bio-
chemistry from the University of California at
Berkeley, is on the software research and develop-
ment staff at Gifford Computer Systems. He has five
years of experience as a C programmer and has writ-
ten a C compiler for CP/M-86.

Les Kent is manager of research and development
at Gifford Computer Systems. He was formerly chief
production programmer at Morrow Designs and is
an authority on the Unix operating system.
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BASF QUALIMETRIC
ATOTALLY NEW DIMENSION OF QUALITY.

From BASF comes a totally new

level of excellence in magnetic

media—the Qualimetric stan-

dard, a standard so advanced

that BASF FlexyDisks® are confi-

dently backed by an extraordi-

s - nary new lifetime warranty.*

q ua I me rI C The Qualimetric standard is
maintained without compro-

: mise through every step of BASF

design, production, inspection,
and testing...reflecting an
unwavering BASF commitment

- to media fidelity and durability.
- Our FlexyDisk jacket incorpo-

qnce,_backed

ve‘.ltl:.feqlm
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INTERACTIVE ELECTRONIC YES ON-LINE REFERENCE GUIDE
WORKSHEET
PLAIN ENGLISH PROMPTS No w%¥lc’SUAL COLUMN
H
PROTECTED CELLS No MULTIPLE. LINKED
WORKSHEETS

NO s oo NO

NO = ™  NO

No SORTING CAPABILITY No

VisiCalc was aswellidea
for then.

The next generation. First generation electronic
worksheets were a good idea. They were early software
management tools that could eliminate a lot of hours
with a spreadsheet, calculator, pencil and eraser. Enter
Multiplan, the next generation electronic worksheet
that's as easy to use as it is useful.

Make comparisons. Compare Multiplan to any of

the earlier electronic worksheets. We've given you some
“prompts” above.

Compare learning time. Multiplan's tutorial book brings
you up to.speed. Fast. But Multiplan doesn't stop there.
Multiplan’s On-line Reference Guide gives you instant
help if you have questions. It knows where you are in
Muitiplan and offers information related to your problem,
right on the screen.

Compare ease of use. All Multiplan prompts are

full length words or phrases. And Multiplan provides
“naming.” the ability to assign a plain English name to any

“Based on features in releases VC-202B0O-AP2 and VC-156Y0-I1BM
of VisiCalc on the Apple Il and IBM-PC respectively.

cell or area. “Gross Profit = Sales—Cost" rather than
“AA44=AZ23—BK154" Which means you can work
more intuitively. And faster.

Compare utility. Multiplan lets you link related work-
sheets so that information is transferred between them
automatically. For instance, you can keep regional sales
forecasts on separate sheets but link them with your overall
company forecast. Then, just change the forecast for

any region, and the company forecast sheet is updated
automatically. Something you can't do with first generation
worksheets.

Compare reports. Not just the work you can do, but the
way you can present it. Multiplan's flexible formatting
options allow you to produce presentation-quality reports.
And its sorting capability lets you sort by either alpha-
betic or numeric order. So a sales manager who normally
lists sales regions alphabetically could sort by amount
sold and conveniently rank by sales performance. The
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WVIUL

INTERACTIVE ELECTRONIC
WORKSHEET

Vg bRty

PLAIN ENGLISH PROMPTS

YES

WIDTHS

PROTECTED CELLS MULTIPLE, LINKED

WORKSHEETS

1FLAN

ON-LINE REFERENCE GUIDE

INDIVIDUAL COLUMN

“NAMING" OF CELLS
OR AREAS

" . (x> 11000 e

EXTENSIVE FORMATTING
CAPABILITIES

SORTING CAPABILITY

Multiplan'is a great idea
for now.

result is a more meaningful and useful presentation of data.
Compare availability. With Multiplan, you're not
limited to a single range of computers. Multiplan is avail-
able for Apple® and for microcomputers that run
MS™-DOS, XENIX™ or CP/M-80® operating systems.
Multiplan supports both 40- and 80- columns on the
Apple 11

Compare the source. Microsoft was the world’s first
microcomputer software company. Today, Microsoft
software is running in well over a million installations,
worldwide. Languages. Utilities. Business programs. All,
maintained at the state-of-the-art.

Compare for yourself. Drop into your computer store.
Compare Multiplan’'s powerful, user-oriented features
to any electronic worksheet on the market. If you've
been using VisiCalc, Multiplan’s ability to directly utilize
your VisiCalc files lets you easily upgrade to Multiplan.
And that's just another of the many features designed

to make Multiplan the electronic worksheet for
now. And years from now.

BETTER TOOLS FOR MICROCOMPUTERS

Microsoft is a regis-
tered trademark, and
Multiplan. XENIX. and
MS are trademarks of
Microsoft Corporation
For product or

dealer information. call

DEPARTMENT NO. 31
1-800-547-3000

In Oregon. call collect: 503-244-5500.
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Five C Compilers for CP/M-80

Find out which is fastest, which 1s standard, and which is easiest

Choosing a C compiler is not a
trivial task. That is clear to me after
spending several weeks comparing C
compilers for 8080-family microcom-
puters running under the CP/M-80

to use

by Christopher O. Kern

operating system. I found that there
is considerable variation in the time
required to compile programs, the
speed with which compiled pro-
grams run, and the size of the ex-

Aztec

Kernighan and Ritchie complete X

Kernighan and Ritchie standard
library

source for library

source for runtime routines

separately linkable modules

preprocessor arguments

intermediate assembler file

in-line assembly language

11O redirection

library manager

debugging aids

floating-point arithmetic X

M80-compatible code [2]

requires CP/M 2.0

system size required (kilobytes) 56

disk space required (kilobytes) [1] 134

size of manual (pages) 86

list price $199

X X X X X X X X X

{2] Optional

[1) Minimum for compiling and linking a program

{3] No native floating point; supplies library functions to provide long and floating-point arithmetic
[4] With Microsoft M80/L80 relocating macroassembler (not supplied)

5] Assembly-language source files can be combined with C source files at compile time
{6] Follows Unix version 6 rather than version 7 compiler

[7] Includes manual pages for several operating systems

Table 1: Summary of the features of the C compilers.

B80S C/80  Telecon  Whitesmiths
6]
X X X
X X X
X [4] X
X X X
X X X
x (8]
{2] X X 53
X X
X X
{3] X
(2]
X
40 48 48 60
55 58 81 260
185 35 16 >300 [7]
150 4995 200 700
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ecutable machine code that is pro-
duced. The compilers I tested were
Aztec C version 105G, BDS C ver-
sion 1.5, C/80 C version 2.0, Telecon
C version 2.7, and Whitesmiths C ver-
sion 2.1 (see “At a Glance”). I have
summarized the features of these
compiler packages in table 1, and I'll
discuss my impressions of them in-
dividually in this article.

About C

The C programming language is a
natural for 8-bit computers. C is con-
siderably more powerful than assem-
bler but still permits access to most
of the host computer’s basic machine
operations. It is simple enough to be
completely implemented for a com-
puter with a limited instruction set
and a relatively small main memory.
It is potentially quite portable
because it interfaces to the host com-
puter through a standard input-
output (I/O) library. And it’s easy for
amateurs like me to learn.

The Test Programs

I decided at the outset that there
were at least four major tests I wanted
to perform on each compiler. The first
test was for efficiency in accessing
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The CONCEPTAVT

Because VT100 users
deserve more than just

VT100 compatibility.

A good news/great news story from Human
Designed Systems.

First the good news. The concept AVT display
terminal gives you everything you need in an
80/132-column ANSI/VT100-compatible display
terminal. And at a very competitive price.

Now the great news. The concept
AVT display terminal provides an
exciting, new set of capabilities that
lets you do much more. Without
changing the price.

It starts with ANSI standard conform-

ance, DEC software compatibility, and
80/132-column capability, and extends that even
further by offering eight pages of displa
memory to relieve the interactive user of the
need to generate unnecessary hardcopy
printouts and to provide the application
developer with a powerful tool for applications
requiring multiple formats and storage of large
volumes of text; by enabling users to
permanently configure a terminal for their needs
or applications; by providing functionality

*Quantity one. DEC and VT are trademarks of Digital Equipment Corporation.

THE CONCEPT DISPLAY TERMINAL

VT100 compatibllity is one thing, but eight pages of memory,
programmable function keys, windowing, mulitiple computer capabllities,
ANSI standard conformance...and VT100 compatibllity Is something eise.
Only from Human Designed Systems.

designed to improve the effectiveness of siow-
speed applications; by enabling users to create
true windows within display memory; by
providing programmable function keys which
transmit data and/or execute terminal
commands; by providing up to three additional

communications ports for connection to other
peripherals and computers; by
providing flexible user networking
functionality for use in a wide range of
different applications, including
multiple computer connections; and
by doing much more.

VT100 compatibility and ANSI
standard conformance. Add it to the concept
display terminal’'s 132-column performance, in
ASCI| or APL/ASCII models, with muitiple
computer capabilities, windowing,
programmable function keys, multiple pages of
memory, and much more, and you can see why
Human Designed Systems has given terminals a
new meaning...and that means true economy.

human designed systems, inc.
3440 Market Street, Philadelphia, PA 19104
215-382-5000 Circle 185 on inquiry card,

Human Designed Systems. We’re redefining terminal performance.

Atlanta — (404) 391-9763; Boston — (617) 329-3510; Chicago — (312) 825-2960; Datlas — (214) 437-1888; Delaware — Infocon: (302) 239-2942; Hawalt — Gray Associates:

(808) 261-3751; Los Angeles — (213) 410-9454; Norihern New Jersey — infocon: (201) 624-1372; New York City Area — Infocon: (212) 689-8833; New York State — Naco

Electronics: Rochester: (716) 223-4490; Syracuse: (315) 699-2651. San Francisco — (415) 692-4184: Washington, DC — International Systems Marketing: (301) 279-5775;

Australia — 1. O. Peripheries Pty. Limited: (02) 427 3555; Beigium — BELCOMP: 091/25 22 88; Canada — CAIL Systems: Toronto: (416) 362-1063; Denmark — ADCOM Data

Aps: 1-1944 66; Finland — Modulsystem OY:0-6926511; France — Walton: (1) 226.06.90; Singapore — DTS Singapore: (65) 33-88-566; Sweden — Alinovo Data AB: 08-37 25 15;

Switzerland — Mitek ag: 02/461 22 52; United Kingdom — Shandell Systems Lid.: 02407-2027; West Germany — COMKO Compultersystemges, mbH: 0221-48 30 51.
DISTRIBUTORSHIP INQUIRIES INVITED.
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automatic variables, which come into
existence only when a particular
function is entered. As soon as the
function is exited, the variables are
discarded. In other words, automatic
variables exist while the function they
belong to is actually executing. They
are a problem on an 8-bit computer
because of its shortage of registers
and its limited addressing modes.

A good choice for this test was the
Sieve of Eratosthenes program for
generating prime numbers that Jim
and Gary Gilbreath used in their ar-
ticle “Eratosthenes Revisited: Once
More Through the Sieve” (see the
January 1983 BYTE, page 283). It has
quite a few variables, which are con-
stantly being juggled among machine
registers so that arithmetic and logical
operations can be performed on
them (see listing 1). To make the test
as pure as possible would require
moving the array of flags into the
function proper, i.e., making the ar-
ray an automatic variable instead of
an external one.

The second test I wanted to per-
form was to measure the efficiency of
each compiler in coding function
(procedure) calls. Because good C
style encourages the use of many
small functions instead of a few large
ones, I wanted to see how much
overhead was associated with enter-
ing and leaving a function.

To do that, I wrote a program to
compute a Fibonacci series recursive-
ly. The Fibonacci function, F(x), is de-
fined as:

Fix) =1 forx = 2
F(x) = F(x-1) + F(x-2) forx > 2

(see listing 2). Because only one vari-
able is involved and relatively little
processing is performed on it, the
Fibonacci program is a good test of
function overhead.

Many C programs read or write a
file one character at a time. Because
most operating systems won't let you
do that, at least not efficiently, the
standard library supplied with each

Listing 1: The prototype of the primes program, which was written in the version of C
described by Kernighan and Ritchie; it generates primes using the Sieve of Eratosthenes method.
The program’s purpose is to test the compiler’s efficiency in using automatic variables. This
is the basic version of the program that was tried on all the compilers; some modifications
were necessary to get it to run on each one.

A>
A>type sievel.c
SIEVEl.C?

A>type b:sievel.c
#include "stdio.h"

#define SIZE 8190
#define PALSE [o]
#define TRUE 1

/* size of number array */

char flag[SIZE + 1];

main( ) /* compute primes using sieve of Eratosthenes */

int i, j, k, count, prime;

printf("10 iterations: ");

for (i = 1; 1 <= NTIMES;
count = 0;
for (j = 0; j <= SIZE;
flag(j] = TRUE;
for (j = 0; J <= SIZE; Jj++) (
if (flag(j] == TRUE ) {
prime = J + j + 3;
for (k = j + prime; k <= SIZE; k += prime)
flag(k] = FALSE; /* discard multiples*/
count++;

i++) |

J++)

}

printf("sd primes.\n", count);
exit(0);
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of the C compilers includes several
functions to perform buffered I/O (in-
put/output).

Here is how it works: a file is read
into a buffer in relatively large
chunks. Then it is parceled out to the
program byte by byte. In writing to
a file, the process is reversed: the file
is assembled in the buffer 1 byte at
a time. When the buffer becomes
full, it is “flushed”—written out to the
disk in a single, relatively efficient
operation.

My third test program simply
copies its input to its output (see list-
ing 3a). I knew that the results of this
test would in large part reflect the size
of the buffers used by each compiler.
As a rule, the larger the buffer, the
faster the program would run; but
the results indicate that other factors
are at work as well.

Finally, I wanted to see how each
compiler package performed in han-
dling strings. Strings in C are just ar-
rays of characters, delimited by a
single null or zero byte. Internally,
each character is represented by an
offset to a pointer variable. The vari-
able points to the starting address of
the string in the computer’'s memory.

Pointers are used quite a bit in C
programming, much as they are in
assembly programming, and in sharp
contrast to languages like BASIC and
Pascal, which can operate on strings
directly. In C, several crucial library
functions perform basic operations
on strings, such as measuring or
comparing them.

T used a program to sort lines of text
alphabetically to test each compiler’s
string-handling ability. The only
problem was how to read the test
data into the program. To eliminate
any variation among the packages in
performing file I/O, I decided to have
the program take its input from the
console (see listing 4 on page 121).

But instead of typing in the lines by
hand—which obviously would have
injected an uncontrollable variable
into the test procedure—I read them
from a file using Microshell. Micro-
shell is a replacement CP/M-80 com-
mand interpreter that allows the “re-
direction” of console input. In effect,
the program thinks it is getting its in-
put from the console when in fact it
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coex
Training Programs
Make Using Personal Computers Eas).

Even the best application programs
and personal computers still take a
considerable amount of time to learn
how to use.

That is . . . until now!

Cdex Training Programs are
computer-assisted training programs
that make learning straight-forward
and efficient. In an hour, you can
master the material on the Cdex
disks and begin using the intended
product.

It's tough to tearn about computers
from a book. That's why all Cdex
Training Programs are on disk and
are:

Highly Interactive . . .
Creating a dialogue with you and
serving as your personal tutor.

Completely Self-paced . ..
You set your own learning time.
Graphically Oriented . . .

Remember, a picture is worth a
thousand words.

Usable Now and Later . ..

Clear and concise training and
reference programs for the first-time
or experienced user.

Cdex Training Programs run on the
IBM® PC and XT Computers,
COMPAQ® Portable Computer,
Apple® lie, 1| Plus and Il
Computers, DEC Rainbow® 100
Computer and Texas Instruments
Professional Computer. See how
effective a Cdex Training Program
can be; ask your computer dealer for
a demonstration.
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Cdex'™ Training Programs
are available for:

The VisiCalc~ Program
The WordStar' Program

The SuperCaic™/SuperCaic?'™ Programs

The EasyWriter 1I'* Program

How to Use Your IBMe Personal
Computer with CP/M-86® and
Concurrent CP/M-86"

How to Use Your IBMe Personal
Computer with PC DOS

How to Use Your Applee /e
Personal Computer

How to Use Your Texas Instruments
Professional Computer

Managing Your Business with the
Lotus™ 1-2-3 Program

Managing Your Business with the
MULTIPLAN'"™ Program

Managing Your Business with the
VisiCalc® or VisiCalc® Advanced
Version Program

Managing Your Business with the
SuperCalc'™ or SuperCalc?'™
Program

The dBASE 1l* Program
IBM® PC DOS 2.0
DB Master’™- Version 4

The BPI® General Accounting Program

Cdex™ Training Programs
We make it easy.

cddex:

Cdex Corporation

5050 El Camino Real
Los Altos. CA 94022

415 964 7600
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is getting it from a file. (See my re-
view, “Microshell and Unica: Unix-
style Enhancements for CP/M,”
December 1982 BYTE, page 206.) Be-
cause Microshell performed the file
/O, the time required to read the data
was the same in all the tests.

All the prototype test programs
were written to conform to the stan-
dard set out in The C Programming
Language, by Brian W. Kernighan and
Dennis M. Ritchie (Prentice-Hall,
1978). This is the “bible” of C pro-
gramming and a fine tutorial intro-
duction to programming in general.
All the compilers tested cite it. As it
turned out, only one—Aztec C—
really followed it.

The Method

As each compiler arrived, I tried it
out on each of the prototype test pro-
grams. Usually I had to make some
changes to get the programs to com-
pile. Only the Aztec compiler ac-
cepted all the prototype code without
modification.

The copy program would not work
with the BDS compiler because the
file 1/O functions in the BDS library
are nonstandard (see listing 3b). Both
the copy and sort programs had to be
changed before they could be com-
piled with C/80 because the C/80 lib-
rary does not include the common
string comparison and measurement
functions.

The Telecon compiler surprised
me. It couldn't handle the addition of
two constants in the subscript of an
array declaration (e.g., array[SIZE + 1])
such as that used in the primes pro-
gram. And the Whitesmiths compiler
until recently came with its own idio-
syncratic “standard” 1/O library; as a
consequence, all the programs
needed minor changes (see listing 3¢
for an example). [Editor’s note: White-
smiths has fixed this by offering an addi-
tional Unix-compatible 1/O library that
has all of the standard C func-
tions. . . . B.R.]

These initial tests and conversions
gave me some experience with the
compilers I was not familiar with. I
had used BDS C and C/80 before, but
I wanted a uniform environment for
the actual timing tests. I made up a
set of identical floppy disks, which

Text continued on page 122
114  August 1963 © BYTE Publications Inc

Listing 2: Prototype of the fib program, which uses recursion to compute a Fibonacci series.
The recursion tests the compiler’s handling of function calls.

#include "stdio.h"

#define NTIMES 10 /* number of times to compute Fibonacci value */
#define NUMBER 24 /* biggeat cne we can compute within 16 bits */
main( ) /* compute Fibonacci value */
{

int iy

ungigned value, fib( ),
printf("%d iterations: ", NTIMES);

for (i = 1; i <= NTIMES; i++)
value = fib(NUMBER);

printf("fibonacci(%d) = su.\n", NUMBER, value);

exit(0);
}
unsigned fib(x) /* compute Fibonacci number recursively */
int x;
(
if (x > 2)

return (fib(x - 1) + fib(x - 2)):
else
return (1);

Listing 3: The copy program. This tests the compiler's buffered 1/O capabilities. Listing 3a
is the prototype; listing 3b and listing 3c are the BDS and Whitesmiths versions, respectively.
Note that the BDS file-input and file-output functions require the programmer explicitly to
look for and end a file with the CP/M-80 end-of-file character (represented by CPMEOF).
In the Whitesmiths version, note the differences from the prototype in the cpmstr, fopen, fcreate,
putc, and putimt functions. The constant values in uppercase are all defined in the standard
header file std.h.

(3a)

#include "stdio.h"

main(argc, argv) /* copy file a byte at a time */
int argc;
char *argv(]s

int cy
FILE *infile, *outfile;

if (arge < 3)
errexit("Usage: copy oldfile newfile", NULL);
1f (strcmp(argv(l], argv(2]) == 0)
errexit("File names must be different”, NULL);
if ((infile = fopen(argv(l], "r")) == NULL)
errexit("can't open", argv(l]);
if ((outfile = fopen(argv(2], "w'")) == NULL)
errexit(“Can't create", argv[2));

printf("File %8 ", argv[1l]);

while ((c = getc(infile)) != EOF)
putc(c, outfile);

fclose(infile);
fclose(outfile);

printf("copied to %s.\n", argv[2]);
exit(0);

errexit(sl, s2) /* print error message and die ®/
char *sl, *82;

(
printf(s2 == NULL ? "$s\n" : "%8 %s\n", s8l, 82):
exit(-1);

) Listing 3 continued on page 116
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Morethan a

It's an accountant, word
processor and financial
planner. Now for only
$3,390 per user™*

No matter what business or profession you're in, ALTOS®
has a desktop business computer system that can improve
your efficiency—at a price that won't put you out of business.

For example, a typical Altos business solution includes
integrated software applications for accounting (including a
self-paced. step-by-step. built-in tutorial). word processing and
financial planning. They're all easy to learn and use.

You can also choose from hundreds of other applications for
attorneys, dentists. doctors, insurance agents, manufacturers,
pharmacists, realtors and many more.

Altos systems are designed to grow as your business grows.
You can start with a single user and add more users on the same
system. Plus you can link hundreds together with a network.

And when you're ready. built-in features let you add more
storage capacity, peripherals and communications—even elec-
tronic mail and appointment scheduling.

All of our systems are backed by responsive, nationwide
service and support through the Customer Service Division of
TRW, Inc.

So if your business or profession demands more than a
personal computer can deliver, talk to Altos. Call, write or clip
the coupon today for a free brochure and the name of your
local Altos representative.

*Complete five user Altos system for $3.330 per user or $16.950. Price approximate and may vary in your area. Packaged system Includes an Altos 586-10 hard disk computer with the XENIX “/UNIX ™
operating system with the Altos “Business Command Menu Interface.” five terminals. and the ALTOS ACCOUNTANT (with the built-in ALTOS COMPUTER TUTOR). ALTOS EXECUTIVE WORD
PROCESSOR. and ALTOS EXECUTIVE FINANCIAL PLANNER applications. Price does not include printer. cables. installation. taxes. additional training and maintenance.

ALTOS is a registered trademark of Altos Computer Systems. XENIX is a trademark of Microsoft and is a microcomputer implementation of the UNIX operating system. UNIX is a trademark of

Bell Laboratories.

Circle 19 on inquiry card.

personal computer.

Packed with more
value for business

O Please tell me more about the hundreds of uses for an Altos
desktop business computer system.

0O My application is
0O Please have an Altos representative contact me.

Name p— Title
Company ST — Tel
Address._

City/State/Zip_ _ .
BT-8

Mail to: Altos Computer Systems. Attn: Marketing Services.
2641 Orchard Park Way. San Jose, CA 95134

800-538-7872 (in Calif., 800-662-6265)

In Canada. (416) 864-0740.

©1983 Altos Computer Systems COMPUTER SYSTEMS
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Listing 3 continued:

Circle 112 on Inquiry card. (3b)
#include "bdscio.h"
o main(argc, argv) /* copy file a byte .,at a time */
ls ew int argc; /* uses BDS library functions =/
char *argv(];
(
char X}
FILE infile, outfile;
if (argec ¢ 3)
errexit("Usage: copy oldfile newfile", NULL);
if (strcmp(argv({l], argv{2]) == 0)
errexit("File names must be different", NULL);
if (fopen(argv([l], &infile) == ERROR)
errexit("Can't open", argv{l]);
if (fcreat(argv{2], &outfile) == ERROR)
errexit("Can't create", argv{2]);
printf("File s ", argv([l]);
do {
putc(c = getc(&infile), &outfile);
)} while (c I= CPMEOF);
fclose(&infile);
fclose(&outfile);
printf("copied to %8.\n", argv{2]);
exit(0);
}
errexit(sl, s2) /* print error message and die */
char *sl, *s2;
(
printf(s2 == NULL ? "%s\n" : "%8 %s\n", s8l, 82);
exit(-1);
}
e (3¢)
= =, #include "std.h"
LN LI
4 USER. 10 MB $6195 ind. SOFTWARE main(arge, argv) /* copy a file a byte at a time %/
int argc; /* uses Whitesmiths library functions */
one bundle i
LN ) (
int c;
of Joy! FIO infile, outfile;
CONTROL/9000... 4 users, 10,20 or if (argec < 3)
40MB, MP/M based. from $6195 errexit("Usage: copy oldfile newfile", NULL);
CONTROL/NET... up to 10 users, if (cmpstr(argv{l], argv{2]) == YES)
S-100 bus, each user has 64K & errexit("File names must be different", NULL);
2-80A or B. from $6749 if (fopen(&infile, argv([l], READ) == NULL)
PLUS errexit(“Can't open®, argv(l]);
- / if (fcreate(&outfile, argv{2], BWRITE) == NULL)
SELECT™word processing $495 j/ X errexit("Can't create", argv(2]);
SUPERCALC™ ... 195 /1
TABSOFT™ Accounting 144165 putfmt(“File %p ", argv(l]);
$4855 while ((c = getc(&infile)) 1= EOF)
putc( &outfile, c);
CONTROL fclose(&infile);
ELECTRONICS fclose(&outfile);
lNc' putfmt(“copied to %p.\n", argv(2]);
“Dealers call for information” exit(0);
SuperCalc is a trademark of Sorcim, Inc. Select is a }
trademark of Select Information Systems, Inc.
MP/M is a trademark of Digital Research Corp.
Tabsoft is a trademark of ETC
errexit(sl, s2) /* print error message and die */
707 NICOLET AVE., WINTER PARK, FL 32789 char *sl, *s2;
(305) 628-3850 {
putfmt(s2 == NULL ? "%p\n" : "Sp %p\n", s8l, 82);
exit(-1);
}

116  August 1963 © BYTE Publications Inc
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APPLE [ EAGLE (] IBM, PC (] NORTHSTAR [J TRS-80 1l 8" [1 OSBORNE (] FRANKLIN [] STANDARD CP/M 8" [

HEATH/ZENITH 89 8"

¢ Eliminate the risk—rent first!

Suggested List

shipping)

REN‘I' SOFTWARE
YOU

SOFTWARE
RENTAL LIBRARY

You can now RENT the most popular software available for just
20-25% * of Manufacturers’ Retail Price

¢ 100% of rental fee applies toward purchase
e All purchases are 20% Off of Manufacturer’s

¢ Rentals are for 7-days (plus 3 days grace for return

SPECIAL INTRODUCTORY OFFER

There are now 2 different plans to choose from:

!

Join the Game Group, $25.00 per year
and rent as many games as you like for
only 20-25% of Mfrs. Sugg. Retail Price*

Minimum order, 3 game rentals

Join the Business Group, $50.00 per
year and rent as many business applica-
tion programs as you like for only
90-25% of Mfrs. Sugg. Retail Price*

Software Rental Library
Culver City, California

ACCOUNTS PAYABLE [0 MAILING [] SPELLING [J COMMUNICATIONS [J REAL ESTATE [J TAXES (1 STOCK MARKET [J INVENTORIES

*Plus postage and handiing

EDUCATIONAL [] ACCOUNTS RECEIVABLE (] WORD PROCESSORS ] DATA BASES ] LANGUAGES [] GRAPHICS[

Circle 407 on inquiry card.

REMEMBER, THESE ARE NOT DEMOS, BUT ORIGINAL
UNRESTRICTED SOFTWARE PROGRAMS

(complete with manuals in original manufacturers’ packages)
To Immediately Order, or for more information:

UNITED COMPUTER CORP

. C =
Canadian Orders Welcome -I |ameRiCAN | [

Toll Free CALL 1-800 992-7777
In California CALL 1-800 992-8888
In L.A. County CALL 1-213 893 4400

Y3943 IVYINID [ 1T0Y¥AVd [ TVINIA [ TVIIA3IW [ S13IHS AVIUdS [ ONILNNOIDY [ $SINISNG [] SIILIILN (] SYINUIWODI (] SIWVO [] 058 XOUIX

‘:XPRESS =e=re
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Xerox Service Centers.
The personal computer
back-up systemyou've
been looking for.

Unfortunately, most people find out thehard  hands-on experience and intensive study of
way that there’ one question even a personal computer technology.

computer can’t answer. Then we put them through the specialized
Where can you take it for service? courses on other brands.

We have a suggestion. Come to one of our We've even provided a back-up system to

: our back-up system with a nationwide “hot line”
to our Xerox Technical Support Centers. Soin
the unlikely event your bugaboo baffles our
local whiz, there extra help close at hand.

And we keep our parts departments well
stocked. Which means your problem can be
fixed a lot faster than you'd imagine.

But one of the best things about bringing*
your equipment to us is that you get Xerox qual-
ity service at a very affordable price.

So come in and see us. Or contact the Xerox
Five Star Service Dealer in your area for more

new Xerox Service Centers. We have 82 nation-  information.

wide. And we're multiplying faster than soft- Because 82 new Xerox Service Centers are

ware progras. not only a nice step forward for us. Theyre a
Right now we're equipped to handle great system for you to fall back on.

Osborne™ Computers, Epson™ MX Series Visa, MasterCard and American Express

Printers, Pied Piper™ Computers, Morrow Cards accepted.

Dwgns Micro Decision™ Computers, Corona *Pick-up and delivery available.

%ta Sglstems Cé);nputeéls, Enter Sv\v:ret ClPlefa"“

lor Plotters, Cameo Electronics Winchester - Centers
Disk Drives. Gkidats Micoline™and Pace . XETOX Service :
mark,™ and Amdek™ products. In addition
to a number of Xerox products like the 820
Personal Computer and Diablo™

Printers. But in the future, we'll be
servicing even more brands of per-

Alabama: Birmingham, 167-A Citation Court, (205) 945-1280.
Arizona: Tempe, Suite 101, 2109 S. 48th St., (602) 9671922.
California: Alhambra, 614 South Marengo, (213) 289-
0174; Anaheim, 232 W. Cerritos Ave., (714) 776
8143; Carson, Suite E, 20630 Leapwood, (213)

sonal computers and related 516-6650; Chatsworth, 20802 Plummer St.,
items. . . (213) 709-0226; Sacra-
. # il mento, 4247 S. Market

Our service people have to oot (O16) 5202375
undergo one of the toughest ' ~ San Dieso, Sui

. . . — Pore oo o A an Diego, Suite N, 7343
training programs in the = . Ronson Rd., (619) 569-
industry. Including plenty of 1212; San Francisco,
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Suite B, 1555 Burke Ave., (415) 821-7719; San
Leandro, 1981 Adams, (415) 635-9300; Sunnyvale,
#6, 540 Weddell Drive, (408) 734-2540. Colorado:
Denver; Suite 201, 8200 E. Pacific Place, (303) 696-
8966. Connecticut: Hartford, 593 Farmington Ave.,
(203) 236-2381. Delaware Area: Westchester; Pa., 301 Wil-
lowbrook Lane, (215) 431-0533. Florlda: Altamonte Springs,

716 North Lake Blvd., (305) 830-8109; Ft. Lauderdale, #502, 1500
N.W. 62nd St., (305) 491-3202; Jacksonville, Unit #4, 3035
Powers Ave., (904) 731-7218; Miami, 6908 N.W. 72nd Ave., (305)
887-2711; Tampa, Suite 6, 6201 Johns Rd., (813) 886-0779. Geor-
gla: Adanta, Suite 10, 2215 Perimeter Park Drive, (404) 458-1016.
Hawail: Honolulu, Suite 104, 627 South St., (808) 526-0885. lllI-
nolis: Chicago, 165 N. Canal St., (312) 559-9440; Elk Grove Vil-
lage, 2216 Landmeier Rd., (312) 437-3180; Lombard, 436A
Eisenhower Lane, (312) 953-

1113; Springfield, 2036
S. MacArthur, (217)
523-1007. Indlana:
Indianapolis, 5335
W. Minnesota St.,
(317) 241-2888.
lowa: Des

Moines, 700 E. 4th
St., (515) 282-8700.
Kansas: Overland
Park, 6383 W, 110 St., (913)
381-9819; Wichita, 7804 E. Funston, (316) 685-4731. Kentucky:
Louisville, 10308 Bluegrass Parkway, (502) 499-7224. Louisiana:
Baton Rouge, Suite K, 10466 Airline Highway, (504) 291-594;
Harahan, Suite E 550 Wholesalers Parkway, (504) 733-1201.
Maryland: Hunt lalley, 100 Lakefront Drive, (301) 667-8711;
Lanham, 9730A-1 George Palmer Highway, (301) 459-3973; Rock-
ville, 12288 H. Wilkens Ave., (301) 468-8870. Massachusetts:
Braintree, 190 Forbes Rd., (617) 848-5750; Woburn, 248 W. Cum-
mings Park, (617) 938-0845. Michigan: Lansing, Suite 7, 6810
South Cedar, (517) 694-3350; Troy, Suite 7, 1270 Rankin, (313)
583-2935. Minnesota: Edina, 3650 Hazelton Rd., (612) 920-
4472. Mississippi: Jackson, 870 Foley St., (601) 948-6302. Mis-
sourl: St. Louis, 11984 Dorsett Rd., (314) 991-2106. Nebraska:
Omaha, 11129 Mili Valley Rd., (402) 493-0387. New Jersey:
Lodi, 300-1B Rt. 17, (201) 777-4441; Monmouth Junction, Bldg. 1,
248 US. Rt. 1, (201) 329-2050; Whippany, 145 Algonquin Park-
way, (201) 428-1275. New Mexico: Albuguerque, Suite D, 5659
Kircher Blvd., (505) 344-3563. New York: Albany, Pine West

XEROX®, 820 and Diablo® are trademarks of XEROX CORPORATION.
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XEROX

Plaza One, Washington Ave Ext., (518) 869-9082;
Cheektowaga, 198 Sugg Rd., (716) 634-2993; Elmsford,
5 Westchester Plaza, (914) 592-4454; Lake Success, Suite
1-E8, 3000 Marcus Ave., (516) 4371134 Liverpool, 7150 Henry
Clay Blvd., (315) 451-7420; New York, 405 Lexington Ave., (212)
697-2190; Rochester; 333 Metro Park, (716) 424-4010. North Car-
ollna: Charlorte, 2838 G Interstate 85 S., Carolina Center, (704)
399-1523; Raleigh, 5225 North Blvd., #1 N. Commerce Center,
(919) 876-1610. Ohio: Akron, 2650S. Arlington Rd., (216) 644-
3251; Cincinnati, 4814 Interstate Drive, (513) 84-0884; Cleveland,
Technology Plaza, 5267 E. 98th St., (216) 587%1546; Columbus,
3711 Corporate Drive, (614) 895-3033. Oklahoma: Oklahoma
City, 2122 South Meridian, (405) 682-5030; Zilsa, 4725A South
Memorial Drive, (918) 665-0811. Oregon: Tigard, 10110 S.W,
Nimbus Ave., B-9, (503) 684-1152. Pennsylvania: Harrisburg,
806 S. 29th St., (717) 564-2602; King of Prussia, Suite C, 1006
W. 8th Ave., (215) 337-4486; Philadelphia, Suite H&I, 9140
Academy Rd., (215) 331-0999; Pitsburgh, 601 Holiday

Drive, (412) 921-8202. Tennessee: Memphis, Suite

143, 1835 Nonconnah Blvd., (901) 346-2211;

Nashville, 1854 Airlane Drive, (615) 883-

5102. Texas: Austin, #112, 7950 Ander-
son Square, (512) 451-6263; Dallas, Suite
104, 1625 W. Mockingbird Lane, (214) 630-
6647, Fort Worth, 3273 Crabtree St., (817) 626~
8243; Houston, Suite 220, 7280 Wynnwood, (713)
862-1784; Houston, 3642 Westchase Drive, (713) 789-
3070; San Antonio, Suite 112, 2411 Northeast Loop 410,
(512) 655-0085. Utah: Salt
Lake Ciry, 3697 W, 1987
S., (801) 973-7316. VIr-
ginia: Fairfax, 2731B
Prosperity Ave., (703)
698-1477; Richmond,
8707 W, Broad St., (804)
747-0275; Virginia Beach,
1448 Air Rail Ave., (804)
464-4752. Washington:
Renton, 266 S.W, 43rd St.,
(206) 251-9155. West
Virglnla: Charleston,
523 Central Ave., (304)
342-8015. Wisconsin:
New Berlin, 2995 South
Moreland, (414) 784-3690.

Circle 428 on Inquiry card.
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Hank: Here's the report you've been
waiting for. Hope you put your system
on automatic and didn’t wait up. :

Wi, /
//////

/ V.

s

.

Wouldn't it be great if, somehow, you ///////

could connect your computer to your
accountant's, down the street? To the
IBM** PC at the branch office, upstate?
Or to your favorite chess challenger,
across country?

e

With a telecomputing system by
Hayes, you can.

Qﬁxickly. Easily. And for the price of
a phone call.

Hayes Smartmodem. Think of it as
your computer’s telephone. Hayes
Smartmodem 300, and the faster
Smartmodem 1200, work with any
computer with an RS-232 1/O port.
They allow you to communicate,

120 BYTE August 1963

//////////’” ’/’////// " Your computer's telephone.

To all reps: Price changes on follow-
\ing items effective immediately:

iy, )
// / /////////////////, //////////////// /

/4 //////
|

g
///////////////////// %W//l///

over ordinary phone lines, all
across America.

But any modem will send and
receive data.

Smartmodems also dial, answer
and disconnect calls. Automatically.
Without going through the telephone
receiver, making them far superior
to acoustic coupler modems.

Choose your speed; choose your
price. The lower-priced Smartmodem
300 is ideal for local data swaps

and communicates at 300 bps.

For longer distance and larger

volumes. Smartmodem 1200
communicates at 1200 bps or up
to 300 bps. with a built-in selector
that automatically detects trans-
mission speeds.

Both work with rotary dials,
Touch-Tone* and key-set
systems: connect to most
timesharing systems: and
feature an auglio speaker.

Either Smartmodem is a perfect
match for many different computers.
And if you have an IBM PC, Hayes
also provides the perfect communi-
cations software.

www.americanradiohistorv.com

(D Hayes

Take that, bud. (And retaliate fast.
I know phone rates are low now,
but game's cutting into sack time.)

NS

V4
{ GAMES
' t PRUGRAMS

Smartcom [I™ We spent a lot of time
developing our software, so you can
spend less time using it. Smartcom II
prompts you in the simple steps required
to create, send, receive, display, list,
name and re-name files. It even receives
data completely unattended—especially
helpful w%en you're sending work from
home to office, or vice versa.

And if you need it, there's always
“help.’ One of several special functions
assigned to IBM function keys, this
feature explains prompts, messages,
etc. to make communicating extra easy.

With Smartcom II, it is. The program
remembers communication parameters
for 26 different remote systems. Just
punch a key. you're all set.

You can treat dial-up and log-on
sequences the same way. In fact, Smart-
com II comes with codes already set up
for four popular information services.
COMPUSERVE®PDIALOG'S KNOWLEDGE
INDEX™ DOW JONES NEWS/RETRIEVAL®
SERVICE. and THE SOURCE AMERICA'S
INFORMATION UTILITY.™ Procedures
for obtaining an account with each of the
services are included in the Smartcom II
manual. But that’s not all.

Special offers for Smartcom II

owners! Dow {ones
News/Retrieva
Service has a special
introductory otfer for
Smartcom Il owners. By calling a toll-
free number. they receive a free
password and one free hour of service
anytime after 6:01 p.m., local time.

You'll also be entitled to a valuable
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Welcome to TELEMAILI Your last access
was Tuesday, Jan. 4, 1983 11:.07 a.m,
CHECK these bulletin boards:
TELEMAIL...TELESOFT...

subscription offer for THE SOURCE.
Smartcom Il owners who subscribe to
THE SOURCE will receive one free
hour of daytime service.

Like all our products, Smartcom II
and both Hayes Smartmodems are
backed & by excellent

e |

documentation and full support from
us to your dealer.

So see him today. Break out of
isolation. Get a telephone for your
desktop computer.

Hayes Microcomputer Products, Inc.,
5923 Peachtree Industrial Blvd.,
Norcross. GA 30092. 404/449-8791.

Smartcom 1l is a trademark of Hayes Microc
Products. Inc.
°TM American Telephone and Telegraph
“*IBMisa d trad k of !
Machines, Corp.
1983 Hayes Micocomputer Products. Inc
&HodgmduU&A
COMPUSERVE INFORMATION SERVICE is a registered
demark of C ve. Incorp d. an H & R Block

oLk

KNOWLEDGE INDEX is a service mark of DIALOG
Information Services. Inc.

DOW JONES NEWS/RETRIEVAL is a registered trademark of
Dowg%nes & Compa;ll. Inc.

THE SOURCE and AMERICA'S INFORMATION UTILITY are
service marks of Source Telecomputing. a subsidiary of The
Reader's Digest Assodiation. Inc.

Circle 191 on Inquiry card.

Listing 4: The prototype sort program tests each compiler’s handling of pointers.

quick(lo, hi, base)

/* quicksort =/

int lo, hi;
char *base(];

{

getln(s, n)

int i, 3
char *pivot, =*temp;
if (lo < hi) {(
for (i = lo, j = hi, pivot = base[hi]; i ¢ j; ) (
while (i ¢ j && strcmp(base(i], pivot) ¢= 0)
i++;
while (j > i && strcmp(base(j], pivot) >= 0)
b
if (i« 3) (
temp = base(i];
base[i] = base(j]:
base(j] = temp;
)
)
temp = base[i];
bage[i] = base(hi];
base[hi] = temp;
quick(lo, i - 1, base);
quick(i + 1, hi, base);

/* get a line of up to n characters into s */

char s[];
int n;
(
int c, iy
for (i = 0; n > 0; n——, i++)
if ((c = getchar()) == EOF || ¢ == °'\n')
break;
else
8(i] = c;

}

s[i] = '\0";
return (i);

#include "stdio.h"

#define MAX

1001 /* maximum number of entries »/

#define MAXLINE 135 /* longest line expected */
#define NTIMES 10 /* number of times to sort entries */

main( )

{

/* sort lines in memory */

int
char

i, j, n, length;
buf[MAXLINE], *sort[MAX], *unsorted{MAX], *alloc();
for (n = 0; n ¢ MAX; n++)
if ((length = getln(buf, MAXLINE)) == 0) {(
n-—;
break;
)
else if ((unsorted(n] = alloc(length + 1)) == NULL) (
printf("Sort: not enough room\n");
exit(-1);
)
else
strcpy(unsorted{n], buf);

printf("sd iterations: ", NTIMES);
for (i = 1; i «= NTIMES; i++) (
for (j = 0; J ¢= n; j++)
sort{j] = unsorted(j];
quick(0, n, sort);
)

printf("sd entries.\n", n + 1);
exit(0);
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Text continued from page 114:

contained various utilities as well as
test data for the copy and sort pro-
grams. This minimized variations in
disk-access time during testing.

The test file for copy was 1000 lines
of text—80K bytes in all. To get test
data for the sort program, I created a
file containing the first 1000 words of
an earlier article I had written for
BYTE. The words were placed in the
file in the order they appeared in the
article, each on a separate line. Final-
ly, I reserved a disk for each compiler
and copied onto it only those pro-
grams and files that were necessary
for compilation of the test programs.

I compiled the test programs using
a CP/M-80 SUBMIT script, which en-
abled me to automate the various
commands that made up each com-
pilation. Once again, my goal was
uniformity. By letting the SUBMIT
file control compilation, I eliminated
any variation that might have been
caused by changes in the speed of
typing in commands by hand.

All timing measurements were
made with a Hayes serial clock that
was connected to the computer.
The SUBMIT script used to compile
the programs read the clock at the
beginning and end of each compila-
tion. Similarly, I used a
multiple-command line under
Microshell to read the time just
before and after each program was
executed. I performed each of the
tests several times with each of the
compilers. The variation in time—for
either compilation or execution—
never exceeded 1 second.

The Telecon compiler partially de-
feated my attempts at standardiza-
tion. It takes two steps to invoke any
Telecon program, including the com-
piler. The extra step is required by the
Telecon “shell,” a command inter-
preter that is made a part of every
compiled program.

When you type the name of a pro-
gram compiled under Telecon,
CP/M-80 loads the program into
memory, but instead of executing im-
mediately, the program waits until
you enter optional parameters to the
shell. Even if the program doesn't re-
quire any optional parameters, you
still have to enter an extra carriage
return before it starts to run.
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Program: primes (see listing 1)

—

Compiler Execution Execution Compllation Compilation Bytes
Factor Time Factor Time (Seconds)+
(Seconds)+
Whitesmiths 1.00 60 12.82 423 15744
C/80 1.05 63 418 138 3584
Aztec 1.30 78 439 145 9168
BDS 1.43 86 1.00 33 3812
Telecon 1.45 87 1261 416 5443
Program: fib (see listing 2)
Compiler Exscution Execution  Compilation Compilation Bytes
Factor  Time (Seconds) Factor Time (Seconds)
Whitesmiths 1.00 153 12.59 403 15616
Telecon 110 168 12.59 403 5245
C/80 112 171 416 133 3217
BDS 132 202 1.00 32 6159
Aztec 1.55 237 416 133 8974
Program: copy (see listings 3a-3c)
Compiler Execution Execution Compilation Compilation Bytes
Factor  Time (Seconds) Factor Time (Seconds)
BDS 100 144 1.00 4 6159
Aztec 1.07 154 405 166 11482
C/80 2.47 356 356 146 3840
Whitesmiths 2.86 412 11.80 484 18560
Telecon 385 554 10.29 422 5574

Table 2: Results of the benchmark tests. The tests were run on a “generic” S-100 system
using a Z80 processor at 4 MHz, with 484K-byte double-density floppy disks. The relative
execution speeds provide a valid comparison of the compilers’ capabilities.

I used a stopwatch to time the first
part of the Telecon compilations (the
compiler proper) and my usual
method with the Hayes serial clock
for the rest (assembly and loading).
The execution times for the Telecon
programs were obtained in the same
way as those for the programs
created with the other compilers, but
I had to enter the command-line
arguments or the extra carriage re-
turns by hand. Strictly speaking, the
Telecon timings are not directly com-
parable to those of the other com-
pilers.

The Results

I started this experiment hoping to
find the best of the 8080 C compilers,
if not a perfect one. I came away from
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it impressed by the necessity of ac-
cepting trade-offs. The results of my
tests are summarized in table 2. All
the tests were performed on a Heath
H8, using a Heath H47 disk drive
with approximately 1.2-megabyte
capacity and a Z80 processor running
at 2 MHz. (Note that most Z80-based
machines run at twice that speed, so
for the processor-intensive pro-
grams—oprimes, fib, and sot—my tests
took roughly twice as long as they
would have on a computer with a
4-MHz clock.)

I must emphasize the relative
nature of the test results: A program
that takes 1 second on this computer
system does not necessarily require
1 second on systems with different
processor speeds or those with disk
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Program: sort (see listing 4)

Compiler Execution Execution
Factor  Time (Seconds)

Aztec 1.00 129

Whitesmiths 1.36 175

C/80 194 250

BDS 231 298

Telecon .

+» Could not compile program

String-Length Test (see listing 5a)

Compiler Execution Execution
Factor Time

(Seconds)-

Whitesmiths 1.00 138

Aztec 1.256 172

BDS 1.43 197

Telecon 204 282

C/80 259 357

With Register Variable (see listing 5b)

Compiler Execution Execution
Factor  Time (Seconds)

Aztec 1.00 72

Whitesmiths 1.22 88

C/80 265 191

BDS 2.74 197

Telecon 392 282

Compitation Compilation Bytes
Factor Time (Seconds)
536 209 11796
1467 572 18304
428 167 4259
1.00 39 5631
Improvement
58%
36%
46%
0
0

drives having different access times
from the drives used here. It is more
useful to compare the compilation
factors or execution factors listed for
each compiler.

These factors are a measure of how
each compiler performed with
respect to the others. The compiler
that produced the fastest time in each
category has a factor of 1.00. All the
other scores are proportionally
higher. So if compiler x produced a
program that took half again as long
to run as the leader, its execution fac-
tor would be 1.50.

Whitesmiths C produced the fast-
est code in two of the four test pro-
grams, primes and fib. Aztec C was
substantially faster than the others in
the sort program. Aztec C and BDS

C, with their 1024-byte buffers, were
the fastest in copying files. An inter-
esting result was that C/80, which
uses only a 256-byte buffer—half the
size used by Whitesmiths C—beat
Whitesmiths C in the copy test.

You can compile a program with
the BDS compiler much more rapid-
ly than with any of the others. It com-
piled and linked the test programs in
about one-quarter of the time re-
quired by the next-fastest compiler.
The C/80 programs were always the
shortest. And, as I have noted, Aztec
was the only compiler that accepted
all the test programs without change.
In the 8-bit world, at least, the Ker-
nighan and Ritchie standard is some-
thing less than standard.

While I had to introduce quite a
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few minor variations to get the test
programs to work with each of the
compilers, they all turned out to be
fairly similar to their prototypes.
That’s what I wanted. It would have
been possible to speed up some of
the programs or to squeeze a few
bytes out of them by using program-
ming tricks to optimize the code for
each particular compiler; but then
the basis for comparison would be
lost.

One “trick” is common to several
of the compilers, however: the use of
register variables. A register variable
is kept in a machine register when-
ever possible. That means it can be
accessed or changed somewhat more
quickly than other automatic vari-
ables.

Of course, only a limited number
of registers are available in any cen-
tral processor. That is particularly
true of the 8-bit processors for which
these compilers produce their code.
Excess register declarations are sim-
ply ignored. -

I wanted to see how useful register
variables might be with each of the
compilers. To find out, I wrote a pro-
gram that repetitively calculated the
length of a string. I tested the string-
length function with and without a
register variable (see listings 5a and
5b; the results appear in table 2).

Note that the BDS and Telecon
compilers do not appear to support
register variables in any form. C/80,
on the other hand, allows an un-
limited number. They are obviously
not stored in machine registers, but
rather in absolute memory locations,
presumably where they can be ac-
cessed by the 8080's LHLD and
SHLD load instructions.

The Aztec C Compiler

The Aztec compiler is a single pro-
gram that produces an assembly-lan-
guage output file. This is then as-
sembled with a supplied relocating
assembler and linked with the stan-
dard library routines, along with any
other precompiled modules the user
may have created, using a linking
loader that also comes with the pack-
age. A separate library utility is pro-
vided to manipulate compiled pro-
gram modules, such as the standard
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Listing 5: Two versions of this string-measuring program test the speed of the compilers’

code with (5a) and without (5b) register variables.

(5a)

#include "stdio.h"

#define NTIMES 25000

#define S "Now is the time for all good men to come to the aid of the parity.”

main( )
{

int i;

for (i = 1; i <= NTIMES; i++)
strlng(Ss);

exit(0);

strlng(s)

char *s;

(
char *p;
for (P = 9; *8 |= *\0'; 8++)

’
return (8 - p);

}

(5b)

#include “stdio.h"

#define NTIMES 25000

/* repeatedly measure length of string */

/* return length of string </

#define S "Now is the time for all good men to come to the aid of the parity.”

main( )
(

int i;
for (i = 1; i <= NTIMES; i++)
string(s);

exit(0);

strlng(s)
register char t*s;
{

char *p;

for (p = 8; *s 1= '\0'; s++)

’
return (8 - p);

I/O library. The compiler can also
generate code for the Microsoft M80
macroassembler and L80 linker. A
second library of functions in Micro-
soft relocatable object format is sup-
plied with the package.

A separate compiler produces Z80
code. I tried it out on the test pro-
grams used for this review. The code
it generated was not significantly
faster and only slightly tighter than
that produced by the 8080 compiler.
(The test results reflect the standard
8080 compiler.)
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/* repeatedly measure length of string, register version */

/* return length of string */

The Aztec compiler meets the full
Kernighan and Ritchie standard. Ac-
tually, Aztec does not support bit
fields—a redundant feature of the
language—but it usually should be
possible to move C source code from
a Unix system to a CP/M-80 system
and compile it without change.

The Aztec compiler was not the
quickest of the lot. I didn't find it par-
ticularly easy to use. It did not gen-
erate the fastest code, nor the short-
est. But then, it did not perform bad-
ly in any of these areas either. In
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other words, it is a solid, professional
piece of software that—not incident-
ally—can compile standard C source
files.

One of the few features that did
bother me was a dynamic storage-
allocation function in the library that
is nonstandard. A standard one is in-
cluded with the package, but I had
to add it to the library myself.

I found the library manager, by the
way, to be serviceable but rather awk-
ward. It allows the replacement only
of separately compiled “modules,”
rather than individual functions,
which would be more flexible. And
the manual section on the librarian
is written in complex, breathless
prose that I found difficult to follow.

The link phase of the Aztec com-
pilation process is the only one that
I found annoyingly slow. The com-
piler and supplied assembler move
along quite nicely, and then the
whole process turns sluggish at link
time. It is necessary to look up error
diagnostics in a table. That’s a
nuisance. It would be much easier if
the diagnostics were written directly
to the console.

I found one minor bug. The com-
piler would not accept an initializa-
tion in the form:

char *p = "“literal string”

which is a common C idiom.
The Aztec manual is quite usable,
but it lacks, and needs, an index.

The BDS C Compiler

The BDS C compiler is composed
of two programs. One handles the
standard C preprocessor functions
and parses the source code. The sec-
ond program generates machine
code in a relocatable format. During
compilation, the first program in-
vokes the second automatically with-
out creating any intermediate object
files, which is one reason why the
BDS compiler works so quickly.

Another reason is that the compiler
reads the entire source program into
the computer’s main memory instead
of passing it through a “window,” or
small block of memory. (This does
not impose a limit on final program
size because various modules can be
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This Programming professional deserves a

lot more from his personal computer.

He's earned it. As a seasoned professional,
he’s learned to master some of the world's
most advanced programming tools. Tools
specially designed to meet the everyday
(llemands of programming experts.
But as the owner of a personal com-

puter, he's come to expect less. Less

erformance. Less sophistication. And less
He.\'il)ilily.

Why should programming a
personal computer be any different?

Prior to the announcement of micro/
SPF™ development software, experienced
programmers felt programming a personal
computer was 4 lot like playing with a toy.
You couldn’t take it seriously.

But today, there’s micro/SPF a solution
10 elementary program editing tools now
offered with most micro-computers.

With micro/SP¥™ you get the same
procedures and commands experienced
programmers are accustomed to using at
wor%(. By mimicking features found in

Circle 315 on Inquiry card.

standard SPF software, micro/SPF™
provides all the sophisticated utilities pro-
gramming professionals expect.

Programming experts can take
advantage of skills they've spent
years perfecting.

Now, for the first time, mainframe soft-
ware is available for personal computers.
SPF screens are fully reproduced in logical
sequence and each screen is formatte
identical to those found in the SPF system.

In addition, micro/SPI™ comes equipped
with the same primary and line commands,
tutorial messages and program editor
(with program function keys) experienced
programmers are used to.

Programming professionals who've
spent years perfecting the art of writing
sophisticated code deserve to work wit
state-of-the-art tools, not toys. Find out
how micro/SPF™ can help you do work-
compatible programming on your
personal computer today!

031 PRIy OPYiDm MDW

PHASER SYSTEMS, INC 24 CALIFORNIA STREET
(415) 434-3990

SAN FRANCISCO, CA 94111
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At a Glance

Name

Type

Version

Manufacturer

Price

Computer needed

Documentation

Audlence

Aztec C Compiler

C compiler and utilities for
CP/M-80

1.05G

Manx Software Systems

POB 55

Shrewsbury, NJ 07701

$199

8080-family microcomputer with
floppy- or hard-disk mass storage
and at least 56K bytes of main
memory

86-page loose-leaf manual

Systems and application software

BDS C Compiler

C compiler and utilities for
CP/IM-80

1.5

B. D. Software

POB 9

Brighton, MA 02135

$150

8080-family microcomputer with
floppy- or hard-disk mass storage
and at least 40K bytes of main
memory

185-page loose-leaf manual

Systems and application software

C/80 C Compiler

C compiler and utilities for
CP/IM-80

2.0

The Software Toolworks

14478 Glorietta Dr.

Sherman Oaks. CA 91423
$49.95

8080-family microcomputer with
floppy- or hard-disk mass storage
and at least 48K bytes of main
memory

35-page loose-leaf manual

Systems and application software

developers

developers, hobbyists

developers, hobbyists

compiled separately and linked
together.) Still another reason for the
remarkable speed of the BDS com-
piler is that there is no assembly-lan-
guage phase: the code produced by
the compiler is ready to be linked
with the BDS linker.

A library utility is supplied to
manipulate the relocatable object
modules produced by the compiler.
These are not compatible with the
commonly used Microsoft relocatable
format, and the BDS compiler
doesn’t have an option for generating
Microsoft-format code. A symbolic
debugging program is included with
the BDS package sold by some dis-
tributors. If it is not included, it is
available from a users group at alow
cost.

The BDS compiler makes no claim
to accepting Kernighan and Ritchie
standard code. There are a number
of variations from the standard that
are well documented in the manual.
These are mostly restrictions of one
kind or another. So BDS code, per se,
should normally compile under
Unix.

Unfortunately, the buffered file I/O
functions supplied with the BDS lib-
rary are not standard. In some cases,
they appear to be designed for
greater efficiency or ease of im-
plementation under CP/M-80. In
other cases, the changes serve no ap-
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parent purpose except to limit port-
ability between standard C code and
BDS C.

The code generated by the BDS
compiler was somewhat slower than
average, although the object pro-
grams were relatively compact. BDS
C programs can often be speeded up
considerably by intelligent use of the
preprocessor and by recoding some
of the library functions into assem-
bler. I know of at least one package
of BDS C assembly-language func-
tions that is available from a number
of CP/M computerized bulletin-board
systems around the country.

A considerable amount of other
BDS C source code exists in the pub-
lic domain—everything from games
to quite sophisticated system utili-
ties—and there is a national users
group to help distribute it. This stock-
pile of public-domain software exists
because BDS C was the first C com-
piler to become available for
CP/M-80.

What distinguishes the BDS com-
piler, aside from the fact that it has
been on the market longer than the
others, is its ease of use. The entire
package is a programmer’s delight.
It's not just their speed that sets the
programs in this package apart. They
are clean and comfortable and in-
tuitive. The source code for the lib-
rary and run-time routines is com-
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plete and well documented. A larger-
than-average number of utilities and
sample programs is included with
the package. The BDS manual is
lucidly written and includes a good
deal of technical information about
the generated code.

The C/80 C Compiler

The C/80 compiler is a single pro-
gram that produces assembly-lan-
guage code. The compiler output is
not compatible with CP/M-80's ASM
assembler; but an absolute assembler
that produces executable machine
code (not relocatable) comes with the
package. Standard library routines
are supplied in assembly language
and are automatically included in
every C/80 assembly. C/80 has an op-
tion to generate assembly-language
code in Microsoft format, and a sec-
ond library is supplied as a Microsoft-
compatible, relocatable object file.

The C/80 compiler was born as a re-
vision of the public-domain C com-
piler that was published by Ron Cain
in Dr. Dobb’s Journal back in May 1980
(“A Small C Compiler for the 8080’s").
C/80 has grown far beyond its public-
domain origins, however, and now
supports a sizable subset of the Ker-
nighan and Ritchie language. Like
the BDS C compiler, C/80 is not a
complete implementation. The 1/O
library in particular leaves something
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LINKED LIS]

Let ALGOIi Language Systems
Transform You into a
Professional Programmer

ALCOR languages can guide you step-
by-step from novice programmer to a
seasoned professional. All of our sys-
tems are easy to use and share a clean,
simple interface. In fact, all systems
require only two commands to com-
pile and execute a program!

Are You Tired Of Struggling
With The Documentation?

No longer will you have to fumble
through poorly written manuals filled
with a peculiar dialect of programese.
Each of our languages come with a com-
plete and well organized documentation
set that includes a special language tuto-
rial for new programmers.

Never again will you have to
figure out whether a problem
is a language bug ora
programming error.

For reliability, all ALCOR language com-
pilers utilize state-of-the-art design tech-

niques. The result is unequaled
reliability and performance.

Mainframe power and
sophistication on micro
computers.

Are you tired of being told that the other
language is a subset of the real thing?
All ALCOR language systems are com-
plete language implementations with all

Circle 18 on inquiry card.

of the features expected in professional
programming environments.

Compatibility is a reality, not
an advertising gimmick.

All ALCOR languages were designed by
our own highly trained and professional
staff of programmers. Not borrowed or
copied, but exclusively created by us so
that you can develop libraries of rou-
tines in any language that are callable
from any other language.

ALCOR language systems
run on a wide range of
computer and operating
system combinations.

Professional programmers know that the
portability of a program is a crucial fac-
tor in applications. Rewriting applica-
tions every time you change computers
is a waste of your valuable time and
unnecessary with ALCOR languages.

MAXI PROGRANIMING
FOR MICRO-COMPUTERS

If you want to develop
quality software, do it with
the quality language system
from ALCOR.
MULTI-BASIC—A revolutionary
approach to compiler design. MULTI-
BASIC is the first language system to
solve the BASIC compatibility problem.
Not only does it support powerful fea-
tures such as recursion, it compiles both
MBASIC and CBASIC programs!

C—ALCOR C is the perfect tool for sys-
tems programmers. It is a complete C
implementation as described in the
Kernigan and Ritchie book “The C Pro-
gramming Language.”’

PASCAL —A powerful Jensen and
Wirth standard Pascal that is packed
with the features necessary for serious
program development such as random
access files, dynamic strings and sepa-
rate compilation.

These language systems are now
avatlable for most Z-80 based micro-
computers with CP/M or TRSDOS
compatible operating systems. 8086
and 68000 versions soon.

Yours for the asking!

0 Yes! Please rush via return mai;\

your information package describing
these new languages now available.
l [ Pascal |
(J Multi-Basic
l [J C Language. ‘

Name

Address

| |
| city

’ State \

Zip J

FREE information-packed brochure.

Call or write today to:
RS 77. s ‘_‘ _A
Systems

800 W. Garland Avenue, Suite 204
Garland, TX 75040
Telephone: (214) 494-1316

Dealer, Distributor and OEM Inquiries Invited,

TRS-80 and TRSDQS are trademarks of Tandy Corporation. CPM and
CBASIC are rrademarks of Dighiol Research. MBASIC is @ trademark of
Microsoft.

© 1983, ALCOR Systems,;Qariand, Texas

BYTE August 1963 127


www.americanradiohistory.com

< oy
@&

Apple® 11, 1le
5 megabyte
Removable

HARD_DISK"™
#1,295

HARD_DISK is
designed for fast access
to large data files.

The Removable
HARD_DISK PAC™
can even replace floppy
diskettes as a very
reliable backup media
and eliminate the need
to add floppy disk

drives.

One Year Warranty
205-871-0987

Digital Electronics Systems

107 Euclid Avenue
Mountain Brook, AL 35213

HARD_DISK, PAC ere crademaerks of Digital Electronic
Systems, Inc.
Apple (4, e is 8 crudemark of Apple Computer, Inc.

Computer needed

At a Glance

Name Telecon C Compiler

Type C compiler and utilities for
CPIM-80

Version 2.7

Manufacturer Telecon Systems
1155 Meridian Ave., Suite 218
San Jose, CA 95125

Price $200

8080-family microcomputer with
floppy- or hard-disk mass
storage and at least 48K bytes

Whitesmiths C Compiler

C compiler and utilities for
CPIM-80

2.1

Whitesmiths Ltd.

97 Lowell Rd.

Concord, MA 01742

$750

8080-family microcomputer

with floppy- or hard-disk mass
storage and at least 60K bytes

of main memory

Documentation

Audience Hobbyists

16-page loose-leaf manual

of main memory

loose-leaf manual of more than
300 pages

Systems and application soft-
ware developers
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to be desired. But given the $50 sales
price, you would have to be crazy to
complain.

Its limitations notwithstanding,
C/80 is not a toy compiler. The code
it generated for the test programs was
reasonably fast and the most compact
produced by any of the compilers
that I tested. C/80 is obviously
capable of doing serious production
work. Walt Bilofsky’s Software Tool-
works, which sells C/80, also markets
several products that were compiled
with it.

C/80 writes object files in 256-byte
chunks, so there was sometimes a
discrepancy between the size of the
object code as reported by the com-
piler and the number of 128-byte
CP/M-80 sectors that were actually
written to disk. (My statistics reflect
the latter.)

The C/80 package includes a very
valuable development tool: a profiler,
a program to measure which parts of
the code a program spends the most
time executing. Unfortunately, it is of
limited utility to those without
Heath/Zenith computers because it
uses a clock counter maintained by
the Heath system software. A trace
program is also included. It provides
a list of each function call and return
in the executing object program. The
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C/80 manual is short but well
organized and well written.

The Telecon C Compiler

The Telecon C compiler, also a
single program, produces code for
the standard CP/M-80 absolute as-
sembler, ASM. Library routines are
incorporated into the compiler out-
put from an assembly-language file
that is supplied with the package.
The manual states that the compiler
is capable of producing code for a re-
locating assembler but gives no hint
about the format or what additional
programs are required to assemble it.
The compiler produced serviceable
code that ran a bit slower than
average but was relatively short.

The Telecon library is nonstandard
and incomplete. There is no dynamic
storage-allocation function, for exam-
ple, so I could not compile the sort
program. As noted earlier, 1 found
one bug: the compiler won't accept
array subscripts that involve the addi-
tion of constants.

The Telecon shell, a command in-
terpreter that is included in every
compiled program, makes this com-
piler rather different from the rest.
Telecon programs do not execute in
the normal manner. After you invoke
them, you are required to type in op-
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N

rlow can your microcomputer talk

‘to an IBM mainframe?

CLEO.

The communications features of the CLEO-3270 Software
package allows your microprocessor to emulate a cluster
of IBM terminal devices.

You don't even need to change software on your main-
frame computer, because for all it knows, it's communi-
cating with a 3271-12, 3275-12, or 3276-XX cluster. And
the program will accommodate up to 8 terminals.

The CLEO software provides the cluster emulation and
makes the ASCII devices look like an IBM 3278 CRT and
3287 printer.

If your IBM mainframe doesn't support remote 3270 clus-
ters, you need rgmote batch communications. CLEO-3780
Software is your answer.

For full detalls cont.a,c;t—Phone 1, Inc., 461 North Mulford
Road, Roc;(,forq, IL B'MQ? phpne (8]5) 397-8110

Clrcle 316 on |ntau|ry Qatdi & ﬁ
A

AT TR A ]
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CLEO

CLEOS}

Standard Features-CLEO 3270

* Bisynchronous 3276-2 protocol to 9600 baud

e SDLC 3271-12 and 3275-12 protocol

¢ Up to eight line cluster activity

¢ Selectable control unit address

¢ User install program for various CRTs

¢ 3278 emulation for ASCIl CRTs

¢ Avaliable for CP/M™, MP/M™, MsDOS™, TurboDOS™. Unix™,
and Xenix™.

¢ Coded in C language

e 3276-12 protocol, coming soon

Standard Features-CLEQO 3780

¢ Point-to-point and multipoint communications

e Available for CP/M™, MP/M™, MsDOS™, TurboDOS™. Unix™,
and Xenix™.

¢ Supports transparent mode

¢ Coded in C language

CLEOS}~

CP/M IS a Trademark of Digital Research. inc.
MP/M is a Trademark of Digital Research, Inc.  Unix Is a Trademark of Bell Labs
MsD0S is a Trademark of Microsoft. inc, Xenix Is a Tradernark of Microsoft, Inc.

TurbaDOS is a Trademark of Software 2000, Inc.
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tional arguments that would normal-
ly be placed on the CP/M-80 com-
mand line. Even if the program
doesn'’t require any arguments, it still
needs a carriage return before it starts
to run.

It is possible to work around this
to some extent by using the CP/M-80
XSUB facility or a Microshell com-
mand file. But the compiler would be
much more useful, in my opinion, if
the shell feature were optional or
were left out altogether. The Telecon
manual is poorly written, badly
organized, and incomplete.

Whitesmiths C Compiler

The Whitesmiths C compiler is
supplied as three separate pro-
grams—a preprocessor, a parser, and
a code generator—each of which pro-
duces intermediate files. The output
of the code generator is assembly-lan-
guage code for Whitesmiths propri-
etary A-Natural assembler, an inter-
esting program in itself, which per-
mits assembly-language program-
ming in a notation that is somewhat

more intuitive and high level than
standard assembly-language mne-
monics and syntax.

A linker is supplied to combine the
output of the assembler with the
standard library. The relocatable out-
put of the Whitesmiths assembler is
not Microsoft-compatible. A separate
program is included for library ma-
nipulation.

The Whitesmiths compiler gener-
ated code that was fast but long. The
manual describes some tricks to re-
duce the size somewhat. For exam-
ple, the run-time support for redirec-
tion of input and output can be re-
moved. But even so, the Whitesmiths
programs would be relatively big.

It takes five separate programs to
compile, assemble, and link a White-
smiths source file: the preprocessor,
the two-compiler stages, the A-
Natural assembler, and the linker.
That is a slow process. My four test
programs took from 4% to 6%
minutes to compile and link—rough-
ly 12 times as long as with BDS C, the
fastest compiler.

s

Texas Instruments Model 850...
the new American-made printer
that beats the imports on price,
performance and compatibility.

*QED’ Discounts
VISA & MasterCard

-

Buy, lease or rent the new
TI 8 50 desktop printer from MTIL.

150 cps, 9x9 dot matrix, both bit image and mosaic graphics with
better resolution, easier font-changing, both parallel and RS232
interfaces standard. These are just a few of the features of the new
TI Model 850. Truly a sensational printer designed to be compat-
ible with your desktop personal computer.

MTI is an authorized distributor of Texas Instruments’ full line of
portable terminals, matrix printers and Professional Computers.
Whether you buy, lease or rent our equipment, you’ll find MTI is
the one source for all the terminals, peripherals, systems, applica-
tions expertise and service you’ll ever need. Priced right. Call us.
New York: 516/621-6200,212/767-0677,518/449-5959
Outside N.Y.S.: 800/645-6530

New Jersey: 201/227-5552
Ohio:216/464-6688

mti

systems corp.

Applications Specialists & Distributors, New York, New Jersey and Ohio.
DEC, intel, Lear Siegler, Texas Instruments, Dataproducts, Diablo, 3Com,
Hazeltine, Racal-Vadic, Digital Engineering, MICOM, Cipher, U.S.Design,
Protocol Computers, MicroPro, Microsoft, Polygon and Select. J

AUTIHORIZED
DISTRIBUTOR

TExAS -
INSTRUMENTS
Data Systems Group

130  August 1983 © BYTE Publications Inc

Circle 281 on inquliry card.

www.americanradiohistorv.com

While Whitesmiths C is a complete
C implementation, it does not meet
the Kernighan and Ritchie standard.
The assignment operators follow the
Unix version 6 compiler. That is, to
increase n by 2, you use:

n=+2
instead of
n+=2

which is what Kernighan and Ritchie
and the current Unix compilers call
for.

The Whitesmiths I/O library is
complete, but it is idiosyncratic.
Many of the differences are
trivial—different names for the string
functions, for example, or for the
arguments to the formatted printing
function, printt—but there are some
functional differences as well. All in
all, Unix code will generally not com-
pile under Whitesmiths C, version
2.1

Whitesmiths C does give every im-
pression, however, of being an excep-
tionally solid and professional prod-
uct. While I did not attempt anything
that even resembled a full validation
test, I got the feeling when working
with the Whitesmiths compiler that
it will perform exactly as the
documentation states. The documen-
tation is a bit hard to use—one of the
features that was modeled quite
literally after Unix—but it is detailed
and complete. Alas, it has no index.

The Envelope, Please

I had hoped to find one C compiler
that was clearly the best of the lot. I
didn’t, but I know now what I am
looking for. It should adhere to the
Kernighan and Ritchie standard as
closely as Aztec C, perform compila-
tions as rapidly and have as clean an
implementation as BDS C, be as de-
pendable as Whitesmiths C, and be
priced like C/80. Any takers?m

Chris Kern (Apartment 839, 201 I St., SW,
Washington, DC 20024) is a journalist and com-
puter hobbyist. He wrote BYTE's first review of a
C language translator, "A User’s Look at tiny-c,”
which appeared in the December 1979 issue, page
196.
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Powerful CP'M Software.

For Apple, Osborne, Xerox, Kaypro, North Star, SuperBrain, Heath/Zenith, and others.

Now only $29-95 each!

NEVADA

COBOL

was $199.95 now only $29.95.
When we introduced Nevada COBOL in 1979, it was loaded with
innovations. Today’s Edition 2 is even better!
0 Extremely Compact. You can compile and execute up to 2500
statements in 32K RAM, 4000 statements in 48K, etc.
[J It's based upon the ANSI-74 standards with level 2 features such
as compound conditionals and full CALL CANCEL.
[J You can distribute your object programs royaity FREE!
1] You get a diskette, 153-page manual with lots of examples and 16
complete COBOL source code programs.

Also available: COBOL Application Packages, Book1 $9.95

NEVADA

FORTRAN

was $199.95 now only $29.95.
[J Based on ANSI-66 standards with some 1977 level features.
[1IF..THEN. . ELSE constructs.
[ Avery nice TRACE style debugging.
1150 English language error messages.
[7J You get a diskette, 174 pages of Documentation and five sample
programs. Requires 48K RAM.

F------------------------------------------------

®
The CP/M-80 Operating Systems and 32K RAM are required.
Indicate diskette format:

To make our software available to even more micro users, we've slashed our prices
What's more, we're offering a money back guarantee. If for any reason you're not
completely satisfied, jus! return the package—in good condition with the sealed
diskette unopened—within 30 days and we'll refund your money completely.

This is a limited time offer, so order yours today!

Shipping/handling fees. Add $4.00 for first package and $2.00 each additional
package. OVERSEAS Add $15.00 for first package and $5.00 each additional pack-
age. Checks must be in U.S. funds and drawn on a U.S. bank!

Trademarks: CP/M, Digital Research: TRS-80, Tandy Corp.. TeleVideo, TeleVideo
Systems, Inc.; Apple Ii, Apple Computer Inc.: Osborne 1, Osborne Computer Corp.;
Xerox 820, Xerox Corp.; Kaypro, Non-Linear Sys.; Heath/Zenith, Heath Co.; IBM,
International Business Machine, Corp. © 1983 Eilis Computing.

MAIL TODAY! To: Ellis Computing
3917 Noriega St.
San Francisco, CA 94122

(415) 753-0186

ELLIS COMPUTING

8"

5Va”

[J Micropolis Mod Il [0 Superbrain DD DOS 3.X
(512 byte sectors)
[1 Xerox 820 (Kaypro) 0 TeleVideo
Indicate software packages: [ COBOL 0O PILOT

Send my order for

|1 Check enclosed

L1 MasterCard

#

Signature _ _
Ship to:
Name

Street
City/St/Zip

- Exp.Date

NEVADA

PILOT

was $149.95 now only $29.95.
[0 Perfect for industrial training, office training, drill and testing,
virtually all programmed instruction, word puzzle games, and data
entry facilitated by prompts.
J John Starkweather, Ph.D., the inventor of the PILOT language,
has added many new features to Nevada PILOT. There are com-
mands to drive optional equipment such as Video Tape Recorders.
There's a built-in full-screen text editor, and much more.
[ Meets all PILOT-73 standards for full compatibility with older
versions.
[J You get a diskette, 114-page manual and ten useful sample
programs.
"~ See Review in Microcomputing, January 1983, page 158.

NEVADA

EDIT

was $119.95 now only $29.95.
[ High quality text editing for micros!
1J A character-oriented full-screen video display text editor designed
specifically to create COBOL, BASIC and FORTRAN programs.
[0 Completely customizable tab stops, default file type, keyboard
control key layout and CRT by menu selection.
1] The diskette comes with an easy to read manual.

[1 SSSD (Standard IBM 3740 format)

J Apple CP/M 0O Osborne

[J North Star DD 0 North Star SD

[J TRS-80 Mod | (4200 hex) 1 TRS-80 Mod I/Mapper
[} Heath, Hard Sector [J Heath, Soft Sector

O FORTRAN OEDIT

packages @ $29.95 each Total
COBOL Applications Package @ $9.95 each Total

In CA add sales tax
Shipping/handling

O VISA TOTAL

L------------------------gou-mr-y---------------------
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PC Software—MS/D0S Howard Software

RAeal Estate
Advanced Operating Analyzer .......... 250 185
Systems LIST SALE Tax Preparer 1983 250 185
TheProgrammer ... 200 150 Information Solutlons, Inc.
Alpha Software 25:01 The 25th
Apple-1BM L[] [ EREE—- 100 74 | PCHardware 64KAAM ... 350 249 Symtec
Connection 195 135 1US 64KRAMChipSet . 175 139 _ LightPen ... 150 126
Database Manager . 245 169  EasyFller ... . 400 279 | ASTResearch LIST SALE 128KRAM _......... 525 379 Tandon
Maillist .......... 95 67  EasyPlanner ... 250 188 Combo + 64K ... 595 429 192KRAMcard ... 700 499  TM100-2 Drive
Typefaces........... 125 87  EasySpeller2 ... 225 135 Mega + 64K ... 595 429 256K RAMcard ... 875 624 (54" DS) ... [5) 650 249
American Tralning Internatlonal Easy Speller 2/ Corvus Pl TG
PowerforPCDOS . 75 56 Legal ... 350 229 PC Interface. PC-HayesCable .... 35 29 Joystick............. 65 49
Applled Software Tachnology Easy Speller 2/ Cable, Man. ........ 300 239 aQcs Trackball ............ 65 49
QOBASE .............. 189 143 Medical ............. 2291 Kraft BigBlue ............. 595 449
versatorm .......... 389 259  EasyWriterll ... 229 Joystick......... 70 52 Quadram PC CP/M-B6
Aptek Financial Mgmt Microsoft 64K Quadboard .... 395 289
Epson to Prism ... 38 (ARIAP/GL) ..... [51 1495 1019 Mouse ... 195 149 256K Quadboard ... 595 435 | Ashton-Tate LIST SALE
PCTicker Tape ..... 92 AP........ 595 389 64K Chip Set ....... 95 75 dBASEN ........[5] 700 398
Rainbow Writer ... 125 AR. . 595 389 Northwest Analytical Quadcolor| ......... 295 220 | Byrom Software
Ashton-Tate GL....... . 595 389 Statpak ............ 495 369 RS232 Asynch BSTAM .............. 200 149
dBASEIl ........ (5] 700 398 Inventory . 595 389 gaqs Adaptor ............ 110 90 200 149
dBASE I} w/User's Order Entry .. .. 595 389 Punctuation &
Guide ..........[5) 729 419  Payroll ... 595 389 PC Games 264
Financial Planner .. 700 489 Innovative Software
Aspen Software FastGraphs ........ 295 159
Grammatik ......... 75 56 TIMIE .o 495 279 13
Proofreader32k ... 50 38 [Insoft
Proofreader50K ... 50 38  DataDesign ... 225 169 150
Proofreader80K ... 50 38 Intellect Assoclates 600
Beaman Porter PCText ........cc.... 100 73 Concurrent
Powertext.. ........ 398 369 Window ............. 150 113 . 264
Best Products ISM d = . 45
Personal Financial Graphmagic ... 90 6 Andf? Level 2 COBOL 86 .. 1200
pam . 95 66 Graphmagic Combo Conquest ......... X 17 Pascal MT+86 300
Bible Research e 150 119 Computer Stocks
THE WORD Mathemagic ........ 90 65 &Bonds ............ 450
Processor .......... 146 Lexisoft DevSystem ......... 950 713 Draw Poker 94
BPI Spelibinder ......... 495 259 RM/Cobol Runtime
Personal Lifeboat (0] 0 —— T & ! B 295 195
Actountant ......... 160 C-Food Scripps Data oni 99 59
Byrom Software Smorgasbord . ... 150 JobC E .. 295 195
BSTAM .............. Lattice C Compiler . 500
BSTMS ... Lifetree
Cavaller IS TEREER (RUGSE: 5 (R T T LSt 184
Champiof Benchmark
Blackjac S cagues 3 Processor .. 367
Central PolGiSOHRAI . DHEERSYstc SN S DRSHI e AP I OFCLE NI e Micro Focus
COPY 11 P ) CISCOBOL 8 637
Comprehens/FESRIINSIEISUDROITA RREOIUSE. S R  BRSOiENce P/Oducts Internatiggile, " C o
PCTutor .. ... = ! L0giCalC ........... Starcross ........... 331
Comshare LogiquestIl ........ EY LR p— GF S e 269
Financlay/OUCHRUITRGANNED . 223 Loglquestill ....... 2
Conceptu iNce ... 139 Procalc ..........
Desk Orga 245 MDBS So"wa[e Puhll h 713
Condor Knowledgeman .... i
Condor1 .. . g, Metasolt - G REHEGSD 1S SRR O A BRIy 188
Benchmark Ma (I
; 188
790
790
Crossfire .. . 790
............. Frogger .. . %2 Inventory 790
''''' Ulysses & Golden Letteright .. 150
Management Fleece ... 40 29 75
Datamost Optimizer ........... 200 Srius 790
S 231 Personal DataBase 125 93 Conquest (Callto 790
0 . : 165  Synapse Video Arms) ... 30 22 75
Denver Soltware 426 File Manager ....... 150 112 Strategic Simulations woolt
Easy .. ... 150 562 426 Synergistic WarpFactor ... 40 30 Movelt........ 150 99
Eagle DataReporter ...... 250 169
Meney Decisions . 558  Texasoft
199 129 Wordstar .......[4] 495 327 THInKEr .o 75 56
Microcraft versatext, L. 200 172
230 169 Legal Billing/ Versa Compullnu
Maney Pack Vol 1 Timekeeping ....... 750 385 Graphics Hardcopy 25 19
B2 paumnmpiap 400 299 Professional Versawriter
Emerging Technolouy Billing/Time ........ 750 385 Graphics Tablet ... 299 249
(] 195 149  Microsoft Visicorp
WORDIX ........... 195 149 BASIC Compiter ... Business
EDIX + WORDIX .. 390 279 Business BASIC ... Forecasting Model . 100 78
Fox & Geller Flight Simulator ... 50 38 DesktopPlan ....... 300 229
dGRAPH ........... 295 195 ulisp/uStart ....... 250 188 Visicale .. . 169
duTIL U ] 59 Multiplan ... 275 189 Visidex ... 189
Quickcode ... . 295 185 uMath/uSimp...... 300 225 visifile ... 219
Friendly Software Pascal............... Visischedule 300 234
Friendlyware ....... 50 38 Microstuf Visispell ............ 225 183
Hayes Crosstalk/ Visitrend/ptot 300 215
Smartcom?2 ... 119 90 Smartmodem ...... 195 135 Visiword ............ 375 298
Howard Sams North American Wooll
Programmer ..... 200 150 <<ANSWER>> ... 250 159 Movell .............. 150 99
Circle 326 on inquiry card. BYTE August 1983 133

wWWW . americanradiohistorv.com



www.americanradiohistory.com

Nine C Compilers
for the IBM PC

Several versions of C are available for the IBM PC and the MS-
DOS operating system—one of the most lucrative software markets
for applications written in C

The IBM Personal Computer, a
popular software-development vehi-
cle for Intel's 8086 family of pro-
cessors, is blessed with a profusion
of peripherals. This environment has
encouraged a dozen C language com-
pilers so far, and several more will
soon be added to the list.

After first outlining some general
differences in compiler implementa-
tion, we'll take a look at nine com-
pilers: c-systems C, Caprock small-c,
Computer Innovations C86, DeSmet
C, Intellect Associates C88, Lattice C
(Microsoft C), Quantum C, Supersoft
C, and Telecon C. One comes bun-
dled with its own operating system,
four run only under PC-DOS (the
IBM PC version of Microsoft’s MS-
DOS), and the four remaining are
available for either PC-DOS or the
CP/M-86 operating system.

About C

Why all this interest in a low-level
systems-programming language? The
president of a commercial systems
software house recently said that C
has only two real advantages over
other worthy programming lan-
guages: it is the only one he could get
competent assembly-language pro-
grammers to use without significant
backsliding in effort and enthusiasm
and the only one that does not need
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by Ralph A. Phraner

to be extended to be useful. The lat-
ter point explains why, while subsets
abound, there are virtually no non-
standard C supersets (a weakness in
Pascal and FORTH) and thus no in-
tentionally variant implementations.

C is a language of concise, consis-
tent, pragmatic structure; its specifi-
cation is widely available in a book
that, in addition to providing a for-
mal definition for the language, also
includes many small teaching pro-
grams. Implementers are more like-
ly to adhere to the standard because
adherence is easy to verify. This con-
tributes to the portability of programs
written in C. Even the compiler
writer can transport his tools and
programs from an old machine to the
new one with a minimum of effort.

Benchmarking

For the record, the evaluation and
testing was done on an IBM PC
equipped with Intel’s 8087 numerics
coprocessor, two single-sided 160K-
byte disk drives, and PC-DOS 1.1.
The machine’s 832K bytes of memory
were partitioned under PC-DOS to
allot 192K bytes for the operating
system; the remaining 640K-byte seg-
ment was used as a semiconductor
disk emulator addressable as any of
three logical drives, A:, B:, or C:.

Until performarce profiling and ex-
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ecution tracing by function become
standard microcomputer software
workbench features, the soft spots in
software and compiler design remain
obscure. In an effort to uncover some
of these differences, I included a set
of small, simple functions in the
evaluation process. These were de-
signed to test separate facets of the
compilers’ construction and function
to show how they vary in incremen-
tal code size and execution speed.

The integer math and elemental
pointer benchmarks (listings 1 and 2
on page 142) illustrate the simple ap-
proach used. The outer-loop count is
kept the same in all functions, so its
influence is effectively factored out of
the results. The integer-math code
spends roughly equal processor time
in each of the four operators and, by
scaling, allows the evaluation to in-
clude byte-byte, byte-word, and
word-word sized operand pairs.
Boundary conditions are intention-
ally avoided. The pointer function, so
simple as to be self-explanatory, is
one way to measure efficiency in
pointer use for array access.

The benchmark sievec is identical
(no register variables, no moving the
array inside the function body) to the
benchmark code published in Jim
and Gary Gilbreath’s article,
“Eratosthenes Revisited: Once More
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At a Glance

Name
¢-systems C compiler version 1.14

Type of Software Package
C programming language compiler

Manufacturer
c-systems

POB 3253

Fullerton, CA 92634
(714) 637-5362

Price
Compiler: $195
Debugger: $195

Format
5V -inch double-density single-sided IBM
PC-compatible PC-DOS format floppy disks

Type of Compiler
Produces assembly language

Computer Needed

IBM-PC running PC-DOS with two single-
sided disk drives and a minimum of 128K
bytes of RAM; IBM Macro Assembler re-
quired for use

Documentation
46-page loose leaf manual

Audlence
Systems and applications software
developers. C programmers

Name
Small ¢: PC 1.1 PC-DOS version N

Type of Software Package
C programming language compiler

Manufacturer
Caprock Systems inc.
POB 13814
Arlington, TX 76013
[817) 261-4493

Price
$35

Format
S¥%-inch double-density single-sided IBM
PC-compatible PC-DOS format floppy disk

Type of Complier
Produces assembly language

Computer Needed

IBM PC running PC-DOS with two single-
sided disk drives and a8 minimum of 64K
bytes of RAM; IBM Macro Assembler re-
quired for use

Documentation
17-page staple-bound manual

Audlence
Experimenters, students. and hobbyists
who want to learn more about C

Name
CI-C86 C compiler version 1.33b

Type of Software Package
C programming language compiler

Manufacturer

Computer Innovations Inc.
10 Mechanic St.

Red Bank, NJ Q7701

{201) 530-0995

Price
$395

Format

5% -inch double-density single-sided IBM
PC-compatible PC-DOS or CP/M-86 format
floppy disks

Type of Compller
Produces object code

Computer Needed

IBM PC running PC-DOS or CP/M-86 with
two single-sided disk drives and minimum
of 96K bytes of RAM

Documentation
143-page loose-leaf manual in vinyl ring
binder

Audience
Systems and applications software
deveiopers, C programmers

through the Sieve” (January 1983, p.
284) and allows general comparison
with benchmark figures in that arti-
cle and in other compiler reviews in
this issue. Float.c was used to allow
comparison between 8087 use on the
PC and other systems that use the
8087 at its full speed, as well as to
show the relative performance of the
compilers reviewed here. (Refer to
“Comparing C Compilers for
CP/M-86," on page 82 of this issue for
details about this benchmark. You
will also find information about
benchmarks in Christopher O. Kern's
"’Five C Compilers for CP/M-80"’ on
page 110.)

The compiler group as a whole
showed the least execution time
variance in efficiency of function call-
ing (which may explain the close
grouping of results from the fiboc
benchmark used in the two articles
mentioned above). See tables 1 and
2 for the results of the benchmarks.
The greatest variance was for func-

tions measuring performance in ad-
dress arithmetic. Function-calling
measures (with and without argu-
ment passing) showed that those
compilers that implement register
variables always incur a penalty in
code size and execution speed,
whether this feature is actually used
or not. Test results are dramatic and
slow some of the top-rated code
generators to the crawl of the poorest
performers. Quantum C and c-
systems suffered heavily from saving
the 8088’s SI and DI registers on each
and every function call, regardless of
whether they are actually used, and
restoring them both on every return.

Implementation Differences

Peculiarities and variations in how
a compiler is written point up some
criteria to consider.

Does it use the linker supplied with the
native operating system or one of its own
unique format? By using the standard
linker supplied with the operating

WWW.americanradiohistorv.com

system, the compiler’s usefulness
and flexibility are greatest because
assembly language interface is
simplified.

Does it generate object code or assembly
language? Object-code generation
often results in faster compile times
and more efficient compiler-code op-
timization. If assembly language is
produced, the effective compiler price
must be increased by the $100 price
of the IBM Macro Assembler (as in
the case of PC-DOS), unless you al-
ready own one or (as in the case of
the DeSmet compiler) one is pro-
vided. Perhaps more important is the
time penalty that an assembler ex-
tracts from the programmer. On the
other hand, assembly-language gen-
eration might be necessary if much
low-level hardware or operat-
ing-system interfacing is needed or if
any time- or space-critical code is to
be written. If the compiler’s output
is assembly language, code optimiza-
tion for speed or compactness offers
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ERG/68000
MINI-SYSTEMS

O Full IEEE 886/5100 compatibility
HARDWARE OPTIONS

] aBMHz, 10MHz or 12MHz 88000
CPU

[0 Memory Managemant

[0 Multiple Port Intelligent /O

[0 84K or 128K STATIC RAM
(70 neac)

[ 256KI512K or 1MB Dynamic
RAM, with full parity (150 neec)

0 5%" - 8" D/ID, DIS floppy disk
drives

[0 SMB-40ME hard disk drives

OO0 Full DMA Disk Interface

[0 SMD Dlsk Interface

[J %" tape streamer

[l 10 to 20 slot backplane

0 20 or 30A amp power supply

(J Desk top or Rack mount

cablnets

SOFTWARE OPTIONS

[J 8BKFORTH' systems language
with MACRO assembler and
META compller, Multl-user,
Multl-Tasklng

[ Fast Floating Point package

0] Motorola's MACSBUG

[ IDRIS* Operating System with
C, PASCAL, FORTRAN 77,
88K-BASIC', CIS COBOLY,
RDBMS

J UNIX: Sys Il C, etc.

[J CP/M-88K* OIS with C,
Assembler, 88K-BASIC,
BBKFORTH', Z80 EMULATOR',
APL

0 VEDBBK' Screen Editor

Trademark 'ERG, Inc.
*BELL LABS *Digltal Research
‘Micro Focus *Whitesmiths

30 day delivery
with valid Purchase Order

OEM prices avallable
For CPU, Integrated Card Sets
or Systems.

g

r = -~
Empirical Research Group, Inc.
P.O. Box 1176
Miiton, WA 88354
206-631-4855
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RAM execute time in seconds

Incremental file size in bytes

Compiler Manufacturer loops.c control2¢c  funcalllc intmath3c pointert.c

c-systems 358 26.2 155 123 750
128 512 256 640 128

Caprock Systems (1,2) 1330 no goto: 250 507 2283

------------- or case:

256 384 1920 256

Computer Innovations 31.4 197 171 138 75.2
84 388 212 612 100

DeSmet 189 134 109 16 .7
0 0 0 512 0

intellect Associates (2) 568 no goto: 12.2 216 9983
128 ..... 256 3n 128

Lattice 19.9 10.7 1.0 75 382
0 256 128 256 0

Quantum 200 140 290 120 420
74 295 263 510 88

Supersoft 470 260 12.2 263 1083
128 640 384 1792 256

Telecon failed 276 116 200 885

compilation

512 256 1024 128

(1) ‘puts’ substituted for ‘printf’
(2) ‘while’ loops in place of for' loops

Table 1: Code generation and execution times of the standard BYTE Sieve of Eratosthenes
benchmark sieve.c and a floating-point benchmark (float.c) for those C compilers that sup-
port floating-point operations. Times are given in seconds for both the floppy disk and

memory disk emulation modes.

faster development than coding from
scratch in assembly language.

Are libraries standard and Unix com-
patible? Libraries of nonstandard
functions may perform as well as or
better than the standard functions on
some specific machine, but when it
comes time to move the code to
another processor, the lack of stan-
dardization can prove expensive.
Subtle differences in microprocessor
libraries center around what a system
call, in Unix, would directly or in-
directly accomplish. Popular micro-
processor operating systems require
that subroutines simulate these calls.

www.americanradiohistorv.com

In particular, the areas of file and
byte-stream I/O (especially open and
fopen) are subject to small variations
in implementation to make up for the
lack of capability in the surrounding
operating system. (Table 3 on page
166 lists a full complement of stan-
dard, single-user functions.)

The c-systems compiler, which im-
plements a nonfloating-point subset
of C, does not yet allow cast operators
or typedef declarations (although the
developers expect to offer a fully stan-
dard implementation of C, including
these abilities and floating point, by
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(1) 'puts’ substituted for ‘printf
(2) 'while' loops in place of for' loops
(3) compilation time includes assembly

—_—

3::;Ier Compile Time Link Time Code Size Execute
Manufacturer Floppy Memory Floppy Memory File Incre-
mental in RAM

c-systems (3) 55 280 45 21 26368 15360 198
Caprock (1,2,3) 44 277 14.2 37 12800 8704 693
Computer

Innovations 51 18 45 185 12864 234 174
DeSmet M4 38 40 46 6144 0 121
intellect (1) 19 33 13 40 8704 8576 313
Lattice 33 7.2 40 105 19328 8320 113
Quantum (3) 39 80 42 14 11513 8384 126
Supersoft (3) 88 530 405 1.2 24960 8704 313
Telecon (3) 51 289 29 10.7 16256 8448 250
float.c
Compiler Compile Time Link Time File RAM Execution
Manufacturer Floppy Memory Floppy Memory Size Library 8087
Computer

Innovations 471 99 35 19.2 13052 805 453
DeSmet M4 47 39 49 6656 296 220
Lattice 34 5.2 M4 103 12288 286 —
Quantum (3) 38 8 44 17 3367 — 130

Table 2: Incremental file sizes (factoring out the size of the library overhead) and execu-
tion times of some single benchmark functions.

August). The 60 library routines and
macroinstructions supplied include
useful, PC-specific, BIOS (basic in-
put/output system) interface and
video-display utilities, and the run-
time package supports I/O redirec-
tion. As this article was written, the
c-systems compiler and Digital
Research C (for CP/M-86) were the
only ones available that implemented
multiple memory models, although
others were imminent. The c-systems
compiler, in addition to the usual
small model, includes a command-
line option and library for the
medium model as well. Figure 1 il-

lustrates the variety of models
available.

While not an outstanding per-
former in terms of code size, compile
time, or execution time relative to
others reviewed, the c-systems com-
piler’s unique and innovative options
make it a useful tool. Integer math
and local-variable access benchmarks
produced relatively efficient code, but
performance lagged somewhat in
control-mechanism efficiency testing.
Function calling was burdened with
the register variable mechanism, sav-
ing and restoring SI and DI registers
on each call and return. Code-

www.americanradiohistorv.com
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PRINTERS

C, ITOH

Prowriter 8510 5345
F-10 Seral . 1110
F-10 Parallel $1110
COMREX

i = e b LR e 670
CR-1-P . $760
CR-2 .. SAVE
DATASOUTH

D5-180. . . S1170
DIABLO

&20R0 5920
AI0RO 51720
D5

Microprism 480 . | . 5485
EPS0OMN

RHBO . SAVE
KX 100 SAVE
FX80 . . . ! SAVE
Frea Cover with each Epsan Prnnter

MNEC

80234 . $395
1% T $1370
7710, ... 52045
OKIDATA

BZA 5390
B3A .. 5635
Ba5 S1070
Bap, . . 5980
STAR MICROMNICS

Cemini 10X&15% SAVE
TALLY

MT 1501 w/ Tracors . 8570
MT 1B0L w/Troctors . 5785
TEXAS INSTRUMENTS

B0 Basic 51240
TOSHIBA

1350 Por or Ser 51475
TELEVIDEO

N Lo e T 5570
910+ 5570
Q20 . . 5735
925, . $740
i S T .. 5915
970 . 51025
BO3 , . $1860
PIED PIPER

COMMUNICATORI . . ... 5999

Pricea reflact 3% fo 5% comh discount, Produck shipped m
lackary carfans with ¢ i ] ty. Froa shipy

is an UPS groand anly, Proes & ovadobility subject to changn

without notios. Send cavhiers dhedk e money

SI crder__cll orhar checks will deloy shipping

Ic s i

203 ON

MESZ WE&. SSPGCI

6022+ ARy, SOUn, ATy
(4

J
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C compilers.

f the four memory models used by various

iagram o

Figure 1: A d
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Will this vears
bells and whistles

be next years
hoots and howls?

|

NOTIFIT’S A GIFFORD.

Freedom from obsolescence now costs
less than $10,000 for 3 users. Because
Gifford Multi-User Computer Systems,
based on industry standard [EEE 696/
S-100 with 20 bus slots, allow ample
expandability and upgradability as new
processors and peripherals are introduced. |
For example, up to four additional users
can be added for only $600 each, plus
terminal costs. All while protecting your
investment.

That's why Gifford computer systems,
with their dual processor CompuPro
CPUs, have proven themselves to be THE l

Other centers opening soon nationwide.

SYSTEM for business and technical
professionals requiring obsolescence-
proof, hard-disk computers.

GIFFORD GIVES YOU THE BEST
OF TWO SOFTWARE WORLDS.

We were the first company to develop
a system that runs any combination of
8 and 16 bit CPP/M ™ programs simul-
taneously. So, if you go with Gifford,
you'll krnow you can use the thousands of
8 bit CP/M programs available, PLUS
any of the more powerful 16 bit programs

.. at the same time.

And, in addition to compatibility with
all the CP/M software that's out there,
you also get Super-
Calc-86/" dBase II™
and MP/M-86 MFREE.

1922 Republic Avenue, San Leandro, CA 94577
(415) 895-0798 A division of G&G Engineering

I'D LIKE THE WHOLE STORY.
Please send me your brochure,

ame

PRICELESS INFORMATION FOR
THE PRICE OF A STAMP.

We invite you to cut out the coupon
and mail it to us today. We'll send you
a free brochure with detailed information
regarding all the other advantages of
going with Gifford. Such as, our exclu-
sive networking and multi-tasking
telecommunications packages, our two
year warranty, complete service and
support, system integration and custom
application software. Plus all the benefits
of selecting an IEEE 696/5-100 bus-
based system.

MP/M 8-16 is a proprietary implementation of

| MP/M-86 and was configured tor CompuPro by

Gifford Computer Systems. CP/M and MP/M are
registered trademarks of Digital Research. Super-
Calc is a trademark of Sorcim. dBase Il is a trade-
mark of Ashton-Tate. CompuPro is a trademark
of Godbout Electronics. Prices and specifications
subject to change.

Title

B | Organization M/S
I Address
City State Zip
I Phone
[ Please have a representative call me.
L—————————————

GIFFORD COMPUTER SYSTEMS [0 SAN LEANDRO, CA (415)895-0798 O SAN FRANCISCO, CA (415) 391-4570 OO LOS ANGELES, CA (213) 477-3921
O MIAMI, FL (305) 665-9212 0 HOUSTON, TX (713} 877-1212 O AMHERST, NY (716) 833-4758 O

Clrcle 180 on inquiry card.

WwWWWw.americanradiohistorv.com

BYTE August 1983 139



www.americanradiohistory.com

Memory Models

A thorough understanding of the models
employed to structure memory usage
beyond the familiar 8-bit processor, 64K-
byte domain is necessary. The revolu-
tionary innovations in software design will
not come from using this newly available
memory resource for more spreadsheet ar-
rays or a bigger memory disk emulator.
Real innovation and creative design can
only progress when the tools are available
for concrete realizations.

Two compiler manufacturers (c-systems
and Digital Research) are already support-
ing larger memory usage, one has two ad-
ditional memory models in test sites (Lat-
tice), and at least two others (Mark
Williams and Mark DeSmet) have defnite
plans for supporting larger models in the
near future. The tools are here; we need
to know how they work.

Although the Intel 8088 microprocessor
used by the IBM Personal Computer can
directly address over one million bytes of
semiconductor memory, the manner in
which this space is accessed leads to com-
promises in both hardware and software ar-
chitectures, For the processor to retain a
16-bit internal datapath (assuring relative

ease in software migration from earlier Intel
products), a segmented architecture was
chosen.

To generate the 20-bit physical address
needed to reach any location in the memory
space, the bus-interface unit of the pro-
cessor automatically shifts the 16-bit con-
tents of one of the four segment registers
left by four binary bits (filling the spaces
created on the right with binary zeros) and
internally adds this result to a 16-bit
register containing an offset address.
Therefore, to reach any memory with a
physical address outside a 64K-byte span,
the appropriate segment register must be
adjusted. The processor takes fewer clock
cycles to operate within a 64K-byte logical
address space and requires additional cycles
for any memory transactions outside that
limit. The compiler designer wishing to
enable access to code or data spaces beyond
64K bytes faces a confusing thicket of
tradeoffs as a result of this complex process.

To deal with this complexity, C compiler
writers for Intel’s 16-bit architecture are
choosing to adapt the four memory models
expressed in the Intel PL/M-86 object for-
mat (see figure 1). The most widely used

model, and the default model for most com-
pilers, is the small memory model, which
defines separate code and data areas, with
a maximum size of 64K bytes each for a
total program memory access to 128K
bytes. All code must fit within the code
group; the 8088 CS register is used as
relative origin. All data and the stack must
fit within another 64K-byte area with the
DS, ES, and SS registers all pointing to
its origin and defining the lowest accessi-
ble address. Within this data area the stack
grows downward from the highest
available data memory, and the dynamical-
ly allocated heap area, generally based on
the 8088’s ES register, grows upward from
the top of whatever memory the compiler
has allocated as a fixed area for globally
available variables and data.

The medium model still restricts its pro-
grams to a maximum of 64K bytes of data,
apportioned identically to the small model,
but code is allowed to expand to the limit
of maximum available memory. The com-
piler and linker normally manage the CS
segment register to generate the optimally
appropriate form of call and return. A third
model, the compact model, limits code and

production times were impeded by
the use of the snail-like PC assembler.
Sieve execution performance im-
proved by 22 percent when register
variables were used for the loop
indexes.

The company’s c-window symbolic
debugging package, available for
$195, is a unique and valuable option
worth noting. When the user sets a
compiler command-line option (the
debugger works only with the c-
systems compiler), provision is made
to link a separate library containing
a program-execution supervisor.
When the compiled program is run,
high-level debugging using single-
step, trace, or breakpoint is sup-
ported with breaks conditional on
count, function name, and source-
line number or by nonzero evaluation
of arbitrarily complex user-defined
expressions. Extensive user-specified
automatic commands allow the set-
ting or display of evaluated expres-
sions, variables, and data with radices
and formats precisely predetermined.

Another interesting command-line
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option allows the user to set a PL/M-
and Pascal-compatible argument-
passing convention. Compared to C,
arguments are placed on, and re-
moved from, the stack in inverse
order. Because C allows a variable
number of arguments to be passed
into a function, all arguments must
be explicitly declared when the func-
tion is declared, enabling the com-
piler to generate proper stack cleanup
on function returns. This option can
be used to compile C function
modules callable from Pascal or PL/'M
programs and, when combined with
the medium memory model, to gen-
erate code for popular real-time
operating systems such as Intel’s
RMX-86 or Industrial Programming’s
MTOS-86.

The documentation explains these
complex options and contains a full
treatment of the assembly-language
interface to c-systems code. However,
while the 46-page manual is accurate,
complete, and useful, it includes
neither an index nor error message
explanations. An alphabetic reference
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list of the library functions would be
a welcome addition.

Caprock small-c is a result of Ron
Cain’s generosity (i.e., it is a transla-
tion of source code intended for the
8080, originally published in Dr.
Dobbs’ Journal #45 and placed in the
public domain by Cain at that time).
Program run-time memory usage is
organized by assigning all code to a
64K-byte code segment shared, after
linkage, with the run-time library.
The stack, which manages all data
items, has a separate 64K-byte seg-
ment. The PC-DOS linker assigns the
code segment to low memory, with
the stack segment immediately
above.

Assembly language provides for
any desired departures from the
above arrangement, as long as you
assume responsibility for juggling the
segments. In contrast to the original
small-c, the compiler can produce
multiple output files and supports
true extern linkage, so the entire run-
time library source is not required as
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external variables to 64K bytes each and
allots a full 64K bytes for stack data, with
the CS, DS, and SS registers adjusted ac-
cordingly. The heap data area employs the
ES register, growing upward, and can oc-
cupy up to all of the remaining memory.
The amount of memory allotted to heap use
is generally specified at link time.

The final model, the big model, is a
deviation from the PL/M-86 convention’s
large model plan. In the PL/M-86 model,
each code segment allocation should be able
to access its own 64K-byte data segment.
C compiler writers have settled on a less
ambitious scheme, where a program is
limited to a single 64K-byte data space for
global data, a single 64K-byte stack area,
but allowing code and heap allocations to
divide up the remaining memory with the
heap left to manage whatever is not used
by the program code.

In the words of its progenitors, “C is not
a ‘very high-level’ language.” A program-
mer can get close to and manipulate the
details of individual machines. Therefore,
a few ramifications to all of the above exist
that govern C compiler design and should
influence the C programmer’s choices and

coding practices. Under the small model,
the natural integer size and natural pointer
size for C are both 16 bits, a fact that allows
maximum efficiency in using the 8088 pro-
cessor and a minimum of confusion for the
programmer. In the big model, the natural
size for C int and pointer types is 32
bits, and while the processor takes
longer to juggle 32 bits than 16, this
concerns the programmer solely from
a code size and performance stand-
point.

With the compact and medium
models, care must be exercised. In the
compact model all function calls are
short (16 bits), but the dynamic data
must be managed in C using 32-bit
data pointers, loads, and stores. Thus
char pointer and natural integers are
not all the same size, and care should
be exercised in the use of casts and type
conversions. The medium model,
which allows long calls but restricts all
stack and data to 64K bytes, reverses
the implications of the previous
anomaly if you want to use pointers
to functions or manipulate code addresses
directly.

compiler input along with the user’s
program. The assembly-language in-
terface is adequately documented
and is aided by the directives #asm
and #endasm for including in-line
assembly statements in the C source
file.

While quite inexpensive, the
Caprock small-c lacks many of the
features that make C the powerful
systems tool it is. For instance, the
control structures while, for, switch, and
goto are missing. This subset does not
support the storage classes auto, static,
and register; typedef declarations; float
or long int data types; conditional
compilation (#ifdef, etc.); arguments
for #define preprocessor statements,
initializers on declaration or casts;
and multidimensional arrays, struc-
tures, and unions are not allowed.
Functions may only return int,
pointers may only point to char or int,
and no complex assignments are per-
mitted. Caprock small-c does not
support conditional expressions,
comma, logical negation, and one’s
complement.

In performance, small-c came in
last in every test of execution speed
and behind most of the others in
code size and compile time. The in-
teractive nature of the command
mode is inoffensive, but assembly
durations require patience.

Why, then, is such software useful?
First, as the least expensive C com-
piler available for the PC, it can give
the programmer a taste of the lan-
guage without a large cash invest-
ment. Beginners at programming
should know, however, that using
small-c as a means to learn program-
ming or to learn C can be extremely
frustrating at best because so much
of the language is absent. Most pro-
grams from books or magazines will
simply not compile or run without
significant alteration. Such changes
are best left to the experienced.

Caprock small-c could also be used
as a learning aid for the C program-
mer. The source code for the entire
compiler and run-time library is in-
cluded on the disk; it is a unique aid
for anyone interested in studying and
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tinkering with the mechanics of com-
piler construction. And because the
disk includes a translation, into C
source, of the text-formatting pro-
gram from Kernighan and Plauger’s
classic text, Software Tools, it is a
valuable resource for the student
learning how to translate into C from
another language (RATFOR prepro-
cessed FORTRAN or Pascal, depend-
ing on which version of the book you
use). As a bonus, the executable ver-
sion provides some useful word-
processing capabilities when com-
bined with a trusty text editor.

Computer Innovations C86: In addi-
tion to the three-pass compiler and
complete source-code files for the
assembly language and C library
functions, this package includes an
object-code librarian, object libraries,
a linker, and a source-code library-
maintenance program that allows
many small code files to be stored in
one archive, eliminating disk-file clut-
ter and freeing disk-directory entries.
The CI-C86 compiler accepts the
standard C language and produces
object code in a format exclusive to
the system linker. Register variable
declarations are converted to auto
(storage class), and true register
variables are slated for a future
release. A command-line option
allows 31 character identifiers, a fea-
ture that increases the self-document-
ing qualities of the resulting code but
makes it more difficult to transport.
Other comipiler options enable com-
ments to nest and permit the entry
of command-line #defines. Error
messages are accompanied by the
line number the compiler was work-
ing on when the error was detected.
An interim solution to interfacing
assembly-language to a nonstandard
object-module environment is pro-
vided by a program that converts an
assembler’s output to a form accept-
able to the CI-C86 linker.
Although only the small memory
model is implemented, the package
includes a software foundation for
using overlays. Library routines
enable program 1/O redirection. The
8087 math coprocessor is supported
by calls to library functions, and in-
line code capability is scheduled for

Text continued on page 146
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Circie 18 on Inquiry cara.

Listing 1: The math benchmark.

ALPHA /* intmath3.c x/
OMEGA #define COUNT 10000

main( )

CONPUTER PRODULTS «C

int i, 3, k;

printf("starting\n");

for(i = 0; 1 < COUNT; ++i) {
j = 240; k = 15;

/* test byte-byte combinations */

=(k*(3J/ k)

=(k*(3/k))

( k+k+k+k+ k+k+k+k+ k+k+k+k+ k+k+k+k );
(J -k-k-k—-k -k—-k-k-k -k-k-k-k -k-k-k );

J
J
k

DISKETTES

SCOTCH 3M SS DD
MAXELL MD2DD DD ...,

PRINTERS /* test byte-word combinations */
CITOH 8510 PARALLEL

GEMINI 1 J =(3 << 4); k = (k << &);

8&%)'/'\41!AMICROLINE92 I=(k* 3/ k)

Sl 3=k (37O,

MODEMS j = ( k+k+k+k+ k+k+k+k+ k+k+k+k+ k+k+k+k ) ;

HAYES SMARTMODEM 1200 k = (3 ~k-k-k-k -k-k-k-k -k-k-k-k —k-k-k );

HAYES MICROMODEM 11

MONITORS

USI Pl 3 12" AMBER 1 /* test word-word comblnatlons */

TAXAN 12+ AMBER oo J = (3 << 4); k = (k << 4);

AMDEK -

AMDEK GOLOR I 137 RGB! J=(k>*(3/ k ));

1BM PERIPHERALS & SOFTWARE J=(k*(3/k));

TANDON TM10x 22"“" e § = ( ktk+k+k+ k+k+k+k+ ktk+ktk+ ktk+k+k );

C.“é?;'x%‘b"?c‘"“ S k = (j ~k-k—k-k —k—-k—k—-k —-k-k-k-k —k-k-k );
AFT& TG. JOVSTICKS 695

DBOASESI i il }

‘IQ/OMEACCOUNTANT+ R 14o.oo printf("Finished\n");

LOTUS 123" 111 L 1 }

APPLE PERIPHERALS & SOFTWARE ’ /* intmath3.c end */

VIDEX VIDEOTERM 80 COLUMN ..
MICROSOFT PREMIUM PAK ...
MICROSOFT 16K RAMCARD || . - .
KRAFT & T.G. JOYSTICKS 44, Listing 2: The pointer benchmark.
QUENTIN APPLEMATE DRIVES ..

SUPER 5 THIN LINE DRIVES 275. .
WIZARD BPO16K BUFFERED INT. 1 /* pointerl.c */
PFS FILING SYSTEM 85,
PFS REPORT ... 0 +
DBASE 1} SRy .| g
WORDSTAR . I #define COUNT 10000

THESE ARE SAMPLES OF THE #define ALLOTTED 128

MANY PRODUCTS THA

AVAILABLE. PLEASE C .

FOR PRICING AND INFORM- main( )

ATION (

char workarea[ALLOTTED], *ptr;
.2,3,345-4422 int i;
—— printf("starting\n");
e — for(i=0; i < COUNT; ++i) {
_, |_ ptr = workarea;
4847 LA MONTANA CIRCLE while(ptr < (workarea + ALLOTTED)) {
TARZANA, CA 91356 Tptr = ' '
++ptr;

All products are in factory sealed packages. We
guarantee all items for 30 days. Within this period, }
defective merchandise returns must be accom-

panied by RMA number. All other returns will be }
suglecl to a 10?: regl:’cl;:ng fee. ’I"or prgga(;g

orders there will be a shipping charge, g a .
minimum. There will be an additional $4.00 sur- printf("Finished\n");
charge onCQD orders. Cash or Cashiers Checkis
required on COD orders. Calif. residents add 6,5% }

sales tax Prices subject to change without notice .
/* pointerl.c end */
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Participa

While new printers with impressive specifications are introduced on an almost daily basis, only
time will tell the true quality of the product. Over the past 2 years our customers have continued
to buy the DS180 printer, not only because of its impressive performance and competitive price,
but also because of our outstanding track record for product reliability and customer support.

We have continually improved on the performance of the DS180 by incorporating such
enhancements as dot addressable graphics, 6 user-selectable print sizes and a 2000 character
buffer. These features coupled with 180 cps printing, parallel and serial interfaces, adjustable
tractor feed and over 40 other programmable features, make the DS180 one of the most versa-
tile matrix printers available today.

Before you select your next printer, why not take a look at a time-proven performer—the
Datasouth DS180.

The DS180 printer is available nationwide through our network of sales/service distributors.
Circle 131 on Inquliry card.

dﬂtﬂ@@ﬂﬂﬁh computer corporation

P.O. Box 240947 e Charlotte, NC 28224  704/523-8500

Telex: 6843018 DASOU UW.
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Only

Texas Instruments
offers these 7 advantages

that add up to
more computer
for your money.

If you're a smart business profes-
sional, you want a business computer
that gives you the most productivity
power for your dollar. For you, Texas
Instruments has the answer: the T1
Professional Computer. With seven
obvious advantages that make buy-
ing TI make sense.

The Disk Storage
Advantage.

The TI Professional Computer gives
you standard 320K floppy disk stor-
age. That’s twice the standard data
storage of the leading competitor.

The Function Key
Advantage.

We give you 12 function keys that
you can easily preprogram to make
your work simpler and easier. The
best the competition can do is 10 or
fewer function keys.

The Keyboard
Advantage.

Our standard touch-typing layout
makes word processing as easy as sit-
ting at a typewriter. The separate
numeric and cursor control keypads
fet you isolate information and enter
numbers for spreadsheets more
quickly. And with our isolated edit/
delete keys, you'll never have to

Copynght © 1983 Texas Instruments
1-2-3 and Lotus are trademarks of Lotus Develapment Corporation

worry about accidentally erasing val-
uable data.
The Monitor
Advantage.

Our monitor gives you 40-50%
better resolution than the leading
personal computers. Which means
you get clearer displays that are easy
on the eyes. And some of the sharp-
est graphics possible today.

The Software
Advantage.

There’ software available now for
the TI Professional Computer that
meets virtually every professional
and small business need. And with
our memory expansion board, you
can use advanced integrated software
like Lotus 1-2-3™ to help you do
several kinds of work without
changing programs.

The Expandability
Advantage.

QOur standard features like the floppy
disk controller and printer support
are built-in so they don't take up the
valuable expansion slots you'll need
for adding optional features like
communications and up to ten
megabytes of hard-disk storage.
Which leads to one of our most
exciting advantages. ..

WWWwW.americanradiohistorv.com

The Future Enhancement
Advantage.

No one wants to buy a personal
computer that’s already on the road
to obsolescence. Thats why we're
developing exciting new features
that you can easily add to your
TI Professional Computer—like
speech recognition. Imagine being
able to say, “Spreadsheet, please”
and having it appear instantly on
your monitor. This and more will be
available this fall.

One additional benefit makes the
TI Professional Computer especially
attractive — the price. Feature for

feature, dollar for dollar, you'll
choose TI.

Get the business computer that
puts these benefits to your advan-
tage. Visit your TI authorized dealer
or write: Texas Instruments Data

Systems Group CA, Dept. 062BY,
P. O. Box 402430, Dallas,

TX 75240. Or call toll-free: )
1-800-527-3500. I

TeEXAS
INSTRUMENTS

Creating useful products
and services for you.

261471
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VICTORY

The Z-80 C Cross-CompiIe “
Fleet has arrived.

Is your Z-80 C objecr code larger than ir needs ro be?
Rerrearing ro assembler because C isn'r fulfilling irs promise?

Your ship has come in. Vandara infroduces the Z-80 C Cross-
Compiler. Srarring wirh the finest “pure” C-ro-8080 cross-compiler
available (Whiresmirhs), we've added 8-bir expressions, a right
calling convention, a peephole oprimizer and full use of the Z-80
insfrucrion ser o reduce your code size by up ro 36%.

And if you're in a ROM-based environment, you'll appreciare
ourin-line machine code, listings, ROM-able rables and oprional
royalty-free runtime library!

The Vandara Z-80 C Cross-Compiler is available for VAX,

PDP-11, 68000 and

Z8000 hosrs.
THE UPPER HAND

For more Infarmarion <oll
(206) 5427611 or write VANDATA

IN COMPUTER
SOFTWARE.

17544 Midvole Ave. N., Suire 107
Searrle, WA 98133

Call rall free:

1-800.426-5248

wWWWwW.americanradiohistorv.com

Circle 408 on Inquiry card.

Text continued from page 141:
future release.

More than 100 library subroutines
include several utilities for math,
memory management, and string
manipulation. Two important library
functions behave differently with re-
spect to the standard, so migrant
code may need adjustment: the CI-
C86 1/0O subroutine fopen employs a
12-choice mode argument, rather
than the usual 3-choice mode, to ac-
commodate CP/M end-of-file conven-
tions and to differentiate between
binary and ASCII files. The CI-C86
open system-call simulation requires
a 6-choice mode for similar reasons.
The formatted I/O functions include
the nonstandard, but welcome, ex-
tension of capability in the inclusion
of a binary radix.

The manual’s coverage of this par-
ticular implementation of C is a bit
thin. The individual programs in-
cluded are documented in clearly
structured style, but error messages,
are neither listed nor explained, and
the descriptions of the programs and
routines are often terse. The alpha-
betic listing and clear one-to-a-page
format of library-routine documenta-
tion, however, make for easy refer-
ence.

This widely used compiler has
been the subject of continual work
and improvement since its introduc-
tion, and it will probably continue to
improve. C86 was relatively ineffi-
cient at function calling, a drawback
unrelated to overhead of register
variables because the register type is
converted to auto. Code generated for
integer math and local-variable access
was relatively efficient compared to
others.

In use, C86 is simple and straight-
forward and complicated only by the
need to manage the nonstandard
linker’s syntax. Error messages can be
confusing if they don't offer addi-
tional documentation, but a provi-
sion to print a source listing after the
preprocessing pass can be a useful
debugging tool. By including source
code for the run-time subroutine
library, Computer Innovations gives
the user greater control over the
structure of the final executable code
module. While I found no real basis
for complaint about this product,
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LOWEST PRIGES s s

SMITH CORONA

LETTER QUALITY PRINTERS
SMITH CORONA TP1 June Special $514
Less June & July Mfg. Rebate .... 50

ONLY $464
STARWRITER 40 CPS Sor P .. $1274

PRINTMASTERS55CPS Sor P 1544
NEC 3510 33 CPS SERIAL .. ... 1386
DOT MATRIX PRINTERS

GORILLA BANANA Graphics . . .. $221
EPSON

MX-80 w/Graphics Rom+. 80 cps .. 427
FX-80 Friction & Tractor 160cps .. 595
MX-100 Friction & Tract. 100cps .. 653
STAR MICRONICS

GEMINI 10 2.3K Buffer 100 cps .. 329
GEMINI 15 15" Carriage ........ 494
OKIDATA

82A Serial & Parallel 120 cps...... 404
84 Parallel 15" Fr&Tr 200 cps .... 960
92 Parallel 10" Fr&Tr 160 cps .... 501

PROWRITER 8510 10"Par 120cps 404
8600 Near Letter Quality Par 1031
PRISM80 ..................... 756

SUPERBRAIN

SUPERBRAIN I

DOUBLE DENSITY .......... $1970
QUADDENSITY .............. 2376
SUPERDENSITY ............. 2684
COMPUSTARS FOR NETWORKING
V(AU S 6600000000000 a60aa0 $1540
V(R4 5 606660066600000000006G 2284
VU ) a6a0a0a00a0060a0006a00 2656
VU 88860006 0a00a0a00000 3029
DSS-10 ... 3029

AMERICAN SQUARE COMPUTERS Is
organizing a8 World Wide Association
of Computer Dealers. Open a Store or
Start Work Out of Your Home! We
Charge NO FRANCHISE FEE! (Our
Competitors charge s FRANCHISE FEE
of from $15,000.00 to $45,000.00.) Be a
Winner! Let US help YOU get started
MAKING MONEY by HELPING
PEOPLE to put COMPUTERS to WORK.
Write or Phone today.

Which Computers are Best? ... Free

Insured Shipping at Low Rates.

ADVANCED DIGITAL

$-100 SUPER QUAD SINGLE BOARD
COMPUTER Z-80 64K RS232 DISK
CONTROLLER FOR 5" OR 8" .. 5474
SUPER SLAVE 128K + PS NET/1.. 437
SUPER SiX/128 6 MHZ 128K .... 555

TURBODOS SINGLE USER. ... 250
SUPER SYSTEM-DD-8 ........ 2327
SUPER SYSTEM-8-HD-10. .. . .. 3920
ALTOS COMPUTERS

8000-264K RAM .. ........... $2680
8000-15 208K RAM ............ 3653
8000-10 208K RAM .. .......... 5571
5-15D 3 USER251/4" . ........ 2201
5-5D 3 USER HARD DISK.. . . ... 4379
8600-12 16 BIT20MB HD . ... .. 9104

COMMODORE 64
ATARI 400 w/Rebate Coupon . ...$149
ATARIBOO..................... 655

TRAXX 5§ 1/4" ADD ON DRIVES

Bare drive SSDD Quantity 2 Ea ...215
SSDD w/cabinet & power sup. ..., 312

TELEVIDEO

TERMINALS

TELEVIDEO 910 OR 910+ ...... $538
TELEVIDEO 925 Detach Keybd .. 674
TELEVIDEO 950 Prog func keys .. 863
TELEVIDEO 970 VT-100 compat. .. 935
ADDS Viewpoint 3A+ Emulates 458
ADDS Viewpoint 60 Graphics.... 620
ADDS Viewpoint 90 Prog. EPROM 820
ADDS Color Terminal NEW! .... 998
Zenith Z-29 Z19&VT100 compat 655
Zenith ZT-1 Terminal+modem 460

Visual 50 Ergonomic........... $545
Visual 55 New! Enhanced #50. ... 626
Visual 100 80/132 columns ...... 890

Visual 200 Tilts&detach keybd ... 761
Visual 330 VT52&Haz1500 comp 782

Visual 400 ANSI x3.64 compat .. 1074
Visual 500 Graphics 14" screen 1646
MONITORS

ZENITH

ZVM 121 Green Phosphor . ...... $123
ZVM RGB Color Monitor . ... ... 545
GD2Z-13-14 Composite Color. .. .. 325
NEC

JC1201M 12" Composite Color  $378

JC1202DHA 12" RGB Color Mon. 810
JB1201M 12" Green phosphor 176

AMDEK
Color | Color monitor .......... $321
300G 12"Green . .............. 165

Call for latest prices & availability

AMERICAN

919-889-4577
Circle 22 on inquiry card.

4167 Kivett Dr.

SQUARE

GRAPHICS & COLOR GRAPHICS

VECTRIX
VX 128 8 colors 322x560 Pix.... $2245
VX 384 16.8 million colors ...... 3865

VXM Hi Res. 13" RGB Monitor .. 1430

MICROANGELO
MA 512 512x480 Monochrome .. $674
MA 520 512x480 + Screen Pak2 .. 890

COMPUTERS

COMPUPRO

Compupro computers come as main-
frame. boards, and drives, and you must
set the switches.

816A Computer 8085/8088 128K $3964
8168 Computer 8085/8088 256K 5038
816C 8085/8088 384K 3 users ... 6470
816D 10 MHz 8086 512K .. ... .. 10052
816-08 CPUZ 208K Oasis. ... ... 6471
816-016 10 MHZ 8086 512K . ... 10052

SEATTLE Pure 16 bit computer is the
fastest microcomputer by actual test!
S-100, 128K Static Ram, 8 MHz 8086 18
slot, Mainframe, 3 serial & 1 paraliel
ports.

Gazelle Il computer .......... $4346
Hard Disk GazelleIl .........,. 5750

RADIO SHACK TRS-80 SAVE! CALL
TARBELL with 2-8" disk drives

EMPIRE Isingle sided ........ $3304
EMPIRE II double sided ....... 3775
MEDICAL SOFTWARE

MICROMED & MICRODENT ... 1656
STARDOC .................... 350

THE DOCTOR'S OFFICE NEW! CALL

NORTH STAR ADVANTAGE

North Star Advantage 8 BIT  8/16
Work Station......... $1918 $2281
2 Floppies 360K ea. ... 2252 2542
5 Mb Hard + 360K Floppy 3362 3652
15 Mb Hard + 360K Floppy 4385 4748
NORTH STAR HORIZON
HORIZON 1 User Multi
2 Floppies 360K ea. ... $2252 N/A
5 Mb Hard & Floppy 3362 $6095
15 Mb Hard + Floppy 4385 6821
18 Mb Hard + Floppy 5837 8273

Factory Guarantees

Morrow
Terminal

P T . %“

Micro Decision Il

MICRO DECISION
"A DEAL YOU CAN'T REFUSE"

64K RAM Z80 4MHz 2 serial ports
5 1/4" disks Free Software — CPM 2.2
MicroSoft Basic, BaZic, WordStar
LogiCalc spreadsheet, Correct-it

ONLY
MD1 1single sided 5 1/4” .. .. .. $818
MD1 +ADDS 3A+ Terminal . .. .. 1269

MD1 +ADDS 3A+ +Smith Corona 1769

MD?2 2-5" SS drvs + Per. Pearl ...1148
MD2 +ADDS 3A+ Terminal ... .. 1599
MD2 +ADDS 3A+ +Smith Corona 2099

MD3 2 sided drives & Bookkeeping
& Personal Pearl.  FANTASTIC BUY

MD3 2 Double sided drives . . ... 1566
MD3 +ADDS 3A+ Terminal ...... 2019
MD3 +ADDS 3A+ +Smith Corona 2519
Above Packages include all Cables

DECISION|1

“IBM-360 on the Z-80 & S-100 Bus!”

Sixteen programs running simultan-
eously! FREE CPM, MicroSoft Basic.
S$-100. IEEE 696, 14-siot, 4 MHz 280
Real time clock. Interrupts, 3 Serial
& 1 parallel port, 64K static RAM ex-
pandable to 1 Megabyte.
D1 Hardware&Software as above$1712
D2 Has 2 DSDD 5 1/4"” drives . .. 2485
D3A 1 DSDD 5 1/4" +5 Mb Hard Disk
+Wordstar, Correct-It, LogiCalc,
BaZic. and Personal Pearl

D3A w/5Mb Hard Disk ......... 3120
D3C w/15 Mb Hard Disk ....... 3822

MOS Multi user upgrade 3-64K RAMS
+Micronix operating system . ... 1432

MOS+ with above & Whitesmith's C
&Pascal ................. 1783

MORROW DISK DRIVES

Complete systems include S-100 con-
troller, power supply. cabinet, & fan,
CPM & Basic 80.

Add Drives include power supply, cabi-
net & fan. Add

System Drive
51/4" Winchester  5Mb  $1572  $1151
5 174" winchester 15Mb 2485 2064
8" winchester 10Mb 2625 2134
8" Winchester 20Mb 3187 2766
14" Winchester 26Mb 3187 2766
8" (w/DMA controller)
One 1sided ......... $870 $576
One2sided ......... 1081 800
Two 1 sided 1418 1011
Two 2sided ......... 1839 1432

We Beat Prices

COMPUTERS

Jamestown N.C. 27282

www.americanradiohistorv.com

919-883-1105
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Name i

DeSmet C Development Paékage version
1.5

Type of Software Package
C programming language compiler

Manufacturer

C Ware

1607 New Brunswick Ave.
Sunnyvale, CA 94087
{408} 736-6905

Price
$100

Format

5% -inch double-density single-sided IBM
PC-compatible PC-DOS or CP/M-86 format
floppy disks

Type of Compller
Produces object code or assembly
language

Computer Needed

I1BM PC running PC-DOS or CP/M-86 with
two single-sided disk drives and a
minimum of 64K bytes of RAM

Documentation
105-page loose-leaf manual

Audlence
Systems and applications software
developers, C programmers

Name
C88 version 2.0l

Manufacturer
Intellect Associates I
POB 365
Holbrook, NY 11741
{516} 472-4449

Price
S150

Format
5%-inch double-deRsity single-sided (BM
PC-compatible PC-@DS format floppy disks

Type of CompllerL

Produces object co

1BM PC running PGEDOS with two single-

Computer Neede
a minimum of 64K

sided disk drives a
bytes of RAM !

Documentation i

60-page staple-boupd manual
Audience J

System and applications software
developers, C prog@mmers

Name
Lattice C version 1.04

Type of Software Package
C programming language compiler

Manufacturer

Lattice Inc.

POB 648

Hoffman Estates; IL 60195
{312} 843-2405

Price
$500

Format

5%-inch double-density single-sided 1BM
PC-compatible PC-DOS or CPIM-86 format
floppy disks

Type of Compiler
Produces object code

Computer Needed:

IBM PC running PC-DOS or CP/IM-86 with
two single-sided disk drives and a
minimum of 128K bytes of RAM

Documentation
162-page staple-bound loose-leaf manual

Audience
Systems and appiications software
developers, C programmers

neither its features nor its perfor-
mance were relatively outstanding.

Mark DeSmet has recently released
a full suite of 8088 systems-develop-
ment software accompanied by more
than 100 pages of documentation.
Available from C-Ware for the low
price of $100, the package includes a
two-pass compiler, screen editor,
assembler, linker loader, cross-
reference and list utility, object-code
librarian, and two valuable system-
utility programs in both source code
and executable form. The run-time
library is supplied in two versions;
one provides 8087 coprocessor float-
ing-point support, and the other pro-
vides software floating-point subrou-
tines.

The extent and quality of these pro-
grams are amazing. The DeSmet con-
piler was usually fastest in compila-
tion and linkage times, regularly pro-
duced tight code and small incre-
mental program size, and always
ranked at the top in terms of execu-

148  August 1983 © BYTE Publications Inc

tion speed. Because it is relatively
young, the product is bound to have
some rough edges. For instance, the
preprocessor section of version 1.5
failed to properly handle tests of in-
tricate #define expansion, producing
spurious code with no compile-time
error indication. In all other tests run,
no further fault was found with com-
piler accuracy.

This system produced consistent
optimization in both code size and
execution speed and generated code
that consistently outperformed all
but the Lattice compiler. In the short
history of this product, C-ware seems
committed to continuously improv-
ing it and has already added substan-
tially to the library. The DeSmet
package is an unsurpassed vehicle for
programmers in other languages
(particularly assembler) to use in
learning C. Examples of C and
assembly-language source files that
are included deftly illustrate the
range of capabilities available.

Although it does not support Unix

wWww.americanradiohistorv.com

version 7 extensions, in most other
respects the DeSmet compiler accepts
the entire standard C syntax, in-
cluding all widely used data types
and operators. For example, the only
pre-Unix version 7 data type miss-
ing is short, which may be added by
employing typedef. Extensions are
made to support 31-character variable
names (for more readable code) and
to include assembly language in line
via the #asm preprocessor directive.
Console 1/O is not provided with
redirection in the current release,
and only the small memory model is
presently supported.

A full-facility programmer’s tool,
the screen editor has an elegantly
simple command syntax. The
assembler includes all 8087
coprocessor mnemonics and uses a
syntax that differs only slightly from
that of Intel's ASM-86 standard. Bind,
the system’s linking loader, is used to
produce executable files from the ob-
ject output of both the assembler and
the compiler. It produces a full sorted
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PRICE WAR!

These sale prices good through August 31, 1983.

WordStar®

$249

dBASE II”

$439

Lotus“1/2/3

$379

SuperCalc

$129

T

Multiplan™

$189

WordStar®

WordStar®

L4 ™ ™™ ™ . . - ™
MailMerge InfoStar dBASE 1l VisiCalc® Perfect Writer
ALPHA SOFTWARE' dGraph $219 SuperSort $129 Perfecl Wriler/Speller $409
All Producls CALL B SpeliStar $129 Pertect Calc 169
. HAYES ReportStar $219 Perfect Filer 279
c:,ﬁ;ﬁ',’ms"”"‘“" TECHROLOGY $269 :g;;;g;g;’:r,_ J648 Apple Packages and Other Specials CALL All Four Perfect Products $799
ASHTON-TATE™ All Products CALL ;’;’c'?;’s";:;g" caLL e P e 3
dBasell , $429 lus™ RAM Card™ $ 89 PFS Report $ 95
ASPEN SOFTWARE '™ EasyWriter || $189 Soltcard™ $249 PFS Graph § 95
Grammatik § 60 EasySpeller il $119 Videoterm (Videx™) $239 SORCIM™
Random House Prooireader $ 39 EasyWriter/Speller $299 Al Three Above $479 Sifbescal $129
Random House Thesaurus $119 EasyFiler $259 Mulliplan™ $189 S“°e'c3|52 ALl
C.M.B. 11l ENTERPRISES™ Financial Management Series CALL  Enhancer Il (videx™) s119 Subervriter $179
WS-Palch and WS-Keys $ 35 LEXISOFT™ BASIC 80 $275 SpellGuard $129
COMPUTING!™ SpellBinder $239 BASIC Compiler $295 VISICORP®
Power! $119 LIFETREE SYSTEMS™ Egg% A%"';g"e' ggg VisiCalc $169
CONTINENTAL SOFTWARE™ VolksWriter $129 Flighl Simulalor $ 45 VisiTerm $ 85
Home Accountant CALL LoTUS™ Mutii-tool Word CALL VisiDex $189
DIGITAL RESEARCH™ 1/2/3 $379 Al Other Products CaLl VisiFile $209
CBASIC $109 METASOFT™ MICROSTUF™ NdSohedme o
CB-80 Comprler $379 Benchmark $359 Crosstalk $119 e 5299
SP:.fS;CAUMT’ gfgg MICROLAB'™ 0ASIS™ Business Forecaster $100
Access Manager $2%5 Tax Manager §179 The Word Plus $129 Desktop Planner $219
Display Manager $299 MICROPRO® Punctuation and Style $109 Specials CALL
CBASIC 86 $139 Wordstar $249 ORGANIC™ FLOPPY DISKETTES  (Boxes of Ten)
PASCAL/M1 + 86 $289 Wordstar/MailMerge $349 Milestone $269 8 $25
Concurrent CP/M 86 $249 Wordstar /MailMerge/ SpellStar. $459 - 5" (SS) $ 25
P/M 86 $ 49 Wordstar/InfoStar $499 EBL CORPORATION $105 " (DS! § 35
SRR T Mailterge $129 ersonal '““e:“" ¥ slo Larger Quantilies CALL
ucicode 29 G 8 bertectwntor 289
utl $ 59 DataStar $179 Perfect Speller $169

When vou buy software fro
company. You sce, one of our
TBM. itsell.

I'hat's nght

When 1BM PC headquarte

Floruda wants to try put some competitive products,
they give us o call and place an order.
So do Hewlett-Packard and General Electric and

Honey well
Irankly, we're flattered but
Because we know we've earne

ton for rock-bottom prices. fast. personal service.

NOW, PAY LESS, AND GET GREAT SERVICE, T0O!

and outstanding product support.
Now, we'd like to go to work for you

TAKE A LOOK AT WHAT WE OFFER.
LOWEST PRICES: Compure prices lor vourself. We
think you'll be impressed. (Somebody at [BM must
love a bargain!)

How do we keep prices so low? By buving in
tremendous volume and negotiating the best deals.
(We were the first mail-order house in the country
to sell Perfect Writer!)
FAST DELIVERY: When vou call 800-SOFTWARE
vou get the tastest delivery available anywhere,

m us you're in good
favorite customers is

rs in Boca Raton,

not surprised.
d a national reputa-

Which means that every order is filled the dav we
get it. And that our unigue Order Tracking

every step of
Our giant i
United States

have to wait

bought from

the way.
nventory - one of the largest in the
also assures vou ol the fastest

TECHNICAL SUPPORT: It's the best. When 1BM
calls with a question, we herter be ready! (One day.
when vou have a question, you'll be glad vou

800-SOFTWARE.)

Svstem™ s on the job, keeping tabs on vour order

possible service. Everything's in stock so vou don't

WRITE
800-SOFTWA
940 Dwight Wa

=
VISA
——

CA residents
add sales tax.
Copyright 800-Software 1983

Circle 3 on Inqulry card.

Berkeley, CA 94710

RE
y. Ste.

. { 800-SOFTWARE)

TO ORDER, CALL TOLL-FREE: 800-227-4587
IN CALIFORNIA: 800-622-0678 or 415-644-3611

Microsolt is a registered trademark, and Softcard, RAM Curd. and Mulfiplan are trademarks ol the Microsolt Corporation.

WWW. americanradiohistorv.com

O Purchase orders accepted.
Please call us in advance.

O Prompt UPS 3 day Blue Label.

DO Call for shipping charges. free
catalog. and other low software
prices.

O Now open Mon. - Sat.

O International and national dealer
requests welcome.

D Quantity discounts available.

DO Prices may change.
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list of public symbols with corres-
ponding segment locations and off-
sets. A utility program, clist, pro-
duces paginated source listings with
line numbers, fully formatted for
printing, and includes a cross-
referenced listing of all functions and
all line numbers where they were
found. Object libraries included can
be called from either C or assembly
language, and both options are clear-
ly explained.

The object library supplied consists
of 59 subroutines. An additional 16
routines for IBM PC screen and
keyboard handling are included in
a separate assembly-language source
file that may be assembled and linked
with C or assembly-language object
modules. A C implementation of the
game of Life, invented by English
mathematician John H. Conway, is
included in both executable and
source-code forms to illustrate the
use of this comprehensive assembly-
language PC screen handler.

Two other source files accompany
this package. A core-style file-dump

utility illustrates the use of file and
screen /O routines. An assembly-
language source file for an operating-
system utility patch, which extends
the keyboard input buffer from its
current 15 to a full 128 characters, il-
lustrates use of the system assembler.
Both are included in executable form
and are valuable as programs and as
examples.

Although brief, the documentation
devotes just enough attention to each
feature in this extensive package to
supply the user necessary informa-
tion. The lack of an index seems less
noticeable here than in some other
documentation due to the clear struc-
tural organization and the inclusion
of a functionally subdivided listing of
library routines in the table of con-
tents. All programs include extensive
error messages, which are fully doc-
umented.

Intellect Associates C88 is a one-
pass, nonoptimizing, integer-only
subset compiler that seems to be con-
structed on a foundation of the public-

domain small-c source but incorpor-
ates many enhancements. Memory
usage is limited to the 64K-byte 8080
.COM file format, with the origin of
a user’s program set at the address
100 hexadecimal. The somewhat non-
standard subset of C this compiler
supports is limited, but fortunately
the documentation clearly outlines
what is missing. A function library
consisting of 44 individual object files
requires the supplied linker to form
an executable file. No run-time I/O
redirection for the user’s programs is
supported. Modules may be com-
piled without a main,so they can be
used as subroutines in addition to
the object files supplied.

The two allowable data types are int
and char, and pointers may point
only to these. Structures, unions,
compound assignments, goto, the
storage classes auto, static, extern, and
register and typedef declarations are not
allowed. Multidimensional arrays are
not permitted, and subscripting
either an integer array or a pointer to
an integer—in contrast to standard

C Compiler —

greater than 64k of data.

PROGRAMMERS
“C” the extras we offer

More than just a compiler . . . we address
the total programming environment

e Complete non-float implementation (float
avail 3Q) per Kernighan and Ritchie.

e Small and medium models supported. Medium
model allows greater than 64k of code and

e Complete standard |/O package.

. . o
Fully interactive sY

: FullyC expression eva
debugging. .

e Statementan
o Automatic comman

or breakpoint.

debuggel
. m_ gource level :
c-window'™— S bolic debugging:
luation during

cakpoiqts.
ds provide multi-

ple variable display per single step

Available for Victor 9000,
IBM PC, Zenith 2100, other
MSDOS systems. Inquire
about CP/M-86 version.

c-systems

Ask for a demonstration package —
you'll immediately “‘C” the difference!

........ $195.00
....... $195.00

C Compiler
c-window. .
c-window demo package

(w/manual and diskette) $45.00

Prices subject to change without notice.
c-window tm c-systems; IBM tm IBM Corp.: MSDOS tm
Microsoft; Tt Professional tm T1; CP/M-86 tm Digital Research.
P.0. Box 3253 ® (714)637-5362
Fullerton, CA 92634

PROGRAMMING IN c Y
BE SURE YOU GET ALL THE PHACT's !

base your C programming on
PHACT-dbrm

a multi-keyed (1S AM)
Data Base Record Manager.

is an easy to use library of C callable
functions for manipulation of records in
a database, plus high level database

supports; data dictionary; S datatypes; variable
length records; full database security; database
locking, data portability;

runs on; all UNIX systems @ [DRIS and UNIX look=
alikes ® MSDOS eCP/M

PHACT-rql [ Relational Query Language | PHACT-rg
{ Report Generator ) and PHACT-rag (Relatonal Screen Generator |

is priced between $250-$350. (Source available)

To get all the PHACT's call DAVID GRAHAM at
PHACT ASSOCIATES Ltd ® 212 ® 420-1512
231 EAST ||l STREET ® NEW YORK @ NY 10003

PHACT-dbrm

manipulation tools.
PHACT-dbrm

"h" file creation and
much much more!

PHACT-dbrm

under development.

PHACT-dbrm

PHRAET

a

ASSOCIATES UMITED
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THE ONE AND ONLY

CRAMBO

You've got a problem. Go to your
favorite computer store. Ask to see their
Combo Cards. Then ask about their RAM
Cards. See the problem? Just too many to
pick from. Now, ask to see the CRAMBO™.
No problem. There's only one. Ours. Except
you don’t know what a CRAMBO is. You've
probably guessed it's a Combo Card piggy
backed to a RAM Card. So it only takes up
one slot in your IBM/PC. That'’s right. But
here are the details.

THE COMBO 11 CARD:

For $189 you'll get a Clock Calendar,
Async Communications, Parallel Printer and
a Game Adapter.

......

THE 512K RAM CARD:

It too, is only $189 with 64K of RAM
installed. And when you need more RAM,
64K increments are available for $64 each.
And, SDRIVE, the electronic disk emulator,
is available at no cost with the RAM Card.

R
P
T
-
T
|
"

’
=

You can buy either of our boards
separately for use in the XT or PC expansion
chassis. But only our boards can be piggy
backed to give you the one and only
CRAMBO. And for only $359.

Go check out the CRAMBO at the same
store carrying all those Combo Cards and
RAM Cards. If they don't have the CRAMBO
have them call us. 800/525-7674. Or write:
Apparat, Inc. 4401 South Tamarac Parkway,
Denver, Colorado 80237, 303/741-1778.

IBM PC Is a reglstered trademark of International Business Machine Corp.

.....

i‘—\ApparaT,lnc.

www ametileela 28 00 dnguiry card,
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Eye-Guard...
the only anti-glare shield”

made with lead to
cut eye fatigue caused

by glare, X-rays,
UV radiation & microwaves
from computer terminals.

The new Eye-Guard anti-glare
screen shield is made of
strong, impact-resistant,
lead-impregnated acrylic.

Itis identical to the

material used as windows

by nuclear power plants and
hospital x-ray facilities

to block radiation and protect
personnel. And, even though
Eye-Guard screen shields
contain 30% lead (by weight),
they are completely
transparent.

Whether your eye-fatigue is
caused by glare, radiation,
or both, from your computer
terminal, Eye-Guard will

give your eyes relief.

Eye-Guard is the only
anti-glare shield on the
market made with lead. It's
the only product that can
make that claim.

It is so effective at
reducing eye-fatigue and

*Attaches to computer terminal with convenient Velcro tabs.

FOR CREDIT CARD ORDERS,

CALL (800)
221-7070

IN NEW YORK STATE,
CALL (212) 989-6876

-------

eliminating the possibilikfy
of damage to your eyes from
computer generated radiation
that it's sold with a 100%
money-back guarantee

of satisfaction.

If your eye-fatigue isn’t
absolutely eliminated in the
first 30 days, we'll buy back
the Eye-Guard Leaded Screen
Shield for the full purchase
price.

Order your Eye-Guard Leaded
Acrylic Anti-Glare Radiation
Shield today. 94" x 114"

or 10” x13,” complete with
velcro fasteners for easy
attachment to most monitor
screens, $129.95.

Eye-Guard Leaded Acrylic
Radiation Shields (without
anti-glare filter), $119.95.

Dealer inquinies invited.

e T

| Mail to:

| Langley-St. Clair Instrumentation Systems. Inc.

| 132 W. 24th St., New York, NY 10011

| Please ship the following Eye-Guard Leaded

Acrylic Radiation Shields:

——9%"x11%" and/or— 10" x13" with
anti-glare filter @ $129.95 $

—9%"x11%" and/or — 10" x13"” without
anti-glare filter @ $119.95 %

Total number ordered
Ship RegularUPSO  UPS Blue Label D
ParceiPost0 Overseas O

Add $10.00 for shipping overseas, parcel
post or UPS Blue Label.
Add sales tax where applicable.

Charge to my MasterCard0 VisaO

Ship to:

NAME

“ADDRESS

|
|
|
|
|
|
|
|
|
|
|
Add $4.00 each for shipping and handling. [
|
|
|
|
!
i
|
|
|
|
|
|

o:::o La ngley-St.Clair Instrumentation Systemns, Inc.
132 W. 24th St., New York, NY 10011

Circle 234 on Inquiry card.

No. Expires
My check for $ including shlpping
costs enclosed.

syntax—will double the subscript
evaluation. Arguments to #defines are
not permitted, and #includes may not
nest.

All constant expressions are
evaluated at run-time (rather than at
compile time, which would be fast-
er), and function arguments must be
defined in the order in which they
appear in the function declaration.
The compiler considers all unde-
clared but referenced functions or
variables to be external functions and
sends necessary external references
to the object file. The user must ex-
amine the list of external identifiers
printed at the end of compilation for
incorrect entries such as misspelled
variable names.

Function calls have a decidedly
nonstandard but potentially in-
teresting feature for the absolute-
address adventurer. Almost anything
you can imagine immediately fol-
lowed by ( (the open parenthesis) is
compiled as a function call. Thus
1000() would call absolute memory
iocation 1000 decimal and array[i)( )
would call the location whose ad-
dress is found in the ith member of
the array. Arguments to such func-
tions are pushed onto the stack in the
order in which they appear within
the parentheses.

Most of the object files that con-
stitute the library have nonstandard
names, syntax, and functions and do
not include routines for heap man-
agement or string handling. Several
useful PC console interface, BIOS in-
terface, special-purpose disk I/O, and
memory-utility functions are also on
the disk. The 60 pages of documen-
tation are neither well structured nor
oriented to the novice. After con-
siderable groping about, however, I
found most of the information I
needed.

C88 was fast at compiling its lim-
ited subset of the C language, and it
generated some of the smallest ex-
ecutable files. The supplied interac-
tive linker was equally rapid and on-
ly required input of files actually used
by the final program. I felt a certain
frugal satisfaction at seeing this soft-
ware produce an executable utility
program to clear the PC’s display
screen that occupied only 128 bytes
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Microsoft languages
connect your softwareto
more 16-bit systems.

The largest market for 16-bit software. Over
95% of all 16-bit microcomputers run Microsoftes
operating systems, languages, or both. That means
your programs written in Microsoft languages find
their market in the largest installed base of 16-bit
systems. The IBM« PC, and systems from Wang.
Zenith, DEC, Victor, Altos, Texas Instruments

and Radio Shack, to name just a few. And, if you're
working with Microsoft operating systems and
languages. you'll find that it's far easier to trans-
port software between systems.

A full range of languages. The versatile MS-
BASIC interpreter and the fast MS-BASIC compiler,
Microsoft Business BASIC and MS-COBOL for
business use. MS-FORTRAN for scientific and engi-
neering applications. Microsoft C, a complete C,
that provides a productive alternative to assembly
language. And MS-Pascal, a high-level language
compiler specifically designed for microprocessor
system software implementation. All these lan-
guages are compatible with ANSI or ISO standards.
A total programming environment. Compatible
languages. Operating systems. Utilities. Plus
complete support. All the tools you need
to write software that sells.

Leadership in micros. Q
Microsoft wrote the \‘-:Q\
first BASIC

for the \

@

first production microcomputer. Since then, we've
added a fuli range of 8-bit and 16-bit languages,
plus the MSm-DOS and XENIXw operating systems.
What's more, we are constantly enhancing both
languages and operating systems. And we make
those enhancements available to our customers.
That means Microsoft programming languages are
state-of-the-art programming tools. Tools that
allow your applications programs to reach more
systems. More effectively.

More information? See your Microsoft dealer
for complete information on Microsoft's 16-bit lan-
guages and operating systems. Or, write for our
booklet,"The Microsoft Language Family” A family
of tools that give your programs access to the
largest installed base of 16-bit systems.

BETTER TOOLS FOR MICROCOMPUTERS

MICRESOFT.

MICROSOFT CORPORATION
10700 NORTHUP WAY
BELLEVUE, WASHINGTON 98004

Microsafi 1s a registered trademark,
and MS, XENIX and the Microsoft logo are
trademarks of Microsoft Corporation

WWW.americanradiohistorv.com
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on the disk. Other compilers impose

Need to Measure Your a minimum overhead of 6 to 10K

Corporate Communications? | | manuorn 10 rerection, even fo

those programs where this is un-

Want to define your company's image? Measure used and totally inappropriate.
competitive itrengths? %etermine the acceptance of your However, the performance of the
company publications? Gauge reactions to your annual ’ : :

report? Determine the effectiveness of your corporate Co.d.e algenerated’ IESpe.Clany g‘lsuclh
advertising? Monitor the impact of important trends and critical areas as looping and local-
developments on your company’s business? variable access, is inadequate for any

serious production work, particular-
. ly when compared to the price/per-
Cal I M CG raw- H | I I formance ratio of other available
ft .
Research rortere

Backed by 30 years of research For a quote or proposal, call Lattice C, in addition to the two-pass
experience covering scores of Joan Bullen, Director-Corporate compiler, includes a standard library
markets and fields, McGraw-Hill Communications Research D e
Research professionals design Center at (212) 997-3517 or 1 0D / ) !

custom projects that can make a Eleanor Nicoletti, Project Director, disassembler, three header files, a
big difference in the success of at (212) 997-3095. Or, write Corpo- source function-extraction utility, and
your corpOrate communications rate Communications Research sample C source files. A run-time

efforts. The Corporate Commu- Center, 1221 Avenue of the k rts full /O redirecti
nications Research Center will Americas, New York, NY 10020 package Suppo redrection.
meet your research needs ] The 150-page manual includes a
promptly, at a reasonable price. :J'i detailed table of contents and a com-
Put McGraw-Hill Research to work lfn . prehens.ive index. With the addition
for you. Ifit's a communications problem, we of an object-code librarian, this com-
probably pioneered the solution. piler is marketed as the Microsoft C

compiler.

The Lattice C compiler produces
— remarkable code. In integer and

floating-point math evaluation,
pointer and array handling, local-
variable access, and function calling,
performance was outstanding in
terms of both execution speed and
code compactness. Most measures

® one of the most comprehensive and versatile IO programs available with applied to the compiler group echoed

power and performance to match that of the IBM-PC.® this superiority. Not only was the

® uses sophisticated and easy command language that allows flexible and code fast and compact, but the Lat-

efficient storage of information. tice compiler was consistently second

® meets the challenge of today’s complex system and application needs while only to the DeSmet compiler in com-

saving time and money in development. piling and linking speed in both

SYSTEM REQUIREMENTS: IBM-PC™ , DOS, 64K RAM, ONE DISK memory-disk emulator and floppy-
DRIVE-5%”, 80 COLUMN DISPLAY, OPTIONAL PRINTER disk environments.

INTRODUCTORY PRICE: $155.00 Rapid compilation and high-perfor-

(Offer good through Sept. 7, 1983) mance code are crucial in a product-

In order to enable us to market the most economically prices software we use production environment where they

functionally-inexpensive packaging™ . Thus, passing the savings on to you. facilitate an interactive “successive

. approximation” style of coding. This

iy o compiler encourages the program-
P.O. Box 026005 mer to code in small units, testing
Miami, Florida 33102-6005 each as he goes, rather than build
Call Collect (305) 545-7077 untested monoliths that require
For Information and Specifications. laborious debugging.
Method of Payment: Check. Money Order. Ir} extensive ".lse over .an 8-month
Terms: All Handling and Shipping are included in Software price. Allow 2-4 weeks delivery. period, the Lattice compiler has per-
Trademark: IBM is a registered trademark of International Business Machines, Corp. formed reliably and predjctably, even
PROFESSIONAL BUSINESS SPECIALISTS, FUNCTIONALLY-INEXPENSIVE PACKAGING, PC- facing i :
VSAM, PBS are Trademarks Pending of PROFESSIONAL BUSINESS SPECIALISTS, INC. when facing intentionally nasty traps
- and errors. The preprocessor handles

Text continued on page 158.
154  August 1983 © BYTE Publications Inc
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COMPETITIVE EDGE
WELCOME TO THE GREAT LAKES EXPANSION CELEBRATION

SLUDER HAS EXPANDED AND RELOCATED AND IS NOW READY TO SERVE YOU EVEN
BETTER THAN BEFORE. WE ARE CELEBRATING AND TO HELP YOU JOIN US WE ARE
FEATURING THIS MONTH SOME BRAND NEW ITEMS AND HAVE CUT EVERYDAY SALE
PRICES EVEN FURTHER.

COMPUPRO” FROM GODBOUT ELECTRONICS LOMAS DATA PRODUCTS INC.

FULLY INTEGRATED 8MHZ 8086, LDP72, HAZITALL, 256K DRAM
R16-A A&T $ 3995 CSC $ 4449. OO SR LOM{*S,,_\'“ - AUGUST
B 5161 ALT $ 5095. CSC $ 5690. ﬁ e
i 816-C A&T % 6566. CSC $ 7335, - SALE
816-D A& $10216. CSC $11676. $1399.

I 316-08 A&T $ 6566. CSC % 7335.
816-16 A&T $10216. CSC $11676.
816-68K AT $ 6566. CSC % 7335,

20 MEGABYTE SUB-SYS W/DISK 2 3495  CSC $ 3595,

LOMAS s100PC2-5"DRS,8MHZ 8088 $2499.
COMPETITIVE EDGE INTEGRATED BUDGET SYSTEMS 198K RAM. LDP72. HAZITALL. MSDOS. 15 SLOTS

$5/88. 64K, 1/0-1, 10 SLOT, CP/M, (2) 8" DSDD $3095.

6MHZ CPU Z. 64K, I/0O-1, 10 SLOT, CPM. (2) 8" 2995, COMPETITIVE EDGE INTEGRATED SYSTEMS
LOMHZ 8086, 128K, /0. 10 SLOT. CPM, 2-8” 3895,  8MHZ8086. 128K DRAM, 2.4 MB2-8" DRS. 10 SLOT  2995.
LOMHZ 8086, 256K, [/0-3. 10 SLOT, MPM, 2-8" 5195.  10MHZ 8086, 128K STATIC, 2-4 MB, 10 SLOT 3795.
1OMHZ 8086, 512K, 1/0-3. 10 SLOT, MPM. 20MB 9995.  LOMAS 286, 128K, 2.4 MB 2-8" DRS, 10 SLOT 1995
1OMHZ 68K, 128K. 1/0-1, 10 SLOT, CPM, 2-8" 3895. 2 USER MPM 86, 86/89, 256K, 10 SLOT, 2-8" 3895,
CPU 80286, 128K, 1/0-1, 10 SLOT, CPM, 2-8" 4495, 5USERMPM 86.86/89,512K. 10 SLOT, 1-8"8MBHD 6595.
DISK 1 & CPM-22 $ 445 DISK 2 A&T 507.  5USERMPM86.86/89.5121, 10 SLOT, 1-8”32MBHD 8095,
CPU 80286 A&T  $1164.  CPU 80286 CSC 1268. 4BOARDSETAUGUSTONLY.86,L.DP72, HAZ. 256K  1399.
CPU 68000 A&T 199, CPU 68000 CSC 621, SMHZ 8086 $420., LDP72 $220.. HAZITALL $260.
V-DRIVE-H A&T 1383,  ENCLOSURE 2 DESK 595 I0MHZ8086$520. 128K STATIC $875. 256K DRAM 636.
SEATTLE COMPUTER PRODUCTS TELETEK

GAZELLE, 128K, LIST $5995. SALE 84695, TELETEK OFFERS FINE SINGLE & MULTI-USER
15 MEGABYTE HARD DISK FOR GAZELLE 1895, COMPONENTS IN THE 4 & 6MHZ Z80 SERIES
|N(‘I,UI)ES (‘Ol\TR()LI,ER & SOF’[‘“ARE ZH()A, 6_”\" 2_5“ .6 MEGABYTE F[,()PPY $1795'
SEPARATE CABINET & 15 MB HD 2095, SYSTEM W/2 SERIAL, 2 PARALLEL PORTS
COMPETITIVE EDGE BUDGET SYSTEM pMAICPME S OaRR Tt SN
SEATTLE 86 CPU SET, 128K, (2) 8", MSDOS 2.0, R e 2

10 SLOT CAB. POWER SUPPLY, READY TO RUN £ A . : " R
POWER SUPPLY, READY TO RUN Z80A, 64K, 2-8" 2.0 MEGARYTE FLOPPY 2495

SYSTEM W/2 SER. 2 PAR PORTS, CP/M

CF INTEGRATED SYSTEM W/ 1-87 DR, 15 MEGA- 1995, AND 10 SLOT S-100 CABINET

BYTE HARD DISK, 8086 SET, MSDOS 2.0, 128K

OF FAST SEATTLE STATIC RAM, ZBOA. 64K, 1-8" DR, 1-10MB HD, TWO

K086 CPU SET. MSDOS $5395. 64K STATIC RAM g7sy  AUASLAMESTRIED UGS RO RIS S

e e . e Sz, % 10 SLOT CABINET, EXPAND TO 9 USERS

SCP DISKMASTER 319, SCP 2 PORT SERIAL 175, , 2 T :

SCP 4 PORT SERIAL 210, 8087 PACKAGE i BY ADDING MORE SLAVES. 22MB AVAIL.

' P : = 4 =27 MANY CONFIGURATIONS UP TO 16 USERS
SEATTLE RAM+ & RAM+ 3 FOR IBM PC TELETEK SYSTEMASTER $671. Z80A SLAVE $649.
RAM+ 64K $199. 128K 249. 192K 299. 256K 350,  7Z80B SLAVE 756. TURBODOS 750,
RAM+ 3 64K 269, 128K 319. 192K 169. 256K 420.  TELETEK HD/CTC 596. CP/M 2.2 165.
8087 PACKAGE W/8087 & BASCOM. LIB 263,

DEALER CORNER

HARD DISK SUB SYSTEMS FOR ANY 280 CPM COMPUTER DIEALER PRICES AVAILARBLE ON SYSTEMS.

10 MEGARYTE INCLUDEN SOFFWARE CAR & CONTROLLER $1795. HARD DISK SUB SYSTEMS & BARE DRIVES

22 MEGABYTE INCLUDES SOFTWARE CAR & CONTROLLER $2295. TELETEK COMPONENTS AT SPECIAL DEALER
LEMEGABYTE INCLUDES SOFTWARE CAB & CONTROLLER $:3995. PRICES. WE DISTRIBUTE SPELLBINDER

AROVE FOR CP/AM ORTELETER TURBODOS DEALER PRICES AVALL. FOR IBM PC AND ALL CP/M COMPUTERS

MANY TERMINALS (QUME 102 $535.), PRINTERS, & ALL CP/M & IBM PC SOFTWARE AVAILABLE

COMPETITIVE EDGE e P.0. BOX 556 ¢ PLYMOUTH, MI 48170
800 ORDER LINE 1-800-336-1410 LOCAL & INFORMATION LINE 1-313-451-0665
VISA & MASTERCARD ACCEPTED NO SURCHARGE

CP/M. & MP/M ARE TRADEMARKS OF DIGITAL RESEARCH. TURDOROS IS A TRADEMARK OF
SO I'WARE 2000 INC.. COMPUPRO™ 1S A TRADEMARK OF GODBOUT ELECTRONICS

Circle 358 on inquiry card. BYTE August 1983 155
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Apple DOS Decision Software Lightning sensible Applied Software
Accountant ......... 129 97 Master Type ...... 40 30 Applesoft + Technology LIST SALE
Applied Software Accountant with Link Systems Struc. BASIC 40 30 Versaform .......... 435 371
Technology LIST SALE DBCale ............ 149 112 Datafax ... 199 149 Best . 40  3p Datamost
versaform .......... 389 269 DBCalc.............. 0 20 Datalink .. 100 75 gog Tne s0 g WiteOn ... 130 99
Versaform-Pascal.. 245 180  pejta Software LinkDisk............ 70 51 Buﬂ& Using 30 27 DenverSofiware
Versaform/Corvus Bookkeeper Check Link Index .......... 195 149 Disk Organizer 30 23  EASY. ... 750 562
Hrd Disk ............ 495 360 Writer ... 0 29 LinkSampler| ... 60 45 Disk Recover 30 o3 Insot
ARTSCI ) Bookkeeper Master 90 68 Link Video ....... .. 5% 42 DOS Plus ¥ 2 19 ALD System Il ... 75 56
MagicMailer ... 70 43 papyer LIK Enterprises EditSoft a0 g0 Tansforthili ... 125 94
Magic PackCombo 225 156 Flnancial Partner ... 250 188 DataPerfect ....... 100 78 Image Printer Link Systems
Magic Window ... 100 75 Pascal Programmer Edit 6502 100 78 Epson a0 30 DawFax ... 249 187
MagicWindow1i ... 150 109 R — 206 223 Letir Pefctw/ (aaernter Link Index ... 195 149
Magic Words ... 7048 Pascal Tutor ... 125 97 MailMerge ......... 150 112 T e a0 39  linkSamplerl.... 60 45
Avant Garde Eduware Lotus Image Prir NEC/ Link Video .......... 55 42
Ultra Plot/DiF/ Algebrat ... 40 30 Executive Briefing Dot Matrix 40 30 Software Publishers
Datagraph ......... % n Algebra2 . 40 30 System ... . 199 149 MultiDiskCataiog . 25 39 PFS:iFile .. 129
Beagle Brothers Algebra3 . 40 30 MicroLab Quadrant 6112 B 0 7 175 129
Appie Mechanic ... 30 22 Algebrad ........... 40 30 Asset Manager ... 200 144 Quickloader .. 25 19 125 94
BeagleBag ......... % 2 AlgebraS&6..... 50 38 DataFactory ... 216 Sensible Speller . 125 g
DOSBoss....... 24 17 Compu-Math English SAT #1 B Sl el
Double Take . 3’z Arithmetic Ski ... 50 37 Invoice Factory 144 P P 100 78
FlexText ... % 23 Compu-Read ... 3 22 T 300 234
Pronto DOS . 30 23 Compu-Spell/ 400 312
Utility City ... % 22 DataDisk4-8(ea) . 20 15 300 234
BPI Compu-Speil/
GL, AR, AP, System ............ 0 2
Payroll, JobCost, CountingBee ....... 30 22
Inventory (ea) ...... 395 320 Decimals ........... a9 a7 168 Eastside LIST SALE
Broderbund Software Fractions 49 37 56 Wildcard ............ 130 109
Bank Street Writer . 70 53 Metri-Vert ... . 16 12 ; ducanonal Hayes
General Ledger Perception 25 19 Micromodem Il [5] 379 259
WAP .. 495 305 PSAT Word Attack . 49 37 Screenw-ri'l'é;‘l.l """ 130 P
Payroll .............. 395 275 Rendezvous ........ 40 30 Screendiet T 90 69
Computer Station SAT Word Attack ... 49 375 (AASC)™ capesimions A7 119 Professional
Combined ) Spell Bee w/ Multiplan™ w Y o 65 49
Enhanced Graphics 55 40 Reading Primer ... 40 30 wMathvpSimp™
Station Master ..... 175 136 Statistics ........... 30 22 {ADIOS)
Comshare Ti s~ [ SRR S—— . S 25 19
Image Maker .... GL, AR, AP,
479 329
CPA #1,
(all4) . 100 69
........................ 5] 695 489
........ 09 Supertext ARSUIC pmp'ler
Professional ........
7S Highlands The Voice ........... 495 369
52 CRAE . .35 219
EZ Ledger .
MCAT ... 595 449
Howard
Speed Rea Joystick............. 60 45
Coursewar Selectaport .. . 60 45
Dakin 5 ST Apple I} products also run on Trackball ............ 65 49
the lle (call for details). Products versa Computing
below are specially designed for the Versawriter
15 lle. Graphics Tablet ... 299 249
Comp Graphics/ Videx
Planner . Apple Tablet ........ 120 86 Software Dimensions LIST SALE Enhancerll ......... 149 119
Datamost 100 75 Complete Graphics Accounting + lle Function Steip ... 79 65
Reap (Real . 70 50 AP ... .. 395 289 Inverse Character
TaxBeater ......... 140 101 .60 45 + AR 395 289 Set......... 29 24
WriteOn ... 130 99 .40 30 Special Effects ... 40 30 oGl ......... 395 289  LowerCaseChip... 29 24
Datasoft ) TellstarLevel2 ..... 80 58 Special Eftects + Inventor 395 289 Lower Case Chip
BASICCompiler.... 100 75 pqpy Apple Tablet ........ 70 50 « Payroll . 395 289 (Rev0-6) ... 33 29
LispInterpreter ... 125 94 ALD System il ... 75 56  Phoenix < POE ... 395 289 Micromodem
Micropainter ... ¥ 25 Electric Ouet ....... 3 23 ZoomGraphics..... 50 38 +POS ... .. 395 289 Flrmware ... .29 24
Graforthil .......... 75 56  Program Design ) S ——— 395 289 Softvideo Switch . 35 29
Transforth Il ........ 125 94 New Step-By-Step . 80 58 Software Publighers Videoterm
Ism StepbyStepll ... 90 70 PFS:File ............ 12 94 Switchplate......... 19 16
Graphmagic ........ 90 65  Quality Software PFS: Graph . 94 Videoterm with
Mathemagic ........ 90 65 Bag of Tricks ..... 40 30 PFS: Report 94 Softswitch.......... 375 239
Kensington GBS—DB App! Visicorp
Formatll............ 150 113 DevProgram ....... 650 488 Visicalc ... 189 TM = Manufacturer's trademark

156
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CP/M-80

8" standard SSSD and Appie 5'4".

Please call to confirm price &

availability for other formats, avaltable

as special orders.

Mark of The Unicorn  LIST
Final Word . 300
Mince 175

Adventure International
Adventures
1-12(Req 280) ..... 129

AT|
PowerforCP/M ... 75

Anderson-Bell

Artificlal Intelligence
Dental (PAS-3)
Medical (PAS-3) ...

Ashton-Tate
Bottom Line
Strategist ..
dBASEIl ...
dBASE Il w/User's

Aspen Softwa
Grammatik
Proofreader .

Balcones
BOSS Fin. Acctg
System

Byrom Software

Comshare
PlannerCalc
Target Applicatio
Guide
Combo Pak ...
Condor
Condort ..
Condor3 ...
Designer Softwar,

Dictronlcs
Random HouS#
Thesaurus

Digital Research
Access Manager ...
CB80 ...
CBasic ..
CISCobol
Despool.............
Display Manager ...

SALE
223
139

97
54

359

Circle 327 on inquiry card.

Pascal MT + =
Pascal MT + with

ZS1D =

DJA Assoclates, Inc.
FMS 80 ... .
FMS 80-1 .

Eagle
Citation
Ecosoft
Microstat .
Microstat 3
Eplc
Supervyz
Falrcom
Micro B + (CBasic) 260
MicroB + (Other) . 260
Fox & Geller
dGRAPH ..
dUTIL ..
Quickcode
Quickscreen/
CBasic. ...

Human

Infocom
Deadline
Starcross .

BZ .
Le
eptiibinde
Metasoft
Benchmark Mail
List
Benchmark
Wordprocessor ....

Calcstar . |
Datastar
Infostar . J.
Mailmergd .
Reportsr
Speilstar

M a
Multipian™
wMath/uSi
Sorting Facility
(MSORT)™ ..
Text Editor™

na

dPl
Diiwas
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Series 80 Pak
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FLOPPY DISK DRIVES - 8”
QUME

242 - Half height DSDD 48TPI

842 - Full size DSOD 48TP!
TANDON

TM-848-2 - Half height DSDD 48TP!
MITSUBISHI

M-2894 - Full height DSDD 48TP|
M-2896 - Half height DSDD 48TP!

FLOPPY DISK DRIVES - 54"
QUME

142 - Half height DSDD 48TP{

542 - Full size DSDD 48TPI

592 - Full size DSDD 96TP!
REMEX

RFD-480 - Two-thirds height DSDD 48
RFD-960 - Two-thirds height DSDD 9
(IBM compatible; full-height face plate
option available, N/C; 6-month warranty)
TANDON

TM-100-2 - Full size DSDD 48TPI
TM-100-4 - Full size DSDD 96TP,
(For the IBM PC)
MITSUBISHI

M-4853 - Half height DSDD
M-4854 - Half height DSDD

WINCHESTER HA
AMPEX

Pyxis 7 - 5v¥a” 7MB cap.
Pyxis 13 - 5¥4” 13MB g
Pyxis 27 - 5va" 27MB
*** 1 year warranty
WINCHESTE

MEDIA DISTR
MD-10 -

ADDS VI

AMPEX
D-125 Green

MONITORS

TAXAN

KG-12N-U 12" Green phosphor hi-res.
KG-12N-UY 12” Amber phosphor hi-res.
RGBVISION-I 12” RGB color medium-res.
RGBVISION-1I} 12" RGB color hi-res.

(408) 438-5454

PRICE QlY. ONE

450.00
465.00

650.00
795.00
1225.00

2695.00
3595.00

Call for prices

499.00
610.00
625.00

595.00
749.00
749.00

1395.00
Call for prices

149.00
159.00
359.00
629.00

SUPPLIES AND ACCESSORIES ALSO AVAILABLE

DEALER INQUIRIES INVITED

TERMS: COD, CASH WITH ORDER, MASTERCARD, VISA
FREIGHT CHARGES WILL BE ADDED TO ALL ORDERS
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most complex constructions without
error or complaint. The company has
shown steady progress in upgrading
the product and adding preplanned
enhancements. The documentation
sets such a high standard of com-
prehensive excellence that others
don’t even come close. Only the func-
tion library is slightly lacking, and
additional functions for sorting, ran-
domizing, and ASCII/numerical con-
version would be icing on the cake.

A full implementation of the C
language, the Lattice compiler pro-
duces code only for the small
memory model, although versions
for the compact and big models are
in use at test sites. A command-line
option allows inline generation of
8087 floating-point code, but in the
review compiler, library floating-
point routines in 8087 format were
substituted. Another command-line
option enables you to intersperse C
source code in the object module dis-
assembler output, a step toward a
planned high-level symbolic debug-
ging package.

The few extensions to and vari-
ances from the C standard are worth
noting. Only one copy of identically
written string constants is generated
by this compiler, although Kernighan
and Ritchie state that all strings are
distinct even when identical. Multi-
ple character constants are allowed.
Comments nest by default. Identical
names may be used for members in
different structures because the
specific structure being referenced
determines which member name
(and corresponding offset and at-
tributes) is intended.

The Lattice manual is logically
organized and complete in its
documentation of compiler libraries
and assembly-language interface.
The in-depth treatment of the rela-
tionship between the Lattice im-
plementation and the C standard is
especially welcome to the serious
user. It lists variances and clarifica-
tions in order, with numerical refer-
ence to the corresponding section of
the standard. The compiler’s 90 error
messages are fully and helpfully
explained.

The object library includes addi-
tional functions for low-level memory


www.americanradiohistory.com

Compilers From Whitesmiths, Ltd.
Are Earning Top Grades.

For users of PDP-11, VAX,
MC68000, 8080, or 8086 CPUs,
Whitesmiths' C Compilers are
quite a step above average.

The compilers offer a wide
range of desirable features. Like
dependable and proven code.
Flexibilitv. Ease of use. Portability.
An incredible number of cross
support options (now including
support for the DEC and IBM
PCs). An extensive portable
library, with a new set of UNIX-

Instrihntors: Austealia, Fawnray Py L, PC

Circte 421 on inquiry card.

stvle functions to aid migration.
And, of course, our optional
Pascal Translator as well.

With our compilers, vou get all
this plus affordability. Prices start
as low as $550 for C Native Com-
pilers, $1100 for Cross Compilers.

Pascal plus C Native Compilers cost

$700, Pascal plus C Cross
Compilers cost $1400. And
our new “licensing under
copyright’” eliminates
end-user licenses, thereby

lowering OEM costs and simplify-
ing software distribution.

When it comes to Whitesmiths’
compilers we are sure you'll agree:
we are crafting software that is in
a class by itself.

To find out how you can make
our compilers work for you, write

Whitesmiths, Ltd .,

97 Lowell Road, Concord,
MA 01742. Or call (617)
369-8499, Telex 951708

SOFTWARE CNCM.

Whitesmiths, Ltd.
Software Craftsmen

CURIN s trademark of Bell Labaranories: PP and VAX are tradeinarhs of ignal Bguipment Conpeiation, MEGHU0 i a iradematk of Motarnls hic
31
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225, brurstville, NSW 2220 (612) S70-6100: Japan, Advanced Data Coniraols Corgs. Chivoda-ki, Takya (031 204-0383, Unhed Kingdom, Keal Trme Systems, Newcasthe upan Tyne 0632 733131
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Name
Quantum C compiler

Type of Software Package

C programming language compiler
bundled with multitasking operating
system

Manufacturer

Quantum Software Systems Inc.
7219 Shea Ct.

San Jose, CA 95139

{408) 629-9402

Price
$650 including operating system and
utilities

Format
5% -inch double-density single-sided IBM
PC-compatible QNX format floppy disks

Type of Compller
Produces assembly language

Computer Needed

IBM PC running QNX with two single-
sided disk drives and a minimum of 128K
bytes of RAM; 8087 coprocessor required
for floating point

Documentation

186-page loose-leaf manual plus operating
system documentation in two cloth
binders

Audlence
Systems and applications software
developers, C programmers

Name
Supersoft C compiler version 1.1.3

Type of Software Package
C programming language compiler

Manufacturer
Supersoft Inc.

POB 1628
Champaign, IL 61820
{217) 359-2112

Price
$500

Format

5%-inch double-density single-sided I1BM
PC-compatible PC-DOS or CP/M-86 format
floppy disks

Type of Complier
Produces assembly language

Computer Needed

IBM PC running PC-DOS or CP/M-86 with
two single-sided disk drives and a
minimum of 64K bytes of RAM; IBM
Macro Assembler required for use

Documentation
80-page loose-leaf manual in vinyl binder

Audlence
Systems and applications software
developers, C programmers

Name
Telecon Systems C version 2.6

Type of Software Package
C programming language compiler

Manufacturer

Telecon Systems

1155 Meridian Ave., Sulte 218
San Jose, CA 95125

{408) 275-1659

Price
$200—compiler without floating point

Format

5%-inch double-density single-sided IBM
PC-compatible PC-DOS or CP/M-86 format
floppy disks

Type of Compller
Produces assembly language

Computer Needed

IBM PC running PC-DOS or CP/M-86 with
two single-sided disk drives and a
minimum of 96K bytes of RAM; IBM
Macro Assembler required for use

Documentation
21-page loose-leaf manual

Audience
Systems and applications software
developers, C programmers

management, direct console I/O, and
sophisticated string handling by pat-
tern matching, parsing and symbol
and token extraction are provided.
An optional $150 library, whimsical-
ly named “C Food Smorgasbord,”
provides a complete fixed and
floating-point BCD (binary-coded
decimal) arithmetic package with 16
significant-digit accuracy, an exten-
sive series of direct device 1/O
routines, and a terminal-indepen-
dence package providing the pro-
grammer with access to a variety of
predefined existing terminals using
ANSI X3.64 standard conventions.
Built-in facilities let you add new
terminals.

Quantum C, nearly a full Unix ver-
sion 7 standard compiler, is an in-
tegral part of a complete multitasking
operating system that supports up to
16 users and 250 simultaneous tasks
and includes a large number of Unix-
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like features such as hierarchical file
structure with multilevel file securi-
ty, device-independent I/O with
mountable disk-resident drivers, and
a complete shell command structure
including inter-task pipes.
Quantum C has far too many
special features and programs to ex-
plain in this article. One highly in-
novative feature worth mentioning,
however, is that it shares the last
three stages of code generation and
assembly with optional FORTRAN
77, PC-compatible BASIC, and ex-
tended Pascal compilers, allowing
separate compilation and cross-link-
ing of modules from any of these dif-
ferent languages into one executable
file. The four languages share a single
extensive series of subroutine
libraries; all require the 8087
coprocessor for floating-point calcula-
tions and all employ the same
assembler (which may be used sep-
arately) and linking loader. Full exter-

www americanradiohistorv com

nal communications and PC-DOS
two-way file transfer are supported.
The libraries, with over 150 sub-
routines to interface to all capabilities
of the operating system, also include
math support for exponential and
logarithmic functions and trigono-
metrics, including hyperbolics and
inverses.

The C compiler supports enumer-
ated data types and allows in-line
assembly language insertion via the
#asm directive. It does not currently
support initialization of auto
variables, bit fields, or expressions
following #if. Structures are initial-
ized as if they were int arrays, and
braces may not be nested in initializa-
tions. All of these features will be
supported in the next major release.

All Quantum parsers support 64
significant characters in variable
names. I/O redirection is supplied by
the underlying operating system and
thus is available to all programs in all
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nnovative technology
brings you quality color
printing

for only $599

he technology of the all-new Transtar 315 color printer

revolutionizes color impact printing! Unlike old-fashioned
printers needing multiple passes with pins to print color, the
Transtar 315 employs an innovative 4-hammer print head to
allow 7 colors and more than 30 shades to be printed in

a single pass!

A unique 4-color diagonal ribbon maximizes the efficiency
of the 315’s color imaging and enhances its simple reliability.
Built by Seikosha, the most experienced manufacturing
company of the famous Seiko group, the Transtar 315 is
available now and has been designed to be compatible with
the IBM, Apple I1/11e and Franklin personal computers. An
optional PICS card also allows Apple and Franklin users to
simply depress the 315’s “‘copy’’ button to print any high-
or low-resolution screen without exiting a program!

Transtar is bringing the technology of tomorrow to you
today. Your future in color printing is only $599 away.

Transtar

P.O. Box C-96975, Bellevue, Washington 98009

Circle 394 on Inquiry card.
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languages. Kernel interface is possi-
ble on two levels, by software inter-
rupts or message passing. Memory
allocation is according to a system-
specific model, with an initial con-
figuration, similar to the small model,
defaulting to a low-memory code seg-
ment with the remaining two allocat-
able segments concatenated im-
mediately above. Direct segment-
register usage manipulation by the
programmer is allowed. In addition,
the C parser recognizes the @ sym-
bol as a pointer reference in the same
manner as * pointers but as a
reference off the base value of the ES
segment register rather than the DS
register used in normal C pointer
reference.

This compiler produces fast, com-
pact code for its host operating
system and supports some highly in-
novative features. If it were available
for more widely used systems, it
could be generally recommended,
but because it is bundled with an ex-
tensive discrete software environ-
ment, a decision on its merits or use

must be based on the entire operat-
ing system, not just the compiler
alone. While I like the Quantum
development environment—especial-
ly on a hard disk where command
file access is reasonably short—full
evaluation of this system is impossi-
ble here. It is worth noting that, while
the system contains many powerful
commands, programs, and utilities,
the user pays a considerable price, in
terms of performance, for the
multitasking and multiuser
capabilities. Potential users should
anticipate some actual need for these
capabilities.

The operating system and C com-
piler are accompanied by two
manuals. Their structure provides for
functional coverage of all aspects of
the system, but their style assumes
the user has considerable knowledge
of the kind of programs provided.
The libraries are given comprehen-
sive alphabetized coverage, but only
16 small pages are devoted to the
details of the compiler, and the
documentation unfortunately con-

tains no indexes.

Supersoft C is one of a related series
of products said to be available for
any host-target combination from
8080, Z80, 8086, and Z8000 micropro-
cessor families. Current operating
systems supported are said to include
the versions of CP/M and MP/M for
both the 8080 and 8086 processors,
MS-DOS, Unix, Xenix, and Central
Data’s ZMOS. The subroutine library
is supplied in both source and object
forms, and the package contains five
sample programs.

In relation to the standard, the
Supersoft implementation lacks long,
double, and float data types, static and
typedef storage class specifiers, bit-
fields, and initializers on declaration.
No parameters are allowed to #define
macroinstructions, and the prepro-
cessor does not support any condi-
tionals, but #asm and #endasm are in-
cluded to allow in-line assembly
language.

The Supersoft documentation, a
confusing pastiche of fragments
relating to different processors and

romising Duet
For An Orchestra.

- Our duet is perfect for a smgle user sysfem.

'l'ho same dvet performs even betfer in a multi-user orchestra.

DCM 4 80: s-100 Disk Controller
Module = 8” and/or 5%" floppy disk
controller m SASI (ANSI, SCSI) hard disk
host adapter ® Single and double density,
single and double side » Software
: implementation on CP/M'
2.2 and TurboDOS?

' TM of Digital Research, inc.
1 TM of Software 2000, inc.

MCM* 80:
§ -100 Single Board
: %agomPuter u Single
n‘lultl processor

F
; bility = Pro-
ﬁﬁrmmuble mast

- or slave selection
¥ Redundant pro-
cessor manipulation
= 4MHz Z80A or '
6MHz Z80BCPU B )
64K RAM and 2K EPROM with monitor
= 2 serial, 2 parallel, 4 timer
ports m Bi-directional inter-
processor channel = Dual o
mode serial ports interface g
Multi-layer PCB construction.

$495.

JC SYSTEMS

469 Valley Way
Mllipitas, CA 95035
408-945-0318

Circle 218 on inquiry card.
TWX#910-381-7041
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R@B vision-ll

IAX AN :

& TAXAN! also offers the 410-80, 80 column and
RGB card to interface with the Apple lle.

& TAX /AN monitors stand alone.

See your local @ WAX/AN dealer, or call us for details!

www americanradiohistorv com

TSK Electronics Corporation
18005 Cortney Court

City of Industry, CA 91748
(213) 810-1291

Circle 399 on Inquiry card.
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operating systems, was a factor in
making the Supersoft compiler the
most difficult of the nine to use. Files
that do not exist on the supplied
disks are allocated whole chapters,
and the files that do exist are men-
tioned only in passing, if at all. In the
PC-DOS version I examined, the op-
erating-system-related documenta-
tion was mainly concerned with
CP/M, and its instructions were quite
misleading. Run-time memory struc-
ture was only one of many useful
items the manual neglected to cover,
although an examination of the com-
piler’s output shows the default to be
the small model.

This software consistently took the
longest time to compile the largest ex-
ecutable files of any compiler evalu-
ated. In spite of the size of the ex-
ecutable file, facilities for run-time
I/O redirection were not included.
The run-time package did, however,
produce a copyright message each
time the user’s program executed. Ex-
ecution times for the code produced
were consistently in the bottom third

of the nine compilers, with particu-
larly poor results in pointer intensive
and integer math operations. In light
of the poor documentation and poor
performance in terms of compile
time, code size, and execution times,
the software and documentation I
received do not warrant considera-
tion for serious use.

The Telecon 8086/88 C compiler, a
product of Telecon Systems, will be
obtainable for any combination of
these host and target environments:
6809 (Flex, Uniflex, OS-9), PDP-11
(RT11, RSX-11), 8080/Z80 (CP/M),
8086/88 (PC-DOS, CP/M-86). Priced
at $200, the package includes, in
addition to the compiler, the stan-
dard I/O library in both source and
object form, the stdio.h header file,
and 21 pages of loose-leaf documen-
tation. A floating-point library (not
yet available) for the 8088 will cost
about $150.

The compiler accepts the full C lan-
guage, and while the manual claims
full Unix version 7 compatibility,

potential users should note the lack
of support for enumerated data typ-
ing and structure assignment. Regis-
ter declarations are treated as if they
are automatic. Compiler I/O can be
redirected, and C source code may be
optionally interspersed with the
assembly-language output as com-
ments. Other command-line switch-
es allow the generation of absolute
addressed output (the default is
relocatable), preprocessor macroin-
struction expansion only, or run-to-
locate errors only. The compiler’s 36
error messages are cryptic.
Documentation is sparse, and, in
relation to the other compilers, in-
complete. The description of interfac-
ing methods to external routines, in
an attempt to cover all supported pro-
cessors, is too general. No mention
is made of how the compiler allocates
memory or manipulates the segmen-
tation of the 8088 processor, although
code examination reveals that the
compiler supports the small memory
model as default. Custom-segmenta-
tion schemes can be implemented

o

s 84
5289

MegaPlus & I/O-Plus 2
The Ultimate Expansion for IBM PC or XT

The AST Research MegaPlus™ has three func-
tons standard: Panty checked and fully socketed
memory up to 256k 1n 64k increments; clock/
calendar with battery back-up for automatc
loading of time and date when the computer 1S
turned on, and asynchronous commurnicalion
port (RS232C senal) which can be used as
COMI or COM2. [DTE for a printer. or DCE for
amodem). Also included 1s SuperDrive™ “elec-
tronic disk” software. This program builds “disk
drives” in memory which access your programs
at the speed of RAM-memory. And you get
SuperSpooler™, print spooling software.
Options include a 100% 1BM compatible
parallel printer port {can be configured as LPT!.
or LPT2), and a second RS232C asynchronous
port [COM!I or COMZ2) The MegaPak™ option
plugs into your MegaPlus “piggyback” style to
give you an additional 1 28k or 256k of memory.
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I//O-Plus 2, is the answer for those who
don’t need additional memory but would like
all those other multi-function board features.
The I/O-Plus 2 comes standard with a clip-on
battery powered clock/calendar. an asynchro-
nous communication port {RS232C serial). Su-
perDrive™ electronic disk. and SuperSpooler'™
pnnt spooling software

Optional is a second asynchronous por
{DTE. or DCE), a paraliel printer adapter. and
the best game paddle adapter on the market. It
1s an IBM standard game port. but it can also
use Apple compatible paddles and joysticks,

Both boards come with a one year factory
warranty and the Oubie’ sausfaction guaran-
tee. If for any reason you are not sausified with
the performance of your board within thirty
days of purchase. you may return it for a fuil
refund, including the postage to return it

WwWwWw . americanradiohistorv.com

TO ORDER BY PHONE:
In Califorria {B0S) 482-9829
Curside Califoria TOLL FREE B0 821-44 79

EERRESS

PRICES:
I/ O-Plus 2' with Clock/caiendar, asyn-
chronous cammunication adapter. Supes-
Drve'™ and Superspooi™ - $129
MegaPlus™ with memory, clock. async,
SuperDyne™ and Superspool™ - 5289
OPTIONS:

]

&k Lpgrades, instalied and tested 550
Parailel Printet Par 535
Second Asynchronous: Por 535
Game Adapter (1/0-Plus 2 oy £35
MegaPak'™ with 256k af Memony 5349

with 128k of Memary 5249
Z year exiended Wananty 550
ConnectAll Cable Bracket 519
Cabie 1o Paraliel Printer 535
Cable to Modem of Senal Pringer 525

Comprenensive Diagnastics Programs 510

SUPERWRITER by Sercim 5179
SUPERCALLY by Soicim 5155
dBASE I by Ashton-Tate 19

SHIPMENT:
Marmal shipiment s day after receipt of
ander, We pay LIPS surface charges, 2 day
air senace 55 extra

’
QUBIE
DISTRIBUTING

4809 Calle Alto, Camarilio, CA 93010
European inquiries:
129 Magdalen Rd.. London, S\W18, England
Phone (01) 870-8899
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The new COMPAQ Portable Computer.
IBM compatibility to go.

Portable Computer can do
what the IBM® Personal
Computer does. To go.

It runs all the popular pro-
grams written for the IBM. It
works with the same printers and
other peripherals. It even accepts
the same optional expansion elec-
tronics that give it additional
capabilities and functionality.

There's really only one big dif-
ference. The COMPAQ Computer
is designed to travel.

Carry the COMPAQ Comput-
er from office to office. Carry it
home on the weekend. Or take it
on business trips.

If you're a consultant, take it
to your client’s office.

If you use a portable type-
writer, you can use the
COMPAQ Computer as a
portable word processor
instead.

If your company
already uses the
IBM Personal

Computer, add
meCOMPAgffﬁ?

S imple, isn't it? The COMPAQ™

Portable as a

mobile unit that

can use the same pro-

grams, the same data disks, and
even the same user manuals.

There are more programs

available for the COMPAQ Com-

puter than for any other portable.

More, in fact, than for most non-

portables. You can buy them in

hundreds of computer stores

nationwide, and they run as is,

right off the shelf.
With most other portables

you'd probably need to buy an
additional display screen because
the built-in screen is too small for
certain tasks, like word process-
ing. The COMPAQ Computer'’s
display screen is nine inches diag-
onally, big enough for any job, and
it shows a full 80 characters across.
And the built-in display offers
high-resolution graphics and text
characters on the same screen.
The bottom line is this. The
COMPAQ Computer is the first
uncompromising portable
computer. It delivers
all the advantages
of porta-
bility

without trad-

ing off any com-
puting power capability.

And what do those advantages
cost?

Nothing.

The COMPAQPor- ¢
table sells for hundreds
less than a compara-
bly equipped IBM or
APPLE® III. Standard \
features include 128K
bytes of internal memory
and a 320K-byte disk drive,
both of which are extra-cost
options on the IBM. Memory
and additional disk drive up-
grades are available options to

double those capacities.

In the standard configuration,
the COMPAQ Computer has three
open slots for functional expan-
sion electronics as your needs
and applications grow. It accepts
standard network and commu-
nications interfaces including
ETHERNET™ and OMNINET™.

If youre considering a per-
sonal computer, there's a new
question you need to ask your-
self. Why buy a com-

puter that

isn’t portable?

For more

information on

the COMPAQ

Portable Computer

and the location of the

Authorized Dealer nearest

you, write us. COMPAQ

Computer Corporation, 12330

Perry Road, Houston, Texas
77070. Or call 1-800-231-9966.

© 1983 COMPAQ Computer Corporation

IBM? is a registered trademark of International Business

Machines Corpor ition.

ETHERNET ™ is a trademark of Xerox Corporation.

OMNINET™ is a trademark of Corvus Systems.

Apple is a registered trademark of Apple Computer. Inc.
MPAQ™ is a trademark of COMPAQ Computer
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PORTABLE COMPUTER

The most computer you can carry  Circie 81 on inquiry card.
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c-systems Caprock
brk
close
creat
-.exit
exit
Iseek
open
read
sbrk
tell
unlink
write

KX XXX XX XX

c-systems Caprock
abort

abs

atof

atoi X
atol

calloc

free

longjmp

malloc

qsont

rand

realloc

setjmp

srand

c-systems Caprock
strcat
stremp
strcpy
strien
strncat
strncmp
strncpy
index
rindex

XX X X

CI-C86 DeSmet Intellect Lattice

X X X
X X X
X X
X X X
X X X

"X X X
X X X
X X
X
X X X
X X X

STANDARD C LIBRARY SUBROUTINES

CI-C86 DeSmet Intellect Lattice
X
X
X
X
X X X
X X X
X X X
X
X
X X
X

CI-C86 DeSmet Intellect

X
X
X
X

M XXX X X XX

Lattice

i

—

STANDARD UNIX SYSTEM CALLS REPLACED BY C LIBRARY SUBROUTNES

Quantum  Supersoft  Telecon

XX XXX X XXX

Quantum Supersoft Telecon

X
X X
X
X X
X
X

X
X
X X
X

X

STANDARD C LIBRARY STRING FUNCTION SUBROUTINES

Quantum Supersoft  Telecon
X X
X X
X
X

XXX XX XX

Table 3: Standard library functions included with each of the compilers. In the table, an X indicates the function is available, an ! (ex-
clamation point) means the function varies significantly from the standard, and a blank means the function is not included. Most com-
pilers also include additional, nonstandard functions.

using assembly language.

The entire Telecon object library is
entered to the linker in line with the
user’s program, rather than as a
library to be searched through for on-
ly the appropriate code. Although
this strategy ensures a consistent
method across the range of proces-
sors supported, these files mean an
additional 6K bytes at the least to any
program. Fortunately, the source
code is included, so the experienced
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programmer can separate what will
be used from the remainder and re-
compile for minimum program size.
Unfortunately, the library contains
only a bare minimum of subroutines.

The Telecon compiler is simple and
straightforward to use. Compile and
link times in both memory disk emu-
lator and floppy-disk environments
were somewhat longer than the me-
dian, and incremental code size and
execution speed were only average.

WwWWW americanradiohistarvy caom

For some reason, this compiler
crashed when attempting to compile
a function consisting solely of an
empty for loop, used to factor out
looping times from measures of other
compiler performance facets, forcing
the system to be reloaded. The
Telecon compiler is relatively efficient
at function calling, but it ranked
behind the others in integer math,
local-variable access, and pointer
operations. | haven't seen or used the
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STANDARD C LIBRARY CTYPE CHARACTER MACROS

c-systems Caprock
isalnum X
isalpha X
isascii
iscntrl
isdigit
islower
isprint
ispunct
isspace
isupper
“tolower
“toupper

> X

XX X X

*Conversion functions

c-systems  Caprock
fflush X

fclose X X
feof

ferror

clearerr

fileno

fopen X X
freopen
fread
fwrite
fseek
ftell
rewind
getc
getchar
fgetc
getw
gets
fgets
printf
fprintf
sprintf
putc
putchar
fputc
putw
puts
fputs
scant
fscanf
sscanf
ungetc

HKEXXHXXXX X XX XX

XXX XX X

CI-C86 DeSmet Intellect Lattice
X X
X X X
X X
X X
X X X
X X X
X X
X X
X X X
X X X
X X X
X X X

STANDARD C LIBRARY stdio SUBROUTINES

'CI-CBG DeSmet Intellect

HKXEXX XXX XX

HKEXHKHXHXHKXHKHXHXXXHXXX XXX XXXX X XX XX
HKXHXX XX XXX XXXXX XX

HKXXEKXXX HEXHXXXXXX XXX XXX

Lattice

Quantum Supersoft  Telecon
X
X X
X
X
X X
X X
X
X
X X
X X
X X
X X
Quantum Supersoft Teiecon
X X
X X X
X
X X X
X
X
X
X X X
X X
X
X X X
X X X
X X X
X X X
X X X
X X X
X X
X
X X X
X X X
X X
X X
X X
X X

other code generators or compilers in
this series, but I think the main
reason for choosing this software
would be its cross-compilation
facilities. Because the output is
assembly language, small applica-
tions could always be hand opti-
mized for speed and compaction.

Conclusions
Evaluating the nine compilers in
several broad categories may shed

light on their main strengths and
weaknesses. Software floating point
is supported by Computer Innova-
tions, DeSmet, Lattice, and Quan-
tum. Compilers that use the 8087 are
Computer Innovations, DeSmet, and
Quantum, with the Quantum com-
_piling in-line code and others mak-
ing function calls to library
subroutines. C-systems allows use of
more than 128K bytes of memory,
although versions of several others

www americanradiohistorvy com

that do so are imminent. Run-time
library source code is included in
systems from Caprock, Computer In-
novations, Supersoft, and Telecon.
Under PC-DOS, the c-systems,
Caprock, Supersoft, and Telecon
compilers require ownership of the
IBM Macro Assembler. The compilers
from Caprock, Intellect Associates,
and Supersoft were unable to com-
pile several programs in the test
group. C-systems, Caprock, DeSmet,
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The two significant Unix version 7 ex-
tensions to the C language—enumerated
data types and structures as function
arguments—need further elucidation
because no readily available source of in-
formation about them exists. Because Ker-
nighan and Ritchie’s standard text made
provisions for both of them, they are like-
ly to be more widely used in the future.

Enumerated Data Types

This powerful extension, shared with the
other ALGOL-derived languages—Pascal
(as enumerated scalars), Ada, and
Modula-2—allows the user to specify
named, ordered, and sequential data sets.
By default, each newly created set member
is assigned, in sequence, an integer value,
ascending from 0 in increments of 1. The
keyword enum is used to define the new
data type, declare the set members,
and initialize those members to specific
values. For example, to specify a se-
quential set of constants that may ap-
pear anywhere an integer constant is
allowed,

enum direction { north, east, south, west };

enum opcode { cle, ste, cli, sti, cld, std };

enum workday { monday, tuesday,
wednesday, thursday, friday };

Constant integral values may be
assigned, at declaration or later, to any

Unix Version 7 Extensions to the C Language

of the set elements as:

enum direction { north = ‘N, east = 90,
south = 180, west = 270 };

If any set member is assigned a value,
the remaining members progress from
there. In the 8088 instruction set, for
example:

enum opcode { clc = ‘0xf8; stc, cli, sti, cid,
std };

Having previously defined the
data type workday, it can then be used
in a declaration such as:

enum workday today; /* today can have one
of five possible values */

today = tuesday; /* assigns a set
element to the new variable*/

An example of illegal assignment:

today = south; /* south is not one of the
five valid choices */

The possible applications of this
technique are extensive and can lead
to dramatic improvement in the clari-
ty and readability of C programs.

Structures as Function Arguments
Function calling with a structure as an
argument causes a copy of the entire struc-

ture to be passed to the function. Similar-
ly, with functions returning structures, a
copy of the entire structure is passed back
to the caller. This extension allows normal-
ly global data to assume a temporarily local
nature, thus optionally isolating the ac-
tions of a function or series of functions on
a st