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ur 386-based systems are priced about 35%
less than comparable systems-like Compagq’s.
Which may make you wonder if we've left some-
thing important out. Like high performance.

Well we haven’t.

In fact, these are among the fastest 386-based
systems available. With more advanced features
than you’d get in systems that list for up to
$3000 more.

Like Compags.

For instance, our 20 MHz System 310 offers
you the best value available in any 386-based sys-
tem. PC Magazine (6/14/88) describes it as “fast

enough to burn the sand off a desert floor”

AND Ir THAT SouNDS Fasr,
Wart T You SEe Our New
25 MHz 386-BAseD SysTEM.

At 25MHz, our new System 325 offers you the
highest possible performance in a 386. Like the
System 310, it utilizes the very latest technology,
including the Intel” 82385 Cache Memory Con-
troller, advanced 32-bit architecture and high per-
formance drives. And of course, both systems are
fully IBM" PC compatible. (For more detailed
specifications, see the inside pages.)

But speed isn’t the only reason to buy from us.

Or even the best reason.

TaEe FirsT PERSONAL
ComruTER THAT’s TRULY
PERSONAL.

Dell configures systems to your own

personal specifications. After an

COMPUTER
CORPORATION

evaluation of your needs, we'll help you select
the features that are right for you. After your
system unit is custom built, we’ll burn-in every-
thing, add-in boards and all, to make sure the

entire system works perfectly.

TorL-Free SupporT AND ON-SITE
SERVICE INCLUDED IN THE PRICE.

Every Dell system includes the Dell System Ana-
lyzer, a complete set of diagnostic tools. Which
lets Dell’s expert technicians resolve problems
right over the phone. This toll-free support serv-
ice is available from 7AM to 7PM (CT) every
business day, at no extra charge.

And if your system requires hands-on service,
a technician will be at your location the next
business day. At absolutely no charge to you?
Because included in the price of your system is a
full year of on-site service.

But that’s not all. You also get our 30-day
money-back guarantee. As well as our one-year

limited warranty on parts and workmanship.

AND Ir You StiLL Taink You Ger
WHAT You Pay For, CoNsIDER THis.

When you buy or lease from Dell, you buy
directly from our manufacturing facility in Austin,

Texas. Which means we eliminate dealer markups,

allowing us to give you a lot more 386 for less.

DELL

This same principle is behind
all the Dell systems. Review them
in detail. Then call us at (800)
426-5150 to order the system
that’s right for you.
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“Upgrade product of the year.”
...PC World
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Installed in minutes, the Renegade 386" motherboard turns any
IBM PC, XT, AT or inexpensive clone into a powerful new computer,
lightning fast with both old software AND new 05/2 releases.

s this you?
You would like to have extraordinary computing
speed and power. You want number crunching ability. You
need complex CAD capabilities. Or graphics. Or multi-tasking,
And you haven't got it. (And you don’t want to spend a
fortune to replace good equipment with the newest standard.)
Weep no more. You can turn your present system into
the latest, high-performance system that will equal or exceed
the best of the new compulers.

Renegade 386."
A new heart and brain for your computer.

Renegade Technologies offers designers, engineers,
architects, and computer-dependent businesses a simple and
reliable alternative to obsolescence. Or the unreasonable
expense of a new system.

Simply replace the “motherboard” of your present sys-
tem with a Renegade 386™ motherboard.

It takes a screwdriver and less than 20 minutes. And
costs but $1695.

That's thousands of dollars less than a new IBM System/2
Model 80.

But it gives you more than just the latest industry stan-
dard. You can run your old software on it. Probably anything
you now use on your XT or AT. Big Blue can't do that.

You can use your present 16-bit peripherals. (If you've
looked at PC “add-on” cards, you already know your old equip-
ment would be useless.)

But with Renegade 386™ you'll have to find some other
excuse to throw away your current modem, network card,

8 BYTE * FEBRUARY 1989

EGA or disk controller
i | cards.

’ The Renegade 386™
board comes with an iron-
clad oneyear limited
warranty. It uses genuine
U.S. made Intel 386 chips

2

and is designed and manu-
Multi-taskwith Lows 123and  acturedinthe US.A.
other applications running sidey- DY Hauppauge Computer
side on the Microsoft Windows/386 ~ Works. Hauppauge is a
desktop. major developer of software

support for Microsoft and IBM products, and is producer of
the highly respected Hauppauge 8087 or 80287 highspeed
math coprocessors. Over 50,000 have been sold.

Major computer magazine reviews in the last year have
hailed our Hauppauge-made board as a major breakthrough
in a high speed, high power, high performance upgrade
product.

Not an accelerator card. Not a “turbo” gimmick.
Renegade 386™ gives you a full-featured
new computer.

Thanks to Renegade’s 80386 microprocessor your com-
puter will now boast a 32-bit data path —and a clock speed of
16 MHz with zero wait state access. Up to 8 expansion slots
are provided depending on your computer configuration.

Your “new” computer also will now have 1 Megabyte
of 100ns RAM. This is not a naked board. And it also includes
a 32-bit high-speed RAM expansion slot which you can popu-
late with up to 15 Mbytes of system memory.
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OUTSTANDING
SOF TWARE

$9.49 =

($2.99 per disk
Satisfaction Guaranteed or-Money Back!

when orderin|
less than 10) i \
BUSINESS
[2] 13 Express Calc - (2 disks) Powerful financial spreadsheet.
[] 53 EZ-Forms - Create, fill in, print yr business forms. 512K.
] 79 Invoicer - Generate invoices, ease record keeping.
(2] 117 Finance Mgr Il - (2 disks) Handle personalibus finances.
135 PC-Acct - (2 disks) Manage books, track inventory, sales.
[]159 Mass Appeal - Mail mgr for envelopes, labels and more.
[]190 PDS*Quote - Compute job/cost estimates. 640K.
1201 Checks - Log bank transactions, produce financial rpts.
[z) 226 File Express - (2 disks) Menu driven all purp database.
232 Dr Data - (2 disks) Friendly, easy-to-use mail mgr. 640K.
[ 234 T-Master - Control & update inventory. Know daily levels.
(71316 Tracker - Manage clients, sales prospects! 512K, hrd dsk|
319 EZ-Desk - (2 disks) Keep appointments, update agendas.
{71337 Charge - Analyze your credit charges, payments, interest.
(71383 Mutual Fund Mgr - Track yr portfolio, get weekly reports.
EDUCATION
[[]186 DOS Tutor - Leam DOS painlessly withis interactive tutor!
[J191 PC-Quizzer - Leam music, States, efc. Sign lang demo.
(] 228 PC-Fastype - Teaches typing. Builds dazzling speed! #
1297 XY-Solve - Graphic math game makes leaming fun!
1366 Gradescan - Makes it simple to keep and avg grades.
(11376 GradeM - Teachers/students can track/summarize grades,
[2) 384 XY-See - (2 disks) Graphic math for HS/college students.
GRAPHICS
) 58 Chemview - Rotating 3-D molecular structures. EGA.
145 Fingerpaint - (2 disks) Paint! Also obj oriented dsgn. %
210 Dancad3D - (2 disks) Advanced design. 640K/hrd dsk. *
[3] 285 Surfmodl - (3 disks) Produce & shade 3-D images. %
(21356 Geoclock - (2 disks) Time map w/sun, dark areas! EGA.
362 VGACad - (2 disks) Super res 256 color painting! VGA.
GAMES
(] 15 Biblemen - Excercise knowledge of Bible figures/events.
(1] 23 Star Trek - Amazing high res! Also Othello, Artillery. EGA
[ 28 Wordplay - (k Wheel of Fortune). Also Backgammon. %
[C] 84 Solitaire - Grt card games, Spider, Klondike, Canfield! *
[J121 Arcade - Qubert, Pango, Centipede, Hopper & more. %
[J 151 Hack - You & yr trusty dog in a wild adventure (Ik Rogue).
[ 176 Striker - Helicopter atick. Also Risk, world domination. %
[[J 215 Phrase Craze - Solve word puzzles or create your own!
[7)289 3-D Packman - Also Kong, Spacewar, ABM (missiles).
[71309 Blackjack - (you set rules). Also ArmchairQB & Empire!
[]321 Adventure - Explore the caves! Also Castle, Star Trek.
[51365 Adventure Game Toolkit - (5 disks) Play, create yr own!
(1372 Pinball - Also Othello, Dragons, Sopwith, Battleship. %
UTILITIES
[[] 138 Printer Utilities - Spooling, banners, fonts & more!
[2] 214 Zip-Phone - (2 disks) Xrefs phoni# to zipcode & vice-vers.
[] 258 Easy Access - Setup a menu sys for your PC. Hard disk.
[J 275 DOS Utilities - Large collection of invaluable general utils,
MISCELLANEOUS
31 Movie Database - (2 disks) Lists 4,000+ films. Grt trivia!
[4] 48 Wisdom of the Ages - (4 disks) 6000+ famous quotes.
72 Bible - (12 disks) Cmplt indxd King James bible! Hrd dsk
[J 74 Landlord - Trouble w/yr landlord? Leamn your legal rights!
(7] 146 PC-Lotto - Helps you beat your state's lotto odds!
153 PC-Write - (2 disks) Popular, powerful word processor.
[2] 291 PianoMan - (2 disks) Record your tunes or play music.
[7J 367 Music Library System - Track your tapes, LPs & CDs.
386 Computer Chef - (2 disks) 150+ grt recipes. Add yr own!
* Disks so marked above require a color graphics adapter.

B Membership Special! $19.95 (reg. $34.95)

For $19.95 $259 ear for 3.5") become a MicroCom Systems
member and get: "The Shareware Book" ($12.95 separately), a
subscription to "Shareware Review" magazine, 6 free new-
release shareware disks (one featured each issue), low member
prices, and any disks in this ad for only $1.99 each! ($2.99 for 3.5")

M 3.5" disks desired (add $1.00/disk to applicable price)

MicroCom Systems  Cost of disks

3673 Enochs Street ggggg;shfp

Santa Clara, CA CA res ,64'33*@)(
95051 Total encl.

Phone Toll Free for Same-Day Shipment!

m=— (800) 727-5995 @B

©1988, MCS Mon-Fri 7am-9pm, Sat-Sun 8am-5pm BY-02/89

24 BYTE ° FEBRUARY 1989

LETTERS

The High Cost of RAM

The unkind words about OS/2 (“OS/2’s

Multitasking Dashboard” by Mark Min-
si, November 1988) are a classic ex-

ample of blaming the victim.

Microsoft must have had to make its
final decision on memory usage a couple
of years ago. Back then, the price of
RAM was about $100 per megabyte,
with a prospect of further decline by now
to, say, $25 to $50 per megabyte (the
September 1988 BYTE had ads for 150-
nanosecond 256K-byte chips at $2.95
each, or $106.20 per megabyte). There
was an intense ferment over all sorts of
ways to use more RAM—RAM disks or
Expanded Memory Specification mem-
ory (not one, but two competing variet-
ies). On that basis, it must have been al-
most impossible to justify less than 4
megabytes for any operating system that
broke the 640K-byte barrier.

What happened was this: Largely due
to protectionism, RAM prices rose to
$400 to $500 per megabyte. Don’t blame
Microsoft; blame the politicians. And
bear in mind that OS/2 is by no means
the only computer product injured by
high RAM prices.

Andrew D. Todd
Springfield, OR

Just Don’t Get Too Excited
I’'m a novice computer user, and BYTE
gives me a lot of pleasure.

I’d like to offer a comment on Brock
N. Meeks’s “Computer Conferencing
Homecoming” (September 1988). This
is the kind of article that turns my pace-
maker on high. Maybe in the future, Mr.

WE WANT TO HEAR FROM YOU. Please
double-space your letter on one side of the
page and include your name and address. We
can print listings and tables along with a
letter if they are short and legible. Address
correspondence to Letters Editor, BYTE,
One Phoenix Mill Lane, Peterborough,
NH 03458.

Because of space limitations, we reserve
the right to edit letters. Generally, it takes
Sfour months from the time we receive a letter
until we publish it.

Meeks will be able to keep people like

me in mind and write a piece that could

help us get started on BIX, MIX, and
CompuServe.

Reg. Roberts

Costa Mesa, CA

The Old Spool Tie
I cannot let Jud McCranie’s authorita-
tive-sounding correction of Brett Glass’s
spool definition (Letters, October 1988)
stand unchallenged.

In the interest of historical accuracy,
spool is indeed an acronym for *“‘simulta-
neous peripheral operation on-line.”
Mr. McCranie states that his somewhat
literal interpretation of the word spool
dates back to “the old mainframe days.”
Just how old is Mr. McCranie, anyway?
In the old mainframe days (and now),
spooling was usually a high-priority task
involving direct-access devices (disks
and drums), rather than reels (or spools)
of tape. The practice of sending print out-
put to tape, although common, has little
to do with the original intent of spooling.

As for the acronym being a “recent ad
hoc creation,” there is a terrific explana-
tion of spooling in Harry Katzan Jr.’s ex-
cellent book Operating Systems: A Prag-
matic Approach, published in 1973.
Professor Katzan observes that “spool-
ing was the first stage of multiprogram-
ming as we know it today.”

Joe Riley
Los Angeles, CA

True Meanings
Dennis Lee Bieber misrepresented the
true meaning of the names of the P and V
semaphore primitives (Letters, October
1988). According to professor E. W.
Dijkstra himself, while teaching a
course entitled “Operating Systems
Techniques,” he derived the names P
and V from two Dutch verbs, “pakken”
(seize) and “vrygeven” (release). Even
with the coincidental starting letters,
“procure’” and ‘‘vacate’ capture the
spirit nicely.
Signal and wait functions are typically
performed on events for process syn-
continued






THINK

Phar Lap
Virtual Memory Manager.

It will let you write applications up to 5, 10, 15 megabytes or more
for any 386 PC running MS-DOS* Forget about RAM limitations.
Your application can run on a machine with as little as 1 or 2 mega-
bytes of memory.

Only Phar Lap 386IVMM?* gives you demand-paged virtual memory capa-
bility so you can write mainframe-sized applications for the PC. Applications
your customers can run on their 386 PCs now with no additional memory. No
kidding. All you need is 386IVMM and our family of 386 development tools.
Existing programs developed with our 386/DOS-Extender can be easily
expanded with 386/VMM too.

Our tools let you take full advantage of the 386 protected mode architec-
ture. Break the DOS 640K limit in the language of your choice; C, Fortran,
Pascal, or Assembler.

For fast compact code, use 386|ASM, our 80386 assembler that’s upwardly
compatible with the MASM* 8086 assembler. Existing DOS and mainframe
applications written in a high level language are easily ported by recompiling.
And 386ILINK, our 32-bit native mode linker, puts it all together.

Debugging is made easy too. With our 386 symbolic debugger you can
debug applications written in assembler or any high level language. Best of all,
with Phar Lap’s 386/DOS-Extender* you can run your native mode program
on any 386-based PC running MS-DOS. And you have full access to DOS
system services through INT 21.

NO COMPATIBILITY PROBLEMS

Phar Lap’s tools are compatible
with the industry’s leading systems:
DESKPRO 386* IBM Model 70/80%
386 clones and accelerator boards.
Not only will your new applications
be compatible with the leading
systems, they’ll run alongside all
other DOS applications.

NO ROYALTY PAYMENTS

Once your 386 application is complete,
all you pay is a low one-time fee to license
386IDOS-Extender for redistribution.

386IVMM is also developer friendly.
Call to find out about our flexible run-
time pricing.

You can unlock the entire DOS market
now. Don’t wait for OS/3.

$495  386/ASM/LINK-Package includes 386 assembler, linker, MINIBUG

debugger and the developer version of 386/DOS-Extender

$895 MetaWare 80386 High C* compiler
$595 MicroWay NDP Fortran-386* compiler
$195 386IDEBUG symbolic debugger

$295  386IVMM - developer version of the

Phar Lap Virtual Memory Manager

(617P) 661-1510
PHAR LAP SOFTWARE, INC.
60 Aberdeen Avenue, Cambridge, MA 02138
Fax: (617) 876-2972
“THE 80386 SOFTWARE EXPERTS”

Phar Lap and 3861DOS-Extender and 386IVMM are trademarks of Phar Lap Software, Inc. MS-DOS and MASM are registered trademarks

of Microsoft Corp. DESKPRO 386 is a trademark of Compaq Corp. NDP Fortran-386 is a trademark of MicroWay, Inc.
pm{l‘hsdsi(%g‘l Pascal are trademarks of MetaWare Incorporated. IBEI Model 70/80 is a trademark
otl p.
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chronization. They can’t be used for mu-

tual exclusion of critical regions of code,

like the semaphore primitives, because

executing a signal for an event will re-
start all processes waiting on that event.

Lex Borger

Mission Viejo, CA

Multiuser Advantages

In your IBM Special Edition (Fall 1988),
there is considerable discussion about the
roles of OS/2 and local-area networks
(LANS) in workplace computing. While
I found these discussions interesting and
enlightening, I am puzzled by the lack of
concern that OS/2 is not a multiuser op-
erating system.

To quote from the text box “OS/2 ver-
sus Unix: Is DOS Compatibility the
Key?” by Jason Levitt on page 112,
“0S/2 is not a multiuser system, but ad-
vances in networking and distributed
software will eventually make this a
moot point.” This view ignores an im-
portant advantage of multiuser systems:
the ability to function as a ‘“‘compute
server” for a workgroup.

Consider a small academic depart-
ment that needs access to a large com-
puter for number crunching but that also
does a lot of word processing and smaller
tasks. To facilitate the numerical work,
the department might buy a large 80386
machine. Resources wouldn’t permit
buying a separate 80386 machine for
each user but would provide for individ-
ual basic IBM PC AT clones and a low-
volume LAN. This arrangement would
not permit sharing the 80386 machine
because the operating system (DOS or
0S/2) wouldn’t permit remote log-ins
from LAN stations. Hence, to share the
80386 machine, you’d need to sit at the
keyboard attached to the machine. This
is inefficient and awkward. The 80386
could be used as a file server, but then
each of the remote stations would need
the hardware resources to run the analy-
sis software, again increasing costs.

A multiuser operating system would
permit the use of the 80386 machine as a
remote ‘“‘compute server.” Even if the
system were set so that only one person
could log on at a time, this would be a
major improvement over the current op-
tions with OS/2. I hope Microsoft will
consider this type of situation in its fu-
ture plans for OS/2.

Nicholas Birkett
Ottawa, Ontario, Canada

Short Dispute
In your Product Focus entitled “80386s
for the Masses” by Steve Apiki and Stan-
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What looks like DOS,
acts like DOS,
is easy like DOS,
can hook everybody up
and keep em hopping
from program to program,

and costs les§ than
an office chair!






LETTERS

ford Diehl (October 1988), we were
pleased to note that our Zeos 386 Tower
was the fastest 16-MHz machine re-
viewed. We appreciate your many favor-
able comments as well.

One criticism of all systems reviewed
was that the connecting cables are too
short. The Zeos tower-style configura-
tion was noted as having shorter cables.
This is not the case.

Zeos normally ships, at no additional
charge, a full set of extension cables with

each 80386 tower-style system ordered.
This includes monitor power, signal, and
keyboard extension cables. This standard
extension cable set provides plenty of
length to work with.

Zeos shipped BYTE two systems for
review. The first system was completely
standard and included extension cables.
Unfortunately, it was damaged in ship-
ment. We replaced the cabinet with a sec-
ond one but didn’t send another cable set.
BYTE already had the extension cables
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3%2 INCH 1.4 MB
DISKS FOR ONLY
ONE DOLLAR!

New Invention Makes It Possiblel

Do you use the new, high capacity, 32 inch disks? If so, you have paid four, five, even six dollars per
disk! Byte for byte, that is as much as SIX TIMES the ‘old’ 360K floppies. Now you can convert all your
programs, data, and files to the new format, WITHOUT PAYING THESE PRICES!

How Is This Possible? Have you ever fried fo format a regular, ‘low density’ 3'2 inch disk to 1.44 MB? Of
course you have! It doesn't work! The computer gives an invalid media error. Our company was putting
in a large network of IBM Clones. We have grown from a small company to a million-dollar corporation
in two short years, and we didn't do it by wasting money. So, of course, we tried to use the cheap, 720K
disks. Total failure.

Enter our Crackpot Engineer. Our Crackpot Engineer wondered what was the difference between the
disks. He tore them apart, analyzed the media. He found NO DIFFERENCE WHATSOEVER! Yet, they would
not format. Why? Then he started examining the plastic housing. And he found the difference. It is NOT
in the media, IT IS IN THE PLASTIC CASE!

Total Failure! Our Crackpot Engineer (among other things, he invented the Electronic Flea Collar) sent
a brand-new 720K disk to our machine shop, and asked them fo modify it. They did... and the DISK
IMMEDIATELY FORMATTED! But, within 10 minutes of use, it totally failed. If lost data all over the place. Back
to the drawing board. The disk was dis-assembled and examined. It was found that, in performing the
conversion, a microscopic piece of plastic had entered the housing, and totally ruined the disk. It was
obvious that, if the conversion could be done reliably, it required extreme precision.

Enter Our Other Crackpot Engineer Our president is a mechanical engineer. One of the best in the country.
While a research scientist at Colorado School of Mines, he completely revolutionized the field of water
jet drilling. He tackled the problem. Finally he came up with a solution - a precision tool which could
perform the modification EVERY TIME and leave no plastic particles which would damage the disk!
Months of Testing We then commeanced on a testing program. We modified and formatted thousands
of disks, and tested them for data integrity. Out of one thousand disks, one would not format, two had
one bad track. NOT ONE LOST ANY DATA! We then put a disk on a computer with a bat file which copied
data fo a disk, read and checked every byte, then copied the data back to the disk. The program ran
24 hours a day, for WO SOLID WEEKS without even one error! We were finally convinced that the procedure
was reliable enough for a product.

Our Offer. Here is our irresistible offer. Purchase our DoubleDisk Converter for the price of $29.95. If you
are not COMPLETELY SATISFIED, return the DoubleDisk. You will receive a FULL REFUND! What is more, if a
disk ever does not convert properly, send us the disk, and we will send you a 1.44MB disk from a major
manufacturer in exchange!

You Can't Lose! You will save MORE THAN THE PURCHASE PRICE IN CONVERTING ONLY YOUR FIRST TEN DISKS!
from that point on, it is all profit. After converting only 100 disks, and after deducting the cost of the
DoubleDisk, you will have saved AT LEAST $425.00! Quite a return for an investment of only $29.95! Credit
Cards and Checks Accepted!

Purchasing our DoubleDisk is easy! Simply call our 800 number. We accept all major credit cards. Or, return
the coupon below, and we will ship you one immediately. We Will gladly accept your personal check.

24 HOURS ORDER TOLL FREE - 1-800-537-4226 7 DAYS
(In Colorado call 303-872-8945)

YES! | want to try your DoubleDisk on your UNCONDITIONAL MONEY BACK GUARANTEE! | enclose only $29.95
plus $3.50 Shipping and Handling (California residents add $4.80 Sales Tax) for each DoubleDisk Converter.
If1 am not COMPLETELY SATISFIED, | will return the DoubleDisk for a FULL REFUND! If any disk ever fails to convert,
| will send it fo you and you will IMMEDIATELY send me a 1.44MB Disk in exchange!

Name Address

City State Zip

Send To: Biological Engineering, Inc., DoubleDisk Offer
2674 Main Street, Ventura, CA 93003  Phone 805-644-1797

Telephone
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and the other system components.

Zeos makes every effort to provide its
customers with complete ready-to-run
systems—including extension cables
with our tower-style systems.

Greg Herrick
President, Zeos International
St. Paul, MN

Factoring the Unforeseen

I would like to contribute to the recent
“Minds vs. Programs” correspondence
(Letters, September 1988).

In the late 1960s in England, I devel-
oped one of the first expert systems, al-
though we did not use that expression
then, to analyze predigitized optical data
from an elementary particle physics ex-
periment. The program was developed
on an IBM 360/75 in FORTRAN, which
was about the only language available at
that time. I played a major part in its
development, especially in the pattern
recognition.

Eventually, it achieved a 99.9 percent
pattern-recognition efficiency for single
particle tracks. It also had to have a very
high background recognition efficiency,
because the signal-to-noise ratio in the
data was 1 to 2200. We found it hard to
make this better than 1 to 100 and were
forced to plot the data on 16mm film
(using a Ferranti Atlas) and scan the data
by eye to eliminate the rest of the noise.
To maintain both a high pattern-recogni-
tion efficiency and a high background re-
jection efficiency, I developed a hierar-
chical system of self-adjusting selection
criteria—in effect, rules that changed
themselves in a systematic way if they
failed to succeed.

This work gave me considerable in-
sight into the problems of computer pat-
tern recognition. My conclusions are as
follows:

e The human intellect is capable of
holding an abstract representation of
what it is seeking in its consciousness
and of comparing that with what it
has found.

® The human intellect is capable of
detecting when its algorithms or
techniques have not yielded the
desired solution.

® The human intellect is driven by

emotions, which a computer does

not have. It can generate new

algorithms to achieve its goal, new

goals if the previous one is in error, or
even new emotions to create a more
satisfactory reality.

A computer lacks this fundamental

consciousness and creativity.
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CHAOS MANOR MAIL

other files from drive C to the disk in
drive A by typing the following at the
C > prompt:

MSYS A:

COPY DMDRVR.BIN A:
COPY ANSI.SYS A:
COPY BRIDGE.DRV A:

At the A> prompt, I wrote a new
CONFIG.SYS file for drive A:

DEVICE=DMDRVR.BIN
DEVICE=BRIDGE.DRV /PS60:2
DEVICE=ANSI.SYS

MEMDEV =$386.SYS /p
FREEMEM =C4000,C8000
FREEMEM =CA000,E0000
DEVICE=$SERIAL.SYS
SMPSIZE =256K

BUFFERS =22

Since the disk in drive A was the PC-
MOS/386 boot disk, I rebooted from
drive A under PC-MOS/386.

To prepare the hard disk for PC-
MOS/386, I ran HDSETUP from drive
A, allowing PC-MOS/386 to create three
logical MOS disks. I then transferred the
PC-MOS/386 system to drive C. At the
A > prompt, I typed

MSYS C:
COPY *.*C:

Rebooting now from drive C restarted
the machine under the PC-MOS/386 op-
erating system. The next step was to pre-
pare the hard disk with Disk Manager.

With the Disk Manager software in
drive A, I typed DM/C/M to invoke Disk
Manager in the color, manual mode.
Looking at the partition information, the
partitions were as follows:

1 0 30 DOS Y TSL 1.01
2 31 61 DOS N NOSYSTEM
3 62 69 DOS N NOSYSTEM

I changed partitions 2 and 3 to write/
read. Exiting from Disk Manager and al-
lowing the changes to be saved to disk, I
received a MOS error message, which I
could ignore.

Finally, the tape backup software,
SYTOS, was installed. After all, the
goal of all this was to allow SYTOS to
function. To install SYTOS, I ran the in-
stallation program from drive A. Since
SYTOS must be present on the hard disk,
I copied all the files from drive A to a
subdirectory named SYTOS on drive D.

This is working fine for me. Booting
from drive C under PC-MOS/386 allows
multitasking and other PC-MOS/386
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functions. Under PC-MOS/386, my sys-
tem will run dBASE III Plus, WordStar,
Multiplan, BASIC, Quickcode, Quick-
silver, Chart-Master, Norton Utilities,
and other programs. The system will not
run Microsoft’s Excel. Although I
haven’t tried it, Microsoft’s Windows
probably will not run, either. Booting
from drive A under DOS using a 3%-
inch DOS boot disk will allow the SY-
TOS tape backup to run properly. You
can also run any other software not sup-
ported under PC-MOS/386, such as
Microsoft’s Excel.
Arthur J. Foley
Central Islip, NY

Thanks for the report. You do seem to
have found one alternative to OS/2. It
would be interesting to see if Win-
dows/386 would run with this system,
probably not.

Idon’t have a Model 80.—Jerry

N.B.: Nota Bene
Dear Jerry,

You once said that you just might move
up to XyWrite III Plus after all. That
would be a good move. But might I sug-
gest a better one? Move a bit further on
and get Nota Bene.

First, some history. They say you
never forget your first love or your first
word processor. I haven’t forgotten my
first word processor, or any of the
others, but I truly love my current one,
Nota Bene. It’s extremely powerful,
smooth, fast, and (most important)
logical.

As you may know, Nota Bene is a cus-
tomized version of XyWrite. Most com-
mands in Nota Bene can be executed in
three ways: by typed-in commands, by
function keys, and by menus. Most oper-
ations can be initiated by short mnemon-
ic command codes. To give you an exam-
ple of how easy the command codes are,
search is se, search backward is seb, ab-
solute search (where case is matched) is
sea, and search backward absolute is
seba.

You can throw away the function key
template. (I dare you to do that with
WordPerfect.) The key use is supremely
logical. For example, the Control key
works on words; the Shift key on sen-
tences; Control-Shift on phrases (i.e.,
material between punctuation); Alt
works on paragraphs; Shift-Alt works on
lines. These keys in combination with
other keys will move the cursor, delete,
highlight, interchange text, and so on—
all operating on the same units. It is easy
to learn these operations in minutes. It is
my understanding that Nota Bene, be-

cause of its logical design, is infinitely
easier to use than XyWrite.

Nota Bene is designed for academic
use. It has all kinds of footnoting, index-
ing, formatting, and printing capabilities
(there are three disks filled with printer
drivers). It has a text base that lets you
index everything you write and recall it
with a variety of Boolean-type queries. It
has its own programming language. It
has six alternate keyboards that you can
instantly access: You can type in a vari-
ety of languages, including Greek; you
have a keyboard of math symbols. You
can also create and load your own key-
boards.

The bad news about Nota Bene is that
the manual is over 1000 pages long. The
good news is that the program is so logi-
cal that you can use it without reading the
manual.

With a 30-minute introduction at the
keyboard and with the reference booklet,
you can do very well. One reason is that
there are also a menu structure and help
file that are seamlessly integrated. If you
don’t remember the commands, you can
call up the menus.

Several weeks ago, my 15-year-old
son saw me writing with Nota Bene and
asked for a run-through. I gave him a 15-
minute overview, thinking that it was
enough to satisfy his request and to get
him turned back to his own word proces-
sor. Later, when I got off the computer,
he sat down and used Nota Bene to write
a fairly long essay that was due the next
day. For sure, I had to do some prompt-
ing, but he did a fine job. He has used
Nota Bene ever since (with little help
from me) and loves it. He doesn’t do any-
thing fancy, but the point is that he can
navigate it alone with his relatively sim-
ple documents. That tells you a lot about
a word processor that is so powerful.

Why am I telling you this? Because
Nota Bene is really good, and the people
at Dragonfly Software deserve success.
(Incidentally, the company’s technical
support is excellent.)

I have introduced dozens of people to
Nota Bene. I have never encountered a
single person who did not switch to it
after he or she played with it for a bit.

Joseph M. Prospero
Miami, FL

Thanks for the report.

You aren’t the only one who’s said
good things about Nota Bene, and in-
deed, I've already recommended the
program to a young person writing a
dissertation.

Alas, I haven't tried it myself, because
Idon’t have it.—Jerry B












ASK BYTE

BYTE technical editors answer your questions on microcomputing

Proper Mindset
I recently came into a Mindset computer.
The operating manual is so deficient that
I cannot use it. Where can I get a work-
able technical manual? Also, I need a
memory map of the computer and its ex-
pansion unit. A schematic would be nice,
too.
C. Bradner Brown
Kensington, MD

Your best bet would be to link up with a
computer group in your area (check
Computer Shopper for a list of club meet-
ings) or to investigate the orphan com-
puter special-interest groups on Compu-
Serve. Barring that, I believe a Mindset
computer is still on display in the New
York Museum of Modern Art as an ex-
ample of innovative package design. Per-
haps you could see if the museum needs a
backup.—R. G.

Incompatible Drive?
I have several Shugart Associates Model
450R floppy disk drives that have been
used on a computer for writing to Unix,
MS-DOS, and PC-DOS floppy disks. I
don’t seem to be able to jumper any
one of them so that it will be accepted
as a valid disk drive on my IBM PC AT
clone, which is a PC’s Limited system.
I’ve tried listing the drive on my setup
menu as a 360K-byte disk drive. Is it pos-
sible to use these disk drives on my
machine?
M. W. P. Strandberg
Cambridge, MA

The Shugart SA450 should work with
your system as a 360K-byte drive, pro-
vided that your controller can support an
additional drive set to 360K bytes. My
guess is that you have improperly
Jjumpered the drive select lines. These are
controlled by the jumper header labeled
2D on the floppy disk drive’s printed
circuit board.

To enable drive select 0, short pins 2
and 13; to enable drive select 1, short
pins 3 and 12. If your floppy disk drive
cable is like most, it has a “twist” in it
between the first and second floppy disk
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drive connectors, in which case you need
to jumper both drives for drive select 0.
(Nothing’s easy anymore, is it?) You’ll
also want to cut the jumper between pins
6 and 9, which would otherwise cause the
drive to respond to any drive select sig-
nal. Finally, make sure that only the last
drive on the daisy-chained cable has a ter-
minating resistor pack installed (this is IC
3D on the 405). Good luck.—R. G./S. W.

IN ASK BYTE, BYTE editors answer questions
on any area of microcomputing. The most rep-
resentative questions will be answered and pub-
lished. Send your inquiry to

Ask BYTE
One Phoenix Mill Lane
Peterborough, NH 03458

Due to the high volume of inquiries, we can-
not guarantee a personal reply. All letters and
photographs become the property of BYTE and
cannot be returned.

More Lines, Please
After my pleasant experiences writing
EGA and VGA graphics routines using
QuickBASIC 4.0, I was disappointed to
find that Microsoft C version 5.1 (run-
ning under DOS) offers no obvious way
to alter the number of text lines on a
graphics display. I suspect it’s just a mat-
ter of making the correct DOS call with
the right parameters. Am I correct?
John J. Ottusch
Malibu, CA

Richard Wilton is an excellent source for
the kind of information you need. I sug-
gest you check the following articles and
books:

“PS/2 Video Programming,” BYTE’s In-
side the IBM PCs, Fall 1987

“VGA Video Modes,” BYTE’s IBM Spe-
cial Edition, Fall 1988

Programmer’s Guide to PC and PS/2
Video Systems (Microsoft Press, Red-
mond, WA: 1987)

In particular, Wilton’s BYTE articles
cover the topic of changing the number of
text lines on the display.—R. G.

FFT Woes

I am a senior electrical engineering stu-
dent at the Milwaukee School of Engi-
neering. One of the requirements for
graduation is the successful completion
of a full-year design sequence that re-
sults in a working prototype.

I am working on a “digital demodula-
tor” project that is based on an article in
the September 1986 IEEE Transactions
on Instrumentation and Measurement.
It’s essentially a radio receiver that de-
tects the information on a carrier using
digital signal processing techniques in-
stead of conventional analog demodula-
tion circuitry.

Part of the project will involve using
the fast Fourier transform for spectral
analysis, but apparently the FFT is a real
time burner. I need information on FFT
algorithms and, in particular, on imple-
menting FFT algorithms in assembly
language. In addition, do you have any
information on predicting FFT response
time?

Eric R. Schumann
Milwaukee, WI

Steve Ciarcia’s ““Computers on the
Brain” articles (starting in the June 1988
BYTE) cover the FFT algorithm in some
detail. Also look into “Faster Than Fast
Fourier” (April 1988 BYTE).

E. Oran Brigham’s The Fast Fourier
Transform (Englewood Cliffs, NJ: Pren-
tice Hall, 1974) is an exhaustive explora-
tion of Fourier transform techniques as
well as the FFT. It contains the source
code for the FFT algorithm (in ALGOL
and FORTRAN).

Finally, see if you can locate a copy of
Minicomputer Systems, Organization,
Programming, and Applications by Rich-
ard H. Eckerhouse Jr. and L. Robert
Morris (Englewood Cliffs, NJ: Prentice
Hall, 1979). It contains a brief dis-
cussion of the FFT but includes PDP/11-
compatible assembly language source
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Integrand’s new Chassis/System is not another
IBM mechanical and electrical clone. An
entirely fresh packaging design approach has
been taken using modular construction. At
preset, over 40 optional stock modules allow
you to customize our standard chassis to nearly
any requirement. Integrand offers high quality,
advanced design hardware along with
applications and technical support all at prices
competitive with imports. Why settle for less?

Rack & Desk

PC/AT Chassis

Rack & Desk Models

Accepts PC, XT, AT Motherboards and
Passive Backplanes

Doesn't Look Like IBM

Rugged, Modular Construction
Excellent Air Flow & Cooling
Optional Card Cage Fan
Designed to meet FCC

204 Wartt Supply, UL Recognized
145W & 85W also available
Reasonably Priced

Call or write for descriptive brochure and prices:
8620 Roosevelt Ave. « Visalia, CA 93291
209/651-1203
TELEX 5106012830 (INTEGRAND UD)
EZLINK 62926572
We accept BankAmericard/VISA and MasterCard

IBM, PC, XT, AT trademarks of International Business Machines.
Drives and computer boards not included.
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code for an FFT butterfly. You might be
able to use this code as a jumping-off
point to whatever processor you're
using.—R. G.

Good Old Model ITI
I have several questions. First, where can
I get inexpensive parts for project con-
struction? Second, I have an old Tandy
TRS-80 Model III, and I wonder if its
Z80 CPU will work with the programs in
Steve Ciarcia’s book. Finally, the Model
III is 8 years old. I'd like to know if
there’s any way I can upgrade it.
Michael L. Hudin
Oroville, CA

Check out the advertisements in the back
of BYTE and other computer and elec-
tronics magazines for distributors of
parts.

I’m not sure to which of Steve Ciarcia’s
books you are referring, so I can’t advise
you about software. The TRS-80 Model
IIl was a fine computer for its time.
Tandy still supports the machine, and
you can order more RAM, floppy and
hard disk drive kits, and an RS-232C
board from your Tandy Computer Center
or Radio Shack dealer. Another source
for parts is Aerocomp (2544 West Com-
merce St., P.O. Box 223957, Dallas, TX
75212, (214) 637-5400).—S. W.

Teaching an Old BIOS New Tricks
I have a 6-year-old IBM PC that has 16K-
byte RAM chips on the motherboard. I
want to increase the base memory to
640K bytes through the use of an Everex
board, but I am told that my ROM BIOS
will not allow me to get above about
545K bytes. I need updated ROM chips,
but IBM no longer supports them, and I
haven’t been able to find them locally. I
hardly think I’'m the only one in this po-
sition; there must be many such ma-
chines still in use. Can you refer me to a
source for the chips I need?
W. E. Van Horne
Columbus, OH

When IBM first introduced the IBM PC,
the original BIOS limited system mem-
ory to 544K bytes. IBM never expected
that anyone would want more RAM. Up-
grade BIOS ROM chips are available
from Mentor Electronics (7560 Tyler
Blvd., Suite E, Mentor, OH 44060, (216)
951-1884).—S. W.

More Interface Cables

I am an electrical engineering student at
the University of Illinois. I have finally
decided to construct several of the proj-
ects presented by Steve Ciarcia, and I

want to interface them to my Macintosh
SE. What can I do to make the standard
RS-232C connections match the RS-422
mini DIN-8 connector on the back of my
computer? I also wonder about how this
nonstandard input via the modem port
affects the communications protocol and
toolbox interface with the Microsoft
FORTRAN and Turbo Pascal environ-
ments with which I am familiar.

Last semester, I worked on a sleep-
monitoring project through the College
of Medicine, and I'd like to continue with
some research on my own with the HAL
EEG presented in the June 1988 BYTE. I
understand that some time ago, Steve
Ciarcia wrote an article describing the
measurement of other bodily functions.
In which issue of BYTE can I find this
article?

Peter Apostolakis
Long Grove, IL

The RS-422A standard arose out of the
need to send serial signals at higher rates
and through longer lengths of cable. It
does this by using differential voltages to
provide noise immunity. However, the
RS-422A standard was also designed to
be electrically compatible with the older
RS-232C standard. This is done by pick-
ing off the unbalanced negative portions
of the transmitted and received data sig-
nals. This reduces the problem of obtain-
ing RS-232C-compatible signals from the
Mac SE’s serial port to a matter of build-
ing the appropriate cable. I've success-
fully built cables that connected a Macin-
tosh serial port to a PC serial port for
data transfers.

For a Mac mini DIN-8 to DB-25 RS-
232C cable, you need to purchase con-
nectors for the cable. You can get the DB-
25 connector from any electronics supply
shop. Getting your hands on a male mini
DIN-8 connector is a lot harder, and def-
initely more expensive. You can get an
Apple System Peripheral-8 cable, product
number M0197, for $29 from an Apple
dealer. This cable has a mini DIN-8 con-
nector at each end. Cut the cable in half,
pick the half to which you want to attach
the DB-25 connector, and store the other
halfin a safe place. See figure 1 and table
1 for pin-out information.

The Mac has its own drivers that
handle 1/0O through the serial ports. The
extent to which you can send and receive
data or manipulate control signals
through these ports depends on how well
the programming language has imple-
mented its interface to the Mac’s serial
drivers. Check the details in your pro-
gramming language manual. You can
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Never buy another ribbon!
with Maclnker”

over 100,000 sold

Universal Cartridge Macinker $68-50

Eliminate expensive ribbon replacement
with the famous Maclnker. The Universal
Cartridge Maclnker ($68.50) will re-ink
most cartridges with the appropriate

Imagewriter or Epson Maclinker $42-00

New

adaptor. The Universal Spool Maclnker |
simple & automatic. Our extra dark, lubri-
cated ink yields better than new printout
quality and its cooling effect extends
print-head life. New ink dispenser en-
sures precise ink metering. Average num-
ber of re-inkings/cartridge is 60-100 at an

C Band Printer Maclinker $299.00
so have dedicated Maclnkers for special
cartridges. All MaclInkers, with appropriate Multicolor Adaptor can re-ink multicolor
cartridges (2 or 4 colors). Or use your Maclnker to re-ink in 10 different colors:
red, green, blue, yellow, purple, brown, orange, gold and silver. Our Customers
range from individuals to Fortune 500 Corporations. In 1982 we pioneered re-ink-
ing technology and are dedicated to its development. We have a complete range

will re-ink all spools. Operation is very E S
; “VE—

average cost of 5cents/re-inking. We al-

of accessories, heat-transfer re-inking adaptors, special inks and cartridges.

Universal Cartridge Maclnker ..................... 68.50 Call for free cata|og
:Vlulticolor Acli/ﬁpmr (Isplfcify pdrinter)IM. ........ 40.80

magewriter aclnker mod 234 IM........ 42.00 i

Epson Macinker mod 271EP ..........ccccennueen. 42.00 Spemal Offer
Universal Spool Macinker ..........ccccceviunnunas 68.50 {Just say, "l saw it in 'Byte’ and get a
Heat Transfer Adaptor .........c.cccooeeeveerursenanns 40.00 ;free mousepad with any order >$60.00,
Extra Ink bottle........... 300  PINtcsscininiss 18,50 {°F ien key-bieper & Saubligit comuk

nation for orders >$100.00.

Buy the Universal Cartridge & the Uni-
versal Spool at the same time and get
the second unit for $50.00

All Maclnkers delivered with bottle of ink, ink
meter, reservoir, reservoir cover.

Black, uninked, colored, special cartridges
available. Best ribbon quality at lowest costs.

Multiuser Printer Buffers
Let us configure the most economic & efficient buffer set-up when using two print-
ers with one computer or two computers and two printers. We have the most com-
plete range of buffers, converters, switches, cables & custom cables. Award win-

ning Proteus switches manually or by software between 2 printers. Memory is au-
tomatically partitioned & both printers can print simultaneously.

UG-411, 1 comp. / 1 printer 64K ....... 160.00
256k......230.00
UG-402 2 comp. /2 printers 64Kk........ 199.00
256k......240.00
PROTEUS, 1 comp. / 2 printers  64Kk........ 199.00
256k......240.00
UG-403 4 comp. / 2 printers 256k......275.00
UG-408 4 comp./ 4 printers 512k......375.00

UG-412 Serial buffer card 1 MEG .............. 500.00
CBL-715 Univ. ser-par-ser converter ........ 159.00
CBL-705 Ser-par converter

Autoscanning switches (4 to 1)

Proteus

Satisfaction or 30 day refund on all products - Immediate shipment - Major credit cards

Computer Friends, Inc. Order Toll Free 1-800-547-3303

14250 NW Science Park Dr. in Oregon (503) 626-2291
Portland OR 97229 fax (503) 643-5379 telex 4949559 CF
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MiniScribe 43-megabyte full-height
hard disk drive make more noise than I’d
like. I’ve been considering buying one of
those vertical stand brackets to put my
machine under or beside my desk. How-
ever, I know that quite often the bearings
in various types of machinery are de-
signed to carry their load in only one po-
sition and if turned 90 degrees can fail
rapidly. Disk drives, both floppy and
hard, appear to be designed for horizon-
tal installation; and since the bearings
are obviously small, they might be prone
to early failure if mounted vertically.
Floppy disk drives, due to their intermit-
tent running, might not be as much of a
problem as hard disk drives. Am I worry-
ing needlessly?

Is it possible to use a program to stop
the hard disk drive from running con-
stantly? I don’t want to sound like a ner-
vous Nelly, but the idea of that expensive
thing sitting in there spinning madly 8
hours per day while I type makes me
wonder how long it can live. Having it
run when data is actually being accessed
is one thing, but if I'm just writing and
only occasionally saving to disk, why
have the hard disk spinning needlessly?

I notice that most of the new 80386
computers built with tower cases have the
drives mounted horizontally. They also
have their switches mounted on the front,
where they belong. As much as having a
new 80386 machine appeals to the
techno-freak in me, I simply cannot jus-
tify buying one to get that slick tower
case. Can you tell me where I can buy a
tower case like that? Three companies—
Fortron, Logix, and Zeos—have tower
cases that appear identical and suitable. I
contacted Logix, but the company won’t
sell bare cases. Surely these three obtain
their cases from the same source. Do you
know where?

Harmon Seaver
Grand Marais, MN

Some disk drives can withstand vertical
mounting; others cannot. That informa-
tion should be included in the specifica-
tions. If not, check with the disk driv:
manufacturer.

Your hard disk’s read/write head i:
floating on a cushion of air—created by
the spinning platter—against zero fric-
tion. In this environment, the drive will
not be exposed to abnormal wear and
tear. In fact, your drive will experience
greater wear if it is continually stopped
and started as you propose. The roughest
treatment of your drive occurs at power
on, and the culprit is not so much friction
as heat. Drive manufacturers go to great

continued
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“IT MAKES PROCOMM LOOK
LIKE AMATEURCOM.”

If you talk to a DEC mainframe, no software emulates
the VT220, VT100 or VT52 terminal more accurately or
professionally than VTERM. *

Hot keys. Kermit. Automatic reformatting for spread-
sheets and databases. VTERM has it all.

Why not join the 60,000 users of VTERM (many of
whom moved up from Procomm). And try the DEC terminal
emulation package that’s in a totally different league.

v FREE EVALUATION KIT.
[] Yes, send me a free time-limited, full-blown working copy of VTERM/220,
which is mine to keep.

Name

Title VTERM
Company

Address O
Telephone ( T ) DEC Terminal Emulator

I am a user [ dealer[]. Mail to:

Coefficient Systems Corporation
611 Broadway, New York, New York 10012 (212) 777-6707 = syp-2189

L& N N N N N _§ _§N N &N N N _§N _§B _§B _§B _§N N _§N N _§N _§ ]
* VTERM refers to VTERM/220, VTERM/4010, etc. products from Coefficient Systems Corporation.
Procomm is a trademark of Datastorm Technologies, Inc.

Questions? Want faster action? Call (212) 777-6707, ext. 402.

c0
Aofon- NOW OCR
SOFTWARE
AVAILABLE

Converts  scanned  images
from scanner into ASCII text
for use with word processors,
data bases, etc.

Reg. $199.95
if purchased with
HS-3000 ONLY

$79.95

LOGITECH
SCANMAN

© 200 dpi

® 4" scanning width

® IBM, PC, XT, AT,
PS/2 (25 & 30)

Complete with
Logitech™
‘‘Scanware’’'™
Software

$189.95

n swilch the scanner
n 400/300/200/100
impor-

K0 i 4 little scanner that does
it even better

$299.95

Handy
have it all with 400
reen display lets yo

CUSTO SeRicE TOUL FREE ORDER LINE CORPORATE P.0.'S WELCOMED
21005 1-800-635-0300 ALL PACKAGES SHIPPED UPS
TECHNICAL ASSISTANC! EXCEPT CANADA AND AP.O’"
soncrnosss TRUE DATA PRODUCTS C.0.0.S ADD $230 :

MASTER CHARGE/VISA ADD 3%
1 YEAR WARRANTY UNLESS
OTHERWISE NOTED

PRICES TERMS CONDITIONS
SUBJECT TO CHANGE WITHOUT
NOTICE

115 MAIN ST, P.O. BOX 347
UXBRIDGE, MA 01569
508-278-6555
HOURS: MON-FRI. 9-6, SAT. 10-4 (EST)
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lengths to ensure proper heat compensa-
tion. Some of the new laptops shut down
the drive motor when it is not in use, but
they do this to preserve power, not to pro-
tect the drive. I do not recommend that
you routinely shut down the drive motor.

I suggest you get a head parking utility.
You can find these programs in the public
domain. After a specified time of disk ac-
tivity, the software will park your disk
heads until a disk access is requested. A
commercial product of this type is Safe-
park from Prime Solutions. Safepark po-
sitions the head over a selected sector that
does not contain data. Power surges and
sudden spikes can write random bits to
your drive. If the bits are written to a sec-
tor where your data resides, that data is
corrupted. Safepark moves the heads to
the “‘safe zone” whenever the disk is not
in use. I mention the product because it is
included with a very useful disk utility
package called Disk Technician.

Hard disks are most vulnerable to bad
sectors. Some utilities, such as the Norton
Utilities, will let you partition off bad
sectors. Once you have done this, you can
no longer access that sector. Disk Techni-
cian, on the other hand, performs pre-
ventive maintenance on the disk. It will
monitor disk access errors and keep track
of them. When DOS fails to read a sector,
it will keep trying 30 to 50 times. If it fi-
nally does read the disk successfully,
DOS goes on its merry way, not con-
cerned about the access problem. Disk
Technician will recognize the problem,
differentiate between random errors and
repeating errors, and then attempt to re-
pair the error before it becomes a major
problem. First it moves the data to a good
sector, then it tries to repair the sector by
performing a low-level format. If it can’t
repair the sector, it maps the sector out. 1
recommend the program for all those ner-
vous Nellies who dread the thought of los-
ing valuable data from hard disks.

Many independent mail-order compa-
nies sell the tower case. You just have to
look around. I found one such case in a
JDR Microdevices catalog (see the com-
pany’s ads in the back of BYTE). The
$299.95 cost includes a 250-watt power
supply, speed display, mounting hard-
ware, faceplates, and a speaker. Make
sure that you also find some cables that
are long enough to accommodate the
tower design. We keep getting these won-
derful space-saving tower systems with
cables so short that we can’t place them
on the floor where they belong. It will be
frustrating if you invest in the tower case
but end up with a bulky system on your
desktop anyway, so you should keep
cables in mind.—S. D. m



There you are sitting
happily with your laptop in the
sky, preparing some figures for
an important meeting at the air-
port. Then, without warning,
your screen flickers and goes
dark. Your laptop just died.

Things could be better. If
you'd been using Battery Watch
you would have been prepared.

Battery Watch operates
like a fuel gauge for your laptop.
[ts pop-up window lets you see
what's left of your battery power
in hours and minutes.

[t1l also help you get
more out of those sneaky NiCad
batteries. The Deep Discharge
feature makes sure of it. It elimi-
nates the nagging “charge mem-
ory effect” of NiCad batteries and
ensures their original peak
performance.

Battery Watch has taken

ez > the worry out of something else,
2> ~~——  too. Compatibility. It'S compatible
W77 % ¢ with all popular laptops from
Amstrad to Zenith.

And at $39.95, it's the
cheapest insurance around.

. Look for it at your local
o ' computer store. Or call 1-800-
343-8080 for a free laptop acces-
sory catalog. In Washington

call (206) 483-8088.

Travelinoftware

Without Battery Watch,
You Could Be At 40,000

[EnnmEEE]
T

Feet And Out Of Fuel. E
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- VAX Power - PC Price!

If you need or are accustomed to the
throughput of a 32-bit mini, including any of
DEC's VAX series, MicroWay has great news
for you. The combination of our NDP compilers
and our mW1167 numeric coprocessor gives
VAX speed to your 386 PC! If you don't own a
386 PC, we provide a number of powerful PC
and AT upgrade paths.

MicroWay offers transputer based parallel
processing boards and languages for the PC,
AT, or 386. Each T800 RISC processor on
these boards packs the power of a 20 MHz
386/1167. A Quadputer, with four T800s,
boasts 40MIPS/6 megaflops of throughput.

Many NDP Fortran-386 users are reporting
turnaround times that are two to six times faster
than their VAX. They are a function of the VAX
processor being used, the speed of the 386,
the number of users served by the VAX, and
the coprocessor being used with the 386.

32-Bit Compilers and Tools

NDP Fortran-386™ and NDP C-386™ Com-
pilers generate globally optimized, mainframe
quality code. Both run in 386 protected mode
under Phar Lap extended MS-DOS, UNIX, or
XENIX. The memory model employed uses 2
segments, each of which can be up to 4
gigabytes. They generate code for the 80287,
80387, or mW1167. Both include high speed
EGA graphics extensions written in C that per-
form BASIC-like screen operations.
* NDP Fortran-386™ Full implementation of
FORTRAN-77 with Berkeley 4.2, VAX/VMS
and Fortran-66 extensions. .......... $595

« NDP C-386™ Fullimplementation of AT&T's
PCC with MS and ANSI extensions. . . . $595

NDP Package Pricing:

387FastPAK: NDP Compiler, Phar Lap and

80387 Coprocessor 16 MHz: $1299
20 MHz: $1499

1167FastPAK: NDP Compiler, Phar Lap
and mW1167 Coprocessor 16 MHz: $1695
20 MHz: $2295

Phar Lap Development Tools .. ... $495
Virtual Memory Extension $295

NDP Windows™ —NDP Windows includes 80
functions that let you create, store, and recall
menus and windows. It works with NDP C-386
and drives all the popular graphics adapters:
.............. Library: $125, C Source: $250

NDP Plot™ — Calcomp compatible plot pack-
age that is callable from NDP Fortran. It in-
cludes drivers for the most popular plotters and
printers and works with CGA, Hercules, EGA
and VGA . sswsssmsssmissnssamess $325

NDP/FFT™ — Includes 40 fast running, hand
coded algorithms for single and double dimen-
sioned FFTs which take advantage of the 32-
bit addressing of the 386 oryour hard disk. Call-
able from NDP Fortran with mW1167 and
80387 SUPPOrt . ..o $250
387FFT for 16-bitcompilers............ $250

HALO 88 to NDP Graphics Interface — This
module enables you to call graphics routines in
HALO 88 from NDP FortranorC........ $100

Dr. Robert Atwell, leading defense scientist,
calculates that NDP Fortran-386 is saving him
$12,000 per month in rentals of VAX
hardware and software while doubling his
productivity!

Fred Ziegler of AspenTech in Cambridge,
Mass. reports, "l ported 900,000 lines of
Fortran source in two weeks without a single
problem!" AspenTech’s Chemical Modeling
System is in use on mainframes worldwide
and is probably the largest application to ever
run on an Intel processor.

Dr. Jerry Ginsberg of Georgia Tech reports,

"My problems run a factor of six faster using

NDP Fortran-386 on an mW1167 equipped
386/20 than they do on my MicroVAX I1."

80386 Support
(508) 746-7341

Parallel Processing

Monoputer2™

The world's most popular PC transputer
development product now extends the memory
available for developing transputer applica-
tions from 2 to 16 megabytes. The board now
features a DMA bus interface for fast I/O.
Monoputer 2, an ideal platform for porting
mainframe Fortran or C code, provides the
speed of a 386/20 for 20% of the cost!
Monoputer 2 with T414 (0MB) ... .. $995
Monoputer 2 with T800 (0 MB) ....$1495

Quadputer™

This board for the XT, AT, or 386 can be pur-
chased with 2, 3 or 4 transputers and 1, 4 or 8
megabytes of memory per transputer. Two or
more Quadputers can be linked together to
build networks with mainframe power which
use up to 100 or more transputers. One
customer's application has gone from 8 hours
on a mainframe to 16 minutes on a system con-
taining five Quadputers . ......... from $3495

Transputer Compilers and Applications
MicroWay offers Parallel languages for the
Monoputer and Quadputer.

Logical Systems ParallelC ........ $595
MicroWay Occam2 . .............. $495
3LParallelC .................... $895
3L Parallel Fortran . .............. $895
MicroWay Prolog Interpreter . .. . ... $750
Microfield - Finite element analysis . . $1600
ParaSoft: Parallel Environment. ... $300

Performance Monitor . ..$200
C Source Level Debugger $300
T800/NAG™ (See NDP/NAG) . ... .. $2750

387BASIC™ — Our 16-bit MS compatible
compiler introduces numeric register variables
to produce the fastest running 80x87 code on
themarket. .. .:semsssisnmanassssmms $249

Our NDP compilers and NDP utilities are the
key to taking advantage of the two to five-fold
increase in speed that the mW1167 provides.
The compilers generate mainframe style code,
while our utilities simplify ports from either the
PC or the mainframe world. A new utility
enables our NDP compilers to call HALO 88.

If you are curious about the benefits of the
NDP/mW1167 approach, consider the follow-
ing (price estimates are for complete systems):

Coprocessor | Speed (Flops) Price
80287-10 80,000 | $3,000
80387-20 440,000 | $5,000
mW1167-20 2,100,000 | $6,000

When driven by a 32-bit compiler, the
mW1167 approaches the speed of a $600,000
VAX 8650! In fact, many of our users have
reported increases in turnaround of 2 to 4 times
that of their VAX! Call us for complete details.

Compaq 386/20/25 Add-Ons

RAMpak™ - One megabyte 32-bit memory
module fits in Compaq memory slot . . CALL
mW1167™ s built at MicroWay using Weitek
components and includes an 80387 socket.

mW1167-16 . .................... $995
mW1167-20 . ................... $1595
mW1167 Microchannel-16 ... .. ... $1295
mW1167 Microchannel-20 ... .. ... $1595
Weitek 3167-25 . ................ $2495
80387-20 .............. ... $595
80BBT=28 .wsewmrsweswasmmoesiyy $695
Numeric COpl"OCéSSOI’S
8087 ... .. $99
BO87-2 . ,swsismsswprmasnmesnonyss $145
80287-8 .:.::i:vsimesncssmiianiss $239
80287-10 . ...................... $279
80387-16 ....................... $425
80387-16SX ... .................. $450
80387-20 ... $595
80387-25 . ... $695
287Turbo-12 (for AT compatibles) . . . . $450
256K 100ns DRAM . ............... $13
256K SIMMS . ................... $119
1MBSIMMS . ................... $450

(All of our Intel coprocessors include 87Test.)

Intelligent Serial Controllers

MicroWay's AT4™, AT8™, and AT16™, the
fastest intelligent serial controllers, run in AT,
80386 and PS/2 PCs. They come with drivers
for UNIX, XENIX, and PC MOS.

AT4 ... $795 AT8 ... $995 AT16..$1295

32-Bit Applications

PSTAT-386 — Popular mainframe statistics
package. The full version was ported . . . $1495

NDP/NAG™ — Features a library of 268 en-
gineering and scientific numerical algorithms.

Callable from NDPor3LFortran ......... $895
12 MHz PC Accelerators
FastCACHE-286 12MHz . . ... ...... $299
SuperCACHE-286 12MHz ......... $399
FastCACHE-286 9MHz ... ......... $199

World Leader in PC Numerics

P.O. Box 79, Kingston, MA 02364 USA (508) 746-7341
32 High St Kingston-Upon-Thames, UK, 01-541 -5466
USA FAX 617-934-2414 Australia 02-439-8400 Germany 069-75-1428
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GET OUR FREE 28-PAGE CATALOG
OF DELL COMPUTER SYSTEMS.

This new catalog is the best place to shop for O Please have a Dell representative call me.

high-performance 386™ systems, 286 systems, 1. Which productsare 4. Are you a (select one):
3 : you most interested in? A O End User
and more. At the lowest possible prices. Just A O 286-based systems B O Consultant
. s d. sud well d ) B 0 386-based systems ~ C [ Reseller
send this card, and ‘we'll send you a copy. O Other. D O Corporate Purchaser
Or call (800) 426-5150. In Canada, call 2. How many PCs do you E O DP/MIS

(your company) plan 5. How many PCs do you

(800) 387-5752. to purchase in the next  have installed now?
twelve months? A 0O1-10
Name: A O 110 B O 11-20
B O 11-20 C 0O Over21
Title: C 0O Over21
. 3.Is your requirement:
Company: A O Immediate D E L L
B O 1-3 months COMPUTER
Address: COMPUTER
g 2 ?‘f’ 3 rl“"mhs CORPORATION
City: State: Zip: nio only
Phone: ©1988 DELL COMPUTER CORPORATION. 386 is a trademark of Intel Corporation.

AD CODE NO. 5IEB9


http:Corpor.11

BUSINESS REPLY MAIL

FIRST CLASS MAIL PERMIT NO. 6745 AUSTIN, TEXAS

POSTAGE WILL BE PAID BY ADDRESSEE

DELL COMPUTER CORPORATION

DEPT. ME
9505 Arboretum Boulevard
Austin, Texas 78759-9969

NO POSTAGE
NECESSARY
IF MAILED
IN THE
UNITED STATES
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Special Introductory Offer
' n PCSS-8I1

INTELLIGENT SERIAL BOARD

$695°°

—Our most powerful serial card to date.

—8 Co-processor driven channels per card.

—Dynamically Allocated Buffers.

—BIOS Enhancement Software included, supporting
up to 130 channels per computer.

—Baud rates to 57.6k on a half size card.

WHAT’S NEW

MODEL 9000 (EE)PROM PROGRAMMER

—TFastest programmer on the

Sael market.
) —Quick & Intelligent programming
\ algorithms.
-} —Programs all chips, to one mega-

bit, including single chip proces-
- SOrS.
—Programs largest variety of chips including Prom

replacements, Eproms and EEProms.
DEVELOPMENT HARDWARE & SOFTWARE

‘ ; ®
T E K NG P.O. Box 2310; Bay St. Louls, MS 39521-2310 U.S.A.

ORDER TOLL FREE 1-800-255-GTEK (4835) FAX: 1-601-467-0935
MS & Technical Support 1-601-467-8048

IF YOU DESIGN ADD-IN BOARDS FOR THE NEW
IBM PS/2 SYSTEM YOU NEED OUR

MICROCHANNEL
4860 ©
INTEREAGE GHIP

Just some of the Functions implemented:
Program. Option Select * 32 Bit Data Bus Contr.
Multi Device Arbitration * Channel Check Indicator
Memory and I/O Transfer contr. * Wait State Log.
16 Programmable Address Levels.
It comes in a 68 pin PLCC and is fabricated in 1.5u
CMOS,only consumes 150mW. You can replace 10
to 20 TTL devices, a board real estate saving of
20 to 65 sqcm. A reduction of board developement
time of some weeks is realistic. Only requires 2
additional 74LS245 for 16 bit systems, or 4 for
32 bit systems. The chip costs US$ 15,- in
quantities of 5000 and is available now.
EDC GmbH. Taunusstr.51
8 MUNICH 40 W. GERMANY
Tel.(89)3507076 '
Fax.(89)3596180 IBM,PS/2 and Mlcro—
channel are registered

%, Seseen trademarks of IBM
Dealer inquiries invited
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SOFTWARE

To run BitCom Deluxe,
you need an IBM PC or com-
patible with 640K bytes of
RAM and DOS 3.0 or higher.
Price: $79.
Contact: Bit Software, Inc.,
830 Hillview Court, Suite 160,
Milpitas, CA 95035, (408)
263-2197.
Inquiry 1131.

A Software Meter
Reader for Your LAN

onnect Computer calls

Turnstyle the electronic
equivalent of a software li-
brary, enabling multiple users
to share a controlled number
of copies of a software pro-
gram on a local-area
network.

To use Turnstyle, you load
it on your network and enter
data about each copy of the
software that resides on the
network; Turnstyle controls
the number of copies in
circulation.

The program includes a
monitoring system that tells
you which users are on the
system and what software they
are using. You view or print
reports of listings about the
programs and their use. You
can also use Turnstyle to keep
track of the serial numbers of
your software, although it’s
not necessary to enter the
numbers into the database.

Turnstyle requires an IBM
PC or compatible running
Novell, Banyan, 3Com, or
IBM network operating sys-
tems. You also need at least
300K bytes of RAM on the
network file server. The
workstations need DOS 3.0 or
higher, a network interface
card, and at least 7K bytes of
RAM.

Price: $195.

Contact: Connect Computer
Co., 9855 West 78th St., Suite
270, Eden Prairie, MN
55344, (612) 944-0181.
Inquiry 1132.

CONNECTIVITY

LAN Utility for
Windows Users

I n an attempt to simplify
the use of Microsoft Win-
dows applications running in
a network, Automated Design
created Windows Worksta-
tion, a set of utilities that sup-
ports Novell’s NetWare.

The program consists of
the Windows Menu (which in-
cludes Secure Station, Screen
Saver, and Windows Intercom)
and the printing utility, Win-
dows Print.

Windows Menu is an appli-
cation organizer designed spe-
cifically for networks, ac-
cording to Automated Design.
It uses between 10K bytes
and 12K bytes of system mem-
ory and allows the LAN sys-
tem supervisor to build custom
menus with password protec-
tion and help messages.

Secure Station lets you
lock your workstation while
Windows applications func-
tion in the background. The
utility monitors security vio-
lations and reports them to the
user and the LAN system
supervisor.

Screen Saver kicks in auto-
matically if you leave your
workstation for a specified
period of time.

Windows Intercom sends
network messages to and from
Windows users. You can also
reply to messages without leav-
ing your current application.
It also supports messaging be-
tween users of different Net-
Ware file servers.

Future versions of this util-
ity package will support other
major LAN operating sys-
tems, the company reports.
Price: Windows Menu, $695;
Windows Print, $695; bundled
together for $1195.

Contact: Automated Design,
133 Johnson Ferry Rd., Suite
112, Marietta, GA 30068,
(404) 988-0969.

Inquiry 1129.

continued
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NATURAL LANGUAGE INTERFACE

THE COMPUTER CHRONICLES

J

makes keeping up with the information age easy.

Stewart Cheifet and Gary Kildall

are your co-hosts for a weekly half-hour television
program aimed at computer users, owners, educators
and computer industry professionals. If you’re looking
for help in finding out what’s new and what’s news,
tune in to THE COMPUTER CHRONICLES every
week on your local public television station.

The latest developments in personal computer
hardware and software are discussed, demonstrated
and reviewed. The industry’s top developers, execu-
tives, analysts, and journalists keep you on the cutting
edge of the computer business. Paul Schindler reviews
new software and Wendy Woods goes on location to
find out how users are taking advantage of new
developments.

Topics this season include Local Area Network
Software —Fax Boards—New Generation Spread-

sheets—Color Printers—SQL—Hard Disk Manage-
ment—Hypertext—Display Technology—Program-
ming Languages—PC Kits—Bus Wars—The Battle
of the Operating Systems—Foreign Language Soft-
ware—Artifical Intelligence—Neural Network Tech-
nology—Megaherz Mania—Software Piracy—Per-
sonal Information Management Software—Optical
Storage—and much more.

Each week THE COMPUTER CHRONICLES
looks at the top stories of the week in Random
Access, a news segment designed to keep you
informed about the latest developments in the com-
puter industry.

THE COMPUTER CHRONICLES, a weekly
half-hour of public television that just might be the
help you need.

Chronicles.

THE COMPUTER CHRONICLES IS NOW ON BIX

BIX, the Byte Information Exchange, now has a conference for The Computer

Now you can communicate directly with the staff of The Computer Chronicles to
suggest topics for future shows or to request information or details on past shows.
Once on BIX, just type “COMP. CHRON?” at the colon (:) prompt.
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Stalking new hardware
and software,

Jerry prowls the halls
of COMDEX

am just back from COMDEX. Nat-

urally, I didn’t want to turn in my

column before I went, meaning that

it’s very late now and has to be on
the wire by dawn, meaning that I’'m not
going to have much time for testing either
hardware or software. It’s all right,
though. While I normally talk about lit-
tle that I haven’t actually got up and run-
ning at Chaos Manor, I use different
rules for show reports.

Also, I got a fair amount of stuff tested
before I went to Las Vegas. There’s no
lack of stuff to write about: my “ready
line” is overloaded.

Gray Scales

It used to be that lots of major players
used COMDEJX as the stage for announc-
ing spectacular new products. After a
while, there were so many that I never
had time to see them all. All we journal-
ist types had the same problem, and
when we’d get together in the pressroom
we’d try to compare notes, but it was fu-
tile. Something important would be over-
looked. Maybe a lot of somethings. A
number of companies noticed this and
decided that COMDEX was a lousy time
to announce anything really new. New
product announcements nearly vanished.

However, a few outfits have cottoned
on to the idea that no one announces at
COMDEX anymore, so although there
weren’t many new product announce-
ments this year, there were a few.

The most exciting new hardware I saw
this year was Intel’s Visual Edge print-
ing-enhancement system. This is a pair
of boards—one for your IBM PC AT
compatible (or 80386), the other for your

EXPERT ADVICE

COMPUTING AT CHAOS MANOR

Jerry Pournelle

READY LINE
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Hewlett-Packard LaserJet II—plus cable
and software. Put it all together, and you
can do halftone printing from Page-
Maker, Snapshot, Ventura Publisher,
Publisher’s Paintbrush, and a bunch of
other desktop publishing programs.

The result as demonstrated at COM-
DEX is pretty spectacular. Visual Edge
gives you 64 levels of gray at 70-line-per-
inch resolution, and the hardware printed
a large, complicated picture in about 3
minutes. Intel’s press kit includes a
bunch of pictures reproduced on a good-
quality (19 gray levels) copier, and the
same pictures scanned with a 256-gray-
level Microtek scanner, then printed with
a LaserJet IT with Visual Edge. Believe
me, you won'’t have any trouble figuring
which is which. The press kit says Visual
Edge gives a 300 percent improvement,
and it looks about like that to me.

You can also get 37 levels of gray at
100 Ipi, when resolution is more impor-
tant than tone and shading.

You’ll need expanded memory to use
Visual Edge: 1 megabyte for }; page, and
4 megabytes for a full page. Of course,
you need expanded memory to get much
good out of any desktop publishing pro-
gram. Obviously, Intel would like to sell
you a genuine Above Board to supply it,
and certainly that’s as good a way to go
as any. The good news is that since Visu-
al Edge uses your computer’s memory to
stoke graphics into the LaserJet II, you
can use the printer’s memory to hold
downloaded fonts. Visual Edge also
speeds printing up by anywhere from
200 to 400 percent.

All told, Visual Edge adds a whole
new dimension to desktop publishing. I
don’t recommend products I’'ve seen
only at shows, but if you’re really inter-
ested in desktop publishing under DOS,
you really ought to have a look at this.

Logic Gem

Most of the big companies come to
COMDEX. At great expense, they fill
the main convention hall; booths have

been getting larger and larger, probably
because COMDEX lets big booth buyers
have first choice on location. (I wandered
into a room where they were coordinat-
ing booth allocations for next year, and I
discovered that it’s really a very compli-
cated affair requiring quite a few people
and a lot of communications, much like
an auction that goes on over 3 days.
Somebody ought to do a story on it.)

Anyway, you get your turn choosing
COMDEX space both by booth size and
by the number of years you’ve been com-
ing (and if you ever drop out, you have to
start over). This means that the big,
long-established companies tend to fill
the main exhibition hall. New companies
are sent to outlying areas, like the Bally
(formerly MGM) Grand.

This year, some new companies were
put in a place called Cashman Field,
which is somewhere near downtown Las
Vegas. I met only one press person who
ever found Cashman Field, much less
went there. Certainly I didn’t. I hear
rumors that next year, simultaneously
with COMDEX, they’ll have MACDEX,
a show devoted entirely to Macintosh
computers and products, and that MAC-
DEX will be at Cashman Field. I've al-
ways wondered if Apple truly wants to
fence their machines and users off from
the rest of the microcomputer communi-
ty. Possibly this will do it for them. It
might also put them down where they’ll
be visited only by the Little Sisters of the
Poor. We’ll see.

Anyway, since most of the start-up
companies tend to be put into the Bally
Grand, I generally find it worthwhile to
spend a day there, and more often than
not I find that the most interesting day of
the show. This time was no exception.

The most exciting software at COM-
DEX was called Logic Gem, published
by Sterling Castle Software (and yes, I
know that the one in Scotland is Stirling
Castle). They didn’t have a copy for me
to bring home (for the standard reason:

continued
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CHAOS MANOR

you can print your Chinese text on a
LaserJet II or LaserJet Plus. The print
quality on a LaserJet is excellent, cer-
tainly as legible as, say, the Chinese
translations of my books. (Of course, I
can’t read those books, but I can com-
pare typeface legibility.) The TianMa lit-
erature says the program will support
DeskJet, the Epson LQ series, and sev-
eral other printers, but I haven’t seen
samples of any output but LaserJet’s.
The program was demonstrated by its
author, Peter Leimbigler. From what I
could tell, it’s amazingly fast, a lot faster
than any other way I know of to get Chi-
nese text into print. Again, this is one of
those programs that not everyone will
want, but if you need it, you need it bad.

Data Recovery
I remember when my mad friend, the late
Dan MacLean, confidently predicted
that we’d soon have hard disk drives for
microcomputers.
“They’ll be expensive, I bet,” said I.
“Yeah, but worth it. Think of it, 5
megabytes of storage, and one day they’ll
sell those for less than a thousand
dollars.”

Of course, that was back in the days
when all we had was 160K-byte single-
sided 8-inch floppy disks; and mostly it
proves that even the best of us is gener-
ally too conservative in predicting the
future of the microcomputer revolution.
I’m writing this on a machine that has a
Priam 330-megabyte drive, and at COM-
DEX Priam was showing 765-megabyte
drives that operate at a 14-millisecond
average access time. I didn’t see them,
but I'm told that Micropolis was showing
gigabyte drives able to fit into an AT
chassis. Amazing. We’ve sure come a
long way.

The near universal use of hard disk
drives has given rise to another profes-
sion: data recovery. Alex and his partner
Barry Workman have built a thriving
business around peeling data off lunched
hard disk drives. Just the other day, Alex
brought over a Mac II with a bad hard
disk drive, and he did some kind of
kludge that involved connecting that ma-
chine to my Mac II with its Priam Mac-
Disk (300-plus megabytes). Whatever he
did worked fine; he got all his client’s
data back. (If you need help in recover-
ing data, you might want to contact

Workman and Associates at 1925 East
Mountain St., Pasadena, CA 91104,
(818) 791-7979.)

While Alex was here, I had him look
at Paul Mace’s new book, The Paul Mace
Guide to Data Recovery (Simon and
Schuster, 1988), and his opinion con-
firms mine: essential reading. Mace tells
you, simply and quite readably, what
causes data loss and how to prevent it.
Mace, you'll recall, was the first person
to figure out that you could recover data
from a hard disk that had accidentally
been reformatted. Since then, he’s be-
come an expert on data recovery and loss
prevention.

If you don’t read another computer
book this year, read this one. It could
save you a lot of grief.

Cambridge Z88
Sir Clive Sinclair’s latest computer prod-
uct is the most portable computer I’ve
ever seen: the Z88 (properly pronounced
in the British manner “Zed-88"). This is
a thin (less than an inch) and lightweight
(less than 2 pounds) compact portable
that comes with a number of programs in
continued
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CHAOS MANOR

has a lot of nifty new stuff as well. Both
computers can use transputers to speed
up very large visual displays. I was enor-
mously impressed with both machines;
for reasons I haven’t time to go into, I
think the Amiga has improved even
faster than the Atari, but both are defi-
nitely worth watching. Each has a shot at
being a serious rival to the Sun worksta-
tion at half the cost.

On that score, I'm supposed to get a
new Sun386i in the next few weeks. I told
Sun to keep the total list cost of what they
send to below $20,000. That’s still steep
for the average BYTE reader, but at least
it isn’t out of sight; you can pay a good
fraction of that for an all-up Mac II or a
PS/2 Model 80.

I ought to mention Flicker Master,
which is a screen cover that you Velcro
over your Amiga monitor; it reduces the
flicker from interlaced mode something
wonderful. We’ve had one on my Amiga
for a couple of weeks, and I wouldn’t be
without it.

I've got a whole bunch of animated
displays built up from GRASP, Paul
Mace’s screen utility program; indeed,
GRASP seems to have spawned a whole
new category of consultants, like, for ex-
ample, Robert Hurt’s Trebor Truh Pro-
ductions (2284 Almaden Rd., San Jose,
CA 95125, (408) 723-0931), which puts
together high-quality presentations built
up from GRASP. If you have good artists
in-house, get GRASP for them; but if you
don’t have artists, you can still get pro-
fessional-quality presentations with out-
fits like Trebor Truh. Then you can pre-
sent them with Traveling Software’s
color gizmo that sits on top of your View-
Graph projector and flashes up what’s on
your screen.

There’s more, but I'm really out of
space. The book of the month is by
Charles Murray, In Pursuit of Happiness
(Simon and Schuster, 1988); this may be
the most important book published last
year.

COMDEX was exhausting, but fun. I
sure like these little machines. ®

Jerry Pournelle holds a doctorate in psy-
chology and is a science fiction writer
who also earns a comfortable living writ-
ing about computers present and future.
Jerry welcomes readers’ comments and
opinions. Send a self-addressed, stamped
envelope to Jerry Pournelle, c/o BYTE,
One Phoenix Mill Lane, Peterborough,
NH 03458. Please put your address on
the letter as well as on the envelope. Due
to the high volume of letters, Jerry cannot
guarantee a personal reply. You can also
contact him on BIX as “jerryp.”

1 Exxon 25 Standard Qil (Ohio) 49 Consolidated Foods
p General Motors 26  AT&T Technologies 50 Lockheed
3 Mobil 27 Boeing 51 Georgia-Pacific
4 Ford Motor 28 Dow Chemical 52 Monsanto
5 IBM 29 Allied 53 W.R. Grace
6 Texaco 30 Eastman Kodak 54 Signal Companies
7 E.l. du Pont 31 Unocal 55 Anheuser-Busch
8 Standard Qil (Ind.) 32 Goodyear 56 Nabisco Brands
9  Standard Qil of Cal. 33 Dart & Kraft 57 Johnson & Johnson
10 General Electric 34 Westinghouse Elec. 58 Coastal
1 Gulf Oil 35 Philip Morris 59 Raytheon
12 Atlantic Richfield 36 Beatrice Foods 60 Honeywell
13 Shell Oil 37 Union Carbide 61 Charter
14  Occidental Petroleum 38 Xerox 62 General Mills
15 U.S. Steel 39 Amerada Hess 63 TRW
16 Phillips Petroleum 40 Union Pacific 64 Caterpillar Tractor
17 Sun 41 General Foods 65 Aluminum Co. of Amer.
18  United Technologies 42  McDonnell Douglas 66 Sperry
19 Tenneco 43 Rockwell Int. 67 Gulf & Western Ind.
20 ITT 44 PepsiCo 68 Continental Group
21 Chrysler 45 Ashland Ol 69 Bethlehem Steel
22 Procter & Gamble 46  General Dynamics 70 Weyerhaeuser
23 R.J. Reynolds Ind. 47 3M 71 Ralston Purina
24 Getty Ol 48 Coca-Cola 72 Colgate-Palmolive
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Americans can’t read.
And guess who pays the price.

While American business is trying to stay competitive with foreign companies, it's paying an
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Believe it or not, 27 million American adults can't read and write. Another 47 million are literate
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What does illiteracy cost you? Get out your calculator. llliterate adults make up 50%-75% of
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AW. . WHAT THE HECK!

The first question asked by many people is, “Why is Design CAD 3-D priced
so low?"” The answer? After developing DesignCAD 3-D we were unable to
decide how the product should be priced. We consulted experts. We used
the finest spreadsheets on the market. We took employee polls. We asked
our lawyers and accountants for their opinion. We even asked our Mothers,
Wives, and childhood Sweethearts! Finally in the greatest American
Tradition, we said, “Aw . . . What the Heck! Let’s see the other guys beat this
price!” DesignCAD 3-D sells for $299 complete. No add-ons, nothing else to
buy!

DesignCAD 3-D is a complete 3-Dimensional CAD system. It offers most, if
not all, the features found on programs costing more than $3000! In fact,
PC Magazine says, “For a low-cost, self-contained 3-D package Design-
CAD'’s range of features steals the show. The package offers more than
adequate features for a wide range of professionals and hobbyists alike.”
Once again, American Small Business Computers has proved that you
don't have to spend a lot of money to get quality software. DesignCAD 3-D
provides features such as Shading, Solid Object Modeling, Hidden Line
Removal, Cross Sectioning capability, ability to output shaded drawings to
laser printers, dot-matrix printers, or pen plotters, extensive file transfer
capability, all for only $299! No other 3-Dimensional CAD system can come
close to providing the price/performance of DesignCAD 3-D.

There is a very important reason to buy DesignCAD 3-D other than price: PERFORMANCE! DesignCAD 3-D provides complete 3-Dimensional drawing
capabilities. It's not a “warmed-over” 2-D program. DesignCAD 3-D allows you to draw any entity in 3-D space. This means, for example, that you can draw a curve
in the shape of a spring. You can draw a circle or arc at ANY angle on ANY plane.

DesignCAD 3-D allows up to 4 simultaneous views - any angle or perspective -on

the screen. DesignCAD 3-D also provides complex extrusions—linear, scalar,
and circular. Extensive 3-D text capabilities and auto-dimensioning are
provided, at no extra charge, of course!

DesignCAD 3-D almost certainly is compatible with the computer system you
now own. DesignCAD 3-D supports more than 200 dot-matrix printers, at high

resolution. DesignCAD 3-D supports more than 80 plotters, and most digitizers,
mice, and graphics adapters available for “PC and PC Compatible” systems.
Shaded and wireframe models can be output to the printer or plotter YOU own.

DesignCAD 3-D provides the capability to read drawings from most other CAD systems (DesignCAD/ProDesign II, AutoCAD'’s DXF, Hewlett Packard’s HPGL,
and IGES). DesignCAD 3-D will also write GE, and POSTSCRIPT files. This file exchange utility is included at no extra charge, of course.

DesignCAD 3-D does not require expensive graphics adapters and monitors - even shading can be done on ordinary displays, such as the Enhanced Graphics

Adapter (EGA), Color Graphics Adapter (CGA) and Hercules Monochrome Adapter. DesignCAD also supports many of the ultra high resolution graphics
adapters, with more hardware being supported daily.

However, the best reason to buy DesignCAD 3-D is not the low price. It's not the outstanding performance. It's not the extensive hardware compatibility. The best
reason to buy DesignCAD 3-D is for its amazing ease of use!

What else do you need to know about DesignCAD 3-D? Only this: “Included at No Extra Charge.” What is included at no extra charge? EVERYTHING! $299 :
BUYS IT ALL!

DesignCAD 3-D

Oh yes, we also market a 2-Dimensional version of DesignCAD 3-D with special drafting and design functions. Can they work
together? Naturally... Our Mothers, Wives, and childhood Sweethearts would see it no other way! The price?...
$299, of course!

How do you get one? See your local computer store or dealer, or contact:

o0 -
e eee American

“DesignCAD 3-D, the latest feature-packed, low-cost CADD package from American Small J
Business Computers, delivers more bang per buck than any of its low-cost competitors and threatens Small Business Computers, Inc.
programs costing ten times as much."” 327 So. Mill Street ® Pryor, OK 74361

Phone: (918) 825-4844 Fax: 01-918-825-6359
Telex: 9102400302

Write or phone us for FREE DEMO DISK and information on DesignCAD 3-D and DesignCAD 2-D products.
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APPLICATIONS PLUS

Items
Discussed

CanonCat................c.cenes $995
includes Canon 180 printer

Canon U.S.A., Inc.

One Canon Plaza

Lake Success, NY 11042

(516) 488-6700

Inquiry 1021.

Framework III .................. $695
Ashton-Tate

20101 Hamilton Ave.

Torrance, CA 90502

(213) 329-8000

Inquiry 1022.

The Perfect Career.......... $49.95
Mindscape, Inc.

3444 Dundee Rd.

Northbrook, IL 60062

(312) 480-7667

Inquiry 1023.

know how much further the program can
be taken.

On the other hand, to anyone willing
to commit to it, Framework III offers a
flexible application development envi-
ronment, a beautifully consistent com-
mand set, and modules as good as many
top stand-alone programs. The fact that
I’ve begun to yawn a little shouldn’t be
construed as a discouraging sign.

Nice Kitty
With its software in ROM, the Canon Cat
has the most consistent integrated inter-
face I have ever used. The machine is not
exactly a computer as such. It looks like a
computer—with a black-on-white moni-
tor, keyboard, and disk drive—but it’s,
well, different.

I’ll spare you a rehash of the physical
description, which I detailed last month.

When you turn on the Cat, the screen
is set up for entering text. Just plug in a
disk and start typing. Dynamic page
breaks are automatic; one keystroke can
force a break or begin a new document.
Everything is stored as a continuous text
scroll; there’s no discrete operating sys-
tem. You move by searching for text; two
pink keys in front of the space bar initiate
forward and backward searches, or leaps
in Cat jargon.

The cursor moves after each key-
stroke, so you rarely have to type a full
word to reach its next occurrence. The
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Leap keys also serve as left and right ar-
row keys. To highlight for copying, dele-
tion, or printing, leap to the start of a
block, leap to the end, then punch both
Leap keys to highlight.

Commands are triggered by Control-
key sequences, and the functions are
printed on the front of the key caps. The
“Control” key is labeled simply Use
Front. If you need help, hold down the
Use Front key, press a key called Ex-
plain, then any key you don’t understand.
Presto—you get one of 48 help screens.

The Calc key yields a result from any
highlighted formula, which then appears
with a dotted underline. Pressing Calc
again expands to the original formula for
editing. You construct pseudospread-
sheets by tabbing columns of numbers
and using the Calc command to enter
named variables and cell references. You
can even embed variables and references
in text paragraphs, so you’'ve got the
equivalent of free-floating cells in flow-
ing text.

Where the Cat falls down is in format-
ting for output. Page numbers are cen-
tered at the bottom of every page, and
there’s no facility for headers or footers.
You can leave off the number by high-
lighting less than a full page, and you can
create macros that insert headers or foot-
ers onto pages, but it’s really kind of
primitive. Jef Raskin, whose team at In-
formation Appliance designed the Cat,
points out that it doesn’t substitute for a
computer. The Cat isn’t intended for
multicolumn page layout, shop-floor
data analysis, or multiuser access. It’s
fine for basic text, simple spreadsheets,
communications, free-form databases,
and the like.

Recommendations? The Cat is perfect
for someone who needs industrial-
strength editing and record keeping but
doesn’t require a full-blown computer
system. If you’re willing to invest a little
time and you’re capable of throwing out
your notions of what constitutes ‘“power
computing,” get a Cat for yourself. It’s
as close to perfect integration, on a small
scale, as I’ve encountered to date.

When I Grow Up

Every month or two, I receive the latest
batch of games from Mindscape, which
usually get thrown into a box in the ga-
rage and forgotten. Because it arrived
with two awful-looking shoot-’em-ups,
I nearly missed The Perfect Career
(Mindscape, $49.95) and heaved it into
the box with the rest. That would have
been a major mistake, as it is anything
but a game. It is an MS-DOS program
designed to aid in the process of career

counseling. You use it to match your in-
terests and qualifications with potential
employment categories.

The Perfect Career offers two com-
plete testing and evaluation units, one for
high school students with no professional
experience, and one for adults with more
knowledge of real-world abilities. In
either case, you rank an extensive list of
job situations on a 1 to 3 scale for interest
and/or skill. The program derives an as-
sessment of how your expectations match
up to your answers, and it suggests a list
of possible careers. I took the adult test,
and I was amazed at how accurately the
program pegged me; all the jobs it gener-
ated were things I'd enjoy doing. As an
example, the program was canny enough
to list “college or university president”
as a choice but not “college or university
professor,” which meshes squarely with
my impatience for teaching.

I then tried it on someone else, with
somewhat less satisfactory results; the
program produced only a terse list of the
most obvious possibilities. When I asked
my guinea pig about the process, she ad-
mitted she had given top scores to those
things she liked and knew she could do
and bottom scores to everything else.
The Perfect Career then told her, natu-
rally, what she already knew. I can’t
blame the program; the tests need to be
taken with a lot of thought and a definite
seriousness of purpose.

The program was developed by James
C. Gonyea, director of the New England
Center for Career Development. He also
wrote a brief but helpful manual that
sketches a systematic approach to choos-
ing a career that goes well beyond the
simplistic nature of the testing software.
The Perfect Career is a complete pack-
age, and it makes an intelligent aid for
students looking for career directions
and adults who are thinking about mak-
ing a switch.

Don’t expect The Perfect Career to
tell you exactly what you should do with
your life; only you can make that deci-
sion. But the program can give you some
insight into your desires and aptitudes
and help you narrow your focus. It’s no
magic bullet, but it’s pretty slick. I rec-
ommend it. B

Ezra Shapiro is a consulting editor for
BYTE. You can contact him on BIX as
“ezra.” Because of the volume of mail he
receives, Ezra, regretfully, cannot re-
spond to each inquiry.

Your questions and comments are wel-
come. Write to: Editor, BYTE, One
Phoenix Mill Lane, Peterborough, NH
03458.












DOWN TO BUSINESS

Likewise, if your building is already
wired for ARCnet, you’ll probably use
that. Finally, if you have a very limited
budget, you may find that you can afford
ARCnet but not Ethernet.

Since most buildings aren’t wired for
LANSs ahead of time, you may also find
yourself looking for a product that will
work with your already-installed
twisted-pair wiring. You could also find
out that you’re going to have to install
wiring, no matter what system you pick.
This factor takes on added importance,
since you may find that the cost of buying
and installing the wiring for a LAN ex-
ceeds the entire cost of the rest of the
network.

Since most personal computer users
don’t care what LAN protocol they use,
Ethernet, ARCnet, or Token Ring, the
primary critical factors are the costs to
install the wiring and to adapt the com-
puter to work with a network. Another
critical factor is a particular computer’s
ability to work at all with some LAN pro-
tocols. For example, if you’re using the
Macintosh, you can use Ethernet on
some later machines such as the Mac II
and the SE. Otherwise, you have to use

the standard AppleTalk network and
find a way to integrate it.

The LAN Software

The software is the part of a LAN that
the user sees. Regardless of the hardware
and protocol involved, the user knows
that the LAN is running something like
Novell NetWare. Thus, you need to make
sure you select the LAN operating soft-
ware with your users’ needs, as well as
their installed hardware base, in mind.

According to a BYTE survey at PC
Expo last July, the most popular network
software is Novell NetWare. That survey
showed that significantly more than half
of all users employ Novell. There are a
variety of reasons for this, not the least of
which is that Novell has written its net-
work operating system to function with
most of the popularly available networks.
Also popular, but less common than Net-
Ware, is 3Com’s network with its 3+
LAN operating software.

Both of these LAN operating systems
are widely used because they make mini-
mal demands of the user. While both re-
quire logging onto the network and both
may require passwords, to users who

have obtained access to the network, the
file server appears to be just another disk
drive. Likewise, printing occurs just as it
would with a stand-alone computer.
Once users have learned how to work
their computers, they need a minimum of
training to use the network.

Besides supplying access to big disk
drives, LAN software typically offers a
variety of other functions. One that used
to be standard is E-mail. Currently,
LAN software companies, including
Novell and 3Com, are selling their E-
mail software separately. In the case of
Novell, because its E-mail product
needed improvement, many users bought
third-party packages.

The Server

Most companies that sell network soft-
ware also sell file servers, although
Novell has announced that it is leaving
this portion of the business and has sold
its server line to Samsung of Korea. Basi-
cally, the file server is a proprietary ver-
sion of a personal computer. Usually, a
file server has some added features and
enhancements that help match it to its
dedicated role on the network. Good ex-

A MEsSSAGE To
OUR SUBSCRIBERS

ROM TIME TO TIME WE MAKE
the BYTE subscriber list available to
other companies who wish to send our
subscribers material about their products. We
take great care to screen these companies,
choosing only those who are reputable, and
whose products, services, or information we
feel would be of interest to you. Direct mail
is an efficient medium for pre-
senting the latest personal com-
puter goods and services to our
subscribers.
Many BYTE subscribers ap-
preciate this controlled use of

BYTE Macazine

ATTN: SUBSCRIBER SERVICE
PO. Box 7643
TeaNECK, NJ 07666-9866

our mailing list, and look forward to finding
information of interest to them in the mail.
Used are our subscribers’ names and addresses
only (no other information we may have is
ever given).

While we believe the distribution of this in-
formation is of benefit to our subscribers, we
firmly respect the wishes of any subscriber
who does not want to receive
such promotional literature.
Should you wish to restrict the
use of your name, simply send
your request to the following
address. -

g
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MACINATIONS

One article in that compilation, writ-
ten by Apple’s Mike Liebhold, points out
the artificial limitations placed on the
use of CD-ROM technology. He argues
that CD-ROM software that allows for
only straight information search and re-
trieval is missing the boat by a wide mar-
gin. He makes the logical and technical
case for serious decision-aid software
based on CD-ROM technology.

Liebhold contends that optical disks
should be more than an archival media;
they must be linked to powerful soft-
ware. Of course, that’s now happening
with respect to hypertext with Apple’s
own HyperCard 1.2, which supports the
AppleCD SC drive. With HyperCard as
the hypertext engine, you can create vir-
tually any view or structure you need and
pull into these new objects the informa-
tion (sound, graphics, and text) that is
stored on the CD-ROM disk.

You can start to explore the concepts of
CD-ROM-based hypertext applications
now with the AppleCD SC drive and the
Apple Educational CD Sampler Disk
(which is available free from many Apple
district sales offices). This disk contains
a number of HyperCard stacks and other

hypermedia programs and gives some
pretty strong hints at the processing para-
digms that are growing out of hyperme-
dia research.

Wheels for the Mind

The best way to stay current on develop-
ments in multimedia and hypermedia
uses for the Mac is through the Apple
University Consortium journal called
Wheels for the Mind. Edited by Boston
College’s Peter Olivieri, it is published
quarterly and costs only $12 for a 1-year
subscription. In it, you’ll find articles
highlighting the Macintosh development
projects planned or under way at major
research schools and institutions. As an
example, most of the topics covered in
the summer 1988 issue had to do with
HyperCard, in honor of its first birthday
celebration.

The fall 1988 issue covered Mac appli-
cations used in instructional, research,
professional, and administrative envi-
ronments. Articles submitted for the
publication often cover Macintosh appli-
cations and development efforts that you
won’t read about elsewhere.

In large part, some of the best software

for the Mac is in limited circulation with-
in universities—software that you could
take advantage of if you knew about it.
Wheels for the Mind offers a good win-
dow into that software and its availability
to non-university users. Much of the soft-
ware (e.g., courseware, simulations sys-
tems, specialized research products, and
extensions to popular commercial pro-
grams) that you’ll read about in Wheels
can be purchased for less than $50 each
from the Kinkos Academic Courseware
Exchange Catalog. Stop in any Kinkos
copy shop in your area and pick up a copy
of the catalog (and get your name on the
mailing list for future copies). I highly
recommend it as a way to extend your use
of the Mac. m

Don Crabb is the director of laboratories
and a senior lecturer for the computer
science department at the University of
Chicago. He is also a consulting editor
for BYTE. He can be reached on BIX as
“decrabb.”

Your questions and comments are wel-
come. Write to: Editor, BYTE, One
Phoenix Mill Lane, Peterborough, NH
03458.

Looking for an equation builder or
multi-lingual editor for PageMaker or VVentura?

Vuwriter Link Pack provides the solution.

The Vuwvriter Link Pack provides a fast multiple character set editor
plus printer and screen fonts for HP and postscript printers.
Systems are available for scientists, engineers, linguists, translators
(20+ languages) and classicists.

Contact Vuman and find out how to add character to your
Xerox-Ventura or Aldus PageMaker DTP System.

From Vuman Computer Systems Ltd Manchester
Worldwide Distribution

VCSL Inc Alabama U.S.A. Tel: 205 830 2620

ACT Informatique Paris France. Tel: 331 4633 7260

OREAD Computing Victoria Australia Tel: 61 3 783 9912
LANCO Computing Services Finland Tel: 358 18 525240

Tel: 061-226 8311
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NO OTHER

PUBLISHING SYSTEM OFFERS
THIS FEATURE.

With the new Mannes-
mann Tally* Universal™ Publishing
System, you can practically fly.

Thanks to a Raster Image
Processor board that plugs directly
into your PC or compatible, you'll
process your pages at a speed lim-
ited only by the speed of your
computer. Not—as is typical —at
the speed of the printer. And you'll
transfer ready-to-print data directly
to the printer through a video
interface at an incredible 3-million
bits per second.

So when you're using the
PostScript” compatible interpreter,
you'll produce a printed page
almost twice as fast as most other
systems. But that’s just ground
speed.

[f you use Aldus® Page-
Maker or Ventura Publisher," you'll

R

m Systemns:
1. Universal Publishing System (includes a

PostScript compatible interpreter and Docu-

ment Description Language (DDL))
2. DDL Publishing System (DDL only).

® Resolution: 300 x 300 dpi.

® Emulations: Both systems include HP*
Laser]et.

® Memory: 2 Mg.

m Typefaces: UPS includes 35 typefaces, DDL
System includes 22 typefaces.

® Speed: 10 pages-per-minute.

® Dual paper cassettes standard, 250 sheets
each.

® Dual output bins standard, 250 sheets each.

®m Manual feed handles single sheets, enve-
lopes, transparencies, and labels.
® Workload: 10,000 pages-per-month.

Circle 137 on Reader Service Card (DEALERS: 138)

really take off. Because when you
select DDL instead of the PostScript
compatible interpreter, you'll double
that speed again. And with full page
bitmap graphics, you can get print-
ed output up to 17 times as fast.

So call the number below

 for the name of your nearest dealer

and log in your time on the New
Mannesmann Tally Universal
Publishing System. A pilot’s license
is not required.

MANNESMANN
TALLY

1-800-843134/

In Washington state, call: Ext. 191
206 251-5524 Ext. 191

esults available upon request. PostScript is a registe
Adobe Systems, Inc. DDL is a registered tra
p. Ventura Publisher is a registered tradema
tura Corp. Pagemaker is a registered trademark of Aldus Corp.
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FOR COMPUTER & ACCESSORIES
CALL TOLL FREE: 1-800-882-2802
FOR FAX, TYPEWRITERS & DICTATION EQUIPT.

CALL TOLL FREE: 1-800-223-7323
IN N.Y. STATE CALL: 1-212-947-5290
HOURS: Mon. Tru. Thurs. 9AM Till 6PM, Fri. 9AM Till 1:30PM, Sun. 9:30AM Till 5PM, Closed On Sat.

DESKTOPS

NO ADDED CHARGE ON CREDIT CARDS

LAPTOPS PRINTERS HARDWARE

meaa’ || Panasonic ™ LOGITECH
TOSH I BA m J e __l‘ Logitech Hi-Res Mouse. .......... 89.95
RE ONLY Logitech Clear Mouse............ 99.00
L NEW! Logitech Scanman......... CALL
PARADISE VGA Professional. . . .. CALL
NEW! PARADISE VGA Plus 16. . .299.90
—— NEW! Microsoft Mach 20. . ..309.00
DESKPRO 286, 12MHz, 1.2 Floppy Drive, - MICROSOFT Mouse. . ... ... ..99.95
Seagate 40MB Hard Drive (40ms)2065.00 KX-P 1 124 NS ZENITH Perfect Monitor. .. ....... CALL
NEW! COMPAQ 386/20E w/40MB Hard 24 Pin, Narrow Carriage NEC Multisync Monitor. .......... CALL
—— DAVOE g wsirss msgsssn & ......A4749.00 192 CPS Draft, 63 CPS NLQ, SONY 1302 Monitor. ........... 669.00
512K, 1-720K Disk Drive, NEW! COMPAQ SLT/286 Portable w/20MB Tractor Feed Included PLUS 20MB Card. ... ... CALL
Supertwist LCD Display, Hard Drive................. Low Price 309 00 TOSHIBA 3'2" Drive w/Kit /89.00
Weighs just 5.4 Ibs, E INTEL 8038720 MHz........... 469.95
PANASONIC 10911, ........... 174.95
CALL NEW! PANASONIC 1181......... CALL SOFTWARE
e SALE EPSON XY Write w/Al A Carte.......... 215.95
TOSHIBA T-1200FB...........CALL -
TOSHIBA T-1200HB CALL EPSON LX-800.............. 179.00 ASK SAM. ....oiiiiiiiinnn, 165.00
NEW! TOSHIBA T-3100E. . CALL RESEARCH INC. EPSON LQ-500. CALL BITSREAM Fonts............... CALL
TOSHIBA T-3200...... .......CALL EPSON LQ-B50. . ... vovcvionsn 529.00 XEROX Ventura Publisher 2.0.Low Price
TOSHIBA T-5100 CALL EPSON LQ-1050. 769.00 ORACLE f/LOTUS . ............. 119.95
"""""""" EPSON FX-850. NEW! Microsoft Flight Simulator. . .32.95
ZENITH AST PREMIUM 286 EPSON FX-1050. ... NEW! King Quest 4............. 29.00
ZENITH 184-1................ 1495.00 ; EPSON LQ-2550. . PROCOM Plus............... .42.95
ZENITH 1842 .. ..o CALL 10 MHz, 512K, 1.2 Floppy Drive, MICROSOFT Excel 2.1.......... 299.95
ZENITH Supersport 286 Model 20 w/20MB Seagate 40MB Hard Drive (40ms) TOSHIBA (sold In Store Only) FORMWORK w/Fill & File. . ... ..79.00
Hard Drive..c.cos s enes cusaur s .3049.90 1719.90 NEW! TOSHIBA Expresswriter 311.CALL PFS First Publisher. . . .. ......69.00
ZENITH 286 w/40MB Hard Drive .3449.00 = NEW! TOSHIBA 321SL Color. ... CALL Mavis Beacon Teaches Typing. . ..29.99
NEW! AST 386C w/64K Cache Memory, 20 TOSHIBA 341SL................ CALL NOTA BENE 3.0.............
DATAVUE ) MHz, 1MB Ram, 1.2 Floppy Drive, 40MB TOSHIBA 351 SX............... CALL LUBID B0, .ot st
DATAVUE SPARK, 640K, 2-Drives, Backiit Hard Drive.....................CALL NEC Q&A..... xR A
T FAX Portable. . 1275.95 .
W orable COMPATIBLES NEG: ES0n — INTUIT Quicke .
NEC . NEC P5300 687.00 MANAGING Your Money. . )
5 IBM-XT Compatible, 1-360 Floppy Drive, s SN TR - TOBIAS PC/Tax Cut. . ... . ...
NEC Multispeed HD........... 1959.00 1-30MB Hard Drive............. 757.00 PRINTER SALE!

LAPTOP ACCESSORIES
HOLMES 2400 Modem f/All LaptopsCALL
WORLD PORT 2400 Baud Modem235.00
Diconix Portable Printer.........304.90

IBM-AT Compatible, 512K, 1.2 Floppy Drive,
Seagate 40MB Hard Drive (40ms)1247.00

[APPLE compurers. . caLL]

H P. Laserjet Il w/Toner
H.P. Deskjet.

STAR NX-1000. ..
APPLE Imagewriter Il.........

DAC Easy Accounting 3.0.
CHIPSOFT Turbo Tax.

NOLO Will Maker
SPINRITE . .......
Fastrax. .

FAX MACHINES

PANAFAX

TYPEWRITERS

& Word Processors

Dictation Eq

COPIERS

UF-150. . . ..IN STOCK
UF-250............. .IN STOCK
SHARP / L2005 o5 137.90 S-907.......35.90 ] oo
FO-220.....CALL FO-300.....CALL SMITH CORONA g - i 93,4 S o e T e TR
- ranscriber. . ....... .169.90 gal Size....... - -908.
FO-420 .....CALL FO-550..... CALL PWP-B0 ... . i 469.90 -804 CALL S-810 CALL NEW! PC6.... ..709.90
FO-700...1519.90 FO-800 . ..2299.90 PWP-40.IN STOCK PWP-80.IN STOCK To000 . CALL T-2020. ... CALL NEW! PCBRE. .. .............. 859.90
NEW! PWP-100. .IN STOCK A B s PC-7 Zoom Copier............. 919.90
FangﬁzNBON FaxPhone;g %0 XL-1000 Typewriter. . ..Special 129.90 PANASONIC Black Cartridges............... 79.95
S ety 5950 XL-2500 . ... CALL XD-5500 CALL RN-15......CALL RN-36 . CALL 812x11 Paper (5000 sheets). . . .. .. 49.50
FoiPhans 26 0 o0 XD-7500 ... . CALL XD-9500.... CALL RN-89 _CALL RN-105.....CALL =
R e T (il —_— RN-115 CALL RN-125..... CALL Special
il PANASONIC —— RR-900.....CALL RR-970 . CALL 4 Black Cartridges
RICOH BUREOB0 o s pursnisias s CALL 299.90
FAX-10E ... CALL FAX-20E....CALL SANYO
EARDOB er OALL: [RARIHUR oy JEAEL TRC-6100... CALL TRC-5680 .. .79.90 TELEPHONES
MURATA TRC-2550. ... .00uiivninns -...149.90 PANASONIC FEATURE PHONES
M-1200 . ...629.90 M-1600....769.90 TRC-5200..229.90 TRC-5020 . .179.90 KX-T 2322 w/Automatic Dialing. . . .30.90
PANASONIC TRC-4100..227.90 TRC-4141..178.90 KX-T 2335 w/28 station Dialer. . . ..32.90
KX-W 1500 Word Processor. .IN STOCK TRC-8000A .227.90 TRC-8010A.165.90 KX-T 2342 w/Speakerphone.. . . . . . . 36.90
KX-F 100...CALL KX-F 120...CALL KX-R 320...CALL KX-R 330...CALL TRC-8700..239.90 TRC-8070..185.90 KX-T 2365 LCD w/Speakerphone . .59.90
TOSHIBA KX-R 340..203.90 KX-R 350..236.90 TRC-9100..239.90 TRC-9010..199.90 MULTI-LINE PHONES
3300 .....1039.90 3700 ..... 1329.90 e SONY KX-T 3122 w/3-Way Conference. . .56.90
Model 30100, . ............. ..959.90 BROTHER M-100B . .. .. CALL M-740 ......CALL KX-T 3142 w/Speakerphone. . . ....67.90
SANYO M-750V ... .. CALL TCM-5000EV CALL E);¥§11;g Sspf_aker w/48 Station Dialer71.90
BM-12...... CALL BM-7...... CALL 4 PEINGL g s 1o CALL
Model 515H................ IN STOCK BM-560 . CALL BI500 CALL Answering Machines Specials
BROTHER BM-75 CALL BM-80 CALL BXT 412,.CALL IOGT 1418,/ CALL
FAX 60 w/Answering Machine.IN STOCK N BM-815T ... CALL BM-820.....CALL KXT 1423..CALL KX-T 1424...69.90
WP-55 Word Processor. . . .. IN STOCK* KX-T 1427 LCD w/Time Announce.96.90
FAX PAPER NEW!WP-490 "OPUS” ...... ... .CALL NORELCO KX-T 1622..CALL KX-T 1720..CALL
812"x98" 49.95 8Y,"x164’. ..59.90 AX-26 .. ... CALL AX-28...... CALL B85 i min 89.90 590 ....... 119.90 CORDLESS PHONES
812"x328' 74.95 “Free Spreadsheet Program w/Purchase of 608« .. . 299,90 510....... 374.90 KX-T 3807 Cordless Phone
FAX Cleaning Kit. ............... 29.95 WP-55 Word Processor 2505 259.90 MC-4000. ..349.90 KX-T 3900 Cordless Telephone. . .

VISA, MASTERCARD, AMERICAN EXPRESS, OPTIMA & DISCOVER CARDS ACCEPTED
OUR GUARANTEE: Defective goods will be replaced or repaired if returned within 10 Days in original packing, mint condition, blank warranty card, detailed letter of explanation & copy of invoice. No return privilege on software
If found defective, We will advise customer how to consult manufacturer for warrantee service. For Customer Service: Please Call (212) 947-5295. Not Responsible for typographical errors. We reserve the right to limit quantities.
TO ORDER by MAIL: Please send money order or certified check for UPS shipment on most items. Personal check delays your order by 15 days.
Shipping & Handling: Handling Charge; 2% plus 5.95. Shipping Charge; 0.65 per Ib. Estimate minimum shipping 5.95. Total charge at time of order. Shipping & Handling charges are not refundable.

INQUIRE about NEXT DAY AIR or 2nd DAY AIR N.Y. State add TAX.

PHOTO & SUPPLY CORP.

MAIL ORDER: Dept BY,120 West 31st Street, N.Y.,N.Y. 10001 (Tel. 1-212-947-5290)
MANHATTAN STORE: 120 West 31st. Street, N.Y.,N.Y. 10001 (Tel. 1-212-564-3592)
SCARSDALE, NY STORE: 455 Central Ave. (Scarsdale Plaza) SCARSDALE,N.Y. 10538 (Tel. 1-914-723-1331)

Circle 87 on Reader Service Card

N.Y.C. Consumer Affairs License Number: 800193
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0S/2 NOTEBOOK

motherboard and kind of memory—the
rest of the add-in boards are identical.
You’ll buy the same 16-bit Ethernet card,
VGA card, and so on. The difference be-
tween an 80286 and an 80386, pricewise,
is just an initial $700 to $1000. I know,
$1000 isn’t peanuts, but this workstation
is going to run about $5000 anyway, so
another $1000 for 80386 hardware and
obsolescence-proofing wouldn’t be a bad
investment.

A basic 80286 AT-like motherboard—
probably 10 MHz, no wait states, the
low-end product these days—will work
fine, as long as it has the right BIOS. The
80286 BIOS chips I've worked with are
from IBM, Compaq, Phoenix, Award,
DTK, and AMI. I'll eliminate those
from IBM and Compaq for obvious cost
reasons.

Of the remaining, I’d recommend
either Phoenix or Award. I've had trou-
ble running even OS/2 version 1.0 on
some machines with AMI or DTK
BIOSes. As late as early October—the
last time I checked—one clone maker,
Everex, told me that it couldn’t run any
version of OS/2 due to its AMI BIOS.
The problem is due to be fixed—Everex
will offer its own OS/2 soon—but the
problem remains for garden-variety AMI
BIOSes and most OS/2 implementations.
Perhaps it will be fixed by the time you
read this.

I've tried OS/2 on some DTK mother-
boards with DTK BIOSes without any
luck. If you remove the DTK BIOS, how-
ever, and install a Phoenix BIOS, OS/2
will boot on many machines. Of course,
if you have a machine that is compatible
at the DOS level rather than at the BIOS
or hardware level, you’ve got a fairly
slim chance of getting anyone’s OS/2 to
run except that manufacturer’s—if the
company chooses to offer one.

One motherboard feature that would
be particularly useful for running OS/2
would be a large memory capacity. We're
starting to see motherboards that accom-
modate 4 or 8 megabytes of RAM. Be
very careful here, however—memory is
so expensive nowadays that the type of
memory used in a computer is a major
factor in determining the computer’s
overall cost. For example, looking at the
prices this week (the end of October) for
one large supplier, 1 megabyte of 100-
nanosecond RAM would cost $347 if
purchased as 1-megabit dynamic RAMs,
$425 if purchased as a single in-line
memory module, or $495 if purchased as
four banks of 256K-bit DR AMs.

Whatever memory system your com-
puter uses, you need a lot of it. To simply
boot the PM with the compatibility box
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requires 2.6 megabytes, and you’re best
with a minimum of 4 megabytes. After
all, why go to all the trouble to run OS/2
and end up with a few K bytes of free
space? This way, you’ll have a bit over 1
megabyte to work with.

What did I end up with? A 10-MHz,
no-wait-state, no-name AT motherboard
with 512K bytes on-board (expandable to
1 megabyte) and equipped with a Phoe-
nix BIOS version 3.10. It came in a box
with a power supply, an OMTI full-
track-buffered AT controller, and a key-
board for $720. Then I added an Everex
RAM 3000 memory-expansion board
and 3 megabytes in 256K-bit chips (I
know I said that the 256K-bit DRAMs
are the most expensive, but I already had
the chips around). The board cost $170,
and the chips ran $1500. Total so far:
$2390.

Hard Disk and Controller

0OS/2 requires a hard disk drive. You can
boot 0OS/2 from a floppy disk, but you
can’t fit all the basic OS/2 files on a sin-
gle 1.2-megabyte floppy disk. So, even if
you boot from a floppy disk, you have to
operate from a hard disk. The PM, the
0S/2 files, a few basic utilities, and an
editor together take up 6.9 megabytes on
my disk. That’s not counting things like
the C compiler; it’s just the kind of things
that a typical user will have as the basic
0OS/2 PM package. Hence, my 60-mega-
byte recommendation.

Believe me, my 60-megabyte Priam
hard disk is bursting at the seams. As
0S/2 is disk-intensive, you’d do well to
acquire a fast hard disk drive. One sug-
gestion is the Seagate ST4096, an 80-
megabyte drive with an access time in the
area of 30 milliseconds. Discounters are
offering the ST4096 at this writing for
just under $600. Total cost so far: $2990.

You can use just about any AT-type
hard disk controller. The only kind of
controller to avoid is an XT type. I know
you wouldn’t deliberately buy an XT
controller for an AT, but if you have up-
graded your XT to an AT with a “baby
AT” motherboard, you may still be using
your old XT controller. While outfitting
a new OS/2 workstation, the basic AT-
type Western Digital WD1003 controller
should do just fine.

When formatting your 60-megabyte
drive, you may be tempted to run On-
track Computer Systems’ Disk Manager,
PC-DOS 4.0, Storage Dimensions’
SpeedStor, or some other device driver
that allows a logical drive to exceed 32
megabytes in size. Don’t do it. OS/2 just
plain doesn’t know how to deal with logi-
cal drives larger than 32 megabytes. Just

run FDISK from OS/2 or DOS 3.3 to par-
tition the disk to a logical C drive of 32
megabytes and a logical D drive of 28
megabytes.

Next stop: serial ports and video.
You’d never believe it, but saving money
on video was the hardest part. Can our
hero build a PM-capable OS/2 worksta-
tion for less than $5000? Tune in next
month.

IBM OS/2 1.1 News

Just a day after the deadline for this col-
umn, I got a copy of IBM’s OS/2 version
1.1. There’s a lot of good news, and
some bad news.

IBM’s PM seems less machine-picky.
I got it to run fine on some no-name
80286 and 80386 clones, whereas IBM’s
version 1.0 wouldn’t run on the vast ma-
jority of the clones. And it seems fast—no
benchmarks yet, though.

You can now restrict the amount of
disk space that can be used for disk swap-
ping. Previously, the swapper could eat
up all your free space. Now you can say
“leave me x megabytes free.” ,

There will, indeed, be a CGA video
driver for the PM. It will ship at the end
of February.

It’s big. IBM has squeezed the files
onto five 1.44-megabyte floppy disks. A
new UNPACK command unsqueezes
them to about 14 megabytes—my earlier
reference to 6.9 megabytes concerned the
Microsoft Software Developer’s Toolkit.

I haven’t had enough time yet to find
out whether or not this is some kind of
copy-protection scheme, but FORMAT
/S does not work. You get a message to
the effect that “the /S option is not sup-
ported in this version of OS/2.” I hope
I’ve just overlooked something simple.

0S/2 Tip of the Month

Last month, I complained that there are
no inexpensive OS/2 API (Application
Program Interface) references. Two days
after the galleys disappeared into the
production process, I found OS/2 API:
The Pocket Reference by Kris Jamsa (Os-
borne/McGraw-Hill, 1988). That’s all it
is—no OS/2 tips or tricks, just the un-
adorned API. But for $5.95, what a deal!
0OS/2 programming just got cheaper. B

Mark Minasi is a managing partner at
Moulton, Minasi & Company, a Colum-
bia, Maryland, firm specializing in tech-
nical seminars. He can be reached on
BIX as “mjminasi.”

Your questions and comments are wel-
come. Write to: Editor, BYTE, One
Phoenix Mill Lane, Peterborough, NH
03458.
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HOW DO YOU GET
AJOB WITHOUT

EXPERIENCE?

AND HOW DO YOU
GET EXPERIENCE
WITHOUTA JOB?

Most young people have one
answer to this problem. They avoid it
until they’re out of college. But they
could be getting solid work experi-
ence while they're still in college. With
your company’s help. And ours.

We're Co-op Education. A nation-
wide program that helps college
students get real jobs for real pay;,
while they’re getting an education.

But we can’t do it without you.
Those real jobs have to come from
real companies. Like yours.

For more information on how
you can participate in this valuable
program, write Co-op Education,
Box 775E, Boston, MA 02115.

Not only will you be giving students
a chance to earn money and pick up
the most valuable kind of knowledge,
you'll be giving yourselves a chance
to pick up the most valuable kind
of employee.

Co-op Education.

You earn a future when you earn a degree.

"!o‘
(smd A Public Service of This Publication ©1987 National Commission for Cooperative Education
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COM1:

veloped by Forsberg; all ZMODEM
transactions are protected with 16- or 32-
bit CRC. According to Forsberg, when it
is properly used, the 32-bit CRC reduces
undetected errors by at least 5 orders of
magnitude. ZMODEM also has a special
security-challenge mechanism that
guards against “Trojan Horse”” messages
written to mimic legitimate commands
or file downloads.

Other advanced features include the
ability of the sending or receiving com-
puter to trigger an automatic download
or command sequence; automatic step-
down to YMODEM if the other end does
not support ZMODEM (this ability, of
course, assumes that the transmission
medium accommodates both XMODEM
and YMODEM); ease of implementation
via a shell to an external program
(DSZ.EXE); and file transfers that begin
immediately, regardless of which pro-
gram is started first, without the 10-sec-
ond delay associated with XMODEM file
transfers.

On the Horizon

Is there any rule of thumb you can follow
concerning what protocol will best fill
your needs? Sure. Try out several of
them, and use what works best for you.
In today’s environment, that usually
means XMODEM. After all is said and
done, it’s really the basic “standard.”
And assuming your communications
package supports such protocols, you
can improve your file transfers by using
the more advanced X-/YMODEM-1K
protocols.

We now have a wide variety of file-
transfer protocols to choose from. And
until the industry comes up with an offi-
cial standard, you may find that the intel-
ligent way to go is to use a combination of
several different protocols. How do you
know which protocol is the best to use in
any given situation?

Next month, I will address this issue
and explore the effect of high-speed
modems, with their built-in error-cor-
rection schemes, on these various proto-
cols. I'll compare each of these protocols
when they are used over normal voice-
grade telephone lines and with packet-
switched networks. The results are
mixed and, in some cases, surprising. B

Brock N. Meeks is a San Francisco-based

freelance writer who specializes in high
technology. You can reach him on BIX as
“brock.”

Your questions and comments are wel-
come. Write to: Editor, BYTE, One
Phoenix Mill Lane, Peterborough, NH
03458.
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Table 1: A summary of each compiler’s features reveals differences that can enhance performance (® = yes; O = no).

1 Editor/compiler only.

2 Memory models can be customized.

3 Static data can exceed 64K in any model (huge keyword).
4 No bdos function, but interrupts handled in library.

5 High density required for OS/2 functions only.

€ $20 additional charge for 3%2" version.

Borland Manx MetaWare Microsoft Watcom Zortech
Turbo C AztecC86 High C 286 (o C C
Professional Commercial 1.4 5.1 6.5 1.07
2.0 4.1d
Price $250 $499 $595 $450 $495 $89.95
General
Single compile/link command ® ® (0] ® ® [ ]
Linker ® ® (@) [ ® o
Librarian ® ® @) ® ® ([
Stand-alone assembler ® ® (0] [ (@) (@]
Make utility ® ® (@) ® ® [ ]
Source code debugger @ ® (@] ® [ ] (©)
Editor ® [ ] O [ ] ® e
Integrated environment ® O (@) ® [ ] o'
Memory models
Tiny (64K total) ® O O 02 ® e
Small (64K code, 64K data) ® ® ® ® L J ®
Medium (1M code, 64K data) ® ® [ ] o ® [ ]
Compact (64K code, 1M data) [ ] ® ® ® [ ®
Large (1M code, 1M data) @ ® ® [ [ [
Huge (large, but single data > 64K)3 ® (8] ® ® [ ] @)
Library
DOS interrupts [ ] ® o4 ® ® @
Dual executables (80x87 emulator) ® ® ® ® ® ®
Graphics library [ ] ® (@] ® [ ] ®
Language extensions
Pascal vs. C calling conventions ® O ® ® ® O
In-line assembler code ® ® Q O ® @)
Assembler, linker
Real-mode 80386 instructions (@) O ® (@) (®) (@)
Interface to assembler code ® @ ® ® o L]
Interface to other HLL ® O ® @ ( J @)
ROMable code (@) [ ] ® ® ® [ ]
Other
On-line help ® O O ® ® ®
Wild-card file specs to compile, link ® (@) O [ ] [ ] @
Response file to compile, link ® O (®) ® ® ®
Install program [ O @ ® ® @
Documentation (pages) 2269 708 430 2518 1391 582
System requirements
Operating system DOS 2.0 DOS 2.0 DOS2.0 MSOQOS/21.0or DO0OS20 DOS 2.0
DOS 2.1
RAM 448K 384K 384K 448K 512K 512K
Drives Two floppy or  Two floppy or  Hard disk Hard disk,  Two floppy or Two floppy or
hard disk hard disk 1.2M floppy5 hard disk hard disk
Format 32" or5va” 312" or 5Va" 514" 312" or 54" 32" or5V4" 312" or 5V4"6
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termine the effectiveness of the math li-
braries, we ran the suite twice: once on a
Compaq 386 portable with an 80387
floating-point unit (FPU), and once on a
Northgate 386 with no coprocessor. All
tests were run using the small memory
model. Starting with the low-level
benchmarks, each test is detailed below,
and the results are found in table 3.

The Low-Level Tests

For our low-level tests, we used six C
functions devised by Thomas Plum.
Each function contains an inner loop that
executes exactly 1000 operations, and
the test names reflect the types of opera-
tions they perform: integer arithmetic,
floating-point arithmetic, function call-
ing, and so on. These tests, which Plum
Hall freely distributes, report the time—
in microseconds—required for a single
operation of a given type.

On our coprocessor-equipped Com-
paq 386, for example, the results show
that an empty function call takes about
1.5 microseconds. That number was rel-
atively invariant from compiler to com-
piler: The fastest was Watcom at 1.43 ps,
the slowest was Aztec at 1.55 us.

In general, the compilers bunched
closely on the low-level tests, but the
floating-point test yielded more diver-
sity. Zortech, which took second on the
emulator version of the test, finished last
on the coprocessor version. The moral:
Test both floating-point libraries that
your compiler provides.

The XLisp Tests

For the XLisp tests, we used each com-
piler to build six working XLisp inter-
preters. Then we used each interpreter to
run some benchmark programs. XLisp,
written by David Betz, is a freely distrib-
uted program. Comprising 23 source
files and 24,000 lines of C source code,
XLisp is representative of the large, com-
plex applications that serious C program-
mers construct to solve real problems.

Our low-level benchmarks rate the
code generated by compilers according
to specific measures of performance.
They answer questions like: How effi-
cient are function calls, integer multipli-
cations, string comparisons, and pointer
operations? How fast are the emulator
and coprocessor library routines? How
effective is the optimizer?

Our application in this case is the
XLisp interpreter; its performance on a
suite of Lisp benchmarks we wrote espe-
cially for this purpose constitutes our
high-level compiler benchmark. The
XLisp tests answer a more general—and
probably more interesting—question:

When you write a program that uses all
these features, how big will it be and how
fast will it run?

Building XLisp

We knew that using six compilers to
build six interpreters would be a big proj-
ect. It was, but it turned out to be less dif-
ficult than we thought, for two reasons.
First, XLisp is a cleanly written and
beautifully modular program. Second,
all the compilers support most of the im-
portant proposed ANSI standard fea-
tures, so we had virtually no problems.

There was just a single glitch. All
these compilers, except MetaWare’s,
support the library function bdos, which
enables C programs to use DOS INT21
functions. The IBM PC version of XLisp
uses bdos for a handful of primitive I/O
routines. It’s not part of the ANSI stan-
dard, but it’s a convenience that many
IBM PC compilers provide.

MetaWare does provide an alternative:
You include an MS-DOS interface file
and can then use a function called call-
dos in conjunction with a structure
called Registers. It’s slightly less con-
venient than bdos. You have to load Reg-
isters with appropriate values, call
calldos, then retrieve the result from
Registers. But after a bit of experimen-
tation, we got it to work.

XLisp makes just three calls to bdos,
and they’re encapsulated in a single file.
We added alternate versions of the three
XLisp functions (embedded in a condi-
tional #IFDEF METAWARE. . . #END-
IF block) and added -DEF METAWARE
(to activate that block) to the command
line we used when building XLisp with
the MetaWare compiler. That solved the
problem. It wasn’t pretty, but given the
scope of the project, we were pleasantly
surprised to find that, for six compilers,
one conditional block was the only modi-
fication that we had to make.

Lisp Benchmark Programs

We wrote six Lisp benchmark programs.
The floating-point test executes 50,000
floating-point multiplications in a tight
loop. The two sort tests share a common
Lisp routine that implements an ex-
change sort; the routine operates on a list
of objects and returns a sorted list. The
integer sort operates on a randomly gen-
erated list of 500 integers, and the float
sort operates on a randomly generated
list of floats. The file I/O tests read and
write a 32K-byte file.

We built the lists once, stored them in
files, and used Lisp functions to read the
numbers and construct the lists, thus en-
suring that each interpreter would per-

form the same sequence of actions. We
didn’t time the helper functions. The
numbers shown reflect only the time re-
quired for the sort.

Like the sort test, the sieve test exe-
cutes a complex algorithm—in this case,
the classic prime-number sifter. But its
central data structure is an array—just as
in the C version of the sieve—rather than
a Lisp list. Lisp’s hallmark, list manipu-
lation, relies on techniques and data
structures that aren’t typical of many ap-
plications. To exercise a different (and
possibly more representative) kind of
functionality, we stored the flags that the
sieve uses in a Lisp array—an object
that’s implemented in a relatively
straightforward manner in terms of an
ordinary C array.

Finally, the function-call test mimics
its counterpart in the low-level suite.
Here, we repeatedly executed an empty
function call.

Results

The results show an interesting diversity.
Watcom won the floating-point test. That
makes sense, since it won the corre-
sponding test in the low-level suite.
Turbo, Aztec, and MetaWare did poorly
on the floating-point test, and that too
correlates with their performance on the
low-level tests. Watcom took another °
first on the sort tests, followed by Micro-
soft. Zortech came in last on the sort;
that’s a bit surprising in view of its
relatively strong overall performance on
the low-level tests, and it proves that
low-level tests taken alone can be mis-
leading.

By way of redemption, though, Zor-
tech dominated the file I/O tests, fol-
lowed by Microsoft and Watcom, with
MetaWare last. The winner of the Sieve
test was Microsoft, with Turbo a close
second. And Watcom did poorly on the -
Sieve—an unexpected result given its
otherwise stellar performance. Watcom
and Microsoft took first and second on
the Function-Call test—results that again
correlate with the low-level tests.

The combined results show Watcom
and Microsoft as the favorites, as was
true in the low-level tests. But Watcom,
which trounced Microsoft on the low-
level tests, won the XLisp tests by only a
slim margin. That trend was apparent
across the board—in contrast to the low-
level tests, on the XLisp tests, times var-
ied less from one compiler to another.
The slowest interpreter, compiled by Az-
tec, trailed the fastest, compiled by Wat-
com, by 30 percent on the low-level in-
dex, but by only 20 percent on the XLisp

continued
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Table 2: The results of the Plum Hall ANSI validation suite. The tests represent requirements of the X3J11 standard.
Draft Description Turbo C Aztec C MetaWare C MicrosoftC Watcom C Zortech C
reference 2.0 4.1d 1.4 5.1 6.5 1.07
2.1.1.2 Backslash-splicing (@) @ ® @ ® ©
2112  Phases of translation o o o o o o
2211  Trigraphs o 0 o] o ® o
2242  <float.h>: DBL_DIG>=10' ® ® ) ® ® ®
2242  <limits.h>: has MB_LEN_MAX? o) ©) (@) O L9, O
3.1.2 Internal identifier significance at least 31 characters ® (@] ® @) ® ®
3.1.2.2  Scope rules: file, function, prototype, and block ® ® ® e ® ®
3.1.2.3  Name space rules: variables, labels, tags, and ® ® ® ® ® ®
members
3.1.23 Unique member name spaces ® ® ® ® ® ]
3.1.25 long double (even if same size as double) ® ® @ [ J ® O
3.1.2.5  Allunsigned types [ ] [ ] ® [ ] @ ]
3.1.2.5 signed char ® ® ® @ ® e
3.1.26  Type-compatibility rules? @ e O @ ® @)
3.1.32 Constants: U, L, unsignedness rules [ ® o ® @ ®
3.1.3.4  Character constants with more than one char O (@] ©) @) ® o
3.1.34 "\ xFF' ® / ® ® ® /
3.1.34 \a' "\v' ® / ® ® ® [ ]
3.1.34 Wide characters: L'x', L"x", we¥, mb*, wehar_t2 O O (3] O O O
3.1.5 “Old-style"” assignment operators are gone ® ® ® @ ® ®
3211 “Value-preserving” integer conversion rules ® ® ® / ® /
3.2.1.5  Expressions with float operands have float type / ® [ ] @ ® /
322 Address-of on array and function ® @ @) / / [}
3.2.2.1 Call-through pointer (*pkg.fn) () may be ® ® [ ] ® ® ®
written pkg.fn()
3222 OK to cast void to void3 ® ® ® © O ®
3.2.2.3  Generic pointers: void * (] ® ® [ ] @ [
3.3.2.2  Prototype-with-default-sizes is compatible with [ ] [ O ® ® @)
no-prototype
3.3.2.2 Calling a prototyped function causes conversion ® [ ] ® [ ] ® ®
(asif by ass't)
3.3.3.3  Unary plus ® ® ® ® ® (B,
3.3.3.4  sizeof appliesto any r-value expression [ ] ® ® (] (] @
3.3.16.1  Structure assignment, return, and argument-passing @ @ [ ] ® ® [
3.5.22  enumand tag-scope rules? ® ® @ ® [ ] ®
3.5.2.3  Tentative def for struct sb b; (@) (@] O O ® (@)
3.5.3 const is independent qualifier of e.g. struct type @ ® ® ® [} o
3.5.3 volatile preserves auto values modified after ® ® [ ® ® /
setjmp
3.5.4 Ellipsis ® ® e e ® o
3.5.4 Prototypes (for declarations) @ ® [ ] ® [ ] [ ]
354 Prototypes (for “new-style” definitions) [ ] ® ® ® ® ®
3.5.7 Elided-braces rules ® ® ® ® ® [
1 Per 3/87 draft. 4 Per 4/88 draft. Key: @ — Supported.
2 Per 12/87 draft. 5 Per 12/86 draft. | — Compiled but produced incorrect output.
3 Per 9/87 draft. O — Failed to compile.

index. In general, the compilers divided
themselves into three tiers: Watcom and
Microsoft, then Turbo and Zortech, and
finally Aztec and MetaWare.

Optimizing Tests
We tested the compilers’ ability to per-
form the classic optimizations with a
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benchmark developed by Melvin Klerer
and Hong Liu of Polytechnic University.
The benchmark comprises two function-
ally equivalent C source files. The first,
NONOP, contains constructs that a good
optimizer should be able to improve. The
second, OP, is a preoptimized version of
NONOP. It’s written in an optimal man-

ner so that an optimizer won’t be able to
squeeze much out of it.

NONOP is organized into sections,
each of which contains a particular opti-
mizable construct—common subexpres-
sions, constants that are computable at
compile time, loop-invariant code, and
unnecessary copies. Each section iter-
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Draft Description Turbo C Aztec C MetaWare C Microsoft C Watcom C Zortech C
reference 2.0 4.1d 1.4 5.1 6.5 1.07
357 Autoaggregate initializers ® o [ (@) [ O
3.5.7 union initializers (via first member) ® o [ ] (@) =] ®)
3.6.42  Long-size switch labels @ [ [ [ ® @)
3.7.2 Tentative definition for static @) O O @) [ ] O
3.8.1 #ifdef, #elif @) ® e ® [ ] ®
3.8.1 No syntax-checking of skipped groups [ [ ] ® [ J [ [}
3.8.2 #include macro-name [ [ ] O [ ] O ®
38.3 “Hiding" of macro names [ ] [ ] ® [ ] [ ] ®
383 Benign redefinition allowed e ® ® [ ] (] ®
3.83 Preprocessor catenation and string-izing / ® ©) ® @) 1
3.8.5 New preprocessor directive #pragma @ [ ] O @ ® ®
3.8.8 Predefined macro names @) / (©) O ® O
41.3 <errno.h>! [ ® O O o [
415 <stddef.h>: offsetof on nested struct member4 ©) O (2] @) ® O
4.2 <assert.h> @ (] ® o ® @
43 <ctype.h> @ ] ® [ ) ® ®
4.4 <locale.h>: initial localeis “C" O (0] O (@] [ ] (@)
4.4 localeconv, LC_CURRENCY, negative_sign4 ®) O @) @) (@) (@)
4.5 <math.h> ] ® o ® ® ®
4.5.1 Math library sets errno when required @ ® @) ©) ® l
4.6 <setjmp.h> ® @ @ [} o [
4.7 <signal.h> @) / O @ ® (@)
4.8 <stdarg.h> ® (€] O (@) ® @
4.9 <stdio.h>: OK toinclude more than once ® ® [ ® [ (@)
491 In<stdio.h>: FOPEN_MAX and FILENAME_MAX2 (@) (&) o (@) (@] O
492 Stream and file semantics: opening, seeking, ([ ] (@] [ ] [ ] ® O
text-binary
494 remove, rename @ @) (] [ J @ @)
4.9.6 Full printf/scanf to new exact spec ® / ® / / /
496 scanf and ungete push back independently? ® O [ ] [ ] / O
496 v¥printf, v¥scanf ® O @ ® o ®
4.9.9 f'setpos, fgetpos L ©) (@] [ (] O
4.10 <stdlib.h>: has size_t2 o @ o D] o @
4.10.1 strtol, strtoul, strtod2 ® O / / / /
4.10.4 system, atexit, getenv, EXIT_SUCCESS, / [®] O @) / O
EXIT_FAILURES
4.10.6 div, 1div ® (@] O ® [ ] ®
4.1 <string.h>: memset and strcmp ® @ [} ® ® o
4.11.2 memmove, strstr! ] (@) O / @ /
411.6.2 strerror @ @] / ® o [ J
412 <time.h> ® ® e ® ® ®
41222 difftime / o / ® ® /
41235 strftime / O / / © o

ates inside a loop that’s weighted accord-
ing to the frequencies (as measured by
Klerer and Liu) with which program-
mers inadvertently use such constructs.
By far, the greatest weights are assigned
to routines executing constant folding
and local common subexpression optimi-
zation.

The efficiency of a given compiler’s
optimizer is, in theory, simply NON-
OP’s time divided by OP’s time. The
ideal optimizing compiler would score 1,
as it would eliminate all the unneeded
code from NONOP. Higher scores indi-
cate poorer performance.

Working with the benchmarks, we

found the presence or absence of a copro-
cessor to be a significant factor. Both OP
and NONOP are math-intensive, relying
heavily on floating-point functions from
the function library. Moreover, since
NONOP may be forced to do more float-
ing-point math than OP, a good (or poor)

continued
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Ta_ble 3: Benchmark results. We ran each test twice, once on a Compaq 386 portable equipped with an 80387 floating-
point unit, and once on a Northgate 386 with no coprocessor. The specifics of each test are discussed in the text.

Indexes represent an overall summary of a compiler’s performance in a given area. Higher numbers are better, and a 1.00
is the highest possible score. The indexes are calculated by normalizing each test result against the best time for any
compiler; the mean of these normalized figures becomes the index for a given group of tests (low-level, XLisp,
optimization, and system-dependent). The compile time and code size index are calculated in the same way using results
generated for each group.

Borland Manx MetaWare C Microsoft C Watcom C Zortech C
Turbo C Aztec C86
Low-level
Compile time? 10.91 | 13.95 19.88 | 21.61 33.97 | 56.49 30.30 | 3241 27.71 | 40.78 23.25| 25.79
EXE size 17,508 | 27,348 10,862 | 13,712 22,512 29,632 23,372| 24,883 16,000| 18,200 23,594 | 23,746
Register int 0.41 0.44 0.40 0.43 0.38 0.43 0.38 0.41 0.25 0.30 0.37 0.41
Auto short 0.46 0.51 0.52 0.54 0.39 0.45 0.37 0.40 0.26 0.31 0.37 0.41
Auto long 1.20 1.30 1.34 1.42 1.15 1.32 1.24 1.40 0.96 1.03 1.16 1.31
Int multiply 1.20 1.50 1.46 1.68 1.46 1.69 1.15 1.40 1.19 1.48 1.18 1.47
Function call/return 1.50 1.50 1.55 1.53 1.52 1.53 1.52 1.50 1.43 1.44 1,58 1.54
Auto double 5.25 | 80.00 5.05 | 39.55 453 | 62.20 3.24 | 26.00 3.08 | 17.60 6.02 | 23.50
XLisp
Compile time? 50.53 | 68.60 222.25 [218.28 344.19 |598.96 293.03 |320.822 290.31 |317.31 242.66 |218.69
.EXE size 55,658 | 65,498 52,388 | 56,444 58,944 | 68816 62,646 | 66,334 45474 [50,096 61,662 |62,198
Float 14,97 | 27.80 16.30 | 2065 15.11 | 20.71 1459 | 17.49 1472 | 16.86 14.61 | 17.35
Integer sort 4129 | 4250 50.88 | 50.88 4122 | 41.91 3652 | 37.46 3262 | 3383 53.82 | 56.30
Float sort 3426 | 38.85 4457 | 4526 36.06 | 37.74 3222 | 33.45 28.73 | 29.88 47.13 | 49.49
Write file 13.32 | 14.40 14.86 | 1538 15.87 | 16.42 1327 | 13.29 13.29 | 13.40 1252 | 13.04
Read file 12.81 | 1877 1450 | 14.83 1461 | 1650 11.89 | 13.76 11.72 | 1341 11.95 | 12.80
Function calls 14.99 | 16.51 1798 | 1845 1631 | 16.81 1439 | 1502 13.78 | 14.89 1472 | 1559
Sieve 53.41 | 5527 5762 | 58.41 5498 | 56.35 53.34| 55.09 56.66 | 60.23 55.75 | 58.05
Optimization
Compile time! 14.64 | 15.82 26.50 | 31.04 4242 | 78.10 4515 | 49.13 47.71 |102.00 54.52 | 59.81
EXE size 40,832 | 60,512 25,336 32,456 54,528| 72,272 47,942| 63,526 35,888|46,516 30,856 | 54,902
OP 5.40 | 62.70 7.20 | 63.93 450 | 51.10 3.50 | 60.14 470 | 22.80 5.80 | 45.10
NONOP 7.10 | 98.80 16.70 | 195.78 5.45 | 100.00 4.40 | 86.14 5.80 | 76.20 9.20 | 110.50
NONOP / OP5 1.3 1.6 2:8 33 1.2 2.0 1.8 1.4 1.2 3.3 1.6 2.5
Object-level
Compile time? 1179 | 19.83 2545 | 20.87 60.94 |109.94 5225 | 41.36 30.10 | 39.44 35.07 | 27.43
EXE size 26,242 | 26,242 10,050 | 11,476 21,760|26,784 31,218| 28,806 18,426| 18,426 15,434 15,570
Register usage 14,78 | 16.43 15.30 | 16.45 1425 | 1482 1505 | 16.36 12.09 | 1279 1425 | 15.27
Pointer arithmetic 2560 | 26.62 41.80 | 4089 3870 | 37.63 17.06 | 18.18 17.46 | 19.49 1535 | 18.19
32-bit arithmetic 4.07 4.26 418 5.19 4.04 4,55 3.54 4.38 2.04 2.08 4.01 4.83
strnemp function 17.47 | 18.30 7.78 8.18 39.63 | 40.70 17.85 | 18.70 4.67 450 19.88 | 20.82
strnepy function 20.60 | 24.76 3401 | 3652 2166 | 2504 3364 | 36.36 4262 | 4597 2340 | 17.71
Minimum XLisp size® 64,490 56,444 67,136 65,230 49,788 61,138
Compile time index 1.00 1.00 0.45 0.60 0.25 0.19 0.27 0.36 0.32 0.30 0.32 0.46
Code size index 0.61 0.63 0.97 0.94 0.55 0.59 0.51 0.62 0.73 0.85 0.67 0.72
Plum index 0.75 0.70 0.69 0.70 0.76 0.70 0.84 0.81 0.99 0.99 0.77 0.82
XLisp index 0.92 0.85 0.79 0.80 0.85 0.84 0.95 0.96 0.98 0.98 0.87 0.87
OPT index 0.78 0.74 0.45 0.42 0.90 0.67 0.98 0.82 0.87 0.71 0.65 0.59
System index 0.64 0.64 0.57 0.57 0.56 0.58 0.63 0.64 0.87 0.89 0.69 0.67

Times for the low-level benchmarks are in microseconds; all other times are in seconds. File sizes are in bytes. For each compiler, coprocessor times appear in the left column and
emulator times in the right column.

1 Compile times include times for compile, assemble, and link.

2 |ntrinsic function optimizations disabled; failed to compile with option enabled.

3 rmod function used in optimizing benchmark not supported in emulator library; used function provided by Manx.

4 Emulator library used rather than Alternate Math library.

s Score weighted twice in index calculation.
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memory. We used the following code
fragment:

iFunction
(al,a2,b,cl,c2,d1,d2)

a =al + a2 + b;
c =cl+c2+ b;
d = dl + d2 + b;

return a+c+d;

And we anticipated that an efficient com-
piler would generate an assembly lan-
guage listing like this:

MOV AX, [BP+al offset]

ADD AX, [BP+a2 offset]
MOV BX, [BP+b offset]
ADD AX,BX
ADD AX, [BP+cl offset]
ADD AX, [BP+c2 offset]
ADD AX,BX

which keeps the frequently used variable
b in BX and keeps a running total of the
return value in the return register.

Watcom turned in an outstanding time
here, 12 seconds compared to the average
14.5. The assembly language code also
came closest to our ideal. Watcom keeps
b in a register, keeps subtotals in other
registers, and never makes a single swap
to memory. The compiler also passes ar-
guments in registers rather than on the
stack, as is customary. This fascinating
strategy contributed here and elsewhere
to Watcom'’s outstanding performance by
reducing memory accesses to an absolute
minimum.

While it’s true that arguments must be
moved to registers by the calling func-
tion, the additional overhead of passing
arguments on the stack is eliminated.
Most compilers push the addresses of
variables onto the stack, call the subrou-
tine, and load the register using their ad-
dresses. Watcom’s method involves only
one transfer, directly from memory to
register.

Zortech also scored well on the regis-
ter usage test. The emitted code does
keep all variables in memory, but it
keeps the subtotals in registers and
makes the final add (for the return value)
by simply adding registers. MetaWare’s
close finish can be attributed to its simi-
lar scheme.

While Turbo does keep b in a register
(SI), its subtotaling in memory did cost
some time. Microsoft and Aztec seem to
be the least efficient on this common op-
eration, as they swap every variable in
and out of memory.

A similar test involves the efficient
manipulation of pointers. Consider the
following code fragment:
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int a,i,*p;
for (i=0; i<ITERATIONS;++i)
a+=*(p+i);

We expected the compilers to recognize
that p is loop-invariant and to keep it as
the source index, which would produce
code like this:

10: MOV BX,CX ;i is in cx
SHL BX,1 ;multiply for 16
bit
ADD AX, [SI+BX];accumulate a
INC CX ;increment index
CMP CX,ITERATIONS ;check

Microsoft did us one better, however. It
first compared ITERATIONS to zero,
and it was prepared to exit immediately if
the result were true. That wasn’t the
case, so it then moved *p into SI as antici-
pated, but it also moved ITERATIONS
into CX. With this arrangement, the
code simply LOOPed around a fragment
containing nothing but

ADD DX,WORD PTR [SI];a is in DX
ADD SI,2

The LOOP command continues CX
times. While the loop uses an ADD
rather than the more efficient INC, it
does eliminate a number of instructions.
The LOOP construct is also far more ef-
ficient than the CMP and JLE combina-
tion. It hadn’t occurred to us that the loop
index itself is unnecessary in an incre-
ment-only loop.

Zortech, which actually came in first
in this test, was the only other compiler
that eliminated the loop index. It pro-
duced code similar to Microsoft’s, but it
used the CMP rather than the LOOP
scheme to check the index. Where Zor-
tech gained ground was in its initializa-
tion routine, which was significantly
shorter than Microsoft’s. To test this, we
cranked up the number of ITER ATIONS
to make the loop time the dominant in-
fluence on overall time; this time,
Microsoft finished first.

In fact, only the two compilers that
finished last on our timing, MetaWare
and Aztec, produced the base-plus-offset
[BX +SI] instruction we had anticipated.
Watcom and Turbo scored well by resist-
ing the temptation to swap variables to
memory wherever possible.

Our third test was simply to determine
the ability of the compiler to do 32-bit
arithmetic. Only MetaWare’s compiler
supports 80386-specific code, so we ex-
pected the C expression

longa,b,c;

a=b+c;
to translate to

MOV EAX,B
ADD EAX,C
MOV A,EAX

only in MetaWare’s case. In reality, all
the compilers produced the same code,
and none of them used the 80386-spe-
cific instructions. MetaWare explained
that doing so would be dangerous if the
resulting application were to be used
under any operating system that needed
to switch from real to protected mode.
As a result, the times for all the com-
pilers were similar, but Watcom’s effi-
cient register use put it over the top.

String operations occur frequently in
C (indeed, in any language), and the
80x86 family’s specialized string in-
structions make it almost the perfect ve-
hicle for the string-oriented functions
that an ANSI C compiler must provide.
We took the following two functions,
strnemp and strnepy, and used a de-
bugger to determine exactly how strings
were handled.

Timing the strncmp function led to
some interesting results. The function is
designed to compare n characters in two
strings and determine whether or not the
strings are equal, and, if not equal, to de-
termine which one is lexicographically
greater. Characters in each string are
compared only as long as they are equal;
the first differing character causes the
function to return.

We expected that the most efficient
compilers would use the string-specific
REPeatwhileEqual CoMPareString con-
struct rather than comparing and looping
with each element in the string.

Our test used two nonequal strings.
Watcom’s compiler, though it used the
less efficient compare and jump method,
gave an outstanding performance. Every
compiler but Watcom first scans the
strings to determine their lengths, com-
pares this to n, and uses whichever value
is lowest as a loop index. It’s in that loop
that REP CMPSB is used to compare the
strings by an efficient compiler. Wat-
com’s first action is to compare the
strings; it then continues to loop until n
decrements to zero or until the program
reaches a null terminator in one of the
strings. Because the initial scan was
skipped, Watcom turned in an excellent
score.

To further explore this aberration, we
reran the test with equal strings. Watcom
fared very poorly, at 64.2 seconds on the

continued
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get most of the benefits of a hardware de-
bugger. It installs itself in memory above
1 megabyte and monitors the execution of
the subject program on a virtual 8086.
As with hardware debuggers, you can
watch a region of memory with minimal
performance degradation.

All in all, it’s quite an impressive
package. Turbo C won’t give you the
fastest code or the smallest executable,
but it’s definitely the one that is the most
fun to use.

Manx Aztec C86 4.1d
One of the C language’s greatest selling
points is portability. Manx takes full ad-
vantage of this by offering a C compiler
for several operating systems, including
this version for MS-DOS. It runs on sys-
tems with a minimum of DOS 2.0, 384K
bytes of RAM, and two floppy disk
drives.

The $499 package is fully featured; an
editor, linker, librarian, and source-level
debugger come bundled with the com-
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Circle 211 on Reader Service Card

piler. The commercial version also in-
cludes object modules for generating
code suitable for ROM programming and
additional programming utilities.

While the compiler produces some ef-
ficient and compact code, benchmark
scores were generally poor. The library
functions, especially those involving the
coprocessor, exhibited some obscure
bugs, surprising in such a mature prod-
uct. Source-level debugging is com-
mand-oriented and can be very efficient,
but the debugger lacks the sexy window-
oriented features supported by its current
competition.

The compiler does support some un-
usual features designed to maintain com-
patibility with Aztec C for Unix systems.
Since some of these are not ANSI stan-
dard, they can be enabled or disabled
with a compiler switch. It makes for an
easy transition between Aztec’s Unix
and DOS C compilers.

Overall, Aztec C suffers more than it
benefits from its long and diverse heri-
tage. The compiler seems to be a product
made to fit in the DOS environment
rather than designed for it; the poorly or-
ganized documentation (designed for use
with different Aztec C compilers) exem-
plifies that problem.

MetaWare High C 286 1.4

A quick tour of table 1 may lead you to
believe that High C lacks some of the
basics, but that’s not true. High C isn’t as
easy to use as some of the others, but it
does everything an ANSI C compiler has
to do and then some. The package re-
quires 384K bytes of RAM and a hard
disk drive, and it supports DOS 2.0 and
higher.

MetaWare’s extensions to C create a
potent new dialect of the language: You
can mix declarations and statements, use
ranges in conjunction with case state-
ments, write nested functions a la Pas-
cal, and associate parameters by name,
as in Ada. MetaWare also offers, as a
$100 option, library support for OS/2 de-
velopment.

While ranged case statements and in-
termixed declarations may buy some
convenience, they are minor enhance-
ments to C compared to the wholesale
changes brought on by the Pascal- and
Ada-like additions. Nested functions en-
able the programmer to define functions
within other functions, with the inner
function retaining all the variables local
to the outer function. This makes pointer
passing unnecessary when variables
need to be modified by an external func-
tion and simply makes code cleaner.

continued
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Introducing ZB_LIBR, a collection of
basic math and string handling routines
for the C programmer. Designed with
the novice programmer in mind,
ZB_LIBR is a good starting platform
for a variety of programs.

Over 40 routines to fill your basic pro-
gramming needs.

** FINANCIAL **

A complete, full featured financial rou-
tine. Calculates present value, future
value, number of payments, periodic
payment, and interest rate. Handles
user specified payment and compound-
ing frequencies, discrete or continuous
compounding, and beginning or end of
period calculations.

** DATE and TIME **
To and from TRUE Julian Day Numbers
(for date packing, days between dates,
day of week), leap years, validity check-
ing, several date and time conversions,
date formatting, more.

** STRING HANDLING **
Translation, compaction, tokenizing,
substring extraction and location, justi-
fication (L,R,Cent,Split), more.

** MATH FUNCTIONS **
Combinations, permutations, two ran-
dom number generators (field & lab
grade), gaussian random numbers,
rounding, fractions, more.

For Microsoft C 8.x, Microsoft QuickC,
and Borland’s Turbo C. Complete with
commented source code, examples,
batch routines, and an 80 page manual.
Of course you get a 30 day money back
guarantee.

IDEAL FOR THOSE LEARNING ’C’.

Special introductory price of $37.00 plus
2.50 8&H each. Add 2.00 for 3.5 inch
disk format. Michigan residents, we’ll
pay your sales tax. Check, VISA, and
Ma,

ZAMBINI BROTHERS SOFTWARE
24634 Five Mile Rd.
Detroit, MI 48239
Attn: ZB-LIBR

(313) 531-3600
9am-6pm M-F

Name

Addr

City

State Zip

Qty—— 5.25" 35" Check Visa M.C.

Card No.

Expiration Date

Signature

byte
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our validation suite. Extensions to the
standard include the near, far, cdecl,
pascal, and fortran identifiers found
in most other compilers we reviewed.
Watcom also makes extensive use of
pragmas (i.e., compiler directives). You
can use these to specify the registers
used when making function calls (even
to the 80x87) and to invoke calling con-
ventions that may or may not be like
those in C. This feature adds flexibility
to the highly efficient method of passing
function arguments in registers.

Some ease-of-use features are miss-
ing. While the C driver supports wild-
card filenames, the compiler command
line does not. And the debugger, though
window-oriented, isn’t as intuitive as
that of some other packages.

A new release scheduled for introduc-
tion early this year promises to improve
Watcom’s optimizing capabilities. Ac-
cording to the company, the new product
will focus on the classic optimizations,
adding even more power to an already
well-built compiler.

Zortech C 1.07

This stand-alone version of the C com-
piler included with Zortech’s C++
package may well make a name for itself
in the heavyweight C arena. The inex-
pensive ($89.95) compiler lacks some of
the features of those in the $400 range,
but it posted good scores on our bench-
mark tests, often delivering better times
than the more expensive products. The
product runs in 512K bytes of RAM and
requires at least DOS 2.0 and two floppy
disk drives.

Zortech C isn’t a bare-bones com-
piler, however. It includes an integrated
editor/compiler with WordStar-like edit-
ing commands, and you can make pro-
grams compiled with Zortech C compat-
ible with the Microsoft CodeView
debugger. According to Zortech, a new
release that includes its own source-level
debugger should be available by the time
you read this.

Only one library is included, in con-
trast to the usual standard C function li-
brary, math library, and additional math
library for floating-point emulations.
The single library produces both 80x87
and emulated math code. Zortech’s far
better relative performance on our ma-
chine without an 80387 indicates that its
emulation functions are much more effi-
cient than its coprocessor code.

Two nonstandard preprocessor direc-
tives are supported—#message, which
prints a message during compilation, and
#exit, which sets the error level and
makes a clean exit from an aborted com-

pile. Additional nonstandard features in-
clude library support for the Microsoft
Mouse and for sound functions.

Optimized Choices

Our XLisp benchmark, an example of a
complex and realistic application,
showed how close these compilers really
are. While one may have good library
functions and another excellent source
optimizations, for instance, overall per-
formance of any of these compilers fits
within a fairly small window.

Watcom and Microsoft are the two ob-
vious performance standouts, splitting
virtually all our tests for execution
speed. While both are good in all areas,
they have their own specialties; Watcom
is definitely the leader in object-level op-
timizations, while Microsoft is strongest
on the source level. Watcom’s object-
level expertise is evident in all the test re-
sults, and it is well matched to its target
processor.

For flat-out executable speed, Wat-
com’s compiler was the clear winner.
Microsoft finished a close second. Since
speed is most valuable when coupled
with functionality, it pays to compare
these two in the features table as well.
Both compilers sport an impressive list
of features, but OS/2 support and a better
debugger give Microsoft a slight edge in
that category.

If speed is absolutely critical and OS/2
compatibility isn’t, choose Watcom. If
you want to do OS/2 development now,
you’ll obviously choose Microsoft; and
even if you're not developing for OS/2,
you might still prefer Microsoft’s friend-
lier and more powerful tools.

Finally, the other compilers have
points in their favor. Turbo has by far the
fastest compilation times and the best
source debugger. Aztec produces the
smallest executables. MetaWare com-
bines excellent optimization with valu-
able language extensions. And Zortech
does everything that a compiler has to
do—at an attractive price.
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A PS/2 IN CHANNEL ONLY
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While you’re looking at the monitor
you can’t help but notice a few things on
the front of the unit. One is the big FCC
Class A sticker that proudly proclaims
the 5000 MC to be a “business com-
puter.” Just above it is a keylock that
locks the case, not the keyboard. More
interesting are the reset and power
switches that are on the left and right
sides, respectively. The red reset switch
is recessed so that you are not likely to
push it accidentally.

The oddly shaped, green power switch
is another matter. It is only half an inch
to the right of the 3%-inch floppy disk
drive, so it is just aching for an acciden-
tal push. It is also one of the most pecu-
liar pieces of engineering I have seen in a
while: Inside, it proves to be the tip of a
9-inch bar of the same green plastic that
stretches from the front of the unit to a
mechanical switch on the rear of the
power supply at the back of the unit. A
thin cable snakes through the bar from
the motherboard to the tiny indicator
light in the tip of the switch. Cute as the
switch is, it’s dangerous to put a power
switch that looks suspiciously like an
eject button right next to a floppy disk
drive, and Tandy should move it in fu-
ture systems.

The Soft Stuff

The only standard software is Tandy’s
reference disk. This disk contains pro-
grams that autoconfigure the system, do
low-level disk formats, give information
about power-on self test (POST) error
messages, and let you access a few of the
system’s more unusual features.

These features include passwords for
power-on and keyboard usage, as well as
for the 5000 MC’s use as a network
server. You can also set both the key-
board’s repeat rate and its speed of re-
sponding to key depressions to a faster
speed than normal.

One common software feature of most
80386-based systems that the 5000 MC
lacks is the ability to set the CPU to a
slower compatibility speed. A Tandy
spokesperson said that the 5000 MC is
based on the IBM PS/2 Model 80, and
that it does not include a way to slow the
CPU because the Model 80 does not. I
had no problem with my copy-protected
Lotus 1-2-3 system disk, which often re-
quires a slower speed when loading the
program, but the lack of this ability could
be a problem for some older programs.

The Tandy 5000 MC Installation and
Operation Manual explains all the func-
tions of the reference disk software. It’s a
small, 42-page manual, but it is read-
able, includes an index, and takes you

from unpacking through memory-con-
figuration DIP switch settings.

Of course, sometimes things go wrong
that you can’t solve with any amount of
documentation. That’s when a com-
pany’s technical-support system comes
into play.

If you have questions, you can call any
local Tandy computer center or computer
service and support center. I tried a few
of the ones in my area, but because the
5000 MC is just barely shipping now,
they really couldn’t help me with any-
thing specific to its Micro Channel-com-
patible features. They were, however,
helpful with a few of the usual MS-DOS
problems that I threw at them.

A 1-year parts-and-labor warranty
comes with the 5000 MC. While Tandy
will repair your unit only at one of its
roughly 155 service and support centers,
you can take the system to any Tandy
store, even a Radio Shack, and the com-
pany will get the unit to and from the ser-
vice center at no charge to you.

You can also pay an additional fee for
on-site service during that first year. The
price depends on what you’ve got on your
unit and how close you are to one of
Tandy’s service and support centers. For
example, if you’re within 50 miles of a
center and you have a 40-megabyte hard
disk drive in your 5000 MC, the first
year of on-site service costs $330.

Tandy also sells additional years of
service, either on-site or carry-in, for
fees that, again, depend on your system’s
configuration and your distance from a
service center.

Do You Need a PS/2?
All engineering complaints aside, the
5000 MC is a reasonable Micro Chan-
nel-compatible alternative to IBM’s
PS/2 machines. It’s a first-generation
Micro Channel clone, so you have to ex-
pect some rough spots, and there are
bound to be some incompatibilities that
my testing did not uncover. Still, the
5000 MC is a good first step, and Tandy
has already proved that it is going to be a
player in the PC world for some time.
The big question is whether you’re
content to stick with the AT-style bus, or
if you want to move to the Micro Chan-
nel. If you’ve decided that the Micro
Channel bus is for you, the 5000 MC of-
fers an interesting alternative that is both
cheaper and faster than the comparable
IBM 20-MHz 80386-based PS/2s. m

Mark L. Van Name is a freelance writer
and computer consultant living in Dur-
ham, North Carolina. He can be reached
on BIX c/o “editors.”












REVIEW

THREE ASSEMBLERS FOR MS-DOS

Table 1: A list of MASM, TASM, and OPTASM features.
MASM TASM OPTASM

Installaticn program Yes Yes No
Macros Yes Yes Yes
Optimization No Some Yes
Simplified segments Yes Yes Yes
Warning level Three levels All switchable On/off
Editor Yes No No
0S/2-compatible Yes No No
Tutorial No Yes No
80386/80387 support Yes Yes No
Local labels in PROC No Yes Yes
Microsoft HLL interface Yes Yes No
Debugger Yes Yes No
Linker Yes Yes No
Overlay linker Yes No No
Librarian Yes Yes No
.OBJ utilities None One None
EXE utilities Three No No
MAKE utility Yes Yes Yes!
Cross reference Yes Yes Yes?
On-line help No No Yes
On-disk examples One Many Two3
' OPTASM's MAKE utility is nonstandard and integrated with the assembler.
2 OPTASM's CREF utility is integral to the assembler.
3 One of OPTASM's two example files highlights the problems with MASM solved by OPTASM.
Table 2: Assembly time for NJRAMD, a RAM disk program.

Assembly time .OBJ size .SYS size

(seconds) (bytes) (bytes)

OPTASM i 4 3758 1897
TASM 2.6 4673 1899
MASM 5.6 4379 1899
Table 3: Assembly time for MS-Kermit.

Assembly time .OBJ size .EXE size

(seconds) (bytes) (bytes)

OPTASM 45.4 101,581 86,032
TASM 67.6 171,336 86,157
MASM 165.7 133,780 86,160

Table 4: Assembly time for the Greenleaf communications library.

Assembly time .0OBJ size
(seconds) (bytes)
OPTASM 26.9 5522
TASM 51.6 8058
MASM 81.7 6122
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The message associated with the phase
error wasn’t too helpful, as it occurred
several lines after the instruction in ques-
tion. In the end I had to use MASM’s /D
command-line option to produce a first-
pass listing, then study that for a while to
figure out what was happening.

MASM will also pad your code with
extra NOP instructions in a variety of sit-
uations. This happens when you use a
JMP instruction to reach a label that lies
within a 128-byte range, or when, as
shown in listing 1, you use a test in-
struction with a forward reference and
immediate data.

One of the biggest improvements in
this version of MASM is the support for
mixed-language programming. It’s al-
ways tough to remember the protocols
you need to follow to build assembly sub-
routines that you can call from C or Pas-
cal. MASM now provides new simpli-
fied segment declaration directives and
extensions of standard directives that
greatly simplify the proper declaration
of segments, groups, and public labels.

Support for the 80386 processor is an-
other major improvement. With the .386
directive, you can use MASM to create
DOS programs that will take advantage
of the extra registers, addressing modes,
and instructions of the 80386.

Finally, MASM and LINK are now
dual-mode executables that will run
under both DOS and OS/2. They can be
used to create other dual-mode programs
or to create programs that exploit the
protected modes of the 80286 and 80386.

The MASM Toolkit
Much has been said and written about
CodeView—it’s an excellent debugger—
so I'll just mention a couple of favorite
features. I'm particularly impressed by
its ability to view structured data, fol-
lowing pointers as necessary. Code-
View’s support for the Intel numeric co-
processors is another strong point—you
can dump the status of the coprocessor to
the screen during debugging. That, in
conjunction with MASM’s ability to as-
semble all the special math op codes, has
saved me a great deal of trouble on nu-
merically intensive projects. CodeView
can use expanded memory to keep sym-
bolic information out of the way of the
executing program. Serious professional
users may want to consider buying a
hardware debugger, but for my purposes
CodeView is entirely sufficient.
Microsoft’s linker is slower than
TLINK, the Borland linker, but provides
good support for program overlays. It’s
relatively straightforward to create over-
lay sections. You do need an overlay han-
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.MODEL
.CODE

small,c

; in the PROC line. OPTASM doesn't.

sample PROC

LOCAL varl:word,var2:word
mov ax,35 ; mov 35 into
mov varl,ax ; load varl
clie
Jne faraway 5

3

2’

E

H
REPT 150
nop
ENDM

; This construct causes MASM to
; generate a phase error.

faraway:
test forwardref,3

; MASM generates an extra NOP here.

; TASM and OPTASM don't.

messagelen equ
END

Listing 1: Only TASM handles this code cleanly.

; Microsoft and Borland allow the programmer
; to define the high-level language this module
; will be used with. OPTASM does not.

; Microsoft and Borland allow the specification
; of high-level-language function parameters

parml:word, parm2:word

; Microsoft and Borland permit you to
; declare local variables. OPTASM doesn't.

We can't conditionally jump to a
label that is more than 128 bytes
away. OPTASM reconstructs this
with functionally equivalent code.
TASM and MASM produce errors.

mov cx,messagelen
ret
sample ENDP
.DATA
forwardref db 01234h
message db "This is a string.",13,10

this byte - message

for example, lets you name the language
from which you’ll be calling your assem-
bly routine; OPTASM complains about
the .MODEL directive in listing 1 for
this reason. Nor does OPTASM support
MASM’s improved PROC and LOCAL
directives; PROC declares parameters
that the assembly routine expects to find
on the stack, and LOCAL declares and
symbolically addresses local variables.
These incompatibilities aren’t a problem
if you start a project from scratch with
OPTASM, but they’ll complicate your
life if you’re porting code from MASM
to OPTASM.

OPTASM comes with an on-line help
system that delivers information about
the assembler and the Intel op codes. It’s
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handy, but its 100K-byte memory re-
quirement seems excessive. There’s a
CONFIG program that you can use to set
OPTASM’s defaults; alternately, you can
use environment variables to achieve the
same effect. The MAKE facility is inte-
gral with the assembler, not a separate
tool. It uses nonstandard make files that
aren’t compatible with other MAKE pro-
grams. There’s no debugger, although
you can use the /ZD option to get OP-
TASM to insert line-number information
for use in conjunction with CodeView
and other debuggers. There’s no linker,
and the librarian, OPTLIB, costs an
extra $50.

OPTASM’s big draws are its speed and
the compactness of the code it produces.

No question about it, OPTASM trounces
MASM and TASM in both categories.
Serious assembly language programmers
working on projects that don’t require
MASM'’s newest features—for example,
the .386 directive and the enhanced
.MODEL, PROC, and LOCAL direc-
tives—will definitely want to look at this
package.

Borland’s TASM

Borland’s TASM now ships as part of the
Borland professional packages. Turbo C
2.0 contains release 1.0 of the assembler
and version 2.0 of Borland’s linker. Also
included are a librarian and several other
utilities, as well as the Turbo Debugger.
Turbo Pascal 5.0 contains the same pro-
grams. You can buy just the assembler
and debugger separately for $150.

Unlike MASM and OPTASM, TASM
comes with a strong tutorial on assembly
programming that programmers more
familiar with languages like Pascal and
C will find extremely useful. But I found
the reference material skimpy—the dis-
cussion of STRUCT and UNION direc-
tives, for example, was quite inadequate.
And Borland’s softbound manuals are
troublesome; you can’t leave one open to
a particular page without using an extra
hand or a paperweight. The sample pro-
grams, however, are excellent. The dis-
tribution disks contain copies of all the
examples in the documentation, and
there are also three complete utility pro-
grams ready to assemble, link, and run.

Borland has gone to great lengths to
make TASM compatible with MASM.
There are two directives that govern
MASM compatibility. The MASMS51 di-
rective provides full emulation of version
5.1 of Microsoft’s product. And there’s
even a QUIRKS directive that causes
TASM to mimic some of MASM’s infa-
mous peculiarities.

The Turbo Debugger matches Code-
View feature for feature and, although it
doesn’t support mice, implements an
intuitive point-and-shoot interface.
There’s a useful Get Info command that
maps DOS memory, expanded memory,
and any interrupts the target program
may have snatched. And if you’re debug-
ging 8086 software on an 80386 machine
that has 700K bytes of extended memory,
you can use the ‘““virtual debugger,”
TD386, to create a virtual 8086 on which
to debug your program. The resulting en-
vironment is close to what you get with a
hardware debugger.

TASM runs faster than MASM but
slower than OPTASM. But—and here’s
the most important point—TASM alone
cleanly assembled everything I fed it. In
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a sense, TASM gives you the best of both
worlds: MASM compatibility without
MASM’s glitches.

TASM Extras

Borland has also made an effort to ratio-
nalize MASM’s syntax. The .IDEAL di-
rective invokes “ideal mode.” If you use
this mode, you trade away MASM com-
patibility for improved readability—par-
ticularly with respect to addressing
modes. For example, the MASM con-
struct

mov  ax,4[bx][si]

(which looks like multiplication but
isn’t) is illegal in TASM’s ideal mode,
which instead requires the more intel-
ligible

mov  ax, [4+bx+si]

The improvement is considerable and
will certainly help beginners. The bene-
fits of some of the other constructs re-
quired by ideal mode are less clear-cut.
For example, ideal mode requires that
you put names before keywords, so that

the MASM construct
PROC  myproc  near
becomes

myproc  PROC  near

which, in my opinion, isn’t a big win.

The nicest thing about ideal mode is
that it lets you use the same identifier in
more than one structure. There are some
drawbacks. Because symbols can’t start
with a period in ideal mode, you have to
relearn certain MASM directives—for
example, .286 and .XALL become
P286N and %NOMACS. And unlike
MASM, TASM’s ideal mode requires
you to explicitly quote strings used in
conjunction with directives.

The Borland toolkit includes TLINK,
the linker; TLIB, an object-module li-
brarian; TCREF, a cross-referencing
utility; and MAKE. Borland’s MAKE is
slightly more powerful than Microsoft’s
because it implements predefined
macros like include, IF, and ENDIF
that improve the programmability of the
MAKE facility. Borland also includes a
wonderful program called OBJXREF. It
can read a group of object files and list
the public names that each one declares,
as well as the external labels that each
module relies on. Like OPTASM, TASM
doesn’t include utilities that manipulate
.EXE files.

TASM is the recommended choice for
programmers with little assembly expe-
rience. It’s geared for use with Turbo C
and Turbo Pascal but doesn’t require
those products. You can create stand-
alone applications with TASM, and you
can interface TASM modules to pro-
grams written in Microsoft high-level
languages without any trouble.

Putting the Packages through

Their Paces

To test the packages, I used each to as-
semble three different sets of assembly
language routines: my own NJRAMD, a
RAM disk program; MS-Kermit, a
25,000-line assembly version of the pop-
ular communications program; and the
Greenleaf communications library.
NJRAMD makes extensive use of condi-
tional directives and structures; the other
two programs include header files that
perform lots of symbol equates and de-
fine a number of macros.

I ran the tests on an 8-MHz PC’s
Limited 286 with 640K bytes of mem-
ory, using a RAM disk. As the results
show, OPTASM runs fastest and pro-
duces the smallest .OBJ files. TASM
comes in second in terms of speed, and
MASM takes second place in .OBJ size.
Most of the code-size differences vanish,
though, when you look at the sizes of the
linked .SYS and .EXE files. OPTASM
writes a highly compact set of .OBJ
records, but the difference between it
and the others in terms of the actual
quantity of executable code, while per-
ceptible, is quite small.

While my benchmarks showed TASM
to be somewhere between MASM and
OPTASM for performance, it offers a
nice combination of MASM support and
OPTASM’s assembly language optimiza-
tion skills. TASM provides conditional
jump extensions and doesn’t trip up on
source code that MASM is not able to
handle.

All three assemblers do the job; none
is perfect. Choose the one that’s right for
you. If you’re doing OS/2 development,
your choice will obviously be MASM. If
raw speed is critical, you don’t need
OS/2 support or guaranteed MASM
compatibility, and you’ve got the neces-
sary support tools, use OPTASM. My
personal favorite is TASM. For my
money, it’s got the best mix of speed,
MASM compatibility, and overall ease
of use. ®

Michael Blaszczak, a University of Hart-
ford student, provides technical support
for NWI of East Hartford, Connecticut.
He can be reached on BIX c/o “editors.”
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FULL IMPACT

disk space while inserting and deleting
rows, and the Undo function failed to
work when managing larger spread-
sheets. Consolidating linked spread-
sheets also runs you into trouble when
you have only 1 megabyte. With more
than two or three linked spreadsheets,
consolidation slows to an unbearably
snail-like pace.

In terms of speed, Full Impact per-
forms all right, but not spectacularly, on
small files. On a 1-megabyte machine (I
used a Mac SE with a hard disk drive for
these tests), though, its virtual memory
management really slows things down
when working with large files. For ex-
ample, pasting an identical formula into
every cell of a 256 by 2048 spreadsheet
could easily take all night.

Full Impact and Excel perform com-
parably on most small-file operations
(see table 1), although Excel loads some-
what more slowly than Full Impact.
However, Excel is noticeably faster when
handling large files once they are loaded.

I did encounter a small problem run-
ning the benchmark tests. While trying
to run the Savage test, I had an error mes-
sage that kept telling me “Invalid right

parenthesis” even though all parentheses
were properly paired. It turned out that
had entered the wrong form for one of the
functions used in the formula. I used
ARCTAN, while Full Impact codes this
function as ATAN. However, the error
message didn’t tell me I had bad syntax
or a nonexistent function; it said I had an
invalid right parenthesis, which I didn’t.

In addition to the 180-page main man-
ual, the Full Impact package contains a
plethora of little manuals and instruction
booklets, each clearly labeled. A tutorial
disk is also included. It takes about 15
minutes and is meant as orientation for a
novice spreadsheet user. It provides an
introduction to the basic concepts and
features of spreadsheet operation, plus a
quick look at some interesting features of
Full Impact, such as its ability to include
graphics and formatted text.

Full Impact is a reasonably powerful
spreadsheet package with excellent pre-
sentation and graphics features, but it has
less file-size capacity than the compara-
bly priced Excel, and this capacity is
limited still further by its gluttonous ap-
petite for memory. Its ability to import
files produced by other spreadsheet and

Table 1: Benchmark results. Full
Impact performed comparably to
Excel on the standard BYTE tests.

Full Impact  Excel
Savage 2:40 2:21
Byte recalc 0:17 0:15
Scroll right 0:33 0:34

Note: All times are in minutes:seconds.

database programs is limited, which
means it is not really suitable for an of-
fice using a variety of spreadsheet pro-
grams. My impression of Full Impact is
that it is intended for small-to-medium-
size offices in which it is the only spread-
sheet package; given enough memory, its
features and ease of operation make it a
good choice in this situation. W

Diana Gabaldon is the editor of Science
Software and an assistant research pro-
fessor at the Center for Environmental
Studies at Arizona State University. She
can be reached on BIX c/o “editors.”
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REVIEW
dBASE IV ARRIVES

Table 1: Comparative execution
speed benchmarks for dBASE I11
Plus and dBASE IV. All tests were
performed on an IBM PC AT
running at 6 MHz with a Priam
28-millisecond-access-time hard
disk drive and 567K bytes of
memory. The drive was cleaned
using Norton Speed Disk before
each test. (All times in seconds.)
Test dBASE Ill dBASEIV
Plus
Screen 1 55 12
Screen 2 93 21
Screen 3 192 33
Append 37 25
Calc 1 188 25
Calc 2 60 5
Calc 3 145 8
Calc 4 32 23
Calc 5 975 73
Locate 1 39 42
Locate 2 25 46
Replace 76 48
Sort 1 86 79
Sort 2 46 42
Sort 3 108 101
Sort 4 84 80
Index 1 123 70
Index 2 77 43
Index 3 174 86
Index 4 52 45
Index 5 110 102
Join 516 763
Seek 1 53 22
Seek 2 62 25
Seek 3 58 28
Seek 4 44 21
Linked seek 48 48

file handle) open for a single data table.
dBASE IV lets you have up to 47 index
files open inside a master index file
(.MDX) that takes up only a single file
handle. Open indexes are no longer a
constraint on system design.

The dBASE IV engine now supports
two numeric data types: binary coded
decimal (BCD) and floating point,
which use the dBASE data types N and
F, respectively.

Memo fields used to give program-
mers headaches. Now you can store up to
64K (previously 4K) bytes of data in a
memo field, which means that you can
actually use them to do work. You can
use string functions and the GET com-
mand on memo fields and define a win-
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dow for editing them instead of having
the memo field automatically take over
the entire screen. Garbage collection,
once a problem, is now automatic.

dBASE III Plus allowed for only a sin-
gle active parent-child relationship.
dBASE 1V lets you relate multiple chil-
dren to a single parent using different
keys. In many instances this allows a
substantial reduction in code size and
complexity.

Finally, execution speed is signifi-
cantly higher because dBASE IV pre-
parses code to save execution time (see
the comparative benchmarks in table 1).
A “compiler” translates dBASE pro-
grams into intermediate code, checking
for syntax errors while assembling code
tokens for execution. This is not a true
compiler, however. The dBASE IV com-
piled code comes out in .DBO files (not
.EXE files) and still needs either dBASE
IV or dBASE Run Time to execute.

You may find that your dBASE ITI Plus
code generates compiler errors when
first run under dBASE IV. As an inter-
preter, dBASE III Plus simply executes
the first line of code that meets the speci-
fied condition of an IF...ELSE...
ENDIF or a DO CASE structure. If
there’s no ENDIF or ENDCASE state-
ment, it doesn’t matter, because the in-
terpreter never reaches that line. This
makes a difference with dBASE IV,
however, so you’ll find out all about your
bad coding practices.

As expected, the performance bench-
marks for dBASE IV show the greatest
speed improvements when no disk access
is required (see table 1). Surprisingly,
several of the direct data table functions
(locate and join) were slower when exe-
cuted by dBASE IV than they were when
executed under dBASE III Plus. Fortu-
nately, most users will seldom need these
features.

While I ran the benchmarks in the
table in 567K bytes of available memory,
I also tried to run them in the least
amount of memory possible. I managed
to get the entire set of benchmarks to run
in 477K bytes of memory, and the only
major speed penalty appeared in index-
ing test files (seeking was not affected).
Index speeds were about a third slower.

The Language

dBASE IV has enhanced and added fea-
tures to the dBASE language while re-
taining compatibility with dBASE III
Plus. Some commands, however, are dif-
ferent from those used in competing
products such as FoxBASE and Clipper.
The new menu commands in dBASE IV
are a prime example. But the changes

have definitely improved the language,
and the capability to add true context-
sensitive help to applications you’re de-
veloping is a vast improvement over
dBASE III Plus.

Ashton-Tate swears by its statement of
100 percent upward compatibility, and,
indeed, everything I ran with dBASE IV
worked—even old report and label files.
The first time you execute your old dBASE
III Plus report forms, the program con-
verts the binary file into dBASE code
and then compiles and executes it.

The additions and differences between
dBASE IV’s 310 commands and func-
tions and those in dBASE III Plus are so
extensive that I can’t cover all of them in
a single article. But some of the more
interesting command sets include the
following:

e A complete set of commands for
defining, saving, and using regular
pull-down menus and Lotus-type
menus.

e A true BROWSE command that’s
under the programmer’s control.

e A full set of commands for defining,
using, and saving windows.

e Two-dimensional array commands
(arrays can include up to 1170
elements).

® Anenhanced GET command that
includes the VALID clause and
conditional editing (WHEN), with
custom prompts and error
messages for each GET.

* Twenty-eight new SET commands.

e New direct date handling using the
format [mm/dd/yy].

dBASE IV supports UDFs, which let
programmers plug in custom-designed
routines. This enhancement alone might
have made dBASE IV worth the price.
Unfortunately, there are several major
limitations to dBASE IV’s implementa-
tion of UDFs.

First, you must declare functions
either in the current procedure file or at a
higher level in the program. The easiest
way to do this is to include all your func-
tions in the declared procedure file (SET
PROCEDURE TO) so that they’re avail-
able globally.

Second, you can only use the CLEAR
and READ commands conditionally.
CLEAR can have no arguments, and you
can use READ only if no format file is
active. Both of these restrictions are an-
noying, but what’s more limiting is that
you can’t use the 81 commands and 13
SET commands in a UDF. Also, you
can’t do macro expansion in a user-de-

continued
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* Software emulation that will allow
new, exotic computer systems to run
software written for IBM PCs.

* LAN system developments, including
all pertinent aspects of connectivity and
inter-operability.

¢ Network management, a complex and
increasingly important topic for per-
sonal computers in both small and large
offices.
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IN DEPTH
THE CURRENT CROP

Table 1: A representative sample of workstations below $20,000 listed in ascending-price order. Notice the location
of my “build-your-own " workstation project using the ALR 386/220.

System Processor MIPS FPU Memory Display Disk capacity Price
and clock speed and clock speed (megabytes) size (pixels) (megabytes)

Apollo DN3000 68020-16 1.5 68881-16 2-8 1024 x800 0-696 $4990
Sun-3/50 68020-15 1.5 68881-15 4 1152 x900 71-1300 $4995
NeXT 68030-25 4 68882-25 8-16 1120x832 256-926 $6500
ALR 386/2202 80386-20 3.5 80387-20 1-10 640x480 67-320 $7695
Sun386i/150 80386-20 3.5 80387-20 4-16 1024 x 768 91-981 $7990
Sun-3/60 68020-20 3 68881-20 4-24 1152 x900 71-1300 $8900
Apollo DN3500 68030-25 4 68882-25 8-32 1024 x800 0-696 $8990
Sun386i/250 80386-25 5+ 80387-25 4-16 1024 x 768 91-981 $11,990
SGI Personal lris R2000A-12 10 Optional 8-16 1280x 10243 155-2000 $16,000
Sun-4/110 SPARC-14 i 1164/1165 8-32 1152 x900 141-1300 $18,900
Apollo DN4500 68030-33 T4 68882-33 8-32 1280 % 1024 155-696 $18,990

' Unless otherwise noted, all workstations are configured as follows: RAM is 4 megabytes of fast 32-bit memory; all monitors are monochrome; floating-point chips are included; graphics

processors are not included; Ethernet with TCP/IP is the standard network interface; and standard software is Unix with a full set of Unix tools.
2 The ALR 386/220 has an optional 80387 chip and an optional VGA controller/multiscan display plus 2 megabytes of memory expansion included in the price.
3 The SG! Personal Iris has a color monitor with 8 bit planes and a graphics processor included.

Table 2: The software environments for the workstations in table 1.

Apollo Sun SGl NeXT
Operating system Aegis or SunOS (Unix) IRIX (Unix) Mach (Unix)
Unix SV or and MS-DOS
Unix BSD
Network software Domain/OS NFS NFS TCP/IP
Graphics software PHIGS SunCGl SGI Graphics Library None at press time
SunGKS PHIGS2
Development tools Open Dialogue User Interface For 386i: Developer's Option Objective-C
(inaddition to Management System?; SunView; Package: Graphics Library, Interface Builder;
standard Unix tools)  Domain Software Engineering X11/NeWS Merge; EDGE (graphical DSP Library Functions;
Environment?; Help Viewer debugger), PostScript Window Server
Domain/OS Debugger Pixie (profiler)
Bundled None Sun Organizer QuickPaint; WriteNow
applications desktop file QuickModeler; Find
(in addition to manager IRIS Work Space; Webster's dictionary
standard Unix IRIS Graphics Library and thesaurus;
applications) Runtime; Shakespeare's
48Sight Windowing complete works;
System The Oxford Dictionary
of Quotations;
Mathematica;
Personal Text Database;
Application, Scund,
and Music Kits
Third-party Spring 1988 Summary of Catalyst catalog lists Silicon Graphics None at press time
applications Applications Catalog lists ~ over 1200 products from Geometry Partners

925 software and hardware
products in 26 application
areas

more than 500 vendors

lists 75 products
in 16 categories

! The ALR machine comes with Setup and some MS-DOS utilities. Since no other software is bundied, the operating system and applications must be bought separately.

2 Optional.
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based on the same chip lies in the soft-
ware and in some design choices for
higher performance within the system
hardware.

The situation changes as you go up the
workstation line. Midrange workstations
use reduced-instruction-set-computer
(RISC) chips at 7- to 10-MIPS (million
instructions per second) performance;
optional graphics processors are avail-
able, as well as large memory and disk
drive sizes. High-end workstations in-
clude graphics processors and offer
multiple processors for a top-end perfor-
mance of 80 to 100 MIPS.

Apollo

Apollo Computer, formed in 1980, was
the first of the workstation vendors. At
that time, the concept of a workstation
was new, and what Apollo did was to es-
sentially invent the workstation market.
Keys to that invention were a new operat-
ing system, Aegis, a networking scheme

ALR!?

MS-DOS
Unix
0s/2

TCP/IP
(with Unix)

None

None

None

Any available for
standard Unix,
0S/2, or MS-DOS

called Domain, and a token-ring network
to support the Domain system.

Although those early workstations
were less powerful than some current
personal computers, the true attributes
of a workstation showed—an integrated
network, shared resources, and a graphi-
cal interface. Apollo identified the work-
station market as a workgroup, using
shared resources and data sharing as key
concepts, with the objective of delivering
mainframe power and workgroup cohe-
siveness.

Apollo systems have grown from the
original 0.2-MIPS Domain DN100 in
1980, based on the 68000, to the newest
RISC-based DN4500, which is rated at 7
MIPS. During that same time, worksta-
tion prices came down from $60,000 for
the 0.2-MIPS DN100 to about $5000 for
an entry-level DN3000 at 1.5 MIPS. The
high end of the Apollo line grew just as
quickly—today, the top-end Apollo
DN10000 ranges from $60,000 to
$200,000 and from 36 to over 100 MIPS.

The entry-level DN3000 is no longer a
personal-computer killer. The Mac II (2
to 3 MIPS) and 80386 (3 to 6 MIPS) ma-
chines have topped the DN3000’s 1.5
MIPS on a performance basis, and they
are now available with other workstation
attributes, such as large graphics dis-
plays, hard disk drives, and network con-
nection. While personal computers have
advanced, so has Apollo by introducing
the 4-MIPS DN3500 (see photo 1), based
on a 25-MHz 68030/68882, and the 7-
MIPS DN4500, based on the 33-MHz
68030/68882 combination.

The DN4500 uses a 64K-byte cache,
interleaved memory, and zero-wait-state
operation for maximum performance.
For up to a 300 percent floating-point
performance increase, a floating-point
accelerator using the Weitek 3164 chip is
available for the Series 3500, 4000, and
4500. Both 3500 and 4500 systems also
can add a high-performance color graph-
ics option with a dedicated graphics pro-
cessor. This processor optimizes two-
dimensional primitive operations on a
1280- by 1024-pixel by 8 bit-plane color
display.

Apollo continues to advance its soft-
ware and now offers the ability to net-
work with a combination of Aegis and
one of two variants of Unix: System V R3
or Berkeley Unix 4.3. Apollo can also
bridge the gap to MS-DOS by running
MS-DOS applications in an Apollo win-
dow. The Apollo Domain Network Com-
puting System (NCS) carries the file-
sharing concept a step farther. NCS
allows users and programs to request un-

continued

MAIL PREFERENCE SERVICE

In today’s fast-paced sodety, shop-
ping by mail or phone has become a
popular, ime-saving way to purchase
many products and services. Most
people enjoy receiving catalogs and
other direct advertising, informing
them of what's available through
the mail.

You can obtain a free booklet called
“Shopping at Home: A Consumer
Guide” by sending your name and
address to the Consumer Services
Department of the Direct Marketing
Association. The booklet provides
the necessary information to make
informed purchase decisions.
However, some people are notinter-
ested in receiving advertising mail
and the Direct Marketing Associa-
tion’s Mail Preference Service (MPS)
offers a free name removal service to
consumers. Many companies par-
ticipate because it’s good business to
send their message to people inter-
ested in their product. Recendy, it
has been enhanced to include non-
profit organizations. You can specify
which lists you would prefer to be
removed from — commerdial and/
or non-profit.

So, if you wish to have your name
deleted from many nadonal adver-
tising mailing lists, send us the coupon
below and we’ll let the participating
mailers know. After several months,
MPS should greatly reduce the
amount of national advertising mail
you receive. However, many local
businesses and community organ-
izations are not participants and will
continue to send direct mail. In these
cases, your name can be removed
from their mailing list by writing di-
rectly to the mailer.

Name

Swreet Apt.

City

State Z1p

Variations of my name

MAIL PREFERENCE SERVICE
Direct Marketing Assodation
6 East 43rd Sueet
P.O. Box 3861 Grand Cenual Statdon
New York, NY 10163
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Reputable computer dealers
will answer all these questions
to your satisfaction. Don't
settle for less when buying your
computer hardware, software,
peripherals and supplies.

Purchasing Guidelines

e State as completely and ac-
curately as you can what
merchandise you want in-
cluding brand name, model
number, catalog number.

e Establish that the item is in
stock and confirm shipping

In an effort to make your
telephone purchasing a more
successful and pleasurable
activity, The Microcomputer

Marketing Council of the date.

Direct Marketing Association, e Confirm that the price is as
Inc. offers this advice, “A advertised .
knowledgeable buyer will be a e Obtain an order number

successful buyer.” These are
specific facts you should know
about the prospective seller
before placing an order:

Ask These Important
Questions

® How long has the company
been in business?

and identification of the
sales representative.

e Make a record of your
order, noting exact price in-
cluding shipping, date of
order, promised shipping
date and order number.

If you ever have a problem,
remember to deal first with the
seller. If you cannot resolve the
problem, write to MAIL
ORDER ACTION LINE, c/0
DMA, 6 E. 43rd St., New York,
NY 10017.

e Does the company offer
technical assistance?

© [s there a service facility?

® Are manufacturers warran-
ties handled through the
company?

e Does the seller have formal
return and refund policies?

pg COHFUTEE"
e [s there an additional charge /
for use of credit cards?

o Are credit card charges held
until time of shipment?

e What are shipping costs for
items ordered?

This message is brought to you
by:

the MICROCOMPUTER
MARKETING COUNCIL
of the Direct Marketing
Association, Inc.

6 E. 43rd St.,

New York, NY 10017

MMCG

MICROCOMPUTER
MARKETING COUNCIL
of the Direct Marketing Association, Inc.

-y
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© Direct Marketing Association, Inc. 1988
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chips at the lower-cost end of the market.
They are each trying to say, “With my
chip, you can design a system that is as
fast as a workstation but at a fraction of
the price.” By and large they’re correct,
and they're keeping prices down by using
innovative memory technologies.

Banking on Registers

Another characteristic of RISC CPUs is a
lot of registers and very fast access to the
register bank. Keeping the signals run-
ning around on the same silicon chip is
much faster than going off the chip to
main memory, disk, or the keyboard.
This helps to enhance speed.

With chips like the Motorola 88000,
AMD 29000, and MIPS R3000, you can
both read and write to the register set in
one cycle, so its memory is extremely
fast. And since you have a large register
set, you can do a lot of calculations with-
out having to go out to main memory.
SPARC implementations typically have
128 registers; the AMD 29000 has 192.
The Clipper has 40—32 integer 32-bit
registers and 8 64-bit floating-point reg-
isters. The Motorola 88100 CPU has
only 32 registers, but 32 is still a reason-
able number. The MIPS architecture has
32 registers. The Intel set has a pseudo-
register, not true registers, but it’s also
32 words deep.

The larger the register bank, the more
calculations you can force to run in the
high-speed internal registers—but you
incur a penalty when you do multitask-
ing. ‘For instance, if you have a single
task that uses 128 registers, and you
switch to the next task (which also needs
all the registers), you have to save them
all to memory. Then, when you switch
back to the first task, you have to restore
them all. Thus the more registers the
chip has, the higher the overhead it in-
curs when it needs to save and restore
them.

AMD, Motorola, SPARC, and MIPS
all have special features in their archi-
tectures to allow you to store and read
back registers as fast as is practical. For
instance, if you’re storing to 128 sequen-
tial locations, you can do it much faster
than if you stored individual registers one
atatime. Both SPARC and AMD provide
hardware support for doing multiple
stores; a protocol defined in the wires
that connect up to the RAM interface, to
the real world, allows these high-speed
bursts of register saving and restoring op-
erations. But it’s still an overhead you
must take into account. That’s the penal-
ty for using a lot of registers, but the per-
formance improvement tends to make up
for it.

Table 1: The RISC chips. The VAX MIPS estimate is usually derived by
dividing the Dhrystone rating by 2000. As you can see, some manufacturers
are conservative in their MIPS estimates while others are overly optimistic.
(These numbers are from the manufacturers and are not the result of

independent testing. Where MIPS numbers were not available, they have been
calculated.)
VAX Cache Archi- Number of Approximate
MIPS support tecture registers Dhrystones/second
Motorola 88000 20 Yes Harvard 32 46,000 at 25 MHz
MIPS R3000 20 Yes von Neumann 32 42,300
AMD 29000 17 No Harvard 192 42,000
Cypress SPARC 20 Yes von Neumann 128 42,000 at 33 MHz
Intergraph Clipper 17 Yes von Neumann 40 35,000
Sun (Fujitsu) SPARC 9.5 Yes von Neumann 128 19,100 at 16 MHz
Intel 80960 7.5-10  No vonNeumann 32 13,000 -

This penalty doesn’t come into play
with CISC chips, which typically have
only a few registers. For example, typi-
cal compilers used with a 68020-based
machine use a maximum of 8 general-
purpose registers and 4 floating-point
registers—the rest are scratch registers.
In current CISC technology, you don’t
gain much speed by using registers, so
most compilers don’t overuse them.

Compilers for RISC chips, however,
use lots of registers to get the best perfor-
mance, the highest number of Dhry-
stones per second, and so on. For in-
stance, the MetaWare compiler for the
AMD 29000 uses all 192 registers. And
it has routines called spill and fill—
spill when the registers overflow to
send them out to RAM and fill when
they underflow to pull them back in.

This huge register stack acts as a win-
dow into RAM. Using it is a very effi-
cient way of writing compilers, and most
RISC compilers use it. The Sun com-
piler, however, has something different:
a register-windowing scheme. It tends to
have the same effect; it’s just a different
way of describing things. With the regis-
ter-window concept, you must define a
fixed number of variables that you will
pass between procedures. For instance,
if you only need to pass three registers
between procedures and you switch your
level of register windowing, you’re going
to waste five of the eight defined regis-
ters. None of the other chips has this win-
dowing scheme. The inefficiency it
causes seems to be relatively minor,
probably only the last 10 percent of dif-
ference in speed.

Cache in the Chips
A computer system today is designed
with a CPU and a large (slow) main

memory; in the middle, between the two,
is cache memory. Cache is a high-speed
memory that buffers between the high
speed of the CPU and the low speed of
main memory. All the conventional
workstations use cache memory.

With RISC machines, cache perfor-
mance becomes critical. You can have a
CPU that’s running three, four, or five
times faster than a CISC chip, but you
still have the same-speed memory, the
same DRAMs. Therefore, the function
of the cache is to buffer. How you make
the operation of the CPU more efficient
with the slower main memory becomes
of paramount importance.

There are ways of designing unique
memory systems that are structured dif-
ferently from the conventional CPU,
cache, and memory setup. You can con-
nect the CPU directly to specially con-
figured main memory. While you won’t
achieve quite the same level of perfor-
mance that you would with a cache,
you’re talking about only a 10 percent to
20 percent difference (see the article
“Real-World RISCs” in the May 1988
BYTE). Yet your cost difference will be
significant. The cache is becoming one
of the most expensive items on a work-
station, be it CISC or RISC.

Both the Sun 4 and the MIPS machine
have fairly good caches, typically 128K
bytes of cache RAM each. That’s high-
speed static RAM, and it tends to be
much more expensive than several mega-
bytes of DRAM.

The MIPS people stress close integra-
tion with the cache. In fact, their whole
system is designed around it. Basically,
they will sell you an agreement whereby
they tell you how to design the cache.
They give you all the details, down to

continued
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which chip you connect to which chip.
They probably have the most advanced
system of any RISC cache to date. The
MIPS chip is very closely integrated with
its high-performance cache design.

The Sun 4 uses an expansion of the
Sun 3 cache technology. Motorola has
cache memory management units
(MMUs), the 88200s, which are very ex-
pensive (several times the cost of the
CPU) but allow you to connect low-
speed memory and still get tolerable per-
formance. Each MMU contains 16K
bytes of high-speed cache memory. They
let designers look at the RISC CPU as a
“black box™ and not have to worry about
high-speed memory designs.

For example, if you’re designing a sys-
tem around the AMD 29000, you have to
look at all the timing diagrams. You have
to understand what’s happening in the in-
ternal pipelines. You have to know when
the system’s going to be asking for an-
other instruction and when it’s going to
be accessing data. Once you understand
these things, you can mold the memory
to what the CPU does.

With Motorola’s three-chip set, the
cache memory buffers all that. All you
really have to understand is how to con-
nect to a cache memory. You don’t have
to be concerned about what the CPU is
doing. The cache memory handles that
interface for you, so the “black box” ap-
proach is an easier level of design. The
Clipper also allows you to design at this
level.

Motorola and Intergraph both sell inte-
grated cache chips, which have the RAM
as well as the control circuitry inside;
they’re all you need to implement a
cache. It’s not as good as the MIPS
cache—and it’s certainly not as large—
but it’s low-cost and convenient.

Both Intel and AMD have concen-
trated on designing interfaces for their
chips so you can couple them to low-cost
memory, producing a low-cost, high-
performance system. To give you some
idea of the performance levels you can
get, it’s possible on low-cost $3000 to
$4000 hardware to achieve 30,000
Dhrystones per second. Intel isn’t even
talking about cache. AMD is working on
a cache unit—but it’s very effective when
connected directly to RAM. And Fujitsu
uses the Sun cache technology.

Cypress has designed its family
around a cached-memory architecture.
The company provides two cache-sup-
port chips to simplify high-speed cache
design, both the RAM itself and the spe-
cial cache-tag RAM. You get schematics
on how to connect them into a system.
Cypress is also emphasizing the cache
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and has made no attempt yet to allow its
SPARC chip to be effectively connected
directly to main memory.

Comparing the Chips

The first major comparison point for
these chips is whether they stress cache
or noncache technologies (see table 1).
Any of them can be used in either mode,
but with varying degrees of difficulty.
AMD and Intel are pushing noncache
systems; all the other manufacturers are
pushing cache systems. That’s the first
distinction, cache or noncache.

The next distinction is whether the
chips have Harvard or von Neumann ar-
chitecture. A von Neumann architecture
has one external 32-bit bus that is used
for both data and instructions. A Har-
vard architecture has two separate 32-bit
buses, one for bringing in the instruc-
tions and one for the data. A Harvard ar-
chitecture allows you to bring data and
instructions to the chip at the same time.
Of the RISC chips, the Motorola 88000
and the AMD 29000 use the external
Harvard architecture.

So the capability is there, in theory at
least, to double your memory-interface
speed. It doesn’t work that way, how-
ever; you probably multiply it only by
one and a half. Nevertheless, the Har-
vard architecture significantly raises the
interface speed without significantly
changing the interface cost. This archi-
tecture allows you to customize the type
of memory you connect, since it has to
work well only with data references or
with instruction references, not both.

One similarity shared by the families
is that they’re all vying for the same mar-
ketplace, and when all is said and done,
the CPU chips are similar in price. In es-
sence, the choice of a CPU won’t, by it-
self, affect the final cost of a workstation
very much, because RAM is now becom-
ing the biggest part of the cost. A work-
station today will have 8 megabytes or
more of RAM, and all the CPU chips are
relatively inexpensive when compared to
the cost of 8 megabytes of RAM. Thus,
the choice of a CPU is usually not based
on raw chip cost anymore. Some work-
stations still have expensive FPUs, but
since they’re all competing for the same
piece of the pie, that too must change.

One way to compare RISC chips is to
look at which ones have been around the
longest and which are just emerging. For
example, the Clipper is the most mature
while the Motorola 88000 doesn’t really
exist yet. There are a few chips in the
hands of developers—and they work—
but they’re not shipping in quantity yet.

The AMD family has been shipping

for nearly a year. The MIPS family has
been around for quite a while now, too—
at least the R2000 has (for maybe 2
years), and the R3000 is derived from
that. A few minor changes were made,
but the R3000 has essentially the same
genealogy and longevity as the R2000.
The MIPS chip is the most mature RISC
chip available except for the Clipper. It’s
even more mature than Sun’s SPARC.

Sun’s SPARC technology is about a
year and a half old, so it’s fairly mature,
too. One way to judge the maturity of a
chip is by the languages available to sup-
port it (e.g., C, FORTRAN, and Ada).
This is particularly true for RISC. You
don’t want to be developing code on tools
that are themselves still in beta test. Sun
and MIPS have lots of software tools in
place; AMD has some; and Motorola has
very few. The Intel 80960 is relatively
new also; it has only recently started to
ship, but it does exist and it is shipping.

The venerable Clipper isn’t always re-
membered because it’s not from one of
the major semiconductor houses—Sun'’s
chips are from Fujitsu, for instance, and
Cypress is quite big in CMOS. However,
the Clipper performs reasonably, cer-
tainly at about the same level as the
SPARC. It consists of a CPU and two
cache units mounted on a circuit board.
It’s marketed with a *““black box”’ concept
like Motorola’s; Intergraph tells you how
to connect to the circuit board and not to
worry about what’s on the board—it’ll
take care of itself. And it does.

A Benefit Performance

We used the Dhrystone benchmark to
compare the various RISC chips. The
Dhrystone measures a chip’s ability to
handle integer operations, particularly
string operations such as those that occur
in compiling and the searching of
databases.

The AMD, MIPS, and Motorola chips
all run at about 42,000 Dhrystones per
second, with peak performance up about
46,000. For comparison, the 68020
CISC chip rates about 5500 Dhrystones,
and the 68030 has tested as high as 7000
Dhrystones. The 80386 can do 9000
Dhrystones but has an advantage for the
Dhrystone test over the 680x0 family due
to special string-manipulation instruc-
tions. You can see that the differences
among RISC chips are much smaller
than the gap between CISC and RISC.

The Sun 4 SPARC (which is a Fujitsu
SPARC in the Sun 4) comes in at around
19,000 Dhrystones, so it’s not quite up to
the general-architecture RISC chips yet.
That may change. The new SPARC im-
plementation from Cypress is faster, and

































IN DEPTH
ART + 2 YEARS = SCIENCE

assigned to each screen pixel. (The phys-
ical organization of the memory bits
needn’t be anything like the logical orga-
nization. The translation between the
two is handled by video-memory drivers
or controller electronics.) Monochrome
images are often all that is needed for
graphics applications like CASE or CAP,
although gray-scale abilities can be
handy for publishing or even just for
pull-down menus and icons.

The least-expensive workstations are
monochrome, single bit-plane systems.
Low-cost color systems can get by with 6
bit planes, although 8 bit planes is more
common for standard, inexpensive color.
To simultaneously display any of the
choices in a palette of 16.7 million
colors, 24 bit planes provide ‘“full
color,” also known as ‘“‘true color.”
Some workstations also offer more bit
planes specifically for use in pull-down
menus or window identification (laying
down borders that show where windows,
menus, and icons begin and end—infor-
mation a mouse or other cursor needs).

Advanced graphics systems also use z-
buffers and double-buffering. A z-buffer
is additional video memory that holds in-
formation about the z axis: which objects
on the screen are in front of which other
objects when seen in three dimensions. A
z-buffer adds cost to the system because
of the price of memory and its associated
controllers, and it can even slow down
some simple two-dimensional applica-
tions, but it can add sophistication to
powerful solids-modeling programs.

Double-buffering uses more bit planes
to hold multiple presentations of the
same area on the screen. Screen changes
are faster if all the display controller has
to do is change which part of the frame-
buffer memory it looks to, instead of up-
dating the information in a single section
and then redisplaying that.

Although frame buffers and z-buffers
can be built from standard RAM chips,
in workstations they are often built from
the faster video RAM (VRAM) chips.
These more expensive cousins to stan-
dard dynamic RAMs (DRAMs) offer
two I/0 ports or buses, allowing them to
provide their data to the screen at the
same time the CPU and graphics pro-
gram are altering it. (Naturally, there is
control over actually reading and writing
the same bit at the same time.)

Scan Conversion, Transforms,
Scaling, and Clipping

Graphics hardware can go far beyond the
frame-buffer memory that holds the
image, and the CRT or screen driver that
moves that image out into view. A series

of operations must be performed before
the appropriate pixels are placed in the
frame buffer. The first is to generate a
display list—a set of commands for
graphics, such as “Draw a line from
point A to point B,” “Put a filled circle
of radius r and center at (x,y),” or
“There’s a sphere of such and such a size
at this point.” Three-dimensional
models may even make use of nurbs, or
nonuniform rational B-spline curves,
which are handy for representing com-
plex shapes and curves. Moving them in
software is a complex effort.

The display list is hierarchical, repre-
senting repeated parts of the complete
image as subroutines that need to be de-
tailed only once. The display list can be
managed by the main system hardware or
by a separate display-list processor that
offloads the work from the CPU and so
speeds up the entire graphics process.
Most workstations have the CPU handle
the display-list management, as do most
personal computers. Some personal
computer add-on graphics boards have a
separate display-list processor, going be-
yond the typical hardware of a worksta-
tion. Graphics terminals often use
display-list processors because so much
of their graphics work must be done lo-
cally: The narrow bandwidth of the
serial connection to a mainframe or
minicomputer denies them the luxury of
downloading completed graphics.

The primitives of the display list must
be translated into individual pixels by a
process called rasterizing or scan conver-
sion. As part of this scan conversion, the
computer must calculate how the picture
looks from the viewer’s perspective. If
it’s a three-dimensional image, the com-
puter needs to know where in space the
image is located, how big it is, and where
the viewer’s eye is in respect to the
image. These calculations are called
transformations and include scaling the
object to the desired viewing size. Each
point that describes the object must be
transformed and scaled with respect to
the viewer.

One specific operation that can
streamline transformations is the bit-
block transfer, or biz-blit. This is vital to
the functioning of many windowing and
other two-dimensional systems and has
been built into a variety of hardware sys-
tems, including the Amiga’s coproces-
sors and all of Apollo’s workstations.

Then there are two clipping opera-
tions. The first concerns which part of
the object the viewer is going to see. This
is clipping in “world coordinates” or
“clipping in the real world” and deter-

continued

Back,
by popular
demand.

Just a few years ago, illegal hunting
and encroaching civilization had all but
destroyed the alligator population in the
south. They were added to the official
list of endangered species in the United
States.

Now alligators have made a
comeback.

Conservationists
intent on preserving this
legendary reptile helped the
alligator get back on its feet.
Once again some southern
swamps and marshes are
teeming with alligators.

With wise
conservation policies,
other endangered
species have also made
comebacks . . . the
cougar, gray whale,
Pacific walrus, wood
duck, to name a few.

If you want to help
save our endangered
species, join the National
Wildlife Federation,
Department 106, 1412

16th Street, NW,

&__ Washington, DC
= 20036.
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schemes and graphics architectures.

This diversity makes it tough for you
to create a program that will run on many
platforms. Unix has certainly become
the overwhelming standard in operating
systems at the low end of workstations,
although there are various flavors of
Unix, from IBM’s AIX to NeXT’s Mach
to Sun’s hybrid of System V and Berkeley
4.3. For real-time operations, such as
process-control graphics, there are spe-
cial Unix versions, such as that from
Masscomp, and DEC’s VMS operating
system. Plain Unix is not well-regarded
for real-time work.

There are also standards that concern
graphics itself. For the past 5 years, the
de facto standard has been ANSI’s Color
Graphics Virtual Device Interface. You
could just write a program to call the
CGVDI circle command, cube com-
mand, or whatever, and let the worksta-
tion vendor worry about the interface be-
tween the standard library of graphics
routines and the proprietary hardware.
CGI (a common abbreviation of CGVDI)
was a fairly simple two-dimensional
standard now being replaced by PHIGS.

PHIGS is also a two-dimensional stan-
dard, but it’s more advanced and is hier-
archical, which lets it call subroutines for
efficient code execution and size (see the
article “PHIGS: Programmer’s Hierar-
chical Interactive Graphics Standard” by
Martin Plaehn in the November 1987
BYTE). It’s a programming base that a
graphics application can use: Make your
program call on PHIGS graphics primi-
tives, and it will run on any workstation
supporting PHIGS (most do). PHIGS +
and PHIGS ++ are proposed extensions
that include curved surface, shading,
lighting, depth cueing, and other three-
dimensional paraphernalia. However,
PHIGS does not come with windowing
tools.

Another device-independent graphics
standard is X Windows. Like PHIGS,
it’s a set of routines that an application
program can call on. But X Windows
allows for distributed graphics: An in-
tensive calculation application can run on
a high-powered server and display the
results in a window on a personal work-
station. It’s a toolkit for implementing
window systems and displaying two-
dimensional graphics. X Windows does
not include three-dimensional abilities.
An adjunct group to the X Consortium
(that came up with X Windows) is work-
ing on PEX (PHIGS Extensions to X
Windows), which would merge PHIGS +
with X Windows. This would use X Win-
dows to manage the window environment
and PHIGS + to render the graphics.

Two other possible standards of inter-
est to personal computer users are the
HOOPS graphics library from Ithaca
Software and Display PostScript from
Adobe. HOOPS is an object-oriented set
of routines that has been implemented on
a number of personal-computer prod-
ucts, including a transputer-based IBM
PC plug-in board from Nth Graphics.
Display PostScript has been used by the
NeXT workstation and has a direct rela-
tionship to the PostScript that is in so
many laser printers, but it hasn’t made a
dent in workstation graphics software.

There are also proprietary standards,
such as Apollo’s three-dimensional
Graphics Metafile Resource File, Hew-
lett-Packard’s Starbase, and Silicon
Graphics’ Library. IBM, which has not
had much success with its own RT work-
station, recently licensed SGI’s library
and graphics accelerator chip for use in
its own workstations.

Database Design and File Formats
Another important subject in graphics
work is the structure of the databases that

comprise graphics images, and the files
used to transport them among different
applications and workstations. Although
flat files and relational databases were
once used, these are being challenged by
object-oriented databases. An OODB
stores an image as objects with proper-
ties. This makes the translation from ap-
plication to screen display less complex.
It also suits the graphics application code
to object-oriented languages such as
Smalltalk and C++, with their atten-
dant extensibility, reusability, and proto-
typing ease during programming.

For capturing and transferring graph-
ics, the latest proposed standards are
Computer Graphics Metafile and Ren-
derMan. CGM allows you to take a pic-
ture file from one system and run it on
another. RenderMan is newer and not as
well-established, but it includes more
sophisticated information on the three-
dimensional aspects of an image.

The Roster of Players

There are a lot of players in the worksta-
tions game and a lot of applications (see
the text box ‘“Putting Workstations to
Work” on page 257). Because worksta-
tions have windowing systems and some
ability to handle monochrome two-
dimensional graphics on large displays,
all could be considered graphics power-
houses next to the average personal com-
puter. However, some workstations rise
above the rest because of special graph-
ics hardware built in or available as an
option within the personal-workstation
price range.

e Silicon Graphics. The most likely win-
ner this year of a “Heisman trophy” in
workstation graphics is the Personal Iris
from Silicon Graphics. Begun in the
early 1980s by a Stanford professor, Sili-
con Graphics has specialized in applying

PC voice mail, nowonly $199.

telephone tag and gives you

big-system features like auto speed-dial, auto
answer, message forwarding, and built-in 300/

B 1200 bps modem. For an ear-opening
business applications demo,

Watson®, hailed by one
reviewer as “the premier
voice mail station” at $498,
is an even better value at

$199. Watson eliminates

call 1 (800) 6-WATSON (in Mass., (508)
651-2186). To order, call 1 (800) 533-6120
(in Mass., (508) 655-6066).

Credit Cards Accepted.

Natural MicroSystems Corporation
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VLSI and its own optimized library of
graphics routines to three-dimensional
graphics.

The Geometry Engine VLSI chips that
made its Iris workstation a hit at the mid-
range and high end of the market for ani-
mation, simulation, medical imaging,
and mechanical design CAD are now
built into the less expandable—and far
less expensive—Personal Iris. For just
under $17,000, you can buy a Personal
Iris diskless system with a 10-MIPS CPU
(the R2000A RISC processor from
MIPS Computer), 8 megabytes of RAM,
8 bit planes for color, 2 bit planes for
menus, 2 bit planes for systems adminis-
tration (all using VR AMs), and a Geom-
etry Engine.

The system can drive a 19-inch, 1280-
by 1024-pixel color display with real-
time animation of 10 frames per second,
performing 200 calculations every sec-
ond for every pixel on the screen. Expan-
sion to 24 bit planes for color, 8 system
bit planes, 155 megabytes of hard disk,
and a 24-bit z-buffer runs the price up to
nearly $30,000. That’s still far less than
the bottom price of the mid-range Iris
4D70 (at $44,000) or a competing three-
dimensional workstation such as the
Sun-4/260, Apollo 590 Turbo, or HP
360SRX Turbo—all mid-range worksta-
tions. Lighting, specular highlights, and
scan conversion are built into the acceler-
ator hardware of the Geometry Engine,
which can pump out 85,000 three-
dimensional vectors per second. The
Personal Iris supports PHIGS.

® Hewlett-Packard. HP has a variety of
personal workstations for two-dimen-
sional graphics, and mid-range systems
for three-dimensional work. The newest
personal-workstation system is the HP
9000 Model 340 series, based on the
68030 CPU and 68882 FPU. The 340s
have at least 4 megabytes of RAM and
HP-UX Unix, and they support X Win-
dows and PHIGS.

The lowest-price unit in the 340 series,
at just above $5000, is the 340M, a 1024-
by 768-pixel monochrome system for
mechanical design and drafting. The
340C+ is a nearly $9000, 6-bit-plane
color, 1024- by 768-pixel, two-dimen-
sional system with hardware support for
vector and polygon drawing and fills.
The 340CH is an $11,000, 8-bit-plane
color, two-dimensional system that starts
from the 340C + base.

The $16,000 340CHX is a CH model
with a plug-in, integer-based graphics
accelerator (with a 68020 processor) that
can double display-processing perfor-
mance—taking charge of the transform

and clipping calculations.

Hewlett-Packard uses a “strip z-buf-
fer” that takes advantage of unused
memory in the mainframe-buffer area
(the typical resolution of displays doesn’t
match exactly with the size of standard
memory chips and chip sets). This saves
money on memory for a small expense
on increased memory-controller over-
head. The systems all come with an HP-
HIL interface (HP Human Interface
Loop) that can daisy-chain input devices
such as mice, knob-boxes (a suite of dials
that can be turned to, for instance,
change each of the rotations and posi-
tions of a three-dimensional simulated
object), tablets, and so on. The 340SRX
incorporates silicon assists for solids-
rendering work, such as light sources,
Gouraud shading, and transparency. The
340 series is not as expandable as the 360
and 370 series (also 68030-based) mid-
range workstations, but it is more ex-
pandable than the 318 and 319 families it
replaces. It is object-code-compatible
with the other HP 9000 Series 300
workstations.

® Apollo. The 68020-based Series 3000
is Apollo’s lowest-priced workstation,
with an estimated CPU performance of
1.5 MIPS. Above that are the Series
3500 and Series 4500. The 3500s have a
68020 and boast a performance of 4
MIPS. The 4500s have a 68030 and a
68882 FPU for a performance of approx-
imately 7 MIPS. You can get the 4500
with 15- or 19-inch monitors, in 1280- by
1024-pixel monochrome, 1024- by 800-
pixel, 8-bit-plane color, or 1280- by
1024-pixel 8-bit-plane color. The 3500
adds a 1024- by 800-pixel monochrome
option to that list.

All these systems are aimed at two-
dimensional and three-dimensional
wire-frame applications. The 3000 does
not contain special graphics accelerators
other than bit-blit assist in hardware (es-
sential for windows and polygon fills).

Instead, it depends on general floating-

point performance and an optimized li-
brary of graphics routines for graphics
speed. A Weitek 3164 FPU option is
available for each system. The 3500 and
4500 have a dedicated graphics processor
for accelerating the drawing of two-
dimensional primitives.

The systems run under Unix and sup-
port PHIGS, X Windows, and Apollo’s
own three-dimensional Graphics Meta-
file Resource File library. All of Apol-
lo’s graphics workstations, including its
mid-range and high-end Turbo Domain
systems, are binary-compatible—mean-
ing a single program can run on any of

them without even a recompilation, using
whatever graphics abilities are available.
While you can get a Series 3000 mono-
chrome, diskless node for around $5000,
a 3500 color system without disk runs
just over $12,000. The 4500 systems
start at $19,000 (diskless, monochrome)
and rise to $35,000 and higher (color,
348-megabyte disk drive). The mid-
range and high-end Apollo workstations
include up to 24 bit planes for graphics
and hardware assist for three-dimension-
al algorithms.

e Digital Equipment Corp. DEC offers
three personal workstations for graph-
ics: the VAXstation 2000, the VAXsta-
tion IIGPX, and the VAXstation 3200.
The 2000 comes in monochrome and
color versions, beginning at just over
$5000 and just under $8000, respective-
ly. The 2000 is built around DEC’s own
MicroVAX II chip set with its own FPU,
4 megabytes of RAM, and 1024- by 864-
pixel display resolution. The mono-
chrome system has a single bit plane; the
color system has 4 bit planes. Eight-bit-
plane color models are available and cost
$13,000 to $18,000. The graphics chips
in the VAXstation 2000 are the same as
in the VAXstation IIGPX. GPX prices
begin at just under $20,000. This work-
station is larger, with more memory and
disk capacity than the VAXstation 2000.
A diskless, 8-bit-plane color system runs
nearly $23,000. Both the 2000 and the
IIGPX are built around the MicroVAX 11
engine.

The VAXstation 3200 uses a CMOS
version of the MicroVAX II engine and
FPU, along with a dual-cache memory,
and so is much faster on all system mea-
surements. A color 3200 system Starts at
$29,000 and comes with special graphics
coprocessors from DEC. These GPX co-
processors perform bit-blit, scaling,
clipping, fill, and scrolling operations in
hardware. Support for PHIGS and X
Windows is included.

On the high end, DEC has developed
the VAXstation 8000 three-dimensional
real-time graphics workstation with
Evans & Sutherland (famous for its
flight simulators and other high-end
graphics computers). The Evans & Suth-
erland graphics engine in the 8000 han-
dles 24 bit planes double-buffered with
Gouraud and Phong shading and up to 16
light sources.

e Sun Microsystems. Sun has three dif-
ferent architectures for personal work-
stations, from the 80386-based 386i to
the 68020-based Sun-3 and the SPARC

continued
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IN DEPTH
NETWORKING WITH UNIX

Although this all works reasonably,
unfortunately it locks you into accessing
file systems located on the machine you
are logged onto. You can access remote
machines via file-copy protocols, usu-
ally the Unix-to-Unix copy program
uucp, but this can be awkward.

RFS and NFS let you transparently
connect the file systems of one computer
to the file systems of another. They en-
able your Unix machine to use the file
system of another Unix machine so natu-
rally that you may not always realize that
you are using another computer’s re-
sources.

How RFS Works

RFS ensures that all network transac-
tions adhere to Unix I/O semantics. In
other words, open(), close(), un-
1ink( ), and soon, and even ioctl( ) all
behave so rationally that files are always
left in manageable states.

The transparency is so strong that reli-
ability, security, and even simultaneous
access to files all occur as if on one Unix
machine. Of course, this implies cor-
rectly that RFS was intended to be used
only for communicating with other Unix
systems.

RFS functions depend on a machine
supporting a transport provider. The TP
ensures that there is a physical network
along with the appropriate software to
drive the hardware of the network. The
hardware is typically Ethernet, System
Network Architecture, or StarLAN. The
software is broken down into two soft-
ware layers to handle the network
protocols.

The software subsystem works by
using an I/O facility called Streams.
With Streams, you can connect to one of
several network protocols (i.e., Trans-
mission Control Protocol/Internet Proto-
col, Ethernet, and so on) for your inter-
machine communications needs. The
end result: RFS is network-independent.
That is, since it can be independently
configured regardless of the underlying
hardware, it need not be pinned down to
a specific protocol, vendor, or machine.

Streams accomplishes this via han-
dlers, each of which is a different layered
protocol in software. Each handler usu-
ally interacts directly with the hardware
and converts the real protocols into a
common format so that the higher lay-
ered protocol handlers (the ones Unix
would interface with directly) all map
into a common protocol.

The RFS scheme consists of client and
server machines living within a domain.
Machines within a domain that advertise
their file systems for other machines in
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the domain to use are called server ma-
chines. (For a glossary of basic terms,
see the text box “The Nomenclature of
Networking” on page 269.) Machines
that use the advertised file systems by
mounting them are called clients. Since a
server can choose to use a file system of
another machine, some machines will be
both servers and clients.

Furthermore, one machine in the do-
main is chosen by the domain’s system
administrator as the primary server. It
maintains various lists. The most impor-
tant of these is the list of directories,
files, and even devices that were adver-
tised for network usage. Other lists help
maintain network security. Among other
abilities, these security lists can restrict
specific machines to a given network re-
source, as well as specific groups or user
IDs.

Generally, once these files are set up
across all the machines in a given do-
main, each machine advertises what it
has to offer as it boots up, as well as
mounting resources it needs from other
machines. This results in very little net-
work maintenance once the distribution
directories and files for each machine
have been determined. Besides its adher-
ence to the Unix I/O semantics, this is
another reason why RFS is so trans-
parent.

Good Points and Bad

One problem with the RFS scheme is that
the state of the network is more fragile
since it enforces the Unix I/O semantics.
Because of this, if the primary-domain
server fails, the secondary-domain
servers, chosen by the domain’s system
administrator, temporarily assume the
primary server’s responsibilities until it
is restored and rebooted.

Interestingly, this doesn’t particularly
affect the network, since machines cur-
rently in the network have already adver-
tised their resources and mounted those
that they needed; therefore, current
mount points will not be broken. How-
ever, it does affect any machines in the
domain that have been booted in the
interim.

Since RES ensures Unix I/O seman-
tics, users and programs can make direc-
tories, files, devices, and named pipes
across the network without concern for
where those entities really are. The lack
of concern results from the ability to al-
ways have a consistent view of a file. In
other words, database accesses and file
locking perform as you would expect
from a single machine. This is nice,
since Unix should act like Unix whether
or not it is connected to a network.

Furthermore, because security en-
forcement is at a machine, group, user,
and Unix level, network security is never
at a disadvantage because of RFS. One
indirect problem of this, though, is that
machine administrators choose to adver-
tise all the file systems of their machines
to all the clients of the domain, and users
may be given the chance to read or write
files they shouldn’t have access to. This
is strictly an administration concern,
though, since the default choice is that a
given file system or entities within a
server will not be shared.

All this consistency has a price. Be-
cause of it, the network has the potential
for more traffic, resulting in a loss of
performance and more bottlenecks.

At first glance, the ability to selec-
tively mount remote file systems within
selected directories on a given client
seems rather powerful. Looking at this
in detail, you see that each machine has
its own different view of the network. .
This may be fine for a given machine,
but if you or your programs are relying
on a consistent directory tree or on access
to a specific path name, these different
views can become confusing and error-
prone in some situations.

What Makes NFS Tick?

NFS’s general setup is similar to that of
RFS. A few differences, however, point
out their distinct tactics. Although they
both hinge on the ability to treat a remote
file system as being local, they do so in
different ways. Mainly, NFS is not a net-
work extension of Unix and therefore
does not attempt to adhere to Unix se-
mantics. In fact, it takes this difference
one step further and allows other non-
Sun and non-Unix operating systems to
use it. Since the protocols for NFS are in
the public domain, some vendors have
endorsed its use, and Sun even developed
a Unix-to-MS-DOS network connection
called PC-NFS.

Even with these differences, the inter-
nal makeup of NFS is not unlike RFS
when it comes to network accessibility.
An advertising mechanism for servers
and a mounting ability for clients still
exists. Also, instead of the network lay-
ering associated with Streams, NFS has
substitute mechanisms called Remote
Procedure Calls (RPC) and External
Data Representation (XDR).

Since remote file systems need only
appear to be real Unix file systems, NFS
implements a Virtual File System mech-
anism. For instance, the Unix file sys-
tem usually accesses files through an
operating-system disk handle called an
inode. Since the remote file system being
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bit of information (typically around 1.5 bits). The dots are so
tiny that enormous information density can be achieved. Pack-
ing the dots so densely, however, leads to an unacceptably high
raw-error rate, requiring sophisticated error-correction tech-
niques. On optical disks, anywhere between 10 percent and 33
percent of the stored information might be error-correction
code rather than user data.

In a read-only medium such as CD-ROM, the dots are tiny
pits that are mechanically formed into the plastic substrate by a
stamping process—just like the old phonograph-record-press-
ing process. A mirror layer of aluminum is then vacuum-depos-
ited over the pits. When the disk is rotated under a reading laser
beam, the edges of these pits cause a step in reflected intensity
that can be detected by the read head.

At the other end of the scale, the NeXT’s read-write-erase
disk has dots that are formed by a reversible process. This is
done by locally heating a tiny area of the mirror layer with a
laser beam and allowing it to cool in a magnetic field. If the

Laser beam
Q 1.6-micron track pitch
1.0-micron spot size
%\\%‘
— +—— Overcoat

«—— Dye polymer layer
e— Melinex polyester-
based substrate

25 microns
Metal reflective layer

Figure 1 : Digital paper is a flexible optical recording medium
made from a “sandwich” of thin polymer films. This cross
section shows the various functional layers and the
approximate dimensions.

Jd iy

“Out-of-step”
beams cancel

VAVAR

“In step”
beams reinforce

Active layer
polymer/dye

Metallic reflector

Figure 2: Optical data is encoded on digital paper by burning
pits in the active dye/polymer layer. Here, X is a whole
number of half-wavelengths of the laser light, while y is not.
The pits alter the path length that light from the read laser
must traverse, thereby weakening the reflected beam.
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temperature achieved by the heating exceeds the metal’s Curie
point, the metal will recrystallize in alignment with the mag-
netic field direction.

This process subtly alters the surface properties of the area
and shifts the angle of polarization of a reflected laser beam (a
phenomenon known as the Kerr Effect). A polarizing filter in
the read head converts this shift into an intensity step. A dot
can be erased by reheating the area in a magnetic field of the
opposite polarity.

In between these extremes lie the write-once media like
WORM drives and digital paper, in which a laser is used to
make a permanent mark on the mirror layer. The most direct
method is to use a relatively high-powered laser beam to melt a
hole right through the mirror layer. This process is often called
an “ablative” method because it involves the irreversible re-
moval or ablation of material rather than merely an alteration of
its properties. The holes reflect far less laser light than intact
mirror areas; thus, their edges produce a transition suitable for
encoding data. Other methods involve deforming or bubbling
the metal layer, or melting it so the layer’s reflectivity is altered
when it resolidifies.

Digital paper uses a write-once ablative technique, but it is
not the metal mirror layer that is ablated in this case. Instead,
the ablative pits are formed in a transparent layer immediately
above the mirror, and interference effects are used to read the
data.

Writing on Digital Paper

In essence, digital paper consists of a four-layer “sandwich” of
thin films (see figure 1). The substrate is made from one of
ICI’s established polyester films, called Melinex—a material
that provides the mechanical strength of the whole structure.
This substrate layer can be produced in thicknesses of 25 to 75
microns, depending on the requirement of the application.

A reflective layer of metal is deposited onto the substrate by a
process called “sputtering.” The result is a product that looks
just like the silver plastic foil that children’s balloons are made
of nowadays. This metal layer is not affected at all by the writ-
ing process and acts simply as a passive mirror. ICI still regards
several aspects of digital paper, including the exact composi-
tion of the metallic layer, as commercially sensitive in-
formation.

Over the metal layer is the active layer that is composed of a
transparent polymer containing an infrared-absorbing dye. ICI
has produced two alternative dyes that absorb at 830 nano-
meters or 780 nm (in the near-infrared), wavelengths corre-
sponding to the most widely available solid-state lasers. The
thickness of the active layer in its normal state is an exact num-
ber of half-wavelengths of the laser light used for reading and
writing. Thus, for the 830-nm dye, the active layer’s thickness
would be n X 415 nm. As a result, the portion of incident light
that passes through the active layer and is reflected by the metal
interferes constructively with that portion of the light that re-
flects from the surface of the active laysr (see figure 2), and a
strong reflected beam is formed. Constructive interference oc-
curs when two waves are exactly in step with one another so that
the amplitude of their peaks and troughs is added together.

To write a dot onto digital paper, you beam an infrared laser,
emitting at the dye’s absorption wavelength (say, 830 nm), onto
the active layer. The dye absorbs the radiation and converts it
into heat energy. This local heating of the active layer polymer
in which the dye is dispersed causes the polymer to deform.
The deformation, for which ICI has coined the name “pyro-
plasticity,” causes the active layer to contract into a pit sur-
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rounded by a raised lip rather like a moon crater, as shown in
figure 2. The result of the formation of this pit is that the thick-
ness of the active layer is reduced at that point.

To read the pit, the same laser is used at an intensity low
enough that it does not deform the polymer. The thickness of
the active layer at the pit is now no longer an exact number of
half-wavelengths. Therefore, the beam that passes through to
the metal layer will interfere destructively with the beam re-
flected from the surface of the active layer—thus, the total re-
flected beam intensity will be lower than for an undeformed
area. Destructive interference occurs when two waves are out

Metallic reflector

Figure 3: To enable the read laser to track accurately,
digital paper must be preformatted, which is done by
embossing grooves into the active layer. The flanks of these
grooves deflect the straying laser beam and so cause

a detectable error signal that is fed back in a servo loop

to realign the beam.

Motor hub

|
v

Bernoulli plate Micro head

Static disk

Bernoulli plate Motor hub  Micro head

Air flow
v

Spinning disk

Figure 4: The Bernoulli effect produces lift when air flows
faster over the upper surface of the disk than under it. The lift
makes the disk “‘fly” at a close and constant distance from the
Bernoulli plate and record head, a feature that is very
advantageous for optical recording.
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of step so that the peaks and troughs of one cancel out those of
the other.

Things are not quite so simple as this description would sug-
gest because there is a fourth, protective layer of transparent
coating overlying the active layer. However, this situation
doesn’t alter the basic principles. The difference is simply that
the surface of the active layer is an interface between active
layer and coating rather than between active layer and air. Ob-
viously, the refractive index of the coating comes into the cal-
culation of path lengths, and the protective layer needs to be a
whole number of half-waves thick.

There is, in fact, a fifth layer on the commercial digital paper
product, though it plays no part in the optical storage process.
The substrate receives a coat of low-friction polymer as a back-
ing to allow it to slip smoothly when coiled in reels of tape or
fitted into a floppy disk cartridge case. This backing layer also
forms an impermeable seal to prevent oxygen and moisture
from penetrating to the metal layer. ICI currently claims.a 15-
year archival life for digital paper, but soon, by improving ma-
terials and fabrication techniques, the company hopes to be
able to extend this time frame to 20 years.

What are the advantages of this pyroplastic method of writ-
ing compared to conventional WORM technologies? The main
ones are that if you use a lower-powered laser, pits can be writ-
ten with greater precision. The dye-containing polymer used
for the active layer is a very poor conductor of heat. As a result,
the heat energy introduced by the laser beam can be confined to
a very small volume of material and thus does not spread rapid-
ly. This method results in a pit with very steep, sharply defined
edges.

By contrast, the most popular ablative WORM technologies
make marks directly onto the metal layer. Since they heat a
material that is a very good conductor, the heating effect will
tend to spread further, resulting in a pit with more sloping, less
well-defined edges. The sharpness of the transitions governs
the rate at which data can be both written to and read from a
medium. Digital paper, then, can support higher data rates
than conventional WORM:s.

The low thermal conductivity also helps to reduce the laser
power needed to produce a pit. A more important influence,
though, is the thickness of the overlying layers. In a rigid
WORM disk, the metal reflector layer is covered with a poly-
carbonate plastic that is typically 1 mm or more thick. The di-
mensional accuracy is such that the writing head needs to be
another millimeter or so from the disk surface. Thus, the dis-
tance the laser light must travel to get to the metal reflective
layer, 2 mm, is huge compared to the size of a pit. Large losses
occur due to absorption and scattering in the plastic.

On the other hand, with digital paper, the overlying protec-
tive layer is less than a micron thick, so less laser power is re-
quired to traverse it. As we shall see later on, other factors also
allow a reduction in the gap between the laser and the surface.
A 10-milliwatt solid-state laser can write on digital paper at
rates of up to 10 MHz, forming pits that are 1 micrometer deep.

For most computer applications, digital paper will be pre-
formatted at the manufacturing stage with information that tells
the drive mechanism where to write the pits that encode the
data and that allows the laser head to track the data accurately.
Mechanical ridges and grooves are embossed into the surface
of the active layer (see figure 3) to achieve this result. These
ridges deflect the laser beam from their sloping surfaces if it
should stray too far from the data pits. This deflection produces
a strong transition, which the drive mechanism can use in a ser-
vo loop to restore the head to its correct track. Pits can be writ-
ten either in the valleys or on the flat tops of the ridges. The
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drive manufacturer makes the design decision that results in the
choice of position.

Digital Paper and the Bernoulli Effect

The most promising development of digital paper for personal
computer users is the one that’s taking place at Bernoulli Opti-
cal Systems Corp. (BOSCO for short). BOSCO is a subsidiary
of IOMega Corp., well known for its Bernoulli Box series of
magnetic disk drives. The firm is developing a product that
combines Bernoulli technology with digital paper.

l he biggest
advantage of digital paper, by far,
is its mechanical flexibility.

The marriage of these two technologies is a natural one. It is
a good example of synergy because the biggest advantage of
digital paper, by far, is its mechanical flexibility. This feature
allows us to use digital paper for flexible disks, a process that
so far none of the competing technologies can imitate. By mak-
ing digital paper into flexible disks, BOSCO is exploiting its
existing Bernoulli expertise to produce a high-performance op-
tical disk cartridge drive.

Bernoulli’s principle states that when the fluid flow is faster
on one side of an object than on the other, the object feels a
force toward the faster flow. It’s this effect that allows an air-
plane’s wings to lift it into the sky and the draft from a window
to lift your papers from your desk.

The ‘Bernoulli Box achieves this effect by using a flexible
magnetic disk that rotates very close to the underside of a fixed
circular plate containing the record heads (the removable disk is
contained in a rigid protective cartridge like that of a 3%2-inch
floppy disk). As the disk spins, the Bernoulli plate channels
and accelerates an airflow drawn in from perforations near the
hub toward the perimeter. This process causes a net lift on the
flexible disk, which is drawn toward the fixed plate and settles
nearby, separated by a cushion of moving air. The head-to-disk
spacing is about 50 microns. The effect can even allow the disk
to mold itself around irregularities and protrusions like the
record head (see figure 4).

The Bernoulli disk is well suited for many applications, be-
cause head crashes are much less likely than with a hard disk
drive. It is virtually impossible for the record head to touch the
disk surface, since any major obstruction, shock, or power fail-
ure will destroy the pressure gradient and cause the floppy disk
to fall momentarily away from the head.

An added attraction of Bernoulli technology for optical
drives is that it maintains the very small head-to-disk spacing
accurately without any complex servo mechanism. Therefore,
the biggest headache for the designer of an optical read/write
head (namely, the problem of how to keep the laser beam fo-
cused on the reflective layer of the disk) disappears completely.

In CD and WORM drives, the head-to-disk spacing can vary
widely enough to defocus the laser spot, resulting in insuffi-
cient energy being delivered to write pits, or a reduction in the
accuracy of reading. To combat this effect, all the manufac-
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turers of ordinary WORM drives use an active focusing mecha-
nism with a lens mounted on voice coil that can move up and
down to alter the point of focus. This coil forms part of a
closed-loop servo mechanism driven by error signals from the
photodetector output to keep the spot at a constant size. The
whole lens and voice coil mechanism has to track with the laser
head, adding to the moving mass of the system.

Another factor that takes mass away from the head in the
Bernoulli drive is that it can dispense with the fine tracking
adjustment mechanism based on tilting mirrors required by
other optical drives to compensate for minor wobbling. The
Bernoulli drive can track the data pits using a simple servo
mechanism based on the embossed grooves mentioned above.
The BOSCO drive can get away with a simple head containing
just a fixed-focus lens, free from all this complex active focus-
ing and tracking machinery. A light head is easier to move
around, and, thus, track-to-track seek times can be speeded up.

The close spacing produced by the Bernoulli effect also re-
duces the total distance that the laser light has to travel. Com-
pared to a conventional WORM drive, this reduced distance
allows the lens to be of a larger numerical aperture and hence
deliver more laser power to the active layer. More energy
creates a pit faster and lets the drive sustain a faster data rate.
This feature permits the disk to be rotated faster, since you can
write more pits in a given time frame and improve the latency
time when reading (i.e., the time taken for the required sector
to come around under the head). Better seek time and latency
mean a faster drive.

The third beneficial effect of the Bernoulli technology is that
the laser heads are so small that two of them can fit into a half-
height disk drive housing, which permits the design of a truly
double-sided drive. Conventional WORM disks are sometimes
double-sided, but the drives have only one head, so you have to
manually turn the disk over to use the other side. The double-
sided Bernoulli disk cartridges contain two disks separated by a
small gap, with their active surfaces facing outward. The upper
disk then acts as the Bernoulli plate for the lower disk.

The result is that the BOSCO drive promises an on-line capac-
ity of 1 gigabyte of data per 5 %-inch cartridge disk, with an aver-
age seek time of 40 ms, which is as fast as a modest hard disk
drive and much faster than conventional WORM drives. The disk
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rotates at 1800 revolutions per minute, compared to around 500
rpm for typical WORM drives. The data transfer rate tells the
story even better, as the BOSCO disk can transfer 1.5 mega-
bytes per second compared to 0.25 megabyte per second for
IBM’s WORM drive or 0.16 megabyte per second for the ISI
525 WC WORM drive. BOSCO expects to bring the new drive to
market at about the same price as a single-head WORM drive and
the media at about the same price as a single-sided WORM disk.

Although BOSCO is wholly owned by IOMega, the firm was
set up with the aid of ICI Imagedata to develop digital paper
technology, and ICI retains the right to license the drive tech-
nology to other disk manufacturers.

Reeling in the Bits

Although the Bernoulli drive may be of the greatest immediate
interest to PC users, the first commercially available product
based on digital paper will be a tape system designed by Creo
Products, Inc., of Vancouver, British Columbia. One 12-inch
reel of this 35-mm-wide digital paper tape can store 1 terabyte
(1000 gigabytes) of data. To help you grasp how much storage
this is: within 1 terabyte, you could store 1 billion typed sheets
of paper, the contents of 1600 compact disks or 5000 conven-
tional magnetic tape cartridges, at a cost of around a half a cent
per megabyte. This tape system is designed for mainframe ap-
plications where huge volumes need to be stored, such as in
seismic data logging, satellite image-processing applications,
and medical imaging and document archiving.

The Creo 1003 Optical Tape Drive uses a small-computer-
system interface (SCSI) and can sustain a data transfer rate of 3
megabytes per second. It takes an average of 28 seconds to
select any single byte from a full 1-terabyte tape. The drive
uses a novel method of recording, in which 32 LED laser re-
cording heads scan across the width of the tape from left to
right, then from right to left in discrete chunks, rather like the
frames of a photographic film. Each “frame” or physical
record is 32 bits wide by 20,000 bits and holds 80K bytes of
data. The first drives are due to be delivered in mid-1989 to the
Canadian Department of National Defense and the Center for
Remote Sensing.

It’s not hard to imagine other possible applications for digital
paper. One device that ICI Imagedata wants to see designed is a
2-inch optical disk drive for use in portable computers and digi-
tal cameras. Even at today’s densities, such a disk could hold 80
to 100 megabytes per side, and this density should increase as
solid-state laser technology improves. Other potentially fruit-
ful areas are that of credit card-size memory devices and smart
tags and labels.

Digital paper also shows promise as a low-cost, read-only
medium for distributing specialized databases in small vol-
umes without incurring the huge preparation and tooling costs
involved in CD-ROM manufacture. You could duplicate them
to order just as small software houses do now with floppy
disks.

Erasable optical drives, heralded by the NeXT machine, are
set to invade the market. Even so, there is still an important role
for a nonerasable archival storage medium like digital paper—
at the very least, to replace slow and unreliable magnetic tape
drives for backing up hard disks. I calculate that everything I
have written, programmed, or otherwise generated during my
working life would fit comfortably onto a single 1-gigabyte
Bernoulli disk. =

Dick Pountain is a BYTE contributing editor, a technical au-
thor, and a software consultant living in London, England. You
can contact him on BIX as “dickp.”
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structures, and allows you to change the implementation with-
out changing the application program’s source code.

In designing an abstract data type, you first decide which
procedures and functions logically have access to the data
structures. Furthermore, you should do this without regard to
the final programming language. In the case of a Window data
type, you need to be able to open and close each window indi-
vidually and to select an open window for output. You may also
need to hide, move, and resize windows.

The key to implementing an abstract data type is information
hiding. The language must be able to limit the scope of some
identifiers to a subset of an application’s routines. These identi-
fiers must be local in the sense that only some routines can see
them, yet global in the sense that they retain their values be-

_r WDR
o -
1
- WDR
- >
L]
®
WDR
255| nil
WinArray
Heap

Figure 1: The structure of the window information consists
of a 256-element array of pointers. When a window is defined,
the array element points to the window structure, which in
turn includes a pointer to a block of memory (heap) that holds
either the screen data that is obscured by the window

or the screen of a hidden window.

7 0

, , J , J J l l ﬂ UserFlags byte

\ ) L5 ClearScreen
3 SaveContents

Unused

‘"———————3> DisplayBorder
3 WriteOnBorder

’ 0

[TITTTTI]  SwFecsbre

M —— | m——> WinOpen
Unused » WinHidden

Figure 2: The structure of a defined window includes 2 bytes
used for flags: UserFlags and SysFlags. Each significant bit
in the bytes acts as a dual-state signal.
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tween procedure and function invocations. Finally, you should
use the language so that the collection of data structures and
access routines forming the abstract type compile separately.
This allows the window routines to remain independent of the
applications that use it.

The unit construct in Turbo Pascal allows you to create ab-
stract types by providing a mechanism for information hiding.
The unit is composed of three distinct sections: the interface
section, the implementation section, and the initialization
section.

The interface section defines the elements that are visible to
applications using the unit. These elements should include only
the high-level access routines and constants that are needed to
use the unit.

The implementation section of the unit contains the details of
the data structures and access routines that make up the abstract
type. Any constants, types, variables, procedures, and func-
tions not directly needed by the user of the unit should be de-
clared in this section. The bodies of the procedures and func-
tions declared in the interface section are in the implementation
section.

The initialization section ensures that the data structures are
properly initialized before being used. This section executes
before the main body of an application begins execution.

Defining the Data Structures

Since you can select any displayed window for output without
first closing the current window, you’ll need fast random ac-
cess to each window so you can switch output to any one of
multiple, tiled windows without closing each one in turn. This
suggests the structure of an array of windows, but a window’s
definition and screen buffer requirements are too large to pre-
allocate for all 256 windows. After all, many application pro-
grams will use only a few windows. A good compromise for
both access speed and memory efficiency is a set of pointers to
windows. Since each pointer takes 4 bytes of memory, the win-
dow system overhead is a fixed 1K byte (256 windows times 4
bytes per window).

As shown in figure 1, each window’s array element points to
a window definition record (WDR), which is dynamically allo-
cated on the heap. The WDR for a window stores all the infor-
mation necessary to display that window on the screen. This
includes the window’s coordinates, the characters that will
make up the window’s frame, header and footer titles, the text
attributes for all the window’s elements, and the cursor posi-
tion and text attribute in effect when the window was last
active.

The WDR also contains a pointer to another block of mem-
ory on the heap. This block of memory contains a copy of the
data hidden under the window. This data is saved when you
open a window and restored when you close it. You will want to
save the underlying information when you use temporary pop-
up windows, so you can restore the screen to its former state
when you close the window. However, in many cases, such as
with adjacent tiled windows that cover only the DOS screen,
you may wish to avoid using the extra memory required for
storing the underlying screen. The definition of the window de-
termines whether or not to save the underlying screen.

The declarations necessary to implement the array of WDR
pointers, WinArray and the WDR declaration itself, appear
only in the implementation section of the unit so that they are
invisible to the application program using the unit. Also, sev-
eral declarations that allow other procedures and functions of
the unit to address the screen directly appear in the implemen-
tation section. ScreenArray is an array of ScreenLine ele-
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ments. ScreenLine is itself an array, each element of which
represents one character on the screen. Each character in video
memory is stored as 2 bytes (a word). The first, or lowest, byte
is the ASCII code for the character, and the second is the attri-
bute byte. The variable Screen, of type ScreenArrayPtr,
points to video memory, allowing you to access it by assigning
values directly to Screen (actually, the system will not assign
values directly to Screen, as this would cause snow on many
CGA monitors—see the section “Opening, Closing, and Se-
lecting Windows” for an explanation).

Defining and Deleting Windows

Creating and using a window with this system is a two-step pro-
cess (see listing 1). First, you define the window and open it.
When you've finished using the window, close it or delete it.
Closing a window will remove it from the screen and restore the
underlying screen (if it was saved). The window can then be
opened again at a later time. Deleting a window, however, will
completely remove its definition from the system. It must then
be redefined if you need it again.

Before you can open a window, you must define it with the
procedure DefineWindow. DefineWindow takes as arguments a
Window Identifier (WID), the x- and y-coordinates of the top-
left and bottom-right corners of the window, the default attri-
butes for the displayed text, frame-definition information, and
a set of flags.

The frame-definition information includes the string of eight
characters that make up the window’s border, starting from the
top-left corner and proceeding clockwise around the frame,
ending with the left-side character. If the string is less than
eight characters long, the last specified character will repeat in
all the remaining positions. Several common border strings are
included as constants in the unit. Also included in the border
definition are the header and footer titles and the attributes for
the frame and titles. Each of the title strings can be left or right
justified or centered on the top and bottom borders.

The UserFlags byte specifies four characteristics that a win-
dow can exhibit when opened. As shown in figure 2, each char-
acteristic is represented by one bit in the UserFlags byte. The
ClearScreen flag determines whether or not the window will
be cleared after it is displayed on the screen. By not setting the
ClearScreen flag, you can create an interesting see-through
effect. The SaveContents flag determines whether or not the
screen data under the window will be saved on the heap. If
SaveContents is set, the underlying screen will reappear when
you close the window.

Setting the DisplayBorder flag produces a frame around
the window. The frame actually sits on top of the coordinates
for the window, effectively reducing the window’s usable space
by two rows and two columns. If DisplayBorder is not set, the
entire space defined by the coordinates will be available for
writing. Finally, the WriteOnBorder flag determines exactly
where the Turbo Pascal Window coordinates will be set. If
WriteOnBorder is set, the viewport will reside right on top of
the border, allowing the Write and Writeln procedures to
place characters on the border. This is handy for drawing lines
from border to border or for displaying special characters, such
as arrowheads, to indicate that information has scrolled out of
the window. If WriteOnBorder is not set, the viewport will be
set just inside the border.

I've defined several constants in the interface section of the
unit to assist you in building the UserFlags byte. Simply add
these together to specify any combination of characteristics.
The DefaultFlag constant represents the most commonly used

continued

Listing 1: A short Turbo Pascal program that uses
the functions and procedures of TWindows.

Once a window has been defined, it can be opened,
selected, moved, hidden, or deleted.

program WinDemo2;

uses
Crt, Dos, Wind20;

const
Sample = 1;
var
i,j: word;
Ch: char;
Col,Row,ColDel,RowDel,Color: byte;

begin
Randomize;
SetCursor(Off);

{ Define a small window in the upper left corner }
DefineWindow(Sample,
1,1,20,11, Attr(Cyan,Black),
DoubleUpBorder, Attr(LightCyan,Black),
'Sample Header',Attr(Yellow,Black), Left,
'Sample Footer',Attr(Green,Black), Center,
DefaultFlag);

{ Open the window to display }
OpenWindow(Sample) ;
Delay(500);

{ Display random characters in the window }
for i:= 1 to 5000 do

begin

Ch:= Char(Random(256));

if (Ch<>#7) and (Ch<>#8) then

Write(Ch)
end;
Delay(500);
{ Move the window around the screen at increasing
speed }
for i:= 1 to 200 do
begin
RelocateWindow(Sample,Random(59)+1,
Random(13)+1);
Delay(200-1)
end;

for i:= 1 to 200 do
RelocateWindow(Sample,Random(59)+1,
Random(13)+1);
RelocateWindow(Sample,1,1);
Delay(500);

{ Back home }

{ Now show "smooth" window movement }
for j:= 1 to 5 do
begin
for i:= 1 to 60 do
MoveWindow(Sample,RightDir);
for i:= 1 to 14 do
MoveWindow (Sample,DownDir) ;
for i:= 1 to 60 do
MoveWindow (Sample,LeftDir) ;
for i:= 1 to 14 do
MoveWindow(Sample,UpDir)

continued
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end;
Delay(500);

{ Show random overlapping windows }
for i:= 2 to 255 do
begin
Col:= Random(78)+1; ColDel:= Random(78—Col)+2;
Row:= Random(23)+1; RowDel:= Random(23 —Row)+2;
Color:= Random(16)+1;
DefineWindow(i,
Col,Row,Col+ColDel,Row+RowDel, Attr(Black,Color),
SingleBorder, Attr(Color,Black),
t1,0,Left,
",0,Lef%t,
DefaultFlag);
OpenWindow(i);
end;
Delay(500);

{ Close and delete all the windows }
for i:= 255 downto 1 do

begin

CloseWindow(i);

DeleteWindow(i);

Delay(20);

end;
Delay(500);

SetCursor(On);
SelectWindow(0);
end.

type of window. A default window will save the underlying
screen, display a frame around the window, and clear the win-
dow after it is displayed.

There is also a SysFlags byte in the WDR. This byte is not
directly accessible by the application, but the window system
uses it to keep track of whether the window is open or hidden.
Figure 2 shows SysFlag’s format as well.

You should note that DefineWindow only builds a WDR for
the window and does not actually cause the window to be dis-
played. This allows you to define all the windows that you will
use in an application at the beginning of the program where they
will be easy to find and maintain. In this way, you can change
the characteristics of a window without hunting down the sec-
tion of code that opens it. I usually designate ranges of the 256
possible WIDs for different purposes, such as help screens,
data-entry screens, menus, status bars, and so on.

If you wish to reuse a WID or reclaim the heap space used for
a window definition, you must use the DeleteWindow proce-
dure. DeleteWindow takes a WID as a parameter. It will free
the memory used to hold the WDR and reset the associated
WinArray pointer to NIL, effectively undefining the window.
The window must already be closed before you can delete it.
The headings for DefineWindow and DeleteWindow appear in
the interface section of the unit because they must be available
to your application.

Opening, Closing, and Selecting Windows
At some point in the application, after you have defined a win-
dow, you will want to display it on the screen. You use the Open-
Window procedure for this purpose. OpenWindow takes a single
parameter, the WID of the window to be opened. The informa-
tion stored in the window’s WDR determines the exact actions
taken to display the window.

Before getting into the details of the OpenWindow algorithm,
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it is helpful to understand the routines used to save an area of
the screen to the heap and then to restore it back to the screen. I
mentioned earlier that writing directly to video memory causes
snow on some CGA monitors. For this reason, Turbo Pascal
supplies the CheckSnow variable in the CRT unit. When set to
TRUE, CheckSnow causes the Turbo output routines to wait for
a horizontal retrace before writing directly to video memory.
The MicroCalc program that Borland supplies with Turbo Pas-
cal contains the same function in the procedures MoveTo-
Screen and MoveFromScreen. These highly optimized assem-
bly language routines move blocks of memory to and from
video memory, while waiting for horizontal retrace if Check-
Snow is set to TRUE, thereby avoiding snow on CGA monitors.
The initialization section of the unit determines what display
adapter you are using and sets CheckSnow accordingly.

The procedure SaveArea takes as parameters the coordi-
nates of the top-left and bottom-right corners of the rectangle to
be saved, as well as a pointer variable of type ScreenBlockPtr.
Although the type ScreenBlockPtr is declared as a pointer to a
3440-word array (43 lines by 80 columns), SaveArea uses only
enough memory to save the area under the window. Since the
ScreenBlockPtr type allows you to address a block up to a full
screen, you must avoid addressing past the actual amount of
memory allocated on the heap. The memory required to save an
area of the screen is the area’s height times its width times 2
(the size of a word). In terms of the coordinates, this is

(RightCol — LeftCol + 1) X (BottomRow — TopRow + 1)
X 2 bytes

After a block of memory is allocated, MoveFromScreen
copies the area of video memory out to the heap, a row at a
time. The data must be copied row by row because MoveFrom-
Screen (and MoveToScreen) expects to move contiguous
blocks of memory, and only the data within a screen row is
stored contiguously. The passed pointer variable is set to point
to the heap block (or to NIL if there is a memory-allocation
error).

The RestoreArea procedure is similar to SaveArea except
that data is copied from the heap block back into video memory
using the MoveToScreen routine. After the copy operation is
complete, the block of heap memory is freed, and the passed
pointer is set to NIL. Note here that the coordinates passed to
SaveArea and RestoreArea do not have to be identical, but
they must define the same length and width. Otherwise, the
data will not be restored to the correct rows.

Before returning to the OpenWindow algorithm, you need one
last procedure, DrawBorder, which simply draws a rectangular
frame around the window area. But the justification and attri-
bute options available for headers and footers complicate this
otherwise simple procedure. DrawBorder takes as parameters
the coordinates of the upper-left and lower-right corners of the
window, as well as a record of type BorderDefType. This is the
same record type used to store the border definition in the
WDR. It holds the border-definition string, the header and
footer text, justification specifications, and the attributes for
displaying the border and title strings. First, DrawBorder
builds the top and bottom borders in memory, complete with
centered or justified titles, and then uses MoveToScreen to
display them on the screen. It then displays the left and right
borders, one row at a time.

The SaveArea, RestoreArea, and DrawBorder procedures
are internal to the unit, since their headers do not appear in the
interface section. The window system uses these procedures for

continued
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its own purposes; they are not intended for the application’s
use. This kind of procedure hiding prevents inappropriate use
of these support routines. Since the SaveArea, RestoreArea,
and DrawBorder procedures are called exclusively from inter-
nal routines, they expect to be passed valid coordinates and do
not recheck them. Should the application call these routines
without providing proper error checking, some unpredictable
results might occur.

OpenWindow looks at the UserFlags byte in the WDR to de-
termine how the window should be displayed. If the SaveCon-
tents bit of UserFlags is set, OpenWindow calls SaveArea to
save the underlying screen contents. OpenWindow passes the co-
ordinates from the WDR, as well as the SaveScreen pointer, as
parameters to SaveArea. SaveArea then saves the screen area
under the window and gives SaveScreen a pointer to this area.

Next, the current window’s cursor position and active text
attribute are recorded in its WDR. When you select the current
window with SelectWindow (described later), this information
is used to restore the window to its former state. Then, if the
DisplayBorder flag is set, DrawBorder displays the new win-
dow’s frame. The parameters are the WDR’s coordinates and
the BorderDef record.

Now, if the ClearScreen UserFlags bit is set, OpenWindow
calls the Turbo Pascal Window procedure to define a temporary
viewport for a subsequent call to ClrScr. If the frame is dis-
played, then the viewport is set just inside the frame; other-
wise, it is set right on the window’s coordinates.

Finally, OpenWindow defines the window’s permanent view-
port by using the settings of the DisplayBorder and WriteOn-

Border flags. If there are no borders, or if the WriteOnBorder
UserFlags bit is set, the window’s coordinates define the view-
port. Otherwise, the viewport is set just inside the window’s
coordinates. After completely displaying the window, Open-
Window updates several housekeeping variables—it sets the Ac-
tiveWin variable to the new WID, it marks the window as open
in its own WDR (using the SysFlags byte), and it increments
the total number of open windows.

You use the CloseWindow procedure to remove a window
from the screen. CloseWindow takes a single parameter, the
WID of the window you want to close. CloseWindow is similar
to OpenWindow, except that it uses RestoreArea to copy the un-
derlying screen area back to video memory from the heap. Of
course, it does this only if OpenWindow saved the screen. Most
other actions are the reverse of those taken by OpenWindow.

If the currently active window is the one that you are closing,
CloseWindow selects Window 0, the full screen, as the active
window. You may wonder why it doesn’t restore the previously
active window. Without having a complete history of the open
and close sequence, it is impossible for the window system to
determine which window to make active. For example, if you
open windows A, B, and C and then close B, you cannot rese-
lect B when you close C. There are similar problems with hid-
den windows (described later). For these reasons, after closing
an active window, you must explicitly select the next active
window with the SelectWindow procedure.

Most applications that use windows have more than one open
at a time. OpenWindow automatically selects the new window as
the active window. This means that all screen output statements

Every copier company talks
Were domg something about
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you listen to promises. It all gets very confusing.
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affect that window. When it becomes necessary to update an-
other open window without closing the first, you must explic-
itly select the other window with SelectWindow.

SelectWindow takes a WID as a parameter. The window
must already be defined, opened, and not hidden. All subse-
quent screen output statements affect the newly selected win-
dow. Whenever you select a new window, the previously active
window’s WDR holds its cursor position and text attribute so it
can be restored when the window becomes active again.
SelectWindow’s primary task is to reset the Window viewport
by using the same algorithm as OpenWindow with the Display-
Border and WriteOnBorder flags. After setting the new view-
port, SelectWindow restores the cursor position and text attri-
bute that were in effect when the window was last active.
Finally, the procedure updates the ActiveWin variable.

The OpenWindow, CloseWindow, and SelectWindow proce-
dures are all available to the application, so their headers ap-
pear in the unit’s interface section.

Hiding and Displaying Windows
An interesting feature of this system is that it allows you to hide
windows. When you hide an open window using HideWindow,
the procedure saves the contents of the current window on the
heap. The underlying screen area is restored to the screen. The
visual effect is the same as if the window were closed, except
that the window and its contents are restorable.

HideWindow takes a WID as a parameter. It first copies the
current contents of the window to a new screen block on the
heap using the SaveArea procedure. It then restores the under-

lying screen area from the heap using the RestoreArea proce-
dure. Finally, it points the window’s WDR SaveScreen vari-
able to the saved screen block.

When you hide a window, you cannot select it for output.
Also, if the window you hide is the currently active window,
then Window 0, the full screen, becomes the new active win-
dow. If this happens, you must explicitly select a new window
with the SelectWindow procedure. HideWindow also does sev-
eral housekeeping chores such as flagging the window as hid-
den and incrementing the count of hidden windows.

You use the DisplayWindow procedure to redisplay a hidden
window. DisplayWindow takes a WID as a parameter. It is the
reverse of HideWindow; that is, it saves the underlying screen
area to the heap and restores the previous contents of the win-
dow from the heap to the screen. Once a window is restored,
you can select it for output.

An interesting aspect of hiding and restoring windows is that
you can change the coordinates of a hidden window, and when
you reselect it, it will appear in the new position on the screen
with its previous contents. Although an application program
cannot directly change the coordinates in a WDR, the Re-
locateWindow procedure performs this action automatically.

Relocating and Moving Windows
The most common reason for providing ways to move windows
is to let users position windows to their taste.
The window system supplies two procedures for moving
windows about on the screen—RelocateWindow and MoveWin-
continued
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Table 1: The TWindows functions and procedures in this table are all that an application program can see of the unit.
Although there are other internal functions, procedures, and variables in the window unit, they are invisible

to the application program.

procedure DefineWindow
(WindowlD  : byte;

LeftCol . byte;
TopRow . byte;
RightCol  : byte;

BottomRow : byte;
WindowAttr :  byte;

BorderStr : BorderStrType;

BorderAttr :  byte;
HeaderStr : TitleStrType;
HeaderAttr :  byte;
HeaderJust : JustifyType;
FooterStr  : TitleStrType;
FooterAttr : byte;
FooterJust : JustifyType;
UserFlags : byte);

Creates a new window definition
Window ID number (WID)
Left-column coordinate

Top-row coordinate
Right-column coordinate
Bottom-row coordinate
Attribute for window writes
String to use for border characters
Attribute for border characters
String for header text

Attribute for header text
Justification for header string
String for footer text

Attribute for footer text
Justification for footer string
User flags

procedure DeleteWindow
(WindowlD : byte);

Deletes a window from the system, freeing the heap space used.
Window ID number

procedure OpenWindow
(WindowlD : byte);

Displays a window on the screen. The window must already be defined and not already open.
Window ID number

procedure CloseWindow

(WindowlD  : byte);

Removes a window from the screen and redisplays the underlying contents, if it was saved
by OpenWindow.
Window ID number

procedure SelectWindow
(WindowlD : byte);

Selects a window for output.
Window ID number

procedure HideWindow
(WindowlD  : byte);

Differs from CloseWindow in that the contents of the window are saved and can be restored.
Window ID number

procedure DisplayWindow
(WindowlD  : byte);

Undoes the action of HideWindow.
Window ID number

procedure RelocateWindow
(WindowlD :  byte;
NewLeftCol : byte;
NewTopRow: byte);

Moves an open window to a new position on the screen.
Window ID number

New left column

New top row

procedure MoveWindow
(WindowlD: byte;
Direction: DirectionType);

Moves an open, displayed window by one row or column in a specified direction.
Window ID number
Direction to move WindowID

function WindowDefined
(WindowlD  :  byte): boolean;

Returns a true if Window!D is defined.
Window ID number

function WindowOpen
(WindowlD : byte): boolean;

Returns a true if WindowlID is currently open.
Window ID number

function WindowHidden
(WindowlD : byte): boolean;

Returns a true if WindowID is currently hidden.
Window ID number

function ActiveWindow: byte;

Returns the WindowID of the currently active window.

function WinError: byte;

Returns the error status of the last window operation.

function Attr

(Foreground: byte;
Background:byte): byte;

Returns the attribute byte necessary to display characters using foreground and
background colors.

Foreground color

Background color

procedure SetCursor
(OnOff: Switch);

Turns the cursor on or off based on Switch.

function Mono: boolean;

Tests for monochrome adapter.

function EGAInstalled : boolean;

Tests for the presence of an EGA.
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dow. They differ in their use, their visual effects on the screen,
and the complexity of their algorithms.

RelocateWindow, the simplest of the two, takes a WID and
the new coordinates of the top-left corner of the window as pa-
rameters. The procedure moves a window by first hiding it,
then recalculating the new coordinates of its bottom-right
corner, and then redisplaying it at its new position. If the win-
dow is already hidden, only the coordinates are changed—the
window is not redisplayed. Since the HideWindow procedure
automatically restores the underlying screen area, HideWindow
is useful for moving a window to a distant position in a quick
jump.

The parameters of MoveWindow, on the other hand, are not
new screen coordinates, but rather a direction to move. Move-
Window moves the window either a single row or column, de-
pending on the direction parameter. The result is a smoother
movement than with RelocateWindow.

To achieve this, the screen block used to store the underlying
screen area is ““spliced”” with the newly covered row or column.
Only the newly uncovered row or column is restored to the
screen. The window’s information moves to its new position
using the MoveFromScreen and MoveToScreen procedures.

Moving a window up and down is fairly straightforward.
First, the row about to be covered over is saved to a temporary
location on the heap. Second, the window is moved row by row
in the direction specified by the direction parameter. Third,
the row just vacated is restored from its position within the heap
screen block back to video memory. Fourth, the heap block is
shifted either up or down by the amount of memory necessary
to store one row of data in order to make room for the newly
covered row. Finally, the row temporarily saved in step one is
moved into the heap block and its memory freed.

Moving a window left and right is complicated by the fact
that the screen block data is laid out on the heap in a row-by-row
fashion. In this case, it is a screen column that is saved, re-
stored, and spliced into the screen block. This means that each
row section of the block must be shifted up or down by 2 bytes
(one word) to make room for a new screen character within
each row. After the window is moved by one column on the
screen, the saved column is spliced into the screen block one
character at a time, at either the beginning or end of each row,
depending on the direction of movement.

On my 8-MHZ AT clone (with an EGA card), the window
movement is fast enough to simulate the real-time, smooth
movement required for applications that allow the end user to
move windows with the arrow keys.

Using the TWindows System

When an application using this windowing unit starts up, the
initialization section is the first to execute. It begins by install-
ing a new heap error function, HeapFunc, which causes mem-
ory-allocation errors to return NIL pointers. In this way, the
application can recover should it run out of free heap space. If
your application already performs this function, you can re-
move this code from the unit.

The initialization section goes on to set all elements of Win-
Array to NIL, and to allocate and initialize a WDR for Win-
dow 0. Window O represents the full screen; you cannot rede-
fine, open, close, hide, or move it. You can, however, select it.
If you select Window 0 at the end of your application, the cursor
position and text attributes will return to the values in effect
when you started up the application.

The start-up code then determines the video card installed

. and sets the variable Screen to point to the proper location for
video memory. It also sets CheckSnow to FALSE if you are

using either a monochrome or an EGA adapter.

As mentioned earlier, you must define a window before you
can use it. By defining all your windows at the beginning of
your application’s code, you will find it easy to “tweak” win-
dow coordinates and attributes during development. To reduce
the time it takes to enter a complete window definition, I have
included some common border strings as constants in the inter-
face section. You will find the Attr function useful. It takes
two color parameters and returns an attribute byte. Here is a
sample Def'ineWindow call:

MainMenu:=1;

DefineWindow
(MainMenu,
10,5,30,10,Attr(LightCyan,Black),
DoubleBorder,Attr(LightCyan,Black),
' Main Menu ',Attr(Yellow,Black),Center,
v or,0,Left,
DefaultFlag);

Notice that if you don’t need a footer in the bottom border,
you can specify a null string as the footer text. The values of the
footer attribute and justification specification are not used.

After you define the window, you can open it with a call to
OpenWindow. Since OpenWindow automatically selects the win-
dow for output, a SelectWindow is not necessary. However, if
you select a different window later, you can reinstate this win-
dow as the active window with

SelectWindow(MainMenu) ;

There are several inquiry functions you can use to probe the
window environment without actually knowing anything about
the internal representation of the data structures. The system
has built-in error checking that will display an error message if
an error occurs during one of the interface procedure calls.
After you debug the application, you can disable the message
printing, but the application can still check the error status after
each call by using the WinError function. WinError returns
the value of the WError variable and then resets it to 0. Table 1
lists all the available functions and procedures.

You may have noticed that this system conspicuously lacks a
ResizeWindow procedure. To be quite honest, I haven’t yet
needed to resize a window. Most windows contain forms that
are preformatted for a certain area. An application that allows
editing data in a window might well allow you to change the
window’s size at run time (SideKick is a good example). A Re-
sizeWindow procedure would resemble MoveWindow, in that
the heap screen block would be spliced with new screen data as
you resize the window. When the resizing operation is com-
plete, a new heap block would be used for the new underlying:
screen area in order to keep the data contiguous in memory.

The complete source code of the window unit and a demon-
stration program, Windemo, is available in a variety of formats
(see page 3 for details). The demonstration program runs
through all the features available through this system. It is con-
figured for a color, 25-row by 80-column display, but this is
easily changed. The system supports all 80-column text modes
available on the PC. The maximum values of the row and col-
umn coordinates are determined when you define the first win-
dow. Window 0, the full screen, will then be active. B

Charles J. Butler is a systems engineer at the Federal Home
Loan Mortgage Corp. offices in Reston, Virginia. He can be
reached on BIX as “cjbutler.”
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The interface you pick
can dramatically
affect your system'’s
performance

owadays, many microcom-

puter manufacturers’ perfor-

mance claims center around

hard disk drive interfaces and
the encoding schemes they use—usually
described by acronyms like RLL (run
length limited), ESDI (enhanced small
device interface), and SCSI (small com-
puter system interface). How do these in-
terfaces work, and what effects do they
really have on performance? In this in-
stallment of Under the Hood, I'll de-
scribe some of the most popular inter-
faces for microcomputer hard disk drives
and explain what you can expect from
each one.

The Big Picture

To get the right perspective on these in-
terfaces, it’s important to see how hard
disk drives fit into the larger scheme of
things. Figure 1 shows the full range of
interfaces, from the low-end ST506
(used on the IBM PC XT and AT, among
others) to the fast, powerful, and expen-
sive IPI (intelligent peripheral interface)
used on many mainframes.

As microcomputer users, we’re most
interested in those interfaces that are
found in the low and middle ranges, in-
cluding ST506/ST412, ESDI, and SCSI.
SMD (storage module device) is a vener-
able mainframe interface seen infre-
quently on microcomputers but occasion-
ally used to connect large disk drives to
microcomputer file servers.

ST506: The First Standard

The use of hard disk drives on microcom-
puters is a relatively recent phenomenon.
While they were available for many early

HANDS ON

UNDER THE HOOD M Brett Glass

HARD DISK
INTERFACES

machines (S-100 systems and even the
Apple II), the boom did not begin until
5%-inch hard disk drives first appeared
in the early 1980s. Shugart Technology
(now Seagate Technology) pioneered the
manufacture of these small-form-factor
disk drives with the 5-megabyte ST506
hard disk drive.

The ST506 was derived from two
other interfaces: the SA450 interface for
S%-inch floppy disk drives and the
SA1000 interface for 8-inch hard disk
drives. Like the SA450, the ST506 used a
34-pin daisy-chain cable for control sig-
nals; like the SA1000, it used individual
20-pin “radial™ cables to carry data be-
tween the controller and each disk drive
(see table 1). It’s no coincidence that this
feature also allowed cables from existing
disk drives to be used on newer ones.

The ST506 interface was designed to
read and write data at a maximum rate of
5 megabits per second—not as fast as a
disk drive using SMD (the mainframe
standard of the day), but still faster than
the microcomputers available at that time
could accept.

A problem with the original ST506 in-
terface was that, as with a floppy disk
drive, the read/write head had to be
stepped (moved across the disk) one
track at a time by carefully timed pulses.
Since these pulses actually caused the
read/write head’s stepper motor to ad-
vance a notch, they could not proceed
faster than the disk drive could move the
head.

The ST412 disk drive introduced an
enhancement that eliminated this prob-
lem: the buffered seek. Instead of requir-
ing the controller to slow the pulse rate to
whatever the .nechanism could handle,
the ST412 simply counted the pulses as
they came in. It then decided for itself
how fast to step the head to move the re-
quired number of tracks.

Enter RLL Encoding
While the ST506 standard was sufficient
for many applications, disk drives were

still expensive. Thus, manufacturers
sought ways to pack more data onto a sin-
gle ST506 disk. Many companies began
to use a compression technique invented
by IBM called RLL encoding, which
squeezed 50 percent more space and
speed out of an STS506 disk drive. To use
RLL, you need a controller that’s spe-
cially designed to use this encoding
scheme (see the text box “RLL Encod-
ing” on page 296).

At first, using RLL encoding on an
ST506-type disk drive was a risky propo-
sition. RLL requires higher precision in
the recording circuitry, medium, and
disk drive mechanism than the usual
modified-frequency-modulation (MFM)
encoding technique. Thus, for RLL,
disk drive manufacturers had to add tests
that certified correct operation. Today,
however, virtually all manufacturers of-
fer RLL-certified disk drives that meet
the higher tolerances.

A typical ST506/RLL disk drive will
provide a net data transfer rate of 7.5
megabits per second, and because it can
fit more data on a track than a non-RLL
disk drive, it will probably need to step
the heads less often as well.

Advanced and Enhanced RLL

The initial RLL schemes had the advan-
tage of expanding disk drive capacity
while keeping the repetition rate—the
maximum frequency of the pulses pres-
ent on the data cable—at or below the
rated 5 MHz. Some controller manufac-
turers, however, attempted to increase
the repetition rate as well, to 6.7 MHz.
These schemes—ARLL (advanced RLL)
and ERLL (enhanced RLL)—resulted in
a 100 percent increase in space and data
transfer rates over the original ST506
designs.

ARLL and ERLL systems experience
more problems than RLL systems, how-
ever, because they push the disk drives
far beyond their original design limits.
At these speeds, the disk drives became

continued
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Figure 1: The solution regarding which hard disk drive interface is best suited to your computer depends on your machine’s
complexity and performance. (Figure courtesy of ENDL Consulting. Used with permission.)

Table 1: A comparison of the cabling, data path widths, ranges, and data transfer rates of a number of popular hard disk
drive interfaces. (Table courtesy of ENDL Consulting. Used with permission.)

Conductors Data path Distance Rep. rate Bit rate Byte rate

Daisy Radial width (bits) (meters) (MHz) (megabits (megabytes

chain per sec.) per sec.)
ST506/412 34 20 1 3 5 5 0.625
ST506/412/RLL 34 20 1 3 5 7.5 0.9375
ESDI 34 20 1 3 10 10 1.25
SMD 60 26 1 15 14.4 14.4 1.8
SMD-E 60 26 1 15 24 24 3
SASI 50 — 8 3 1.5 12 1.5
SCSI 50 - 8 25 4 32 4
SCSI-2 50+68 — 8+24 25 10 80-320 10-40
IPI-3 50 — 16 125 5 80 10
Enhanced IPI 50/100 — 16+16 >60 12.5 400 50
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very sensitive to temperature variations,
slight differences in manufacturing toler-
ances, and cable lengths. Few manufac-
turers wanted to take the time to certify
that their disk drives would work under
these conditions.

For these reasons, you may want to
think twice before buying an ARLL or
ERLL controller. If you want additional
speed, consider an ESDI or SCSI disk
drive instead.

ESDI

As early as 1983, manufacturers of disk
drives and controllers saw a need for a
standardized, reliable interface with a
greater throughput rate than the ST506.
To this end, Maxtor, a hard disk drive
manufacturer, initiated the development
of the ESDI standard.

While the cables for ESDI are exactly
the same size and shape as those for the
ST506, ESDI provides a number of new
features that greatly enhance perfor-
mance. It also has provisions for support
of optical disks.

What’s different about ESDI? Well,
the most important change was the move
of the data separator (a component that
extracts data and clock pulses from the
signals received by the head) from the
disk drive controller onto the disk drive
itself. This change had two main bene-
fits: The signal was not as likely to be
degraded in long runs of cable, and the
data separator itself could be *“tuned” to
the characteristics of the disk drive and
medium. Because ESDI does not use any
analog signals on either cable, it can eas-
ily achieve data transfer rates of 10
megabits per second, and it has a theoret-
ical capacity of 24 megabits per second
or more.

In ESDI, control signals also are
streamlined. While the head can still be
stepped a track at a time (as in the
ST506), an ESDI controller can also
specify the desired track using a binary
number. Other ESDI commands can ask
for configuration information—for ex-
ample, whether the drive is a WORM
(write once, read many), status (such as
whether a removable medium has been
changed), or diagnostic tests.

SMD
Control Data Corp. (CDC) developed the
SMD interface for large fixed and re-
movable disk drives. Until the introduc-
tion of the IPI standard, SMD was the
standard interface for disk drives with
large capacities and diameters larger
than 5% inches.

Like ESDI, SMD has a data separator
on the controller that permits a data

ARLL Advanced-run-length-limited
encoding; a variant of RLL in which ad-
ditional speedup techniques are used to
squeeze more data onto the disk.

buffered seek A feature that allows a
disk drive to accept step pulses—signals
that cause the head to move across the
disk faster than the head is able to move.
The pulses are remembered (buffered),
and the head is moved to the desired lo-
cation as fast as possible.

CAM Common access method; an
evolving standard that will let program-
mers on different computers use the
same source code to control SCSI
devices.

data separator This device extracts
and decodes data and clocking informa-
tion from the raw signals received by
the read/write head of a disk drive.

ERLL Enhanced-run-length-limited
encoding. See ARLL.

ESDI Enhanced small device inter-
face. This serial device-level interface,
designed for disk drives only, improves
on the ST506 interface by performing
data separation on the drive and allow-
ing the controller to send the drive
binary commands over a parallel bus.

FM Frequency modulation. The sim-
plest but least efficient way of encoding
disk data, it’s virtually never used on
hard disk drives. It’s called frequency
modulation because the pulse rate var-
ies depending on whether the current bit
isaOoral.

IPI Intelligent peripheral interface; a
mainframe standard that allows long
cable lengths, distributed control, and
high data throughput.

Glossary

MFM Modified frequency modula-
tion. This encoding technique, also
called double-density when used on
floppy disks, allows twice as much data
per track as FM.

repetition rate The maximum fre-
quency at which the data lines of an in-
terface can transmit data bits. Multiply-
ing the repetition rate by the width of the
data path yields the data transfer rate of
the interface.

RLL Run-length-limited encoding.
An extension of MFM, RLL uses a
complex scheme to separate pulses still
further on the disk and allow for still
higher data densities. Most systems de-
scribed as RLL use 2,7 RLL encoding;
a few use 1,7 RLL. (See the text box
“RLL Encoding” on page 296.)

SCSI Small computer system inter-
face. This parallel bus standard is de-
signed to interface small computers to
disks, tape drives, and other periph-
erals. It requires intelligence in each
peripheral.

SMD Storage module device inter-
face; a venerable mainframe standard
that is slowly falling into disuse because
of its cost and the emergence of faster
interfaces.

ST506 The hard disk drive interface
introduced by Seagate in its ST506 5%-
inch hard disk drive. This interface has
become a de facto industry standard.

step The process of positioning the
disk drive head to the chosen location on
the disk by moving it incrementally in
the desired direction, one notch at a
time.

transfer rate of 14.4 megabits per sec-
ond. A data transfer rate of 24 megabits
per second is available on an SMD-E, an
enhanced version of SMD. However, be-
cause other standards are easier and less
expensive to implement, SMD disk
drives are not often used on microcom-
puters. When you do see one on a micro-
computer, it is generally in a file server
that uses very large disks, like the Fujitsu
Eagle.

SCSI
SCSI was developed in the late 1970s as
an interface between a computer and an
intelligent disk drive controller. Intro-
duced by Shugart Associates as SASI
(Shugart Associates system interface), it
allowed computers to issue commands
and receive data over a simple parallel
bus with a byte-wide data path and a rela-
tively small number of control signals.
continued
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he encoding scheme called run

length limited (RLL) is useful for
squeezing the largest possible amount of
data onto a hard disk drive. To under-
stand how encoding schemes work, let’s
look at the three most common ones
used today: frequency modulation (FM),
used on older floppy disk drives, modi-
fied frequency modulation (MFM),
used on current floppy disk drives and
many hard disk drives, and 2,7 RLL
(used on most RLL hard disk drives).

Data on a magnetic disk is recorded
as a series of pulses and silences. In the
FM encoding scheme, each 1 or 0 is rep-
resented by a pattern consisting of
pulses and silences. For example, a si-
lence followed by a pulse is a 0, and a
silence followed by two pulses is a 1.
The pulse that’s always there is called
the clock pulse. Because there is a clock
pulse in every bit, it’s easy for the con-
troller to keep pace with the data as it
comes in (a process known as clock
extraction).

Figure A shows why this technique is
called FM. Twice as many pulses occur
per unit of time during a string of 1s
than during a string of Os, and the aver-
age (for an even mix of 1s and 0s) is 1.5
pulses per bit.

The constraint that determines how
much data you can get on a disk is sim-
ple: There must be enough space be-
tween pulses so that they don’t run to-
gether. FM encoding always leaves
room for two pulses per bit, in case that
bit is a 1. The maximum number of bits
you can have, therefore, is always half
the maximum number of pulses you can
fit in. There is, however, a way to use
fewer pulses to represent the same data.
This is the idea behind MFM (see fig-
ure B).

In MFM, the encoding rule is as fol-
lows: A 1 is represented by a silence fol-
lowed by a pulse; while a 0 is repre-
sented by one of two patterns: a pulse

RLL Encoding

followed by a silence if no pulse oc-
curred at the end of the previous bit, or
by two silences if a pulse did occur at
the end of the previous bit.

The MFM scheme guarantees that
there will always be at least one silence
between pulses (so that they can be
packed more tightly without running to-
gether), but no more than three (so that
a clock can still be recovered). This pat-
tern yields an average of 0.75 pulse per
bit (assuming that 50 percent of the Os
are represented by each of the two pos-
sible patterns), and it therefore lets you

pack the bits twice as closely together.
For this reason, when MFM floppy
disks first came out, they were called
double-density disks.

ST506 hard disk drives originally
used MFM encoding. Is there another
encoding scheme that could increase the
density still further? To answer this
question, let’s review the schemes just
discussed in terms of run lengths, the
minimum and maximum numbers of
consecutive silences in each encoding
scheme.

FM allows a minimum run length of

FM ool 11 1

encoding |—| H [‘] I‘I |‘| H II [ I | l I ‘

I 11 01 o1 0l

Figure A: In FM encoding, each bit is represented either by a pulse and
a silence (0) or by two consecutive pulses ().

MFM I 11 01

encoding I’I ﬂ J |_| H_

Figure B: In the MFM encoding scheme, all pulses are separated by at least one
silence. Since the amount of data that can fit on a disk depends on the closeness
of successive pulses, MFM allows twice the data density of FM encoding.

encoding H

2,7 RLL 1|1IOI0|0|1I1|1|0|1|

1 M Tl

Figure C: Here’s how a sample bit pattern is encoded in the 2,7 RLL scheme.
Each code group is 4 to 8 half-bits long and is encoded from a code group

of 2 to 4 data bits. The length of the pattern corresponds to the length of the
original data, but the pulses are guaranteed to maintain the required minimum

and maximum spacings.

This scheme had many advantages for
computer manufacturers. Rather than
having to design controllers for the
ST506, SMD, or other disk drive inter-
faces, the companies could provide one
interface—SCSI—and let the user or a
systems integrator attach an intelligent
controller and a matching disk drive. In
theory, a computer that uses a SCSI in-
terface to communicate with its disk
drives needs to know little about their
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physical or electrical characteristics, and
it can often find out what it needs to
know by querying the disk drives them-
selves over the SCSI bus.

This device independence has proved
attractive to manufacturers of other
kinds of peripherals. You’ll see SCSI in-
terfaces on tape drives, floppy disk
drives, Bernoulli boxes, portable RAM
disks, and even Ethernet controllers. (At
least some of the more esoteric SCSI

peripherals were developed because
Apple’s Macintosh Plus and SE com-
puters have little or no internal expansion
capability but do have a SCSI port on the
back.) Most disk drive manufacturers
now offer products with embedded SCSI
controllers, eliminating the need for a
controller board between the SCSI bus
and the disk drive.

SCSI has evolved and changed greatly
over the years. The original SASI inter-
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0 (it’s possible to have no silences be-
tween pulses) and a maximum run
length of 1 (there’s always a clock pulse
after a silence). So, one way to describe
FM is as 0,1 run-length-limited encod-
ing, or 0,1 RLL for short.

Similarly, MFM always has at least
one silence between the pulses, but no
more than three—making it 1,3 RLL.
It’s the minimum run length that deter-
mines how tightly data can be packed
onto the disk, while the maximum run
length determines how accurate the con-
troller must be at timing when the pulses
come in (so that it can generate a clock
to go with the data).

The encoding scheme we know sim-
ply as RLL is usually 2,7 RLL (see fig-
ure C and table A). It uses a more com-
plex set of rules to determine the pulse
pattern for each bit based on the values
of the preceding bits, but the principle is
the same: There are fewer pulses, but
their precise positions convey more in-
formation about the original data
pattern.

Table A: The 2,7 RLL scheme
encodes groups of 2 to 4 bits into
pulse patterns. Note that there
are always at least two, and no
more than seven, silences
between pulses regardless of

the combination of bits encoded.

Data bits 2,7 RLL encoding
to be (0 = silence,
encoded 1 = pulse)
00 1000

01 0100

100 001000
101 100100
1100 00001000
1101 00100100
i 000100

face transferred data at a maximum rate
of 1.5 megabytes per second; enhance-
ments in SCSI allowed synchronous
transfers at up to 4 megabytes per sec-
ond. The SCSI-2 specification, which
has already been adopted by many manu-
facturers and is soon to be an ANSI stan-
dard, will allow transfers at up to 10
megabytes per second, and it provides
for an optional 16-bit or 32-bit data path
for even faster transfers. It also contains

provisions for caching disk drive control-
lers, printers, communications control-
lers, CD-ROMs, WORMs, and erasable
optical disks.

Using all the capabilities of SCSI-2,
it’s theoretically possible to transfer data
at a blazing speed of 40 megabytes per
second—far faster than most microcom-
puters now available could accept it.
Real-life implementations, however,
will probably not provide this capability
for quite some time.

A thorough description of SCSI could
(and, in fact, does) fill several thick vol-
umes. The important thing to note about
SCSI is that it supports a far wider vari-
ety of devices than any of the interfaces
I've mentioned previously—without nec-
essarily imposing a penalty in speed.
Given the right hardware and software, a
SCSI interface can support not only your
disk drives, but also a large number of
other peripherals that would otherwise
require separate controller cards.

There are some incompatibilities in
the command structures used by differ-
ent machines to talk to different devices,
but industry specialists are even now
working on a new standard called com-
mon access method (CAM) to eliminate
these problems. All in all, the future of
SCSI looks bright. Perhaps this is why
Sun, Apple, and NeXT (among others)
have opted to use SCSI as their exclusive
interface to hard disk drives.

Intelligent Peripheral Interface

IPI is a standard designed for high-end
systems like mainframes from IBM,
CDC, and Unisys. Among the features it
supports are long cable lengths (up to 125
meters), large numbers of disk drives,
and very high data transfer rates (80
megabits per second and above). IPI uses
multiple controllers that can be highly
intelligent and can hide physical device
characteristics.

You're not likely to see IPI on micro-
computers in the near future—or maybe
ever. But due to its higher speed, it will
probably supplant SMD as a standard for
large storage devices in the mainframe
world.

Choosing an Interface

What does all this mean to you as a user?
The vintage ST506 interface, available
on the largest number of hard disk drives
sold today, can be a bargain. This is es-
pecially true if you have a computer like
the IBM PC AT, which comes equipped
with a controller for these drives. If you
currently have an ST506-type controller
on your machine, you may wish to move
to an RLL controller to squeeze the last

bit of storage out of your drive. This is
recommended, however, only if your
drive is RLL-certified. (If you buy both
adrive and a controller from a competent
dealer, the dealer should sell you only an
RLL drive with an RLL controller.)

If you’re buying a new machine or up-

ltimately,
the performance you get
from your disk drive
will depend on more
than just the interface.
Other features may be
more of a factor.

grading one without a hard disk drive,
you should consider ESDI or SCSI—es-
pecially if you want top performance. If
SCSI is available, you will acquire the
possibility of connecting to tape drives
and other devices. SMD may be a useful
solution if you need to hook up to an
existing disk drive with that same inter-
face, but SMD probably is not a good
solution if you’re going to buy new disk
drives.

Ultimately, the performance you get
from your disk drive will depend on more
than just the interface. Features that may
have a far more dramatic effect than the
interface alone include the quality of
your software, the interleave factor on
your disk drive, and the presence or ab-
sence of caching. Be sure to take all these
factors into account when selecting your
hard disk drive system. ®

Special thanks to 1. Dal Allen of ENDL
Consulting for his help in preparing this
article. Also, thanks to Steve Gibson of
Gibson Research, who first successfully
explained to me how RLL encoding
worked.

Brett Glass is a freelance programmer,
author, and hardware designer residing
in Palo Alto, California. He can be
reached on BIX as “‘glass.”

Your questions and comments are wel-
come. Write to: Editor, BYTE, One
Phoenix Mill Lane, Peterborough, NH
03458.
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*0ver 200 microcomputer-
related conferences:

Your BIX subscription connects you with
experts on Macintosh, IBM PC and
compatibles, the Apple II family, Amiga,
Atari, and UNIX machines. Join our 0S/2
conference and learn about the new present-
ation manager.

*Microbytes daily — the award winning
on-line news service:

Get up-to-the-minute industry news and new
product information covering the IBM,
IBM-compatible, Apple Macintosh and
workstation markets.

*The full text of BYTE Magazine:

Each month BIX publishes the complete text
of BYTE available on-line before the magazine
is printed. Plus each issue since August 1988
is available for searching.

*Vendor support:

Hundreds of hardware vendors and software
publishers use BIX to support their products.
Get answers about new releases and tips on
how to use products.

*Software libraries:

Including libraries for PCs, Macs, Apple II,
Amiga and Atari. Join the “FromByte” area
to get listings from BYTE articles.

*Electronic mail:

BIX is the only service that offers binary mail
attachments. Now you can send spreadsheets,
pictures, word processing documents, or desk-
top publishing files. You can even use BIX mail
to distribute software updates.

Seven great reasons
to join BIX.

The on-line service

for computing professionals

*New menu interface:

The new BIX menus provide a convenient
map of the system and include powerful
options like the BIX Index where you can
search all the BIX conferences. The Quick
Download option will collect all of your mail
messages and new conference messages and
send them to you saving valuable on-line time.

¢ @ &
What BIX costs: How you pay

One time registration fee: $39

Hourly Charges:
Off-Peak Peak
(Your time 7PM-6AM 6AM-7PM
of access) $11 $20

Charge to Visa, Mastercard, American
Express or ask about our corporate billing.

BIX Help Line
800/227-2983
603/924-7681 in New Hampshire

Join BIX right now:

Set your computer’s telecommunications
program for full duplex, 8-bit characters, no
parity, 1 stop bit. Call 800/336-0149 and ask
for your local Tymnet number. Dial Tymnet
and respond as follows:

Tymnet Prompt: You Enter
[x] [xx] or terminal identifier a
login: bix

new

name:

After you register on-line you get the BIX
Main Menu and you can begin to explore the
exciting world of BIX.

BIX

One Phoenix Mill Lane, Peterborough, NH 03458

1-800-227-2983 ¢ In NH (603) 924-7681
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BIX CALENDAR

Display this month’s
BIX activities:

FEBRLU

SUNDAY, 2/5

Meet the moderators of the Macintosh Conference, 9 PM EST (join macintosh/cbix)

THURSDAY, 2/9

Bantam Books editor Michael L. Roney, on publishing, 9 PM EST (join writers/cbix)

WEDNESDAY, 2/15

Meet BIX director Steve Laliberte, 9 PM EST (join ask.bix/cbix)

THURSDAY, 2/16

Ben Smith, BYTE technical editor, on Unix communications, 9 PM EST (join net-

works/cbix)

TUESDAY, 2/21

Meet George Bond and Tony Lockwood, BIX executive and managing editors, 9 PM

EST (join ask.bix/cbix)
THURSDAY, 2/23

Rick Grehan, BYTE senior technical editor and columnist, on assembly program-

ming, 9 PM EST (join assembler/cbix)
SUNDAY, 2/26

Surprise guest, Macintosh programming whiz, 9 PM EST (join macintosh/cbix)

Continuing C compiler conferences

In addition to our February cbix conferences,
there are many continuing conferences you may
want to attend via BIX, as well. For example, if
reading about C compilers in BYTE's Product
Focus has you hungering for additional informa-
tion and insight, you’ll want to visit the continuing
C Language Conference (join c. language), mod-
erated by Greg Comeau, principal of Comeau
Computing, of Richmond Hill, NY. Greg has used
machines ranging from micros to mainframes in
business and systems programming, and his
company produces a Unix shell compiler
(CCsh), and a Unix-like command set to MS DOS
computers (CCtools).

BIX is also your admission ticket to customer
support conferences, conducted by such C
compiler vendors as Borland (join borland),
Computer Innovations (join computer.innov),
Datem (join datem), Lattice (join lattice), Mirco-
way (join microway), Mark Williams (join mwc)
and Zortech (join zortech).

Circle 450 on Reader Service Card

Chaos Manor conference

Columnist Jerry Pournelle uses his Chaos
Manor conference (join chaos.manor) this month
to talk about what he found at Comdex. Among his
topics are ad-in boards to enhance the Laser Jet;
Logic Gem, a program which can generate code in
several languages; DESQview 386; WORM
drives; the latest version of The Norton Utilities;
products from China and Taiwan. He also bids
farewell to Zeke, a computer which was his great
friend for years. Zeke will retire to the Smithson-
ian, in Washington, D.C., as a mile-post in the
history of computing.

Only BIX subscribers may attend BIX
conferences. Our ad on the adjoining page will
tell you how you can subscribe.

BiIX

One Phoenix Mill Lane ¢ Peterborough, NH 03458
1-800-227-2983 ¢ In NH (603) 924-7681

—
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HELP

THE AMERICAN FOUNDATION
FOR THE BLIND

HELP YOU!

The American Foundation for the Blind’s National Technology Center (NTC) maintains
a Job Index/User Network which features information from over 1100 blind and visually
impaired people who use adaptive equipment in a variety of jobs.

The NTC is looking for additional participants. Blind and visually impaired individuals of
allages who have hands-on experience with computers, low vision aids, talking prod-
ucts, or other adaptive devices are needed as resource people and/or evaluators.

As a resource person, other users may contact you to share your knowledge and
experience. As an evaluator, you may be asked to evaluate both existing and newly
developed or adapted devices. Evaluations are published in the “Random Access”
section of the Journal of Visual Impairment & Blindness.

If you are interested, please fill out the form below or call our hotling, 1-800-232-5463
(New York residents call 212-620-2147). Tell the operator you wish to be part of the Job
Index/User Network.

Your response will be followed by a brief, confidential telephone survey. The informa-
tionyou provide will be used for NTC purposes only and willinclude the equipment you
use, your experience with it, fraining and employment.

Your assistance will enable the Job Index/User Network to continue as a major informa-
tion and support system for blind and visually impaired people nationwide.

Mail to: American Foundation for the Blind, National Technology Center, 156 West 16th Street, New
York, NY 100711, Attn: A. Hypolite

Name

Address

City State Zip

Best time fo contact Telephone
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HANDS ON
SOME ASSEMBLY REQUIRED

T hough I could sling a lot of mathe-
matics around to prove it, just plain
common sense should tell you that a B-
tree’s performance will suffer if its
nodes are kept less than full. The sys-
tem has to read nodes in from the disk;
therefore, if you keep those nodes as
full as possible, the software can get
more work done per disk read. (Disk ac-
cess is certainly the speed bottleneck of
the system.)

Two actions contribute to ‘“‘node
emptying” in the B-tree. First and most
obvious is deleting a key. You can com-
bat this by merging nodes, as illustrated
in figure A.

In the first part of the figure, a key
has just been deleted from a node, leav-
ing only one key—Gail—left on that
node. The software checks that node’s
sibling and discovers that the right sib-
ling holds only two keys. Since this is an
order-4 B-tree, the original node, the
father key, and the right sibling can be
combined into a single node, as shown
in figure A2.

Notice that since the key Hank has
migrated down the tree, Kelly is now
left alone on a node. If Kelly has sib-
lings, the software can attempt to merge
nodes on that level, and the process can
continue up the tree all the way to the
root, if necessary. (As you may have no-
ticed, merging is simply the reverse of

the splitting process that CREATE_
KEY used.)

Splitting a node also causes nodes to
become more empty, since after a split
at least two nodes will be half empty.
You can defer splitting a node until it be-
comes absolutely necessary by using
local rotation, as in figure B. In the first
part of the figure, the key Henry has

been inserted, causing that node to be-
come over-full. Instead of splitting the
node, however, the software can exam-
ine that node’s siblings to see if they’re
full. In the second part of the figure,
the software has determined that the
node’s right sibling can hold an extra
key and so rotates a key through the
father and into the sibling.

2 Hank | Kelly -+ ———
¥
1 Gail 2 Henry Jake
(2
1 1 Kelly s S i
4 Gail Hank Henry Jake

Figure A: A sample order-4 B-tree. (1) A key has been deleted, leaving Gail
all alone on its node. (2) Merging Gail with the father key and right sibling
reduces two near-empty nodes to a single full node. Of course, the node
containing Kelly might now be merged with its sibling.

™M

2 " Jake 9 Kelly —————
1
‘ Y
5] 0| Frank 0| Fred 0| Galil 0| Hank 0| Henry 0 2|10| Joan 0| John 0
(2)
2 Henry ? Kelly +———
Y ‘
4 10| Frank 0| Fred 0| Galil 0| Hank 0 3|0 Jake 0| Joan 0| John 0

Figure B: Inserting Henry in this order-4 B-tree (1) causes a node to become over-full and in need of splitting.
Splitting can be avoided (2) if the overflow is allowed to spill into a less-than-full sibling through the father. Notice that if

the overflowed node had not been a leaf, then Henry'’s rightmost key-node pointer in the first part of the figure would
become Jake’s leftmost key-node pointer in part 2.
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key that SEEK_KEY is looking for has
been deleted, so DELETE_KEY clears
the error code that SEEK_KEY has set.
Thus, you can perform a SEEK_NEXT_
KEY immediately after a DELETE_
KEY and get the result you'd expect:
That is, SEEK_NEXT_KEY will return
the inorder successor of the key just
deleted.

The Data

Though T've spent a great deal of time
discussing searching for keys, the true
destination of a search is the data. The
keys merely serve as mnemonics, point-
ing to the information in the data file that
you were trying to get to in the first
place.

Typically, you find that the contents of
a database are easily grouped into cate-
gories—attributes, if you wish—that the
database associates with each entry. So,
for example, each entry in a customer list
would include the name, address, phone
number, and current balance. All entries
have the same structure, and this makes
it easy to construct the data-file side of
the database as a set of records of con-
stant size.

The first type of data file that ZSAM
supports is accessed as a set of fixed-
length records, one record to each key.
I'll refer to this kind of data file as a sim-
ple data file, thanks to its easy-to-under-
stand structure. Conceptually, it’s just
like the sample keyed file system I
showed in figure 1 of last month’s col-
umn. Handling simple data files is. ..
well. . .simple, and I won’t go into it in
detail. Whenever the system needs to at-
tach a simple data record to a key, it
records that record’s offset in the data
pointer associated with the correct key.
Deleting simple data records is also
simple.

However, some databases may not fit
well into a one-record-per-key format.
What if your database is running in a
video rental parlor? You’ll want to be
able to place multiple records in a client’s
account to allow customers to rent an ar-
bitrary number of videotapes at any
given time. One solution would be to
create a keyed-record entry for each tape
the customer rents, but this adds keys to
the key file, where they’re not really
needed. Another solution would be to
allow records to vary in size, but this
turns handling deleted records into a
nightmare; essentially, you’d be dealing
with a disk-based heap.

ZSAM supports a second kind of data
file that I’ll refer to as a complex data
file. A complex data file allows a single

continued

Listing 1: The pseudocode for the DELETE_KEY routine.

{ Delete CURRENT_KEY.
DELETE_KEY:
SEEK_KEY (CURRENT_KEY) ;
IF key not found THEN
RETURN key-not-found error;
{ We do the following so that, after the key is deleted, the system can
{ call DELETE_RECORD_SET to delete the associated data record.
Load CURRENT_DATA_PTR;
LO:
IF key at KEYOFFSET's left or right key-node pointer is O THEN
BEGIN { The key is on a leaf.}
NEW_NODE = bitwise OR of left key-node pointer and right
key-node pointer;
L1:
Left key-node pointer {at KEYOFFSET} = NEW_NODE;
Set left key-node pointer {at KEYOFFSET} to bitwise or of left key-
node pointer and right key-node pointer;
TEMP = left key-node pointer;
Copy contents of key node starting at KEYOFFSET+1 to the left 1
key position {overwriting target key};
Decrement node's KEYCOUNT by 1;
IF KEYCOUNT = O THEN
{ The entire node has been deleted. The TEMP holds what may
{ be the node's only child. Pop the pseudostack for the node's
{ father and overwrite to pointer to the dead node with TEMP.
BEGIN
POP(CURRENT_KEY_SECTOR, KEYOFFSET) ;
IF POP() FAILED THEN
ROOT=TEMP;
ELSE
{ Put the key pointer in the deleted node's father.
BEGIN
GET(CURRENT_KEY_SECTOR) ;
Key-node pointer at KEYOFFSET = TEMP;
PUT(CURRENT_KEY_SECTOR) ;
END
CALL SEEK_KEY;
RETURN no error;
END
{ At this point, not all keys were removed from the node. See if the
{ node can be merged with one of its siblings.
TEMP_COUNT = current node's KEYCOUNT;
PUT(CURRENT_KEY_SECTOR) ;
POP(POP_NODE, POP_OFFSET) ;
IF POP() failed THEN
BEGIN
CALL SEEK_KEY;
RETURN no error;
END
GET(POP_NODE) ;
{ Put the father node in WORKING_KEY buffer.
Move KEY_NODE[] to WORKING_KEY buffer;
MAXKEYS = maximum number of keys allowed on a node;
SIBLING_NODE = NULL;
IF TEMP_COUNT + left sibling's KEYCOUNT + 1 <=
MAXKEYS THEN
SIBLING_NODE = left sibling;
ELSE
IF TEMP_COUNT + right sibling's KEYCOUNT +
1 <= MAXKEYS THEN
SIBLING_NODE = right sibling;
IF SIBLING_NODE NOT = NULL THEN
BEGIN {Do a merge}
GET(CURRENT_KEY_SECTOR) ;
Attach key at POP_OFFSET from WORKING_KEY buffer to
end of KEY_NODE[];

{Can't pop? At root.}

continued
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Update current node's keycount;
PUT(CURRENT_KEY_SECTOR) ;
NEW_NODE = CURRENT_KEY_SECTOR;

CURRENT_KEY_SECTOR = POP_NODE;
CURRENT_KEY_OFFSET = POP_OFFSET;
GOTO L1;
END
END

BEGIN
TEMP = CURRENT_KEY_SECTOR;

{ KEY_NODE[] buffer.
CALL SEEK_NEXT_KEY;

Attach keys on SIBLING_NODE to end of KEY_NODE[];

Put SIBLING_NODE on available-for-use list;
Move WORKING_KEY buffer to KEY_NODE[];

{ Remove father key and repeat.}

ELSE {Flanking key-node pointers are not empty.}
Copy KEY_NODE[] to WORKING_KEY buffer;

{ The following call will leave the successor key's node in the

The records’ forward and backward
links allow for easy maneuvering
through the record set. This should be-
come apparent as you examine the rou-
tines that follow.

Doing It Complex

Getting to the start of a record set is easy.
Any routine that would read a record in a
simple data file (e.g., SEEK_KEY,
SEEK_NEXT_KEY, or CREATE_

& W ny
routine that would read

Copy successor key over target key;

Swap KEY_NODE[] and WORKING_KEY buffer;

PUT(TEMP) ;

Swap KEY_NODE[] and WORKING_KEY buffer;

{ Now the target's inorder successor is removed from its original

a record in a simple

GOTO LO;
END

{ node via a reentry into the delete routine.

Key file

~
~

Key 1

~

~

[ —

Complex data file

Data record 0

Head record

Data record 1

Data record 2

Tail record

Figure 1: A complex data file allows a single key to reference a record set—a doubly
linked list of an arbitrary number of records.

key to point to a list of records. So, the
data record pointer in a keyed file points
to the head of a doubly linked list of
records in a complex data file; I'll refer
to such a list as a record set. The struc-
ture of a record set is shown in figure 1.
The data pointer in the keyed file
points to the first record (the head
record) in the record set. Each member
of the set has two pointers prefixed: a
forward link, which points to the next
record in the set, and a backward link,
which points to the previous record in the
set. As with simple data files, all records
in a complex data file are of the same
length. This makes managing deleted
records easy, since deleting or reusing a
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deleted record requires only that you ma-
nipulate pointers. But since there’s no
real limit to the number of records that
can be in a record set, you can attach ar-
bitrarily long hunks of data to a single
key.

A new record added to a record set is
attached to the tail (the new record be-
comes the new tail), so you’ll need to be
able to find the record set’s tail as soon as
you access the set. Notice that the back-
ward link of the head record points to the
tail, so that when the system performs a
SEEK_KEY and retrieves the key and its
associated data pointer to the record set
head, only one additional access is
needed to get to the tail.

data file retrieves
a pointer to the first
record of the record set
in a complex data file.

P

KEY) retrieves a pointer to the first
record of the record set in a complex data
file. Furthermore, those routines load a
set of internal pointers that keep track of
where you are in the record set, where the
head of the record set is, and where the
tail is. You’ll see the importance of these
pointers in a moment. (Though I didn’t
express this explicitly in last month’s
pseudocode, the ZSAM routines do han-
dle the internal pointers as I've described
here.)

Once you’re at the head of the set,
you’ll want to be able to access the
records in sequential order. You do this
with a call to READ_NEXT_RECORD
(see listing 2), which simply follows the
forward pointer chain. If, in the process
of reading through the record set, you at-
tempt to read past the tail, READ_
NEXT_RECORD returns an appropri-
ate error code.

Some algorithms may require you to
reset the internal pointers to the head of
the current record set. You would accom-
plish this with REWIND_SET (see list-
ing 3), which is a lot like the REWIND
routine that I described last month; if you
call READ_NEXT_RECORD after
REWIND_SET, the routine will return
the first record in the set. Notice that
REWIND_SET simply loads the CUR-
RENT_DATA_PTR with the head
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record’s number.

As I mentioned before, new records
added to a record set are always ap-
pended to the tail; records in a record set
are not sorted (and they shouldn’t be; if
you want records sorted, you should give

each one a key and use a simple data
file). APPEND_RECORD (see listing 4)
adds a new record to the current record
set; the appended record becomes the
new tail. (If you're wondering how RE-

continued

of the elements in a data record set.

READ_NEXT_RECORD:
IF data file is not complex THEN

IF CURRENT_DATA_PTR invalid THEN

{
{
{
IF DFLAG = 1 THEN
BEGIN
DFLAG=0;

GET(CURRENT_DATA_PTR) ;

END
IF forward link = O THEN
RETURN end of record set error;
CURRENT_DATA_PTR = forward link;
GET(CURRENT_DATA_PTR) ;

RETURN contents of data record;

Listing 2: The READ_NEXT_RECORD routine provides sequential access

{ This routine reads the next data record in a record set.

RETURN data file not complex error;
RETURN data pointer invalid error;
If DFLAG =1 then we are "between" records. This happens if we've just

deleted a record; fortunately, CURRENT_DATA_PTR is set to the
deleted record's forward link, so all we have to do is clear DFLAG.

RETURN contents of data record;

{ We are at the tail.}

Load forward and backward links of CURRENT_DATA_PTR;

record set’s head record.

REWIND_SET:
IF data file is not complex THEN

CURRENT_DATA_PTR = head record;
RETURN;

Listing 3: REWIND_SET sets internal pointers back to a record set’s logical
start so that a subsequent call to READ_NEXT_RECORD will return the

{ Move to the head record of a record set.

RETURN data file not complex error;

APPEND_RECORD:
IF data file is not complex THEN

{ ready-for-use record.
NEW_PTR = GET_NEW_RECORD() ;

Forward link of NEW_PTR = O;

PUT(NEW_PTR) ;

RETURN;

Listing 4: APPEND_RECORD adds a new record to a record set.

{ This routine appends a new data record to the current record set.
{ The information to be placed in the record is in RECSTRING.

RETURN data file not complex error;
{ GET_NEW_RECORD() returns a pointer to an empty,

HEAD_PTR = Head record number; {of‘ current set}
TAIL_PTR = Tail record number; {of current set}

Backward link of NEW_PTR = TAIL_PTR;

Copy contents of RECSTRING into NEW_PTR's data area;
{ Write the new record to disk.}
Backward pointer of HEAD_PTR = NEW_PTR;

Forward pointer of TAIL_PTR = NEW_PTR;

Circle 8 on Reader Service Card

The hest

Modula-2

compilers for PCs and
compatibles

Taylor Modula-2

The professional high-performance compiler for PCs: the fas-
test compiler in the world!

* unrivalled speed of compilation
7,000~10,000 lines per minute (80286, 8 MHz).

* excellent code
Mini-computer standard global optimisation. Code per-
forms 1580 Dhrystone tests per second! (80286,8 MHz)

* ultra-compact
high code density and a library of unrivalled compactness
(23 modules in a total of 13Ki)

* completely standard implementation
Follows N. Wirth's standard for Modula-2. BIOS indepen-
dent — uses MS/PC DOS exclusively.

* easy to use
Straightforward user interface. Comprehensive documen-
tation for system programmers.

* Guarantee and support
One year guarantee. Maintenance contracts available.
Swiss quality product.

TaylorModula-2 $900
Demo disk» $10
M2SDS $99

The professional: Modula-2 software development system
M2SDS comprises the following features in an easy-to-use
window environment:

- modern, syntax-driven editor

— fast compiter

- linker producing EXE programs
~ unique library manager

~ comprehensive standard library

There are a vast aumber of tools, toolboxes, demo disks, pub-
lic domain programs and books for M2SDS — probably more
than for any other development system! M2SDS was used for
the writing of the Farsight integrated business software pack-
age! |

Demo disks $10

ably-priced Modula-2 compiler
ent, integrated Make functi

The Modula-2 people:

INTERFACE
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3336 Richmond, Suite 323 :
Houston, TX 77098-9990 (713) 523 8422

Dealer inquiries welcome

International

Austria: 0222/4545010
Belgium: 071/366133
France: 20822662

Italy: 02/405174
Scandinavia: +45/3/512014
Switzerland: 01/9455432

United Kingdom: 01/6567333

Germany: 02983/8337;
0731/26932;
0821/85737;
04106/3998;
0531/347121

A. + L. Meier-Vogt

Im Spéaten 23

CH-8906 Bonstetten/ZH
Switzerland

Tel. (41)(1) 700 30 37
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To Our
SUBSCRIBERS

ROM TIME TO TIME

we make the BYTE sub-
scriber list available to other
companies who wish to send
our subscribers material about
their products. We take great
care to screen these companies,
choosing only those who are
reputable, and whose products,
services, or information we feel
_would be of interest to you.
Direct mail is an efficient
medium for presenting the latest
personal computer goods and
services to our subscribers.

Many BYTE subscribers ap-
preciate this controlled use of
our mailing list, and look for-
ward to finding information of
interest to them in the mail.
Used are our subscribers’ names
and addresses only (no other
information we may have is ever
given).

While we believe the distribu-
tion of this information is of
benefit to our subscribers, we
firmly respect the wishes of any
subscriber who does not want
to receive such promotional
literature. Should you wish to
restrict the use of your name,
simply send your request to the
following address.

BYTE Macazine

ATTN: SUBSCRIBER SERVICE
PO. Box 7643
TeaNeck, NJ 07666-9866
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Listing 5: The pseudocode for DELETE_RECORD_SET.
{ This routine puts an entire record set on the available-for-reuse
{ 1ist. This list is pointed to by DAV.
DELETE_RECORD_SET:
HEAD_PTR = Head record number;
TAIL_PTR = Tail record number;
Forward link of TAIL_PTR = DAV;
DAV = HEAD_PTR;
RETURN;
(@
4 | DAV
P 6 18124
4 20
Y A
8 24120
6 18
A
\ \
0 —>10|18
8 24
Deleted records Record set to be deleted
b
®) DAV
20
6 >118
4 20
A
8 24
6 18
4
4
8 ¢ 24| 4
daladh 2]

Figure 2: Once DELETE_KEY has removed the associated key, deleting an entire
record set is simply a matter of attaching the set to the available-for-reuse list.

(a) Before deleting, DAV points to the first member of the available-for-reuse list.
(b) After deleting, DAV is set to the head record of the set, and the forward link of
the tail holds DAV'’s old contents. The backward links are now superfluous.

WIND_SET and APPEND_RECORD
knew the location of the head and tail
records, remember that I said the ZSAM
routines that initially access a record set
store pointers to the head and tail in-
ternally.)

Deleting members of a record set is
slightly more complex than deleting sim-
ple records. It involves manipulating

pointers to keep the list intact (deleting
an entire set is easy; see figure 2 and list-
ing 5). Follow these steps (you might
want to draw this process out on paper),
and you won’t get confused:

1. Copy the deleted record’s forward
pointer into the forward pointer of the
previous record.
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DELETE_RECORD:
IF data file is not complex THEN

IF CURRENT_DATA_PTR invalid THEN
RETURN data pointer invalid error;

BEGIN
CALL DELETE_RECORD_SET;

END

ELSE
BEGIN

END
ELSE

BEGIN
END

PREV_REC

[l

CURRENT_DATA_PTR=TEMP_PTR;
DFLAG=1;
RETURN;

Listing 6: DELETE_RECORD removes a record from a record set.

{ This routine deletes a data record from a record set.
RETURN data file not complex error;

IF CURRENT_DATA_PTR points to head record THEN
{ We are deleting the head record. See if the head record is also the
{ tail record and, if so, delete the entire record set.
IF CURRENT_DATA_PTR points to tail record THEN

RETURN record set deleted error;

TEMP_PTR = CURRENT_DATA_PTR's forward link.
Copy contents of TEMP_PTR's data record into
CURRENT_DATA_PTR's data record.

TEMP_PTR = CURRENT_DATA_PTR's forward link;

{ At this point, we've determined we are not deleting the head record.
CURRENT_DATA_PTR's backward link;

NEXT_REC = CURRENT_DATA_PTR's forward link;

Set PREV_REC's forward link to NEXT_REC;

Set NEXT_REC's backward link to PREV_REC;

Put CURRENT_DATA_PTR on available-for-reuse list;

{Show that we are between records.}

2. Copy the deleted record’s backward
pointer into the next record’s back-
ward pointer.

The record is now out of the chain and
can be moved onto the list of records
available for reuse.

What happens when you delete the
head of a record set? The head is what the
data pointer in the key file is aimed at; if
you delete the head, won’t that data
pointer now be pointing off to a dead
record?

Well, it won’t if you don’t physically
delete the first record, and you can pull
off this dodge by copying the contents of
the second record on top of the contents
of the head, then physically deleting the
second record. The pseudocode for DE-
LETE_RECORD is in listing 6.

We Have the Technology. . .

Actually, the doubly linked list structure
of the record set allows for more routines
than I’ve shown here. You might want to
add a READ_PREVIOUS_RECORD
routine that moves “up” the record set by
following the backward links. And once
you’ve got that, surely you’ll want a
function called UNREWIND_SET,

which moves the internal pointers to the
tail record.

Though I cannot think of any uses for
those routines, that doesn’t mean that
uses are not out there, and it would cer-
tainly make the complex data-file han-
dling routines more plenary.

Next Month

I'll put everything together with ZSAM,
a B-tree keyed file system based on the
routines I've presented. ZSAM is written
in 8088 assembly language interfaced to
Borland’s Turbo C. I'll also give a sam-
ple real-life application for ZSAM. m

Author’s note: The source code for
ZSAM will be available as of next month.
Look for details in the March column.

Rick Grehan is a BYTE senior technical
editor at large. He has a BS in physics
and applied mathematics and an MS in
computer sdience/mathematics from
Memphis State University. He can be
reached on BIX as “rick_g.”

Your questions and comments are wel-
come. Write to: Editor, BYTE, One
Phoenix Mill Lane, Peterborough, NH

_ Make fl.’ll use of your Megabytes of memory expansion,
. M2IEEE-Interface*

03458.
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Tools and Toolboxes

Modula-2

Applications Generator
Amadeus $395

Generate Modula-2 programs directly from your own input,
and save yourself hours of coding!

Graphics

M2Graph* o 7§65
Contmls.umqimb . ]
M2EGA* $65
Controls EGA cards in Modula-2.
Modula Graphics Toolbox I* $112

Acollection of extremely fast graphics routines for CGA cards
written in Modula-2.
$188

Modula Graphics Toolbox Ii*

Comprehensive package of Modula-2 procedures for all cur-

rently available graphics cards. Includes grahics window
system, foi r, sprite handler, mouse driver, maths
{putmets, a i@ chart, histogram and line graph func-
ions etc. ! :

$133

menu system and simple mask gene-

K & Menu Generator* $ 360

for creating masks and menus in

code. Mask, menu and frame editor. Sup-
d attributes.

$ 495
' $290
jla Converter $59
al to Modula-2.
RTA-Utility-
2~-10x gstler ,exgrllfied MathLib. $ 30
- EMS-Utilities* $188

2 interface to National Instruments IEEE Interfat
ly @ small selection from our comprehensiy
Modula-2. Demo disks are available g
I with an asterisk. Send $ 10 for the
seven. There is also a wide chgig
Modula-2.
a-2 compile

The Modula-2 people:
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3336 Richmond, Suite 323
Houston, TX 77098-9990 (713) 523 8422

Dealer inquiries welcome

International .
Austria: 0222/4545010
Belgium: 071/366133
France: 20822662

Italy: 02/405174
Scandinavia: +45/3/512014
Switzerland: 01/9455432

United Kingdom: 01/6567333

Germany: 02983/8337;
0731/26932;
0821/85737;
04106/3998;
0531/347121

A. + L. Meier-Vogt

Im Spaten 23

CH-8906 Bonstetten/ZH
Switzerland

Tel. (41)(1) 700 30 37
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Special !
CompuGUARD

Anti-VIRUS ... $75
Access Control ... $129

Best Buy

see Floppy Drives

PRODUCTS NOT LISTED ... CALL!

CAD...etc.

PC & MAC

New Orders: 1-800-621-3999

AST Premium
286/386

Call

ZENITH 1490

FlatScreen

DRAFIX

Ultra, 1 Plus or 3D Module

Call

MITSUBISHI

Diamond Scan ATSCME: Disk

$477 | $379

Summagraphics
Mac 12x12 Tablet

PRINTERS & LASERS

Alps

Canon BJ-130
Citizen 180-D ..
MSP-15E ..
MSP-40 ..
MSP-45 ..
MSP-50 ..
MSP-85 ..
Premiere 35
Tribute 124 .

HP Lm(Jat'lI

Toshiba 321-SL
341-8L .. .

MONITORS

Amdek 1280 & Card
210A
Hitachi 20" SuperScan
Mitsubishi Diamond Scan 1381 ..
Moniterm Viking
NEC Multisync Il
Multisync GS
Oth

Samsung ..

Sigma Designs LaserView

Sony Multiscan 1302
Multiscan 1303

Zenith 1480 Flatscreen

SOFTWARE

DesignCad
Desklink

DesqView ....
Drafix 1 Plus ...
Drafix Ultra
Drafix 3D Mod & Options .
Dollars & Sense

DESIGN CAD

Standard or 3D

SOFTWARE (cont.)
Excell PC

Fox Base Plus

GEM Draw Plus
Generic Cadd 3.0
Generic Cadd Others
Harvard Graphics

In House Acct ...
King Quest IV .
Laplink Plus

Liesure Suit Larry Il
Lighting Hard Disk Speedup
Lotus 1232.01

Lotus Agenda
Managing Your Money
MathCad 2.0

MicroSoft Flight Sim ..
MicroSoft Windows 2.0

PC Tools Deluxe .

PathMinder 4.0

Peachtree Accounting Il
Peachtree Quere

PFS: First Choice 3.0
PFS:First Publisher 2.0

PFS: Professional File 2.0 ...
PFS:Professional Plan 1.02 ..
PFS: Professional Write 2.0 ..

R:Base for DOS
ShipMate™ (ups Manifest) .
SideKick Plus

Turbo Basic, C, or Pascal ..
Ventura Publishing 2.0 ..
VersaCad & Libraries .
Windows

WordPerfect 5.0

XTreePro
XTreeNet

Drawing Brd 12x12 16-Btn .. ..

Enter Sweet-p 600 ...
Houston Instruments
DMP 41/42

SMART MODEM

12008 int. 24008 int.

HITACHI Digitizer
10 Year Warranty

Puma Pro 12x12
(replacing Tiger Tablet)
4-Btn Cursor, 1-Btn Pen
& Mouse Emulator.

Digitizers & Plotters (cont.)
DMP 51MP

MP Options

Hitachi Puma Tab (10-Year Warranty)
PumaPro 12x12,4btn,Pen,SW . .349
PumaPro 12x12,12btn,SW

loline

JDL 850 Series

Kurta IS 12x12

Summagraphics 12x12 Plus

18x12 Pro w/4 Butt & Stylus .. ..559
Mac Bit Pad 12x12, 4But,Sty .. .269

HELPERS

Logical Connection 266/512k .. ..Call
..Call

Original Programs - utilities,
applications, etc. Earn
royalities in just 90 days.
Mail or Fax your info to attn: Bill.
MS-DOS & MAC compatible only.

PANASONIC

1091/-m2

$179 | Call

DRIVES, MODEMS & FAX

SCANNERS
ScanMan or Compiete PC
HandScanner

$155

COMPUTERS

Fujitsu 3.5" 720k Drive
Mitsubishi AT 40/64 Mb Hard Drive
1/2 ht, 23ms
Panasonic FAX Board
Seagate ST225 w/card
S$T238 30Mb w/card
Sharp Fax UX-140 & Phone ...
Smart Modem 1200B int w/sw .. ..
24008 int wisw
Teac 3.5" 720k Drive .. ..
3.5" 1.44Mb Drive
5.25" 360k Drive
5.25" 1.2Mb Drive

BOARDS & NETWORKS

AST Premium
286 Model 80
286 Model 140X .
386 Model 300
Mitsubishi MP286L .
NEC Muttispeed ...
Multispeed EL II ..
Multispeed HD
Toshiba Laptops

Zenith Laptops
SuperSport-Dual
SuperSport20Mb .. ..
SuperSport 286 20Mb .
SuperSport 286 40Mb

3-Com Etherlink
Adage AD10/4
AD10/8L
ArcNet
Artist
AST
ATIEGA Wonder .
VIP VGA
Copy |l Opt Board Dix
EtherNet Plus
Genoa VGA 760x1024
Hercules Graphics Plus .. ..
Intel AboveBoard 286/512k
AboveBoard PS 286/512k ....
Paradise EGA 480

VGA Plus 16

VGA Pro
Sigma Designs VGA
Tops Flashcard

Video 7 Vega Deluxe

$255
Western Digital EtherNet Plus ... Call

It PAYS to

Service You
Expect !!

Volume Bids
Wecome!

VISA
MASTERCARD

Intel
coprocessors

Genuine & New

Logitech C7 Serial or Bus
C7 Clear Mouse & Paint .
HiRez Bus
Bus & Paint
Serial & Publisher

OPTICAL

OptiDriver Kit
40 ms equiv. for most optiDrives

DataBase Special

dBase |V ... 455
FoxBase Plus ... 179
Paradox ... 429
Rapid File ... 176
Rbase tor DOS ... 415
Q&A..177
Quattro ... 148

MHI Warehouse, Inc.
8129 N. 35th Ave. #2-306
Phoenix, AZ 85051

New Orders:

1-800-621-3999

Pre-approved P.0.'s are welcome. Prices reflect cash discount and are subject to change without notice. Product com-
patibility, warranties, & claims are responsibility of manufacturer only. All returns are subject to a restocking fee. Per-
sonal/Company checks delay shipping. AZ orders only add 6.7% tax. Orders are processed same Day. International orders
Call (602) 861-1080.

PO’s

Jiist CalFFIFét. Order Info: 802-997-8877

Fax:602-943-3833
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Electronics

IC Clearance Sale!

Expires 5/31/89

NEC V20 & V30 CHIPS

MICROPROCESSOR COMPONENTS

Replace the 8086 or 8088 in Your IBM PC and
Part No. Increase Its Speed by up to 30%! Price

MISCELLANEOUS CHIPS
Part No. Price

6500/6800, 68000 Cont.
Part No. Price

8090 SERIES Cont.
Part No. Price

UPD70108-5 (5MHz) V20 Chip.
UPD70108-8 (8MHz) V20 Chip.
UPD70108-10 (10MHz) V20 Chip....
UPD70116-8 (8MHz) V30 Chip

UPD70116-10 (10MHz) V30 Chip . ... $16:95 $1 5:49

995295 6845. .. ..

4. .
MCBBOOOLS, ... ... 9.
MC68000L10 . ++-95 10.95
MC68010L10 . 49:85 39.96
MCE8020RC12B . . .. 99.95
8000 SERIES
K0 ... 1895349

Z80-Pl0.

ZBOA. . .
ZBOA-CTC. . .
ZBOA-DART ...
ZBOA-PIO. .
ZBOA-SI0/0.
Z80B. .. ..
Z80B-CTC.
Z80B-PIO.

8087-2(8BMHz) ..

8088 (5MHz) ..

8088 2(BMHZ) 695595
10,8 %95 3.

8748 ( 5V).
B748H (HMOS) (21V).
874

49-951295

DATA M:OUIS"ION
ADCOBOALCN. . ... .. 279
ADCOB0BCCN . . 585 5.49
ADCOBO9YCCN . . 869 3.29
ADC1205CCJ-1....19.95
DACOB0BLCN . . 45 1.49
DAC1008LCN.
AY-3-1015D . ... 4
AY-5-1013A. . ...

COMMODORE CHIPS

Part No.

Part No. Price

*4116-15
4128-20
*4164-100
*4164-120

*4164-150 65,536 x 1
*4164-200 65,536 x 1
“TMS4416-12 16,384 x 4
*41256-80 262,144 x 1
*41256-100 262,144 x 1
"41256-120 262,144 x 1
*41256-150 262,144 x1 ( Yoo
*41464-15 65,536 x 4 (150ns) (4464)
*511000P-10 1,048576x 1 (100ns) 1 Meq...
*514256P-10 262,144 x4  (100ns) 1 Meg.. .

16,384 x 1
131,072 x 1
65,536 x 1
65,636 x 1

7431 88",
745189,
745196.
74S240.
745244,
748258,
745287
745288*.

74F00. .
74F04.
74F08.
74F10.
74F32.
74F74.
74F86.
74F138.

74F139.
74F157.
74F193. .
74F240.
74F244,
74F253,
74F373. . .
74F374.

CD4001. . .
CD4008.
CD4011.
CD4013.
CD4016.
CD4017.
CD4018.
CD4020.
CD4024.
CD4027.
CD4030.
CD4040.
CD4049.
CDA4050.

CD4070.
CD4071.
CD4072.

STATIC RAMS
2048 x 8
2048 x 8
1024 x 1
1024 x 4
1024 x 4
1024 x 4
256 x 4

2048 x 8
2048 x 8
8192x 8
8192x 8

*2016-12

(200ns) (CMOS).
(450ns) (CMOS).
(150ns) (CMOS).
(150ns) LP CMOS.
(120ns) LP CMOS.
(150ns) (CMOS).
8192 x 8 (150ns) LP CMOS.
1024 x 4 (350ns) (CMOS).
*43266-15L. 32,768 x 8 (150ns) Low Powe
*62256LP-12 32,768 x 8 (120ns) LP CMOS.

EPROMS
(450ns) 25V.
(450ns) 25V.
(450ns) 21V,
(450ns) 25V,
(450ns) 3 Volt

*6116LP-3
*6264LP-12
*6264P-15
*6264LP-15

TMS2516 2048 x 8
4096 x 8
4096 x 8
8192 x 8
2048 x 8
256 x 8
1024 x 8
2048 x 8
2048 x 8
2048x8
4096 x 8
4096 x 8
4096 x 8
4096 x8
8192x 8
8192 x8
8192x8
8192 x 8
8192 x 8
16,384 x 8 (200ns) 21V.
16,384 x 8 (250ns) 21V.
16,384 x 8 (250ns) 12.5'
16,384 x 8 (250ns) 21V (Cf
32,768 x 8 (200ns) 12.5V. .
32,768 x 8 (250ns) 125V. . il
32,768 x8 (250ns) 12.5V 1CMO§) .6
65,536 x 8 (200ns) 12.5V. .
65536 x8 (250ns) 125V. . .
EEPROMS
2048 x 8 (250ns) 5V Read/Wite. ...
2817A 2048 x 8 (350ns) 5V Read/MWrite
2865A-30 8192 x 8 (300ns) 5V Read/MWrite. .
52B13 (21V) 2048 x 8 (350ns) 5V Read Only.

(250ns) 21V .
(250ns) 12.5V.
(450ns) 21V,

27128A-25
27C128-25
27256-20
27256-25
27C256-25
27512-20
27512-25

2816A-25

6581 (12V)
6582 (9V).

8722..
310654-05.
318018-03 .
8019-03 ..
82S100PLA’
901225-01 ..
901226-01 ..
901227-03.. 1595
901229-05. ... 71595
*No specs. available
**Note: 825100PLA =
U17 (C-64)

42951095
42951095

.15.95
45851395
+5851395

74C/ICVMIOS

Sale .19 | 74C174 Sale .39

2 Sale .19 | 74C175 Sale .59
Sale .19 | 74C192 Sale .99

Sale .19 [ 74C194 Sale .49

Sale .15 | 74C221 179

... 49 | 74C240 Sale .75

Sale 19 | 74C244 179

49 | 74C373 Sale 1.49

1.49 | 74C374 Sale 1.49

6 Sale .19 | 74C911 . . . 6.95
74C89 296 | 740912 Sale 7.95
74090 .99 [ 74C915 Sale 1.19
74C151 Sale1.49 | 74C917 Sale 3.95
74C154 Sale2.75 | 740920 Sale 3.95
74C157 Sale 1.25 | 74C921 Sale 2.95
74C160 Sale 49 | 740922 395
74C161 Sale 49 [ 74C923 3.95
74C162 Sale .49 [ 74C925 549
74C173 59 | 740926 595

MISC. COMPONENTS
TANTALUM CAPACITORS

TM.1/36 1uf @ 35V, TMA.7/35 47uf @ 35V. . . .
TM1/35 1uf @36V, ... ... 19| TM6BI35 6.8uf @ 35V. . . .
TM2.2/35 2.2uf @ 35V. . . TM10/35 10uf @ 35V. . . .

POTENTIOMETERS
Values available (insert ohms into space marked "XX"): 50002, 1K, 2K,
5K, 10K, 20K, 50K, 100K, 200K, IMEG
A43PXX 3 Wat, 15 Tum .99 | B3PXX % Watt, 1 Tum .89

TRANSISTORS AND DIODES

N2 PN20075. v INAOO4. ... ... .
NQ222AL, L 2N4401 IN4148,

2N3055. - .65 | 1IN270, 1N4735.

2N3904. . . .. 2 INZG e o C10681. .

SWITCHES
JMT128 spoT, 0n-0n 1.19 | 206-8 SPOT, 16-pin DI 1.25
MPC121 SP0T.0n-011-0n1.19 | MS102 SPST, Momentary .39

D-SUB CONNECTORS
DB25P Male, 25-pin .GQI DB25S Female, 25-pin .75

LEDS

XC556R T134, Red. . 13 | XC556Y T1%, Yellow. 17

XC556G T134, Green. . ... .. 17 [ XC556C T1%, Clear/Red 17

IC SOCKETS

Wire Wrap (Gold) Level #02
8WW,

40WW. .
Soldertail Standard (Gold & Tln] & Header Plug Sockets Also Available

Z74HC HI-SPEED CMOS

74HCOO

. SALE 74HC175
74HC221. .
74HC240. .
74HC244,
74HC245. .
74HC253. . . ..
74HC259. ... ..
74HC273. . . .
74HC37 000 s
74HC374. . . ..
74HCS95. ......
74HCB8S. . . .
74HCO43. . . ..
74HC4040. . . .
74HCA049. . . .
74HCA050. . . .
7T4HCA060. . . .
74HC4511. . . .
74HC4514. .
74HC4538. . . .
74HC4543. . . .

74HC128. . . ..
74HC125. .
74HC132. . .
74HC138. .
74HC139. .
74HC154. .
74HC163. .
74HC174. .

74HCTO0. .
74HCTO02. . . .
74HCTO4. . . .
74HCTO8.
74HCT10.
74HCT32.

74HCT139. . . .
T74HCT157. . . .
7AHCT174. . ..
74HCT175. . ..
74HCT240. . . .
74HCT244. . .

74HCT245. . . .
T4HCT373. . ..
74HCT374. . . .

DS0026CN.
TLO74CN.
TLOB4CN. .
AF100-1CN. .
LMBO7N. . ..
LM309K. . . .
LM311N. . .
LM317T. ...
LM318N. .. ...
LM319N. . .
L3RI i
LM324N. . .
LM338K. .
LM338N. .

LM1896N-1."
ULN2003A. .
XR2206. .

7ACN.
NE54OH 1( SdOH)

XRLSSS 5
LMS56N. . . .
NES58N. .

7805K (LM340K5). | | . |
7812K (LM340K-12). |

7815T (LM340T-15). .
7905K (LM320K5).
79081 (LHGAOTS).

MC145106P. .
MC145406P

LM1414N.

PARTIAL LISTING - OVER 4000 COMPONENTS AND ACCESSORIES IN STOCK!

RAM’S SUBJECT TO FREQUENT PRICE CHANGES

° CALL FOR QUANTITY DISCOUNTS

320 BYTE * FEBRUARY 1989
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MICROCOMPUTER
MARKETING COUNCIL

Worldwide ¢ Since 1974 ==
* QUALITY COMPONENTS - COMPETITIVE PRICING mner% MM‘:
° PROMPT DEL’VERY MARKETING ASSOCIATION

COMPUTER PRODUCTS Jameco IBM PC/XT 8MHz Turbo COMPUTER PERIPHERALS

Jameco IBM AT Compatible 16MHz Compatibie Kit With 256K RAM AMI 80386
80286 NEAT Motherboard - Free! QAPLUS Diagnostic Motherb d

- Expandable to 8MB — Software Included! i By; otherboards
s oronemie | L - Free! PC Write Word Proces- e e
Jihik Siports sing Software Included!
al unctions including Ll i 256K RAM Included,
?erﬁ.’é’gp'?ﬁg” sl ihle ' Expandable to 640K i
el et ODZB 710 - 4.77 or 8MHz Switchable .

Coprocessor capability

- Norton Sl rating of 15.6 ) - AMI BIOS ROM Included

+ AMI BIOS ROMs included L
+ One-year warranty Pms,ive $128 06

JE3010 8/12/16MHz NEAT (AT) . . $469.95 JE1001 4.77/8MHz Turbo Motherboard.
(Zero-K RAM — includes AMI BIOS ROM)

— Additional Motherboards — jgg}g ;#%05 Case{b, e § »
ompatible Keyboar G w5y
JE1001 4.77/8MHz (PC/XT) L JE1020 5.05" DSDDpDisk Driv)é (Black Bezel) ¥ + Expandable to 2MB (Zero-K incl.) of 32-bit RAM

JE1002  4.77/10MHz (PC/XT) : 3 1"

JE1030 150 Watt Power Suppl 1.8 i with expansion board (included) + Expand an addi-
JE3005  8/12MHz (AT). . JE1040 360K Floppy Contrgﬁeyr e, T tional 8MB using the JEB030 (below, Zero-K incl.)
JE1050  Mono/Graphics Card with Printer Port i NAED. * XT footprint-AT compatible - 80387-16/20 ca-
> AMBER 12" Monochrome Amber Monitor i pability « Built-in set-up and diagnostics * Includes
Jamec? IBM 41256-150 256K RAM (9 chips) 5 AMI BIOS ROMs + One-year warranty

Compaa.l‘;le Save $128.06 Regular List $628.01 | JE3020 16MHz 80386 (AT) . .. $1199.95

Computer .2 JE3002 v compatible PC/xT 8MHz Turbo Kite « « » $499.95 | JE3025 20mHz 80386 (aT) . . . $1499.95
Cases JE3030 8MB (Zero-K) Daughterboard . . . $249.95
JE1019 :

J X - IBM COMPATIBLE DISPLAY MONITORS
Pictured - Seagate 20,30 SR
JE1010 Standard PC/XT Flip-Top Case. . . . . AMBER 12" Amber Monochrome . > s 40 and 60 MB 3
JE1011 Standard PC/XT Slide Case. i CTX2410 14" RGB Col il o
JE1014 Baby XT Turbo Flip-Top Case. ¥ ah: '-"_’aalfrdHBl'gth
JE1017  Baby AT Flip-Top Case . 14" EGA Color - EGA/CGA Compatible, 720 x | & . D
JE1018  Baby AT Slide Case g : 350 Max. Resolution (PC/XT/AT) B rives -
JE1019  Baby AT Flip-Top Case . = ST225XT (Pictured)
. s . CTX2410
- ST225 20MB Drive only (PC/XT/AT), $224.95

TEST EQUIPMENT 14" EGA Monitor and EGA Card - EGA compatible, 720 x 350 Max. | ST225XT 20MB w/Controller (PC/XT) $269.95

Metex M4650: Resolution — displays up to 16 colors (PC/XT/AT) 20MB w/Controller (AT). $339.95

+ Handheld, high accuracy L § $4o. 30MB Drive only (PC/XT/AT). . ... $249.95
+ 4% Digit LCD iy JE1059 SAVE 00 $51 9.95 30MB w/Controller (PC/XT) . $299.95

« Manual ranging with Overload TM5155 14" Multiscan Color. L 30MB w/Controller (AT). $389.95
Protection $499.95 40MB Drive only (PC/XT/, . $379.95

Al e coninaly testa / 4 QC1478 14" VGA Monitor $449.95 40MB w/Cont. Card (PC/XT). . . .. $419.95
Res §»‘ o ol,a%?r.y o ; o - = 40MB w/Controller Card (AT). . . . $489.95
esistance, Contin ’ 14" VGA Monitor and VGA Card - QC1478 VGA Monitor and Orchid 40MB Fast 28ms (Drive only). . . . $469.95

Capacitance, Frequency
One Year Warranty . VGA Card (PC/XT/AT) 60MB Drive only (PC/XT/AT) $449.95

. Size: 1. x B.5W % 1.5°H » x ; JE2055 SAVE $70 00 $649.95 60MB w/Controller (PC/XT) $499.95
Ma650. .. $99.05 0 S=E JAMECO IBM PC/XT/AT COMPATIBLE CARDS R e
JAMECO SOLDERLESS ~ : ng'g'B Tape Back-Up for 1M F{sc%gs
: 40MB Back-Up and T:
BREADBOARD SOCKETS : Tl ;CCamz:en ape .
" i Jameco 5.25" PC/XT * &
JE1050 - & AT Compatible
JE1050 Mono Graphics Card w/Printer Port (PC/XT/AT). « « « « i Disk Drives
JE1052 Color Graphics Card w/Printer Port (PC/XT/AT) X JE1022 (Pictured) Jg

JE1055 EGA Card with 256K Video RAM (PC/XT/AT) $159.95 | JE1020 360K Black Bz1. (PC/XT/AT) . $ 89.95
Multi 170 with Drive Controller JE1021 360k Beige BzL. (Pe/xT/aT) . .. $ 89.95
JE1071 __ and Mono Graphics (PC/XT) $119.95 | JE1022 1.2M8 Beige Bz, (Pe/xT/aT) . . $109.95

Multifunction, I/0 and Expansion Cards 3.5" PC/XT/AT Compatible Disk Drives
I/ ard with Serial, Game, Parallel Printer % 5

JE1060 _ Port and Real Time Glock (PC/XT) i SeaKU! o T20KB (Mountio Frame lacltded]
Contact Binding

Points  Posts i JE1061 RS232 Serial Half Card (PC/XT) b 35" 1.44MB (Mounting Frame Includ

I
356KU  (PC/XT/AT) $1 29.95
200 JE1062 RS232 Serial Half Card (AT)
3 x 2% 400 Datatronics

it 630 JE1065 1/0 Card w/Serial, Game & Parallel Printer Port (AT). . . $59.95 2400/1200/300 Modems
612 x 2% 830 2MB of expanded or extended memory

JE24 6% x 3% 1360 JE1081 (zero-K on-board) (AT) $119.95 NEW, Pocket Version!

> * Hayes command compat-
JE25 6% x 4% 1,660 3MB of expanded or extended memory, parallel printer ible « Bell 103/212A com-
JE26 6% x 5% 2,390

port, serial port and game port
JE27 7% x7% 3,220

JE1082  (zero-K on-board) (A $169.95 | patible: Auto-dial/auto-

answer - FCC approved

Floppy and Hard Disk Controller Cards Lyean Wayanty - inciides
DATA BOOKS JE1041  20/40MB Hard Disk Controller Card (PC/XT) $79/95 R e :
400041 NSC Linear Data Book-Vol. | (88). g JE1043  360K/720K/1.2MB/1.44MB Floppy Disk Cont. (PC/XT/AT) $49.95 1200P  1200/300 Baud Pocket Modem.

400042 NSC Linear Data Book-Vol. Il (88). . . . . : 1200H 1200/300 Baud Internal Modem. . . .

400043 NSC Linear Data Book-Vol. lll (88). . . . S 9. JE1044 360K Floppy/Hard Disk Controller Card (PC/XT). . . . $129.95 | 2400H 2400/1200/300 Internal Modewm. . .

210830 Intel Memory Handbook (88) ; 360K/720K/1.2MB/1.44MB Floppy/Hard Disk 1200C  1200/300 Baud External Moden. . .

230843 Intel Microsystem Hndbk. Set (88). . . . $24. JE1045 Controller Card (AT) pey $149.95 2400C  2400/1200/300 External Modem . . . $169.95

U.S. Funds Only $20 Minimum Order Data Sheets — 50¢ each

Shipping: Add 5% plus $1.50 Insurance IBM is a regi X : < Prices Subject to Change
FAX Numbers: 415-592-2503
24 HOUR ORDER HOTLINE (415) 592-8097 < The Following Phone Lines Are Available From 7AM-5PM PS.T.:

it vy Accatding S weigit) Mail Order Electronics - Worldwide Send $2.00 Postage for a
California Residents:
SHEIEEN | Mostrcara ameco
ales lax
or 415-595-2664
©1989 Jameco Electronics  2/89 EI— ECT Ro N 'CS
« Customer Service (415) 592-8121 - Technical Assistance (415) 592-9990 - Credit Department (415) 592-9983 - All Other Inquiries (415) 592-7108

AR WOWNOOCOOO

FREE 1989 CATALOG
1355 Shoreway Road, Belmont, California 94002 el o0t
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Fix common problems fast!

You don’t need to be an expert
to diagnose and correct
problems involving PC setup.
All you need is HELPME™
software! More than 300 tests.
On-screen help for under-
standing and correcting iden-
tified problems. Quick
identification of system con-
figuration and compatibility.
$99 plus shipping and han-
dling. MC and VISA accepted.
California Software Products,
Inc., 525 N. Cabrillo Park Drive,
Santa Ana, CA 92701

(714) 973-0440.

Circle 47 on Reader Service Card
(DEALERS: 48)

SAFEWARE® Insurance provides full
replacement of hardware, media and
purchased software. As little as $39/yr. covers:
* Fire © Theft ¢ Power Surges
* Earthquake  Water Damage © Auto Accident

For information or immediate coverage call:

1-800-848-3469

SAFEWARE, The Insurance Agency Inc.

Circle 202 on Reader Service Card

Terminal Emulation

TEK 4105 em4105 $349 .
« Tektronix 4105 “

* Tektronix 4010

« V7220, VT102 . ‘

* Picture files ‘ ’

« VGA and EGA support ’

* High resolution hardcopy ’

VT220 em220 $169

» V7220, VT102 emulation
» File transfer

¢ 132 column modes

* Color support

* Hot key

Diversified Computer Systems, Inc.

3775 Ins Avenue, Suite 18
Boulder, CO 80301 (303) 447-9251
FAX: 303-447-1406

Trademarks: VT102, VT220 -- DEC; Tektronix — Tektronics Inc.

Circle 78 on Reader Service Card

The $595 Solution to 8051
Product Development

The PDKS51 is a powerful and economical
chaice for the development of 8051-based
systems. The PDK51 is used with an IBM-PC or
equivalent and includes:

 SIBEC-1l 8052 Basic Microcontroller

® SXA51 Cross Assembler

* ROM-Based Monitor/Debugger

* PROM Programmer

» Power Supplies

¢ Documentation, Tutorial and More

Call Now! (603) 469-3232

Binary Technology, Inc.
¥| Main St., P.O. Box 67, Meriden, NH 03770

HARD DISK CONTROLLERS

ADAPTEC

PC/XT Controller ST506/412 .. ............. $45

2070 PCI/XT to 506/412 RLL 3 i $69

2071 PC/XT to ST506 RLL (1 drive) ... .. $59

P72 R OIXIER . Ui s ittt otacatarl s o acaans YLD

2370 PCIXT to ST506 RLL . ..$99

3530 SCSI to Tape CMC 36

4000 SCSI to ST506/412

4000A SCSI to ST506/412 . .

4070 SCSI to ST506/412 RLL

4520 SCSI to ESDI . . ..

5500 SCSI to ST506/412

5580 SCSI to SMD

XEBEC

$1410 SASI Controller i

$1420 SASI to 5% " Floppy & Hard Disk Controller

Apple II, Il+, IIE Host Adapter

OTHERS

DTC 510A SASI controller . . . :

DTC 5187 AT to ST506/412, No Floppy ... ..

Konan DJ-210 3%2" SASI to ST506/412
(Xebec 1410 clone) . 5

WD 1002-SHD Xebec Compatible SASI Controller

Western Digital 1008WAH . . . . e

ManualsTis o e s,

Cables Available ........

Hard Drives 20-380 MB

Computer Surplus Store

715 Sycamore Dr. « Milpitas, CA 95035
Phone: 408-434-1060

Fax: 408-434-0931

Twx: 1561447

‘‘We Buy and Sell"”

......88 each
. .Ask for Pricing

Circle 63 on Reader Service Card

EPROM PROGRAMMER

EPROM FROTRAMMER

* Programs
2764 in 8 sec.
s, pro-

s o
opies i
over 475 de-
vices from 35
i . BEISE

« Improved design now programs over twice as fast

* Automatically uses the fastest algorithm recommended by the
manufacturer to ensure reliable data storage

» Connects via R$-232 to any computer: PC, XT, AT, PS/2, Mac, etc
* Supports XMODEM/XMODEM CRC protocols & ASCII file xfers
» Supports Intel, Motorola, hex-space, straight hex and binary files
* Checksums supported * 8 baud rates to 38,400

* 30-day money-back guarantee * Collates 16 & 32-bit data

* Engr support team for fast updates  » Gold Textool ZIF IC socket

 One-year warranty (parts and labor) * Same day shipment

* Toll-free technical support * UV erasers from $34.95

* Thousands of satisfied customers attest to the EP-1s great value

* Low price of $349 includes IBM compatible communications pro-
gram, user’s manual and two free firmware update coupons

CALLE TODAY FOR MOREINFO 1-800-225-2102

[ gy 'y g
BPMlCROSYSTEMS

10681 Haddington #190, Houston, TX 77043
(713) 461-9430 FAX (713) 461-7413

Circle 40 on Reader Service Card

HARD DRIVE SALE

SEAGATE

with controller and cable
ST-

' A.N. Wholesale & Retail, Inc.
1320 South Dixie Hwy. Suite 256
Miami, Fla 33146

Phone: (305) 284-0827
Fax: (305) 284-0831

Circle 27 on Reader Service Card

9-TRACK MAG. TAPE SUBSYSTEM*
FOR THE IBM PC/XT/AT AND...

For information interchange, backup and archival storage.

AK Systems offers a 9-track, IBM format-compatible

%" magnetic tape subsystem for the IBM PC, featuring:

= |BM format 1600/3200 and 800 cpi.

u Software for PC-DOS, MS-DOS, XENIX.

u Also for AT&T, DEC, VAX,
VME, S-100, RS-232,

IEEE 488 AKSystems

* lormerly IBEX Mainstreamer 20741 Marilla St
Chatsworth, CA 91311
8100

e, o TWX for informati 818) 709-81
Wete. phone or TWX for information [wa) AEa

Circle 11 on Reader Service Card

FRAME GRABBERS

PRICE  PRICE
with  without
frame  frame

MODEL RESOLUTION grab  grab

HRT 256-4 256 x 266 x 4 495  NA

HRT 2568 256 x 256 x 8 795  NA

HRT 512-8 512x512x8 995  NA

HRT 51224  512x512x 24 1995 1495

- CALL FOR DIFFERENT MODELS
- IBM PC/XT/AT COMPATIBLE
- DIGITALIZE IN REAL TIME
- COMPOSITE VIDEO IN
- 24 BIT RGB OUT except model HRT 256-4
16 level gray scale out
- SOFTWARE LIBRARY OF IMAGE ANALYSIS ROUTINES
- FREE SOFTWARE UPGRADES TO REGISTERED OWNERS
- FULL CREDIT ON UPGRADE PURCHASE IN FIRST YEAR
RETURN OLD BOARD AND JUST PAY DIFFERENCE

INPUT DEVICES (optional)

Microsoft Mouse (bus or serial) . ............... .
Bit Pad Plus by Summagraphics . . .

= HIGH RES TECHNOLOGIES
H R PO. BOX 76
= = LEWISTON, NY. 14092

PHONE 416-497-6493 FAX 416-497-1988
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Compu$ave T 1-800-877-8855

OUNCIL

0% Grocs vt Reseesten T International Orders are Welcome!

PLOTTERS

Calcomp 1023GT ..ccuuu.e 3785 HP 7550 A ..
Calcomp 1043 GT 5645 HP 7570A ..
Calcomp 1044GT ...... 10,245 HP 7595
Calcomp Colormaster ..3395 loline 3700... "
Houston DMP 52 ............ 2298 loling 4000 it o -1000 .......
Houston DMP 41/42 .......2110 JDL 850 GL itizen MSP 40 ...

Houston DMP 56A ......... 3850 Roland 885 ... 895 jitsu DL3400 ... 525 Star NX-2400.........o.r
Houston DMP 61 2999 Roland 980 i
Houston DMP 62 .4095 Roland 990
HP 7475A ... ..1395 Roland GRX ...
Numonics, Taxan, Versatec, JOL, Other Models ...

DIGITIZERS
Calcomp12 x12.......... 348 Kurta IS 3......
Calcomp 44 x 60 ....... 3745 Kurta IS 8.5 x 11 ...
Calcomp36 x 48........ 3195 Kurta IS 12 x 12
GTCO 24 x36 ......... 1945 Kurta IS 12 x 17
GTCO 36 x 48 ....... 2395 Summa 12 x 12 +
Hitachi 11 x 11 ...........439 Summa 12 x 18

BOARDS
Adv. Dig. Slave ......... 565 Orchid Tiny Turbo 286 259
AST 5251-11E .......... 545 Panasonic Fax 649
AST Adv. Prem ........ 309 Paradise VGA+ .
ATI VGA Wonder ... CALL Paradise VGA Pro ... 395
BOCA RAMAT ... 139 Sigma VGA H..........
Genoa VGA HiRes ..349 STB VGA EM 512K ...358
Intel Above Board ...... Call Video 7 V RAM .
Orchid Designer ... 325 Video 7 Fastwrit
Adaptec, Artist, Hercules, Metheus, Number 9.... CALL|
Quadram, Talltree, West. Digita, Verticom, VMI . CALL w ;
DISK DRIVES Packard Bell 12 Mhz 1249 Wyse 3216
COC 150 M ...... 1,399 Plus Hardcard 40... Samsung 20 Mhz ... 2845 Unisys 386 ..
Bernouli 1120 Mb ... 799 Seagate 20Mb Kit.. Samsung S500 AT .. 1029 Zenith Superspon ....... 1599
Miniscribe 3053 ..... 429 Seagate 30M bKit.... Televideo 385 2M... 2565 Zenith Superspoft 206 3385
Miniscribe 6085 ......549 Seagate ST251-1 Mitsubishi MP286: 12 Mhz / 40 Mb Drive ........

Moutain TD 4440 .... 365 Toshba 720K, 35" Kit .. 84f§ Mitsubishi MP286 Laptop : 20 Mb .......

. Sperry PC IT : 512kb / 44Mb HD / Keyboard
Plus Hardcard 20 ... 498 WORM Drives CALL
AST, Archive, Alloy, Genoa, Micropolis CALL[ Atos, ITT, Sharp & Other MOGeS ............

COMPUTERS
.. 3095 Toshiba 1000
..CALL Toshiba T1200F .
465 Toshiba T1200HB
.. 2777 Toshiba 3100/20
.3995 Toshiba 3200
..6935 Toshiba 5100
..3899 Toshiba 5200 .
2995 Wyse 2108.

PRINTERS
............... 739 Panasonic 1080iM2
.. 344 Panasonic 1091iM2
Canon BJ 130 ..... 719 Panasonic 1124

Acer 1100 B4 ..

..335 Toshiba P351SX ..
506 Qume Script 10..
w668 NEC LC 890
NEC PIXL ... 1038 HP Lazer Jet |
Brother, C.ltoh, Data Products, Diconix
Epson, Genicom, QMS, OTC, Varityper, i ........
MONITORS

Amdek 1280 ............... 638 Samsung TTI.....
Gold Star TTL Mono ...... 75 Seiko 1430

Maynard, Maxtor, Teac,Tecmar ....... TERMINALS MODEMS Mitsubishi 1381A .....499 Sigma Laser 19"...
SOFTWARE QA T010 .......... 299 Televideo S65......... AT) BOOETC. ... 195 Prachal 1201 ... 65 [ M08 E0BTK .. 2154 Sory Mutiscan
DBase ll Plus & IV .CALL Paradox 2.0 ... 2798 Anchor 2400 ....... 145 Promelheus 240082 . 12 [l NEC Mulisyncl...... aing Mulsecay .

NEC Multisync + ....... 915 Wyse 650 VGA .

Enable 2.0 .. ..385 Project 4.0 . ; ' Avatex 1200 Ex .95 Prometheus 2400G ...... "

Foxbase PILS ........ 194 Q&A30... Kanhop (170G Cardinal 2400 Ext ... 139 Racal-Vadic 2400VP NER Wiy 81,2020 Wyl

Framework I ....... 419 Quatto . S Cardinal 2400 nt. .. 109 USR 2400E ..... HECEH 8 ... T Vi o U0

Harvard Graph 2.1 ...299 RiBase for OS2 ... Tglewdeo 9?5 Hayes 1200 ............ 279 USR Courier 2400 .. PGS Ultra Sync ... SR

Lotus 123 279 Sprint Visual, CIE, Link, Qume, Falco & Other Models . Hayes 2400 PGS UltraSync 16

Microsoft Excel-PC .. 289 Symphony ..... MICE Migent Pocke .. SCANNERS

Microsoft WOrkS .........95 Top for DOS . .68 Microsoft w! paint ....... Multitech 224 EH .....388 Ven-Tel 18000 Datacopy Jetreader ...545 Panasonic 505 ........969

Microsoft Word 4.0 ..... 209 Ventura Publisher ...... .92 Microsoft wiwindows .. 1291 Multitech 224 EC ..... 305 Zoom 2400 HC Logitec Scam Man ... 191 PGS LS-300+ OCR .. 965
Multimate Advan. Il ... 252 WordPerfect 5.0 .......... - 788 Case, Packard Bell, UDS, Other Models AST, HP, Taxan, PC Hand Scanner .... ...Call

Mail Address: 4207 S. 37th Street - Dept B2 - Phoenix, AZ 85040. HOURS: FRI 7 AM-6 PM. SAT: 9 AM-2 PM. P y reflect cash discounts and are subject to change
without notice. We do not guarantee compatibility. DOA's are repaired or replaced, please call for a RMA. Major credit cards and selected PO’s are accepted.

INTERNATIONAL SALES (602)437-4855 - FAX (602)437-9685 - CUSTOMER SERVICE (602)437-4856.

PCI-286-12 MONO SYSTEM GAS PLASMA 286-12 _ _ _ $2295
+80286-12 +"¢iMono Montor + 80286-12 CPU
+1.2 MB Floppy Drive * 20 MB Hard Disk . SI=133
+ 640K RAM $1195 . - 3," FD 1.44 MB
« Serial / Parallel / Game VGA COLOR SYSTEM . g * 20 MB HD ST-138
« 101-Key Enhanced Key Board * WVGA Card & Monitor RS * LCD Screen (640 X 400)
Sl =13.3 (1 Wait) » 20 MB Hard Disk PCIl-386-16 + /O Card Parallel/Seria/Game
Sl = 15.2 (0 Wait $100 Option) $1795 « W/40 MB HD * 640K RAM
+6/12 MHz Key Board Switchable EGA COLOR SYSTEM $2395
* WA2 HD & FD Controller « W/EGA Card + Monitor I 5 GAS PLASMA 286-16 L $2495
* 80287 SOCKET « 20 MB Hard Disk PCI-386-20 « CPU 80286-16
» 200W POWER SUPPLY $1 580 $2695 . Sl=18

LCD-286-10 PORTABLE _ _ _ $1595.00 CRT-PORTABLE-286 _ _ _ $1389
* 10 MHZ 80286 Sl =10.3 « Compaq Type
* 12 MHZ SI = 13.3 (Option $50.00) 80286 (10 MHz or 12 MHz)
+16 MHZ Sl = 18 (Option $250.00) » 12 MHz Sl =13.3 (Option $50.)
* 640K RAM = 16 MHz Sl =18 (Option $250)
» LCD Screen 640 X 200 = One 1.2 MB Floppy Drive
(Option 640 X 400 $180.00) = 200 W Power Supply
» Super Twist & Back Lighting LCD-386-16 $2795.00 « TTL Disply 9" Amber
» 86 Key Board . 80386-16 MHZ * AT Key Board

" = Serial / Parallel / Game
v MO aed Dl « WA2 HD & FD Controller

* 80387 Socket : w §
. Hard Disk i
LCD-386-20 _ _ _ $3095.00 s Saig

= 80386-20 MHZ
B ek O CRT-386-16  §2505 ~ CRT-386-20  $2805

» 80387 Socket

« External / Parallel / Game
* 1.2 MB Floppy drive

= 20 MB Hard Disk

+ 80287 Socket

+ 200 W Power Supply

« Side 15 %" X 9 /" X 8"
*23LBS

PACIFIC COMPUTER (818) 571-554NS éTe;:hnicaI support)
702 S. Del Mar Ave., #B, (800) 421-1102 (IN CA) oppER ONLY Mon - Sat
San Gabrief, Caal:for:ela 91776 (800) 346-7207 (OUT CA) 9:00 AM - 6:00 PM @

(FAX) 818-286-8662 *ALL SYSTEMS COME WITH ONE YEAR PARTS & LABOR WARRANTY

Circle 173 on Reader Service Card (DEALERS: 174) FEBRUARY 1989 « BYTE 323


http:As.SOOl'lt.on

This could be the most productive
phone number you call today. Toll free.

1S800)531-5369

(Or, if you prefer to FAX your order—1 (512) 344-2985.)

*1299.%

This complete TrippLite®

Series offers reliable

battery back-up at

an extremely
low price.

TrippLite® Battery Back-Ups
Protect your equipment and data by providing safe shut down time
for your computer systems and other sensitive equip-
ment during black or brown-outs. Data loss from one ¢ 5 99 -00
black-out can cost you hundreds, if not f o
thousands of dollars. 00
These units feature AC line $299. ‘]
spike and noise suppres- ;
sors, status indicator
lights and heavy gel-
cell batteries—a regu-
lated battery charger :
automatically restores ;~ 5!
battery to full charge Bzcooz_&?
when AC power returns.

BC-750 SC-BC-2000
750-W 2000-W

TrippLite® Voltage Regulator —
Line Conditioners
*199.%

S aca

LC-1200  LC-1800

TrippLite® Line Stabilizer/Conditioners automatically
adjust varying input voltage to provide full voltage support
during a low voltage condition while suppressing spikes and
line noise.

Cable Assemblies

This st
ding up 0% Meta capy;
comas P o tig 7, Cabinet js
;upplf af,%’"ﬁéete w,e,;g’gn hard?gg?(béepf han.
o) 13%’”"&/’)’?5%%3" onin
8"D

i

PC/AT Parallel DB-25 - 25 Line Cables
Printer Cables Male-Male

Stock # Len%th Price Stock # Length  Price
PPC301-6 6ft. §6.95 25MM-6 6ft. $ 6.95 These 1,

-10 10 ft. 7.95 25MM-10 10ft.  7.95 You to shar Ty Metal e
PPC301-15 15ft.  11.95 25MM-25 25ft.  17.95 Degphe,a/ e compyreal SWitchpy
PPC301-25 25ft.  17.95 25MM-50 s0ft.  33.95 W QOld-plaras qu'ck@ any Printers <o alloy,
PPC301GRA___6ft__12.95 25MM-100  100ft. 62.95 ff fecteq 7 Contacts%d easil, 7200 othey

ar h
POPULARCABLES  DB-25 - 25 Line Cables ® EMLREy e
Stock#  Description Price Male-Female
MEC-6 Monitor Ext. $5.95 Stock # Length  Price
KEC-6 Keyboard Ext. 3.95 25MF-6 6ft. § 6.95

ACPC-03  Power Adapter 4.95 25MF-10 joft.  7.95

ATM-6  ATModemCable  5.95 2omr2o gy L=
ca\ Other cables available 25MF-100 100 ft. 62:95

Altex Electronics, Inc.

“Your Electronics Supply House”

TERMS: Minimum order $10.00. We accept Mastercard, Visa, and American
Express at no additional charge. For C.0.D. orders, add $2.20. For orders
under $100.00, add $3.00 handling and actual UPS shipping charges. For
orders over $100.00, we pay handling charge—you pay actual UPS shipping
charges plus insurance. Purchase orders accepted from approved accounts.
All returns require an RMA# and are subject to a restocking fee. Texas resi-
dents add 7.5% sales tax. Prices subject to change and we are not responsi-
ble for typographical errors.

Store Hours: 8:00-6:00 M-F, 10:00-2:00 SAT CST
10731 Gulfdale, San Antonio, Texas 78216
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DYNAMIC RAMS
SIMM s0100  $CALL
1MBIT 0s  $33.00
51425610 $37.00
41 464 150ns $1 450
41256 120ns $1195

V¥ 41256 1s0ns
51258 woons  $12.25

l/ 4164 150ns

* For high-speed, Zip, Picc, Sim ...... Please Call |

L) E PROMS
27C101  250ns
27C512  200ns
27512 250ns
27C256  250ns
250ns
250ns
200ns
250ns.

120ns
150ns

15358 Valley Blvd. City of Industry,CA 91746 Tel:818-369-2688
ORDER TOLL FREE Fri 85 P&g
(800! 892.8889 - 3800) 882-8181
CALL FOR CURRENT PRICES & VOLUME mscoums

MasterCarg\Visa acd 3%, Prices o sudloct 1o change.
Mhmnmsmoo smwrgsnmups@msﬁw Alr$7.00 (1 Ib)
ALL MERCHANDISE IS D WITH PROMPT DELIVERY.

Cinjle 106 on Reader Service Card

GANG/SET P
(EJEPROM, 1532
MULTIPROGRAMMERS "

* Model 135 is a SET Programmer, GANG Duplicator,
& UNIVERSAL Device Programmer.

* Programs virtually all 24, 28, & 32-pin (E)PROMs.

* RAM expandable to 2MegaByte.

* Optional support for 40-pin EPROMs, Bipolar PROMs,
40-pin Micros, & (E)PLD/GAL/FPLA's.

* DATA 1/0* protocal compatibility.

* 18-Month WARRANTY & 12-Month FREE Device
Updates.

1-800-523-1565

In Florida: 1-407-994-3520

® BYTEK Corporation
H 508 NW. 77 Street, Boca Raton, FL 33487
FAX: (407) 994-3615 Telex: 4998369 BYTEK

*(U.S. Prices only)  *DATA 1/0 is a registered Trademark of DATA 1/0

Circle 43 on Reader Service Card

of practical real-time experience
to over 600 installations world-wide.
This real time
MULTITASKING KERNEL
simplifies real life
product development

No royalties @ * Dynamic memory
Fuli source cede included allocation

* C interface * Event Manager

N Manager

* Resource Manager

* Bulfer Manager

Intertask messages
Terminal Handler

AMX 68000 operates on any 68000/10/20 system
Manual only sisus Ak KADAK Products Ltd.
AK Heous ?DE 1847 W Broadway
& —_ 1 1 -
Options — ask forprice list, {0 ver, B.C. Canada V6J 1Y5

(Shipping/handling extra) Telex 04-55670
Atz meutatle for 8080, 280,
8085/186/266.

Fax: (604) 734-8114
Telepheone (604) 734-2796 ‘
Circle 120 on Reader Service Card

FREE CATALOG

RS-232C INTERFACE & MONITORING

WRITE or CALL for YOUR FREE
COMPREHENSIVEB & B
ELECTRONICS CATALOG TODAY!
Pages and pages of photographs
and illustrated, descriptive text
for B&B's complete line of RS-
232 converters, RS-422 con-
verters, current loop convert-

ers, adapters, break-out box-

es, data switches, data split-

ters, short haul modems,

surge protectors, and much,
much more. Most products meet
rCC Paln 15J. Your R§-232 needs
for quality, service and competitive
prices will be more than met by B&B TODAY & SAVEI
ELECTRONICS. Manufacturer to you, no mid-

dleman! Money-back guarantee! Same-day

shipment! One-year warranty on products!

Technical support is available.

Write For Your FREE Catalog Today!

B: electronics

MANUFACTURING COMPANY

4002B Baker Road, P0. Box 1040 « Ottawa, IL 61350

Phone: 815-434-0846

Circle 28 on Reader Service Card

I not only a
printer buffer |

DCB THIS IS THE MOST SOPHISTICATED
PRINTER BUFFER - MULTIPLEXOR - SWITCH

WITH TWO SEPARATE INPUTS (SERIAL AND PARALLBL) AND
TWO SEPARATE OUTPUTS (SERIAL AND PARALLEL) CAN BE
USED LIKR STANDARD BUFFER WITH ANY INPUT TO ANY
OUTPUT BUT ALSO YOU CAN CONNRCT 2 COMPUTERS TO
PRINTER, OR 1 COMPUTER TO 2 PRINTERS, OR 2 COMPUTERS
AND 2 PRINTERS.. AND MORE = { COMPUTER TO 3 PRINTERS
OR 3 COMPUTERS TO 1 PRINTER

HIGH CAPACITY - 64 KB TO 266 KB AND - 266 KB TO | MB
(MODELS A AND B) PAUSE, COPY AND RESBT FUNCTIONS
SBRIAL PORTS WITH 7 OR 3 BITS WORD LENGTH, 1 OR 2 STOP
BIT, PARITY, XON/XOFF, DTR, RTS

DOB-A-64K § 195 DCB-B-256K ¢ 255 ]
{*) Power supply and parsllel cablos sre included

ALSO, WB HAVE THE MOST COMPLETE DATA CONVERTER
UNIT._CONVERTS RS232 SERIAL TO CENTRONICS PARALLEL
OR VICE VERSA, JUST BY MOVING JUMPERS BAUD RATE AND

PROTOCOL FULLY PROGRAMABLE FROM 150 TO 19200 BAUDS
INOLUDRBS : DTR, RTS, XON/XOFF, PARITY, otc

pey $80 " e Lo
(**) Pover supply snd cables NOT included | “™*%°*% &
Egﬂ serialOparallel

DCU  bi—directional converter

INTECTRA Ine.-Dept.232

2629 TERMINAL BLVD
MOUNTAIN VIEW-CA-94043

TAPE SYSTEM

FOR IBM PC/XT/AT

« Mainframe to PC Data Transfer

« High Speed Backup

« All Software, Complete System

« Service and Support, easy
Installation

call (818) 343-6505 or write to:
Contech Computer Corp.
P.0.Box 153 Tarzana, Calif. 91356

CONTECH

Circle 65 on Reader Service Card

Circle 77 on Reader Service Card

2-4box 5-9box 10+box

2 158 159 f55
i 37% 37° 36

1 MAC-PAC-50 “NO LABEL”

2 (50) (100) (400)

sivote 115 1.12.. 1.09..
DOUBLE 1.27ca 1.2293 l.lgea

0id Rokadia Delaware 1:800- 4&1 1849
O

BOX 10247, WILMING!

Oklahoma 1-800:654. 4058

Ejoﬂﬂg_tow. 'BOX 1674, BETHANY, OK. 73008

Nevada 1-800- 621 6 221
TELEX-4933362

PO.BOX 12396, LAS VEGAS, NV. 89112
BASF ‘
7

FAX 405-495-4598
© BASF
A /]

1 7 PACKAGED 10 PER BOX
/4 2Boxes 5Boxes 10Boxes

y 14
DENSITY 98—0 gﬁg 93-5'

mep  JJ6OJ 133 |12
mr20 [420 3% |330
we w365 35 35t

019 Reiiavie Delaware 1:800-451- 1849

BOX 10247, WILMINGTON. DE. 191

Oklahorna 1-800-654- 4058

tOﬂV\g—ﬁOﬂ (age,1,800: 6216

PO.BOX 12396, LAS vEGAs NV. 89112

Nevada 1:800- 6. 6221
TELEX#4933362 FAX#405-495-4598

maxeil.

OPTICAL DISKS CALL

Packed 10/Box 2 Box 5Box_10Box
5! mp-2D 6% 67 6%
4 mp-2HD 129125 |]%

|7, MF1DD - 265 1245 |22
5% wraop - 560 |59 |52
weanp - 3700 365 35%

8” 4 FD1-1200~ 19% |90 gt
FD2-1200~ 2365 2275 2|80
Ol Reisable Delaware 1:800-451- 1849
10247, WILMINGTON, DE. 19¢
D Oklahoma 1 800-654 4058
1674, BETHANY, OK,

Ieket o v L0021
TELEX #4933362 FAX#405-495-4598

Minimum order $2000 “No Surchar ge onVisa
MasterCard” COD orders add $329. Surface

Shipping UPS add $399 per 100 for 32'or 514
add $400 per 100 for 8" U.S. Mail delivery add
9%."Prices subject to change without Notice”
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LA COMPUTER CORPORATION

A California Corporation

213-328-9294 800-888-9294 213-328-1758
INSIDE CALIFORNIA OUTSIDE CALIFORNIA FAX
LACC COMMITMENT TO EXCELLENCE LACC
THE VECTOR XT TURBO THE VECTOR (286-10) THE VECTOR (386) 6/16 MHz

4.77 to 10 MHz * 256 to 640k
150 Power Supply AT Style Keyboard
1 Drive with cont. ¢ AT Case Turbo Switch

$429

80286 © 640k * Up to 1 Meg ¢ 1.2 Meg
Floppy AT KB e Floppy and Hard Controller
200 Watt Power Supply

$899

INTEL 80386 ¢ 1Mb RAM
Expand to 4Mb RAM e 1.2 Meg. Floppy
Par., Ser., Clock, Calendar
200 Watt Power Supply ¢ AT Keyboard

$2289

with Monochrome with color with 30 Meg. with 30 Meg. wit'r\\A4O r\:leg. withh400(l)\llleg.
with Monochrome with color with Monochrome wit lor
S ik $1395 $1609 $2699 $2899
BLOW OUT SPECIALS

NEC EFL360

Letter Quality Printer
22 CPS Daisywheel

XT Compatible Case

NEC Multisync 11-569
Monitor

O By Wy While they last LACC - MonoCard wipar $49
LACC - 1200B InternalMon.
retaiL $545 ony $149 $24 with Software $56
Zenith 1490 Fiat $569
AST PREMIUM/286 COMPAQ IBM

PC MAGAZINE ED'S CHOICE

Prices to Low to List

NI B0 vy - 4 o ow 35053 68 A b G E {4 Call
Model 140 . ... ..o, $2359 Desk Pro 286 * 12 MHz * 40 Meg. . .$2395 M°de: i S Call
Model 120 . ... ..., 2099 Portable Il Model 2/4. ... .. .. ... 1995/2599 mwe 50 * 20 meg. w/monitor ... . ... $2875
Model 170 . ... ..o 2699 Portable 386 © 40 Meg. ............ 5599 Mg:: gg : ﬁ Mg- wimonitor ... ... $3égﬁ
ALL SYSTEMS COME WITH A ONE YEAR WARRANTY
AND OUR 15 DAY MONEY BACK EXCHANGE POLICY
HARDWARE SPECIALS SOFTWARE SPECIALS
SO0 STAREIIONEY. ., n1.0.5 50,09 5055000, 00 05 0.5, O . 0 5 BB A B BB $589 Lotus123..................... Norton Utilities . .. .................. $ 48
Segate ST238 30mb W/CONIONEr . . .............oviviieirenninierinsionensans 250 Micro SoftWord. ............... 199 Micro Soft Flight Simulator . ............ 29
Segate ST 225 with Controller (20 Meg. Hard Disk) . .......................... .239  Word Perfect .. .................. 195 DBase3Plus ..................... 375
Parasonic TOBTT (MOUBL ) ... v vis s smigision s s sus e e &4 6 a0 55 6 169  Word Star Pro:- BBl s s cosummies wsaesasd 219 Croeslalk M oo e B s s B i
ISaN_|r_rE\sLL1rllg EGA3QG ........................................................ 349 PrintShop.......................33 FastBack..........................
EMOOBIEE NI i i 1wt e o A1 48 Y6556 I35 51 A, 5 5T 455
Hyes 1500 8 oy S 1710 "WE WILL MA TCH OR BEAT
A{rrfse:(l‘hgo&ﬂor 410 Amber or White
A 7 T
e e RS ANY ADVERTISED PRICE
e, 15 111, o T
RS Lazer ot Mesr: . crmis i, e b a0 5000 SN e T O 5 R S PN S Lt
HERE ARE SOME OF THE LOW PRICES YOU'LL FIND AT OUR STORE
MODEMS PRINTERS MEMORY CHIPS/MEMORY BOARDS
EVEREX PANASONIC 1080I (140 CPS 80 Col) $159  INTEL 8087-2 .$144
10921 (240 CPS 80 Col) . X 269 80873 101
HAYES 1524 (24 PIN 132 Col) vee...Cal 802876 LA
1582 (132 Col 180 CPS) .. ... .39 802878 244
3131 Letter Quality ....... ..Cal 80287-10. . . . .
EPSON toem(g gg) dsg‘ E_Ps NLQ 80387 (gga! rgiz%w\ sis"
us RoBOTICS LG os0 0 o ¢ % 4, PR i
LQ-950 (264 cps d.m)— PS(PC) M ;
VOLKSMODEM L02550—(32°4pscps)n—‘ );9%6\1; sg P(;)c Pluu.?slmwr?h'ogﬂ( .
FXB00 - (300 cps) 54 opsin (NLQ) % Qv %, EVEREX  Multi Baard Exp. to 2 Meg.
FX2866{240 cps) 48 cps (INLQ) ‘9(\‘ %< 64K (9 Chips) 150 NS ... ... . ... ..
FX-850 (264 cps) ©50.% 256K (9 Chips) 150 NS ... ... .
TEAC  55BY: Ht. 360 DS/DI FX1050- ) (o >
l/'aam ! LX800 - $199 06‘ 5
TANDON 1002 DD . MONITORS il HARD DRIVES
BM % H. . BIMSUNG: (FIL 1252 FlakiSoreen | Mono I8 SEGATES 20 MB % HD (ST225 $265
* LACC MONOCIIONAG. :...::ois0 s riginains wiaiin e ..69 2 MB '/: H (S(TZSB) ) %9
AMDEK ?é%(b;gk e - ..% - LS . B30
30 Meg. ATSAT . rii...329
SONY EGA Multiscan CPD 1302 ... ... .......Call TSA1
(Requires EGA or Cornpact Card) 70 Meg. Miniscribe . ... ....... .Call
HERCULES 160 PAKARD BELL TTL Monochrome ........... .69 FAXES
HERCULES mmg WaW. Par. Port - Too Man ltems to list. Brother FAX 100, ... o ..cal
ar Pot . Brother FAX 150 . . "
EVEREX EGA ........... ... 000 Please call for information. gmmrﬁgigggx o 1%
OKIDATA COMPUTERS s -
182 Pus . . B PTG LR B [ ik sowa et : _'0223191 Apple Products Available Give yourself the advantages
ML BRORIOOBET .o i msmssst mm s 51 i Call Macintosh — Image Writers of a Personal Computer.

Plus More! — Call for current prices! Let us help you start or
complete your system.

LA COMPUTER CORPORATION A California Corporation 3701 Inglewood Avenue, Suite 161 » Redondo Beach, CA 90278-1110

P.O.'s accepted from qualified companies, institutions and schools we accept VISA, MasterCard Shipping: UPS, US Mail, Fed. Express, Emery, Other « OPEN MONDAY THRU FRIDAY
7 am to 6 pm — SAT. 8 am to 2 pm

326 BYTE » FEBRUARY 1989 Circle 124 on Reader Service Card (DEALERS: 125)



LOW-LOW-LOW
[ L e $1650
LA e e $1355

comeae &\ ACER
—=FEVEREX AST & other

XT/AT Compatibles & 386 Computers
CALL for LOW PRICES

Gov't, Corporate, Schools, Dealers,
& Export INQUIRIES WELCOME.

SURAR inc.

44862 Osgood Road, FREMONT, CA 94539
PH: (415) 651-5101 FAX: (415) 651-5241
1-800-543-1001
VISA, Master Card accepted. w/se

Circle 224 on Reader Service Card

System 1800

Basic System $899

(MADE IN US.A.

with quality)

« intel 80286 CPU

 Fulty compatibie with IBM AT

* &8 MHz selectable, 8 siots

* 512K on 1M mather board

+ 195 watt powsr supply
110220

+ ClockiCalen , Everex
HOIFD cont

* FCC class 8" approvod

! + 48 Hour factory high tomp

dynamic burn-in

+12 MEG Teac Dr, AT

« Runs Autocad, Lotus, Xonix
Novell, all prep Software
+ 200 pages of documentation
(written in USA)

B d

;'.':':'n'.}\':'-"‘:‘:|;|‘ \ « 80287 CO-Processor socket

LA « 80000 urits nstatied with
: JOOEREEER . cusiom report 00 fia
i * Mado in USA
with 1 year warranty

Mono Sys. (Basic Sys + Evergraghes 132 col wipp, 14" Everex Flat Mon) Special $99
EGA Sys (Basc Sys + Everex EGA card o 14" Eversx EGA [ 31mm| Mon )
Super EGA Sys. (Basic Sys. + Everex EGA card 4 NEC VNanao BOGO | 31mm] Mon )
System 1800 10MHz ‘286 0 wat 512K, 25, IP, KB, Base system
System 1700 Y2MHz 286 0 wat | meg RAM, KB Base system
System 3000 16MHz 386" 0 wa, 1 meg, KB, Base system
System 30000 20M¥z ‘386' 0 wad 1 meg. KB Base system

Full Line of Everex Products Avaitable
PEC 286 16/12110 System 1600XT 10 MHz, 256K
Model PEC 286/10MMz. 512K $ 825 System 1600AXT 120MMHz, 256K
Mode! PEC 286/12MHz. 512K $ 8% New! Paradise VGA Plus 16 bt
Model PEC 28616 MHZ2, 512K $1095 VGA Monitor (Special)
Schwab Commer Center
“The Everex Store™ verex Corp. VAR
3202 EI Camino Roal, Santa Clara, CA 95051
408-2411210 Fax ¥ 4082411279
Dally UPS M-F 10-7, SAT 11-4
Prices change without notice

Circle 205 on Reader Service Card

DG24 * 24 line digital VO; 10 MHz 8255.

AD500 * 8 channel 12-bit (plus sign) integrating A/D; prog.
gains of 1, 10 & 100; 7 digital VO lines. $239
AD100 * Single channel version of AD500: 10 digital IO
lines. Same programmable gains. 700 meg input Z.  $149
AD1000 * 8 channel 12-bit A/D; 25 u$; sample & hold; 3 5
MHz timer/counters; 24 digital VO lines. $295
ADA300 * 8 channel 8-bit 25 uS A/D; single D/A sample &
hold; 24 digital VO lines. $239
AD200 * 4 channel 12-bit 125 uS A/D; 3 5 MHz timer/
counters; 24 digital IO lines. $239
DAG600 * Fast settling dual bipolar D/A. $179
PD200 * Prototype board w/ address decoder; manual  $99
All boards include BASIC, Pascal. C. and Forth drivers.

30 day return; 1 year warranty. Call for “Real World
Interfacing” application notes.

Real Time Devices, Inc.
P.O. Box 906 State College, PA 16804
(814) 234-8087

Circle 198 on Reader Service Card

6809

Single Board Computer

B

RAM; EPROM, feqi-ime «

‘timer, 44:pin 45" = 65" PCB

EXPANSION MODULES: RAM, EPROM, CMOS
RAM/battery, analog 1/0, serial /0,
parallel 1/0, counter/timer, IEEE-488,
EPROM programmer, floppy disks,
cassette, breadboard, keyboard/display.

Wintek Corp.
Lafayette, IN 47904
347-742:8428

Circle 250 on Reader Service Card

"“EXACT TERMINAL EMULATION
AND COMMUNICATIONS SOFTWARE"

® PRECISE EMULATION OF THE
DEC VT52, VT100, VT102, VT220

e EXPANSION MODULES FOR
OVER 40 EXACT EMULATIONS

e 9 FILE TRANSFER PROTOCOLS.

e EASY TO USE, QUICK TO
INSTALL, AND MUCH MORE

e |BM PC, XT, AT, PS/2

FOR INFORMATION 4077/i%

800/548-9777 (@91
f/ £ 4

SOFTRONICS
Circle 212 on Reader Service Card

303/593-9540
TELEX 450236

41256 - 06

41256 - 15
imgx1-10 .
imgx1-08

MATH CO - Pndc ESSORS

$98.00

$140.00
80287-08 . . .. $220.00
80287-10 . . . . $270.00
80387-16 . . . . $360.00
80387-20 . . .. $510.00
80387 -25 . $620.00

CALL FOR LOWEST PRICES
1-800-2-SABINA
SABINA INETRNATIONAL, INC.

657 Brea Canyon Road Suite #4
Walnut, California 91789
(714)594-6336 - FAX (714)595-4008

PRICES SUBJECT TO CHANGE WITHOUT NOTICE

Circle 201 on Reader Service Card
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E(E)PROM, MICRO & MEMORY
CARD PROGRAMMER.....$345 - $595

@ No personality modules for E(E)Proms & Intel Micros.
@ All 24/28/32 pin EProms to 1 MBit (upgradeable to 32MB)
© 8741,-2,-4,-8,-8H,-9,-9H,-51,-C51,-52,-55, 9761. EEPROMS.
@ Memory Cards: Seiko/Epson, GI. Flash Eproms. On-board

Programming capability. Easy F/W upgrades. Modular design.
© Stand-alone E(E)Prom & Memory Card Duplication / Verify.
@ User fricndly menu - driven driver for IBM-PC & Macintosh.
@ Autobaud RS232 to any computer. Hex/Binary/Intel/Motorola.
© Built-in Eraser/Timer option ($50). Gang-Module ready.
o Direct technical support. Full 1 year warranty.

Call today for datasheets!

355 West Olive Ave, Sunnyvale, CA 94086

% B&C MICROSYSTEMS INC.
> | (408)730-5511 FAX: (408)730-2155 TLX: 984185

LOW COST
INTERFACE
CARDS FOR
PC/XT/AT

PC485D $95
[ RS 485/422 INTERFACE |

@ Mcets the  EIA RS-485 standard for multipoint bus
transmission and the EIA RS-422A standard.

® Can be configured as COM1 or COM2.

e Line terminators are jumper selectable.

® High speed dxffunn(mf drivers allow fast data transfer over
long cables{over 4,000 ft). Max. Baud ratc S6KB/115KB.

© Tri-state line drivers permit implementation of LANs.

o Two wire (half duplug operation. DBY or phonejack.

@ Sample communication software available. ($50)

PC488A $145
[IEEE - 488 INTERFACE]

e Includes INSTALLABLE DOS DEVICE DRIVERS
and software support for BASIC.

° ()Suonal langu: fc support for C, PASCAL,

TRAN and ASSEMBLY - $50

@ Sclectable base 1/0 address, IRQ and DMA.

e CONTROLLER/ TALKER/ LISTENER capability.

@ Customer support via dedicated 24 hours B&C Microsy-
stems BULLETIN BOARD.

@ Compatible with most IEEE-488 Software Packages for the
IBM-PC (c.g. ASYSTANT GPIB, Lotus Measure, etc.).

e Hardware compatible with N.I. GPIB - PCIIA.

PC4388B $345

[IEEE - 488 CARD WITH]
[BUILT-IN BUS ANALYZER]

e GPBASIC package complements IBM/Microsoft BASIC
interpreter and compiler 10 create a programming
environment similar to HP desktop computers.

e Additional librarics of over 20 high level 488 dedicated
functions for C, Pascal or Fortran available ($50 ea.).

@ Powerful menu-drlwn bus analyzer, which can runin
the foreground or in the background while 488 programs or
commands arc executed, features program stepping, break
points and real time bus data capture (4k circular buffer).

e Instant toggling between foreground and Analyzer screen.

@ Dipswitch sclectable Base Address, IRQ, DMA.

@ Talker/Listener/Controller capability. Based on TMS-991.

e NEC-7210 based version (NI PCIVIIA compatible) - § 445

MC/VISA/AMEX

Call today for datasheets!

355 West Olive Ave, Sunnyvale, CA 94086

% B&C MICROSYSTEMS INC.
(408)730-5511 FAX: (408)730-2155 TLX: 984185

v &
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PC Software aslow as $249

Thousands of IBM/Compatible Public Domain and Shareware Programs
Are Available from the Micro Star Library and at Incredibly Low Prices!
We feature the best and most up-to-date shareware available.

Our software is guaranteed against bugs, defects, viruses, etc.

And We Offer FREE Technical Support For Our Customers
ORDER TODAY on our TOLL FREE PHONE LINES © ORDERS SHIPPED OUT SAME OR NEXT DAY

4-9 Disks

ARCADE GAMES (106) Has
Kong. 3-D Pacman, Bricks,
Pango. (Requires color.)
BASIC GAMES (107) Pac-
man, Lunar Lander, Startrek,
Meteor, Breakout, and others.
CARD GAMES (109) Canasta,
hearts, draw poker & bridge.
STRIKER (1410) Defender-like
game. “Top Gun" in space.
FLIGHTMARE (112) Futuristic
fighter pilot game. (Requires
color graphics adapter.)
SLEUTH (417) Who done it?
DND (119) Like Dungeon
and Dragons.

ROUND 42 (120) Befter than
Space Invaders. 42 levels.
GAMES IN BASIC (124) Land-
er, biorhythms, desert, Phoe-
nix, Star Wars, others.

QUEST (152) Role playing
adventure fantasy game.
(Requires CGA.)

SPACE WAR (158) Dogfight in
outer space, using phasers,
photon torpedoes, etc.
BRIDGE PAL (171) Complete
game of contract bridge,
with tutorial.

FENIX (193) Just like the
famous arcade game.
PINBALL GAMES (197) Pin-
ball, Rain, Twilight Zone,
Wizard, etfc.

KID-GAMES (GAM8) Animals
math, clock game, alpha-
bet, etc.

CHESS (GAM?9) Incredible.
2D and 3D. Many levels. Play
back moves, store games.

n Ao X

1
EGA RISK (GAM11) World
domination in great color.
Includes EGA Asteroids.
PC PRO-GOLF (GAM27-28)
Great graphics. Complete
18 hole, 72 par course. (CGA)
PEARL HARBOR (GAM32)
Shoot down Jap Zeros before
they destroy U.S. Fleet. (CGA)
ULTIMA 21 DELUXE (GAM34)
Best Blackjack game around.
Includes Video Poker.
FORD SIMULATOR (GAM37)
Great driving simulation.
(CGA)

PIANOMAN 4.0 (301) Turn
your keyboard into a piano.
PC-MUSICIAN (302) Com-
pose, save, and play music.

WORD PROCESSING

PC-WRITE 3.0 (434, 435, 436)
(3 disks) Newest version!
Very popular and complete.
Includes spelling checker.
PC-TYPE+ (424-423) (3 disks)
Excellent. Includes mail
merge, 100,000 word spell-
ing checker. Interfaces with
PC-File +, PC-Stvle.

GRAPHICS
KEYDRAW CAD SYSTEM (1001,
1002, 1065) (3 disks) Popu-
lar. Also uses mouse. (Re-
quires color graphics - CGA.)

Mod1

1catio
ox & Fi

CURSOR MODE 10 1 m
SIDEWAYS (1007) Prints text
sideways. Useful for spread-
sheets.

SIMCGA/HGCIBM (1027,
1062) (2 disks) Use with Her-
cules graphics card/ com-
patibles to run programs
requiring CGA on your mono-
chrome PC.

IMAGE 3-D (1048) Create
and edit 3-D objects. Move,
scale, rotate and tip image.

FINGERPAINT (1050) Use key-
board or mouse to draw.

Like MacPaint. (Requires
CGA or EGA.)

DANCAD 3-D (1051, 1052) (2

disks) Create 3-D graphics.

Rotate, magnify, etc. Runs

on CGA, EGA, or Hercules.

§C1 PGBO

FANTASY (1057) Create flow-
ing graphic images with
mouse or keyboard. (CGA).

FLOWCHARTING (1078-1079)
Complete system for flow-
charts, organizational, elec-
trical, etc., with symbols.

THE BIBLE (3301-3306) (6
disks) Old Testament, King
James version.

THE BIBLE (3307-3308) (2
disks) New Testament, King
James version.

WORD WORKER (3309-3310)
(2 disks) Bible search pro-
gram. New Testament, King
James version.

BIBLEMEN (3330) Excellent
Bible quiz program.
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PC-PROFESSOR (1401) BASIC
tutorial. Good.

BASIC PROGRAM GENERA-
TOR (1402) The menu driven
way o write programs.
B-WINDOW (1407) Give win-
dowing capabilities to your
Basic program.

HOMEBASE (2608, 2612, 2613)
Complete desktop organ-
izer. Great!

PROFESSIONAL MASTERKEY
(2805) Like Norton’s. Retrieve
deleted files. A lifesaver.
BAKER'S DOZEN (2821) 13
utilities from Buttonware.
AUTOMENU (3003) Make PC
menu driven. Incl. passwords.
SCREEN (3006) Save your
monitor from screen burn-in,
DOT MATRIX FONTS (3061-
3062) (2 disks) Print your text
in different fonts. Works with
most printers,

ACCOUNTING/FINANCE
MARKET CGA (BUS17) Per-
forms sophisticated analysis
on stocks, funds, etc. (EGA
version is BUS16).
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BILLPOWER+ (BUS40) Bill cli-
ents for time and materials,
advances, retainers, etc.
Computes taxes, past due
interest, etc. Has full G/L.
CPA LEDGER (706-708) (3
disks) Complete general
ledger for corporations, part-
nerships or sole proprietors.
PERSONAL FINANCE MAN-
AGER (715) Household bud-
get manager. Keep track of
checking, savings, invest-
ments.

PAYROLL USA (725-726) Up to
2,000 employees in any state.
dBaselll and Lotus compati-
ble. Complete P/R system.
EXPRESS CHECK (786) Check
acount with running bal-
ance, monthly reports, etc.
Prints checks.

FINANCE MANAGER II (774-
775) (2 disks) For personal or
small business financial man-
agement.

DOS TUTORIAL (1301) Teaches
you to use DOS.

STILL RIVER SHELL (1304) Run
DOS commands from a
menu. Makes DOS easy.
BATCH FILE TUTORIAL (1305)
Utilize batch file processing.
MORE DOS TIPS (1318, 1323)
(2 disks) More about DOS.

HELP DOS (1326) On line
DOS help with menus. In-
cludes DOS dictionary of
ferms and a hints menu.

SPREADSHEETS

AS-EASY-AS (505) Great. In-
cludes screen help menus.
Utilizes function keys. A Lotus
clone that reads Lotus files.

PC-CALC+ (512-514) (3 disks)
Jim Button’s famous Lotus clone.

AMY'S FIRST PRIMER (248)
Children’s learning game
that teaches letters, numbers
and keyboard.

FUNNELS AND BUCKETS (201)
A fun way to learn math.
MATHPAK (202) Tutorial with
lessons in higher math.
PC-TOUCH (204) Learn typing.
BASIC TUTORIAL (208) Learn
programming with BASIC.
BEGINNING SPANISH (211)
Tutorial.

SPANISH Il (232) Sequel.
BIBLEQ (214) Learn the Bible
with this @-A tutorial.

FACTS 50 (239) Geography
lessons for U.S. Nice graphics.
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APPLICATIONS

FORM LETTERS (1907) Com-
monly used form letters and
business applications.
EZ-FORMS (1908) Make forms
to meet different needs.
MANAGER'S PLANNER (1920)
Daily planner. Prints out.
HOME INVENTORY (1966)
Track all your possessions.
BIORHYTHM (1990) Display
the 3 biological cycles: phys-
ical, emotional, intellectual.
FAMILY HISTORY (2203-2204)
(2 disks) Create files and
genealogical reports.

DR DATA LABEL (2327) Power-
ful mailing list program. Cus-
tomize labels fo size.

Incredibly
Low Prices

$2% eq.
410-19 Disks *2%° eaq.
20 or more $24° eq.

LOTTO PROPHET (2364) Best
Lotto program we've seen.
CITY DESK (2513) Simple
desktop publisher.

SPREADSHEET TEMPLATES

LOTUS MACROS (601) Save
hours of work. (Req. Lotus)
LOTUS SPREADSHEET TEM-
PLATES (602) Ready-made.
(Requires Lotus 1-2-3)
GOAL-SEEKER V3.5 (624)
Achieve ojectives by chang-
ing spreadsheet and seeing
result. (Requires Lotus.)
LOTUS TUTORIAL (630) Learn
Lotus (requires Lotus).

ADULTS ONLY

ADULTS ONLY (2901)
Animated. Req.§
CGA

MAXINE (2902) In-
credible. (CGA)

BAD-BAD (2904) Ad-
venture game.
ASTRO-(BLEEP) (2905) Arcade
game (CGA)

X-RATED COLOR SHOW (2915)
Beautiful girls. (CGA)
X-RATED PRINTSHOP (2909)
Graphics for Printshop.

TELECOMMUNICATIONS

Q-MODEM 3.1 (1101, 1102,
1144) (3 disks) Powerful but
eaqsy to use. Fast.

RBBS V46.1A (11071109, 1150)
(4 disks) Multi-user bulletin
board system.

PROCOM 2.42 (1112-1113)
(2disks) Hacker's delight. Re-
dial capability. Latest version.

SECURITY/HACKING
COPY PROTECTION | (1219)
Instructions for unprotecting
commercial software.

COPY PROTECTION Il (1220)
More software unprotect.
COPY PROTECTION Il (1221)
Additional software to unpro.
FLUSHOT (1225) Checks
software for viruses.

DATABASE PROGRAMS
PC-FILE dB (801, 805, 837) (3
disks) Newest version! Rated
better than dBase I+,
PC-GRAPH (802) Create
graphics from PC FILE.

FILE EXPRESS 4.0 (803-804)
Powerful system. Allows 32,000
records. Sorts up to 10 key
fields.

DBASE I11+ ROUTINES (851-
852) (2 disks) Latest utilities
to help you utilize dBase Il +

MiICRO STAR |

1105 SECOND ST. e ENCINITAS, CA 92024
HOURS: Monday - Saturday 7 AM - 5:00 PM, Pacific Time

TERMS: We accept MasterCard, VISA, Checks gollow 10 days to
clear), Money Orders, and COD (add

3" DISKS: 32" format add $1/disk.

SHIPPING & HANDLING: $3.50 (Total per order).

MAIL-IN ORDERS: Circle disk numbers, Include name & address.

4.00).

CALL TODAY FOR FREE CATALOG

800-444-1343 ... .:

FOREIGN: 619-436-0130

Circle 153 on Reader Service Card



9-'I'RACK TAPE SYSTEMS!

OVERLAND DATA IS THE EXPERT when it
comes to connecting your PC to the mainframe
and mini computer world.

* PC/XT/AT/386/PS2/compatibles

* 800, 1600, 3200, 6250 BPI

® Free tutorial on tape systems

° EBCDIC/ASCII conversion

® IBM & ANSI labeled tapes

¢ DOS, XENIX, UNIX, PICK

 Highest quality customer service

* Stock full range of tape drives

® Network backup and More!

Overland Data Inc.

5620 Kearny Mesa Rd. ® San Diego, CA 92111
Tel: (619) 571-5555 » FAX: (619) 571-0982

Circle 172 on Reader Service Card

g Sk

EPROM
PLD
MICRO
GANG
SET

PC based PROGRAMMER
$599.00*

*modules not included

From A Name You Can Trust

LOGICAL DEVICES, INC.
1201 N.W. 65th Place, Ft. Lauderdale, FL 33309

1-800-331-7766  (305) 974-0967
Telex 383142  Fax (305) 974-8531

Circle 129 on Reader Service Card
(DEALERS: 130)

PROMPT DELIVERY!!!
& SAME DAY SHIPPING (USUALLY)
QUANTITY ONE PRICES SHOWN for DEC. 13, 1988

OQUTSIDE OKLAHOMA: NO SALES TAX

DYNAMIC RAM
SIMM 1Mx9 80 ns $450.00
SIMM }** iMx9 85ns 390.00
SIMM 256Kx9 60 ns
1Mbit iMx1 100 ns
41256  256Kkx1 60 ns
41256  2s6kx1 100 ns
51258 +2s6kx1 100 ns
41256  256Kx1 120 ns
41264 + 6akx4 120 ns
EPROM

27C1000 128kx8 200 ns
27C512  sakxg 200 ns
27256 32Kkx8 150 ns
27128 16Kx8 250 ns

STATIC RAM
62256P-10 32kx8 100 ns
6264P-12 8Kx8 120 ns

OPEN 62 DAYS, 7:30 am-10 Pm: SHIP VIA FED-EX ON SAT.

WE EXPORT ONLY TO CANADA, GUAM, PUERTO RICO & VIRGIN ISLANDS

SAT DELIVERY | MasterCard/VISA or UPS CASH COD
INCLUDED ON Factory New, Prime Parts uPoo
meceneo v, | MICROPROCESSORS UNLIMITED INC.
o '‘eoria Ave.
i el S0 Heri e (918) 267-4961
Fr P1 SI05/1B] No minimum order. Piease rote that prices are subject 1o
change Shipping & & up 1o $1 for pa Orders received by

9 PM CST can usually be delivered the next morning, . via Federal Express Standard
Air (@ $6.00, o guaranteed next day Priority One @ $10.25!

Circle 152 on Reader Service Card

All Items In Stock \
100% Guaranteed
MC, VISA, COD Accepted
24 Hour Shipment
Call For Our Monthly Specials

3.5" DS/DD
H SONY 1.29
B DATASAFE 1.09
B TDK DS/HD 3.85
5.25" DS/HD
B TDK
B DATASAFE
5.25"” DS/DD
B MAXELL
B VERBATIM
E 3M
B DATASAFE
Prices based on 200 Disks
Includes Labels, Sleeves & Tabs
Smaller Quantities Available

nng 800-426-0247  rax
201-892-5655 201-892-6186

PRINCETON

0
Y
0
0
Y
-
)
W

\DISKETTE

\ 432 Macarthur Dr. B Brick, NJ 03729

Circle 181 on Reader Service Card

PALMERASE"

World’s Smallest UV Eraser

PALMERASE™ can erase 20, 24, 28, and
40pin EPROMs in less than 3 minutes! Also,
larger erasers are available to handle EPLDs,
MICROs and other UV erasable devices.
Please call today for more information on an
eraser that's right for you.

LOGICAL

DEVICES, INC.

1201 N.W. 65th Place, Ft. Lauderdale, FL 33309
1-800-331-7766« in Florida: (305) 974-0967

Circle 131 on Reader Service Card
(DEALERS: 132)

Satellite Communication

MICROSAT II

Expansion Board

IMMEDIATE
DELIVERY

* For IBM PC/XT/AT and compatible.
e Satellite data receiver - 9600 baud.
¢ Satellite bulletin board.
¢ Satellite video and

audio option - Add $200

PERSONAL SPACE COMMUNICATIONS

707 Johnson Road, Blaine WA 98230
(604)597-6298  TLX 04-508306 FAX (604)597-6214

Circle 179 on Reader Service Card

Circle 206 on Reader Service Card

Emergency

Power!

Even a “small” brownout can wipe
your valuable data clean. Voltage
spikes can burn out an entire CPU.
Protect your equipment and data
with a low-cost battery backup
system.

Battery Back-up Power Svstem
— Spike and Surge Protection
450-watt, 120V power system for up to

2 hrs. (at 80 watt) continuous use during a
complete black-out.

Model BC-450 49995

Line Stabilizer —
Voitage Regulation _
and Surge Suppression

1800 watt power output. Isobar® spike
and noise protection.

Model LC21800 $ 29900

TOLL FREE B o=

800-648-2626

(NY State 800-83241446 Ext. 242)

ELECTRONICS

260 Motor Pkwy, Hauppauge, NY 11788

ASK FOR FREE CATALOG Money orders, checks
accepted. Please add $15.00 per: item shipping and
handling: NYS residents add appropriate sales tax.
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PROGRAMMERS

PUT ONE UNIT
ON YOUR DESK TODAY!

; I".!J' . J s XELTEK
i

ULTIMATE PROGRAMMING & TESTING
SOLUTION FOR EPROM, PAL, BIPOLAR,
8748 & 8751 SERIES, IC & MEMORY.
UNIPRO --- Only $545 Complete

Optional 4-socket ADAPTOR
for multiple EPROM programming --- $99

EPROM PROGRAMMERS --- FROM
(1,4,8,16 Socket gang programmers) $160

o  XELTEK

High-speed, dedicated PROGRAMMERS
for PAL, BIPOLAR, 8748 Series, and
8751 Series, and IC & MEMORY
TESTERSs are also available.

Ask for PAL DESIGNING S/W
1. PALASM (MMI) 2. PLDesigner (MINC)
# 3. ORCAD PLD

e —

High Intensity ---from $59.90
EPROM ERASERS

OEM, DEALER INQUIRY WELCOME

XELTEK

473 SAPENA COURT, UNIT 24
SANTA CLARA, CA 95054
TEL.(408) 727-6995 FAX: (408) 727-6996

ORDER TOLL FREE

1-800-541-1975
VISA, MASTER, AMEX ACCEPTED
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COMMUNICATION BOAD
e Four Independent RS-232 Ports

e Flexible Interrupt/Address
Options

» Discounts Available

» For Models 50, 60, 80

1-800-553-1170

QUA TECH

INCORPORATED
478 E. Exchange St., Akron, OH 44304

TEL: (216) 434-3154 FAX: (216) 434-1409
TLX: 5101012726

Circle 186 on Reader Service Card

Communications Board

e For IBM PC/XT/A 3/2

e Dual channel RS-422/RS- 485
e Selectable/shareable interrupts
e Differential drivers to 4000 ft.
e Immediate delivery

1-800-553-1170
QUA TECH

INCORPORATED

Leaders in Communication Technology
478 E. Exchange St., Akron, OH 44304
(216) 434-3154 TLX: 5101012726

Circle 188 on Reader Service Card

BUY QUALITY
FOR LESS!

MAXELL

5v4" DS/DD 59¢
3%2" DS/DD 1.45

LIFETIME WARRANTY

Price based on quantity of 300 in bulk
includes Tyvek sleeves and label kits.

800-222-0490

In NJ 201-462-7628
FAX 201-462-5658

@® 24 Hour Shipment @

MEGASort)

.0. Box 710, Freehold, NJ 07728

Circle 145 on Reader Service Card

RS-422/232

CURRENT LOOP

DS-225
® Single channel async communi-
cation board for IBM PC/XT/AT
o Software selectable to be RS/
422/485, 232 or Current Loop
e Selectable Address & Interrupt

1-800-553-1170
QUA TECH

INCORPORATED

478 E. Exchange St., Akron, OH 44304
(216) 434-3154 TLX: 5101012726

Circle 187 on Reader Service Card

RS-232

FORPS/2

MODELS 50, 60, 80
e DCE/DTE Selectable
e Transfers to 19.2 K baud
e Address Selectable
e Interrupt Selectable

1-800-553-1170
G SuA TECH

INCORPORATED

478 E. Exchange St., Akron, OH 44304
TEL: (216) 434-3154 FAX: (216) 434-1409
TLX: 5101012726

Circle 189 on Reader Service Card

BUY QUALITY
FOR LESS!

DAL

5v," DS/DD D¢

100% CERTIFIED
LIFETIME WARRANTY

Price based on quantity of 250 in bulk
includes Tyvek sleeves and label kits.

800-222-0490

In NJ 201-462-7628
FAX 201-462-5658

® 24 HOUR SHIPMENT @

MEGASoft

P.O. Box 710, Freehold, NJ 07728
Full service duplication facility

Circle 146 on Reader Service Card



IBM COMPATIBLES REDUCED BY 20% to 40%
CAT 386 SYSTEM|  CAT™ 286-10  ou,.

e 12" Amber Monitor BASE SYSTEM

1.2 Meg Floppy Drive * 512K Exp. to 1 MEG = 200 Watt Power
* 1 Meg of Memory Supply e AT Style Keyboard

o Parallel, Serial & Clock * Western Digital Controller 1.2 Meg
o 70 Meg Hard Drive Floppy © Legal Bios w/manuals e Systems

Documentation © 1 yr war. ClockICalc

CAT™ 8MHZ

BASE SYSTEM
* 256K (Opt. 640K) 150 Watt Power
Supply AT Style Keyboard & Case
* 477 or 8 MHZ Keyboard Selectable

e sect mmim

© 8087 Socket e 360K Floppy Drive

11.3 NORTONS SL

L
N‘)“‘; 25"

s
mummtmummnmuuumuﬂn

* 1 Year Warranty l VALY, 16MHz s279900 * 10MHz DTK Molherbuard a;v Ex3yiyy g ‘,é -
Fv S .’. i ’.1.',',' ot St
339900 8 : aome: 5299900 379900 =
12" Mo?ggggerkMoni!or 640 x ?&TéglrérBMonuov 7" Mogg Hgl':?e? Monitor 12" h/%:ygrr:\bgrAJonilor 640 xo gl.)r(;%Nolgr ﬁﬁomtor 12" Moofmy?\mb%rAJonitor
Graphics Card wi/par port Graphics Card wi/par port Graphics Card w/par port Graphics Card w/par port Graphics Card w/par port Graphics Card w/par port
20 Meg Hard Drive 40 Meg Hard Drive
$51900 $69600 78800 94900 $1096% $1399¢00
intel COPROCESSORS &5 | | VIDEO CARDS o | &5 seagate HARD DRIVES ...,
80@ VIDEOVSEVEN . . ... . ... ...ttt 17900
i COMPLETE KITS
Usos the intel  Running at..  Need Intel Price | Everex EGA 640 x 350 Wipar. port. ... .. ... 16900 ST125 20Meg 40 Mil V2 Ht .. ............... _zggw
0 Everex VGA 640 x 400, 17 VGA Modes ............ 24900
8088 5MHz or less 8087 97 Everex PGA 640 x 480, 256/4096 Colors 62900 $T225 20Meg w/cont. & Cables. .................. 26900
8088 or 8086 8MHz or less 8087-2 14350 MEAD Monographics w/par port Hercules comp. ... .. 589 $T238 30Meg w/cont. & Cables. ............. . 29900
8086 10MHz or less 8087-1 20900 MEAD Color graphics w/par port Hercules comp. .. .. 5800 $T251 40Meg 2 HT 40 Mil w/software .. ... coe 3199
80286 6-8MHz 80287 15900 S$T251-1 40Meg, 28 Mil Sec.......... e sl 469%
80286 8-12MHz 80287-8 22900 ST277R 60MB 40 Mil 2 Ht ... 8 e ..48900
80286 10MHz or more  80287-10 2599 150 @gg&ﬁ%ﬂm&%g{ Reﬂalgelme!(tmns ST4026 20Meg Full Ht 40 Mil .. 27900
80386 16MHz 80387-16  387%0 200 Watt Power Supply Direct AT Replacement ______ 7gan $T4038 30Meg 40 Mil Full Ht .. ...30900
80386 20MHz 80387-20 54900 Dos 3.2 W/GW BasiC................... ...6900 ST4053 40MB 28 Mil Full Ht ........ .. ...51900
80386 25MHz 80387-25 68900 Everex Ram Expansion for AT or XT starting at. .. 5900 ST4096 80Meg Full HT w/software ........... .. . 64900
386SX 16MHz 80387-SX 42900 Mo Slot Glookey.s:oe v e o s mass 0 vy w550 .3900 EARtaL SONWATE. .00 oomniw vin wims pse 0, s e s 4900
MODEMS BY —===xVEREX" TAPE BACKUPS BY .~ CONTROLLERS BY
E\\:gﬁi Evergom ;2 ggg@%ﬂodb;')s Bgcom Sgﬂ:are . gg:: —=EVEREX*= WESTERN DIGITAL
- verCom 24 aud Int. Bitcom Software .1 40MB  Mini Cartridge, 1.8MB/min, XT ......35900 WX-1 8 Bit %2 Sized for XT . . 6900
EV-45 External 2400 Baud .. ........... 1999 | 40MB ini Gartridge. 3 6MB/min. AT 3500 | WA-2 16 Bt Full Sized Hard/FIoppy 11g00
For error correcting add $10.00 40MB  Streaming Cassette, 5SMB/min w/cont. ... .. .. 58900 WD-27X 8 Bit RLL V2 Size . . .. . 799
Hayes Compatible Major Manufacturers 60MB Streaming Cassette, SMB/min w/cont. . 64900 WAH 16 Bit Hard Drive Controller . ceeenn... 12000
1200 Baud Internal w/Software ................... 5900 60MB  Streaming 600A, 5MB/min w/Full cont. ... ... 84900 RA2 16 Bit RLL Hard/Floppy for AT .......... 1590
1200 Baud External fully Hayes Compatible ... .. .. .. ggao 125MB _ Streaming Cartridge, 5SMB/min w/Full cont. . 111990 MEAD Floppy Disk Controller for XT ... ............ 29%
2400 Baud Internal V2 card w/software . . . ..10900 Excell 60 Model 60/80 . ...................... .99900 MEAD 1.2 Meg & 360K Controller for XT ... 538
2400 Baud External Fully Hayes Compatible . .. ... ... 12900 Excell 125 Model 60/80 ....................... 126900 Cable Set for Hard Drive Only .. ... .. T
1 Year Warranty External Add 1959
"..f'snusume .77\ YOUR LOW PRICE LEADER Panasonic =CITIZEN
1252 12" Amber w/Tilt & Swivel Base . B 9“ 360K "2 Ht. PC Compatible — Mitsumi 6900 KXP10801 144CPS .....199 180D 180CPS 9 Pin 10" .179
1257 12" Amber Flat Screen 720 x 350 ... ... ..... §goo 1.2 Meg Mitsubishi Black Face .................. 7900 KXP10911 192CPS .....229 MSP40 ........... ... 379
1464 14" Color 640 x 200, 16 colors . ............. 23900 720K 3'%2" Drive w/5%" mounting ................ 8900 KXP10921 240CPS . . . .. 379 MSPAS ... convinasmaviisas 479
1453 14" EGA 640 x 350. 64 colors/.31 ........... 36900 1.44 Meg 32" Drive w/5%" mounting............. 11900 1692 214CPS 15" .. ... 499
CN4551 EGA 720%480. . .. .. ..o 4390 360K Tandon TM100-2 Full Ht. = R—— 8900 1595 288CPS 15" .. ...549 Parallel 6 ft. Cable
1BM CGA/VGAIPGAIEGA Multisync Compatible 160K Tandon TM100-1 Full Ht ................. 3900 1524 240CPS 24 pin . . .649 $1400

' SAVE UP TO 90% OFF RETAIL — All New 90 Day Warranty™** |
LETTER QUALITY PRINTER =,

DAISYWHEEL PRINTER MANUFACTURED BY C.ITOH Lery® <SS
Why pay $1149 for a C.Iltoh

STARWRITER™F-10

When our 40 cps letter quality daisywheel
printer from the same manufacturer is only g

. 256 x9 BONS.......
256 x 9 100NS...... .12

4164 150NS ........ 295 41256 100NS ........ 1278 256 x 9 120 NS . .
oo 4164 120NS......... 326 41256 80O NS......... 1375 1Meg x 9 120 NS
4164 100NS......... 345 4464 150 NS........ 159  1Meg x 9 100NS . . .. ..
ea 41256 150 NS . ..... .. 1145 1Meg x 1 120 NS ... 379 1Meg x 9 80NS.... ... 54
41256 120NS ........ 117 1Meg x 1 100 NS ... .39% 1Meg x 8 120NS......
OPTIONS STANDARD FEATURES STATIC BUSTER REAL

e 6 ft. Serial Cable .............. $ 1900 *40CPS e Acce_pts Paper to 15 inches ¢ Form Attached to the CRT face and keyboard, Static Buster

o Bidirectional Tractor . . . 744900 Length and Pitch Set from Conrol Panel works just like a sponge, dissipating static at a rated MICROSOFT

o Cut Sheet Feeder . ......... ... 19900 e Industry compatible ribbon, printwheels and 20,000 volts in less than two seconds. MOUSE

« Serial to Parallel Converter ... ... ggoo control commands e RS232 Serial Interface List 7990 Mead 1900

* In Port w/Bus Interface
« Includes Showpartners and Paintbrush
* Full IBM Compatible

10 MEG HARD DISK KIT
Includes Controller & Cables o
* '/, Height = 80 Msec A
New/Major Manufacturer © o
Mead 17900

800-654-7762

SALES: 7 a.m.-6 p.m. PST

1200 BAUD MODEM

s Hayes Compatible w/software

e Auto Answer / Auto Dial
e /2 Card Internal

List 9900 Mead 5499

AT STYLE / XT CASE

* 2 Bay Standard AT Style Case
* Keylock Power and Hard Drive LED's
List 19500 Mead 530¢

List 9990 Mead 2990

NO SURCHARGE FOR MC/VISA

TERMS:
MC © VISA = COD « CASH

FAX 702-294-1168

are Regrstered with thes re:

Iragemarks spective Co's  Prices Subyect 10 Chiange

“*RAM not include. All are new, 90 Day warranties
All RAM items subject to price change
All Products 90 Day Warranty unless stated otherwise

Circle 142 on Reader Service Card

“Offer exp. 2/28/89. Good on prepaid check orders for UPS ground shipping only

1000 Nevada Hwy. = Unit 101 < Boulder City, NV 83005

WE ALSO PURCHASE EXCESS INVENTORY — FAX LIST

702'294'0204 Purchase Orders from Qualified Firms
: Personal Checks » AE add 4%
GUSTOMER SCRILE:/ OHOL . SINTLSS 20% Restocking Fee on Non-Defective Returns
9 a.m.-4 p.m. PST

= &

SHIPPING: (min. 6%%) UPS
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74 A-BUS VEWS

lthough affordable, powerful and easy to use, the A-BUS 1/0 system until
REMOTE DATA A recen%y had a major limitation: it had to be located close to the controlling
ACQUISITION AND computer. Now two new serial adapters from Alpha Products have
CONTROL removed this restriction. Any computer w:t% an RS232 port can control the
A-BUS line of data acquisition and control cards.
Using standard telephone type cable, the A-BUS system can be located up to
500 feet away from the computer. With the addition of a Modem the A-BUS
system can be controlled from anywhere. As with all A-BUS cards, the adapters

are easily installed and are programmed using standard commanas.

NEW SERIAL esides implementining a full A-BUS on a serial port, the low cost SP-127
B A-BUS Serial Processor fills a great need in remote aata acquisition. It
PROCESSOR includes a complete BASIC interpreter and can run programs indepen-
HAS BRAIN dently of the host computer. This distributed processing relieves the host of
housekeeping chores and low level decision making. The SP-127 can read and
log data at set intervals for later reviewing or recalling at the host's convenience.
r The Serial Processor, which communicates with any computer through an AS232
port, includes a complete BASIC interpreter and 32K of memory. Adding a
Modem turns the SP-127 into a automated remote data and control station.

N

THE A-BUS nique features such as the new "Serial Nodes" greatly expand the
ON NETWORK U usefulness of the A-BUS. These inexpensive ($49) devices provide the
ability to connect up to 16 complete A-BUS systems to a single serial port
on any computer. The node also functions as a repeater to increase the reach of

i+ s the adapter beyond the 500 foot limit
Y The nodes work in conjunction with the company's SA-129 Serial A-BUS
’ Adapter. Plant-wide data collection and control will become widespread thanks
to the system's low cost, outstanding capabilities, and ease of use.

ADVANCE IN eeking new heights in motion control and robotics, Alpha's Smart Quad
s Stepper Controller outperforms systems costing 5-10 times more. This
MOTION $299 board includes a multitasking microprocessor capable of controlling
CONTROL 4 stepper motors simultaneously at speeds up to 1000 steps per second. Four
Axis positioning is perfect for robot arms, positioners, pick and place, etc.
Commands are intuitive; plain English words and a forgiving syntax make it easy
to write (and edit) command sequences. Scaling factors allow for meaningful
units of your choice, and 32 bit floating point arithmetic ensures accurate
calculations. The "learn” feature involves storing a series of movements so that
even a complex sequence can be repeated easily. Ajpha's engineers thoughtfully
included direct drivers for small motors, and a variety of inputs (limit switches,
remote keypad, panic button, etc.). o
An SC-149 can be set up quickly and easily, minimizing development time and
allowing more effort to be devoted to the rest of the robotic project.

Y ALPHA [Froducis

,,,,,,,,,,,,,,,,,,,, (203) 656-1806
Circle 12 on Reader Service Card
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NEW: REMOTE A-BUSI Use the new Serial (RS-232) Adapter or
Processor to control any A-BUS system. Cards can be up to 500 ft
away using phone type cable, or off premises using a modem. Call or
send for the new A-BUS Catalog which covers all the products.

Important

A-BUS //AGIGC

Classroom fo advanced industrial applications.

Be a Wizard in your Lab, Factory, College, Home...

It used to be difficuft and costly to do process control, robotics, data
acquisition, monitoring and sensing with your computer. Now the
low-cost A-BUS system makes it easy to do aimost any project you
can imagine.

Versatility. A-BUS cards handle most interfacing, from on/off
switching, to reading temperatures, to moving robot arms, to
counting events, to sensing switches...

Adaptability. The A-BUS is modular, allowing expansion well
beyond your needs. It works with almost any computer, or even as a
remote data station with the new serial adapters.

Simplicity. You can start using the A-BUS in minutes. t's
easy to connect, and software is a breeze to write in any language.

Reliability. Careful design and rugged construction make the
A-BUS the first choice in specialized /0.

An A-BUS system consists of: = An A-BUS adapter plugged
into your computer = A cable to connect the adapter to 1 or 2
A-BUS function cards. = The same cable will also fit an A-BUS
Motherboard for expansion to up to 25 cards in any combination.

About Alpha Products

All A-BUS Systems: ¢ Come assembled and tested ¢ Include detailed manuals with schematics
and programming examples 4 Can be used with almost any language (BASIC, Pascal, C,
assembler, etc.) using simple *IN* and "OUT" commands (PEEK and POKE on some computers)
4 Can grow to 25 cards (in any combination) per adapter ¢ Provide jumper selectable addressing
on each card ¢ Require a single low cost unregulated 12V power supply ¢ Are usually shipped

Founded in 1976 for the purpose of developing low cost /O devices for personal computers, Alpha
has grown to serve over 70000 customers in over 60 countries. A-BUS users include many of the
Fortune 500 (IBM, Hewlett-Packard, Tandy, Bell Labs, GM...) as well as most major universities.
A-BUS products are U.S. designed, U.S. built, and serviced worldwide.

Overseas distributors: England: Caldy Science Assoc. Lid., Merseyside, 051 342 7033,

from stock. (Overnight service is available.)

Australia: Brumby Technologies Pty. Ltd., NSW, 759 1638. France: Coserm. Rungis, 46 86 64 75
T

inputs, Outputs, etc.

Analog Input: 8 analog inputs. 0-5.1V in 20mV steps (8 bits).
0-100V range possible. 7500 conversions/second. AD-142: $142

12 Bit A to D: Analog to digital converter. Input range -4V to
+4V, expandable to 100V. On-board amplifier. Resolution 1mV.
Conversion time 130ms. 1 channel. (Expand to 8 channels with the
RE-156 card,) AN-146: $153

Relay Card: 8 individually controlled industrial relays each with
status LED's (3A &t 120VAC contacts, SPST). ~ RE-140: $142

Reed Relay Card: 8 reed relays (20mA at 60VDC, SPST).
Indiidually controlled and latched, with status LEDs. RE-156: $109

D/A converter: 4 Channel 8 Bit D/A converter with output
ampliiers and separate adjustable references. ~ DA-147: $149
24 line TTL 1/O: Connect 24 input of output signals (TTL 0/5V
levels or switches). Variety of modes. (Uses 82554) DG-148: §72

Digttal Input: 8 optically isolated inputs. Input can be 5to 100V
voltage levels or switch closures. IN-141: $65

Digital Output Driver: 8 outputs: 250mA at 12V. Drive releys.
solenoids, stepper motors, lamps, etc. ST-143: §78

Clock with Alarm: Powerful clock/calendar. Bettery backup.
Timing to 1/100 sec. Alamm relay, LED and buzzer. ~ CL-144: $98

Touch Tone Decoder: Each tone is converted into & number
which is stored on the board. PH-145: $87

A-BUS Prototyping card: 4x45* card. Wil accept up to 10
1.C.5. With power & ground bus. PR-152: $16

Counter Timer: Three 16 bit countersftimers. Use seperately or
cascade for long (48 bit) counts. CT-150: $132

Call our applcation engineersto iscuss your project

Ordering Information: \We accept Visa. Mastercard, Checks, and M.O. C.0.D. is $4 extra.
Purchase orders are subject to credit approval. CT residents add 7.5% sales tax.
Shipping: $4 per order (usually UPS ground). UPS 2nd Day Air: $4 extra. Next Day service
available. Canada: $6 per order (Airmail). Outside US and Canada: Add 10% of order total.

Circle 12 on Reader Service Card

Motion Control

Smart Quad Stepper Controller: The worid's finest.

On board microprocessor controls four motors simultaneously.
Uses simple English commands like *MOVE ARM 10.2 (INCHES)
LEFT", For each axis, you control coordinates (absolute o rela-
tive), ramping, speed, units, scale factors, etc. Many inputs for limit
switches, etc. On the fly reporting of speed, position... Built in
drivers for small motors (such as MO-103 or 105).  SC-149: $299
Options: » 5 amp/phase power booster for 1 motor: PD-123: $49
» Remote "teach” keypad for direct motor control:  RC-121: $54

—— Alarge A-BUS system with two %gegds —
Adapter in the foreground plugs into PC.XT.AT fype slot.

Stepper Driver Kit: For experimenting with stepper motors.
Includes 2 MO-103 motors and a ST-143 dual driver PA-181: $99

Stepper Motors: (4 phase, unipolar)

MO-103: 2%4" dia, v4* shaft, 7.5°/step. 12V, 5 oz-intorque.  $15
MO-104: 2° dia, V4" shaft, 1.8°/step, 5V, 60 oz-intorque. ~ $45
MO-105: 1.7" square. 2" shaft, 3.75°/step, 12V. 6 oz-in. $15

y -

a Sigma Industries Company

A-BUS Adapters

» Can address 64 ports and control up to 25 A-BUS cards.
» Require one cable. Motherboard required for more than 2 cards.

A-BUS Parallel Adapters for:
1BM PC/XT/AT & compatibles. Uses ons shortorkong st AR-133: $69

Apple IL11+,]1e Prgs into any sict nside. AR-134: $52
Commodore 64,128 Piugs ino Expansion Port on back. AR-139: $48
TRS-80 Model 102,200 Uses 40 pin *System bus. AR-136: §76

Model 100 (Tandy potable) Pugs it socketonboton. - AR-135: $75
TRS-80 Model 3,4,4D Y-Cabie evalabla it 50 pin bus is used.  AR-132: $54
TRS-80 Model | Piugs inko 40 pin expansion bus. AR-131: §39
Tandy Color Computers Fits ROM siot Mutipak or Y-Cale ~ AR-138: $49

A-BUS Cable: Necessary to connect any paraliel adapter to
one A-BUS card or to first motherboard. 50 pin, 3ft. CA-163: $24
Special Cable for two A-BUS cards CA-162: $34

Serlal Adapter: Connect A-BUS systems to any RS-232 port.
Allows up to 500 ft from computer to A-BUS. SA-129: $149

Serlal Node: To connect additional SA-129/A-BUS systems to
a single RS232 serial port (max 16 nodes). SN-128: $49

Serlal Processor: same as above plus built in BASIC for ofi-
line monitoring, logging, decision making, etc. ~ SP-127: $189
Use SA-129 or SP-127 with modems for remote data acquisition.

Motherboard: Holds up to 5 A-BUS cards in sturdy aluminum
frame with card guides. A sixth connector allows (using cables CA-
161: $12) additional Motherboards to be added. ~ MB-120: $108

Power Supply: Power pack forupto4 cards.  PS-126: $12

Complete Catalog Avallable
For Orders and Info call (203) 656-1806
Weekdays from 9 to 5 EST or FAX 203 656-0756

ALPHA [2roclucts

242-B West Avenue, Darien, CT 06820
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Protect Your
Copies of BYTE

NOW AVAILABLE:
Custom-designed library files
or binders in elegant blue

simulated leather stamped in
gold leaf.

Binders—Holds 6
issues, opens flat for
easy reading.

$9.95 each, two for
$18.95, or four for
$35.95.

Files—Holds 6 issues.
$7.95 each, two for
$14.95, or four for
$27.95.

Order Now!

Mail to: Jesse Jones Industries, Dept. BY,
499 East Erie Ave.,

Philadelphia, PA 19134

Please send __files;
binders for BYTE magazine.

Enclosedis $____ . Add $1 per
file/binder for postage and handling,
Outside US.A. add $2.50 per file/binder
(US. funds only please).
Charge my: (minimum $15)
— American Express ____ Visa
— MasterCard ___Diners Club
Cad g Exp Date
Signature

CALL TOLL FREE (24 hours):

1-800-972-5858
Name
Address (No PO. Box)
City
State Zip

Satisfaction guaranteed.
Pennsylvania residents add 6% sales tax.
Allow 5-6 weeks delivery in the U.S.

BYTE &
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IMAGING CARD

FRAME GRABBEH

Composite video in/out

256 x 240 resolution
Digitize/display at frame speed
256 gray levels in

16 Meg. color palette out
PCIXTIAT compatible

$849 00 Complete with software
VISA/MC Demo Disk available

Control Vision <

P.O. Box 596, Pittsburg, KS 66762
(316)231-6647

$89 with Logitech mouse!

* Pop-up icon menus
* Variable size symbols
size 10 34" x 44"
* Hercules mono, CGA, EGA
* HP-GL, DM/PL, SweetP Plotters
* Automatic PANning to scan drawing quickly
" IBM/EPSON, NEC, OKIDATA, HP LaserJet
Daytron Electronics Inc.
610 S. sherman #104, Richardson, Tx 75081
Add s&h (34 USA, $15 foreign), Texas residents add 8% sales tax
for technical information call 214-669-2137

Order Today! 1-800-882-5822

Money-back guarantee

PAL/EPROM PROGRAMMER for PC

VERSION 2 of Software and Hardware %475

+ Programs 20 and 24 pin MMI,

NS, TI, Altera, Cypress, Ricoh/
Panatec PALs. EPLD (UV
erasable), polarity, and RA types,

« Functions Include: read, write,
verify, protect, edit, print, and
file load and save of program.

« JEDEC files supported.

* 2716-27512 EPROMs.

« Functions Include: read, write,
verify, blank check, HI/LO split, ~
edit in ASCII, HEX, or Decimal,

+ INTEL Hex and Motorola '§'
Record file support.

LA27100
$1299

LA27200
1899

* 24 Channel mode with 4K/channel » 6 Channel mode with 16K/channel
* Intemal Rates from 200MHz(LA27200) or 100MHz(LA27100) to 250 Hz
+ External Clock from DC to 50 MHz » 16 Level Triggering Sequence

* Threshold Voltage Level at TTL, ECL, or -8V to +14V variable « Data
Display as Timing Diagram or State List + Save/Load Data and Setup Info.

(201)994-6669 =
Link Computer Graphics, Inc. @3

4 Sparrow Dr, Livingston, NJ 07039

Circle 128 on Reader Service Card

ON TARGET ASSOCIATES

Products and Services
for Design and Manufacturing Engineers.

Micro Channel Design Consulting
Prototype Cards

Newsletter

ASIC's

Extender Cards

Adapter Bracket Sets

Burn-in Mother Boards

We will move your PC/XT/AT products to the
Micro Channel, or create your new design.

CALL: (408) 980-7118
for our Free catalog

ON TARGET
TARGET
TARGET

...the PS/2 leaders.

PS/2 and Micro Channel are trademarks of IBM Coro.

Circle 171 on Reader Service Card

A Link to
- Mainframe
= Graphics

Find out how our whole family of
EMU-TEK graphics terminal emulation
software makes good sense for the work you do.
Call today for more information.

FTG DATA
SYSTEMS
(714) 995-3900
(800) 962-3900 (800) 972-3900 (Calif.)

10801 Dale St., Suite M-2
Stanton, CA 90680

Circle 94 on Reader Service Card
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Turn-key [
PC Systems |/,
Handbook |

NEW Ejfer /

Save Time and Money
Over 1000 Hard-to-find /§
Hardware and Software
ltems of Special
Interest to Technical
PC Users Avallasis Now
* RS 232/IEEE 488 Networks
Stepping & Servo
Motor Controls
Ruggedized PC's

A How-to-Handbook that
enables you to configure the
BEST products from the world's
« Rack Mig, 80285 & goags ©ading PC hardware and

o Laboratory Automation software vendors into risk free
o 1MHZAD turn-key system solutions that

* Digital Scopesto 200 MHZ ~ Meet your needs.

. ngn Speed Bus Adapters

Tall Free Hotiine for application
and convenient one
stop shnpplng at competitive

* PC Bus Expansion Chassis prices. 100% Satisfaction

* And Much More Guaranteed.

« Data Loggers

Call or write fo FREE
s CY herResearching
203-786-51 518 P 0Box 8565, New Haven, T 06536

(9:00 AM to 5:00 PME.S.T) Fax: 203-786-5023 Telex: 9102501037 |

Circle 68 on Reader Service Card



Niouse$29 Wiodem 48

Jade 10 MHz Turbo XT________$398 : Monitors Terminals Intel
640K Motherboard w/256K RAM Amdek 310Aamber............. 88 WYSEmodel 80 ; iisunssssssine 288  8087........ s98 | 80287-10...5268
i Floppy Disk Controller AmAeKATOA ,xorusies s s 118 WYSEmodel 50 ............... *368  8087-2..... $143 | 80387-SX ..398
i 140 Watt Power Supply 14" amber flat screen .......... 128 WYSEmodel85 ............... $438 8087-1 ..... s198 | 80387-16...398
101 Enhanced Keyboard i RGB 640 X240Color .......... 5258 80287-6....5158 | 30387-20...5478
k3 $
Monochrome Graphics System 698 ng\ ggg ;( 228 e 5%8 diyticl ; s
640K RAM. 360K Disk Drive X560...........0..... : 8 Kraft 3 button Joystick .......... 19 AboveboardPC64K........... 268
Printer Port, Amdek 310A Monitor _ E@ teYne S oo g DualGamePort ... il e i
30 MB Hard Disk System . ..add $298 Sl e b nboard386................. 1098
NEC MultiSyncPlus ........... 888
CGA Color System .. ...... add *188: \EC MultiSync XL 4068 Plotter Cables
EGA Color System ........ add *398 ¢ 1 tsubishi Diamond Scan . ... 5498 Roland DXY 885 ............... 898 G printer. ... 512
VGA Color System ........ add*®568: ;o1 ith 1490 flat screen . . .. ... ‘618 HOBE O - e - Call 4o PFIORET. o < ssiers 3 v s svoms & siom s 18
s . Hewlett Packard all models . ... . Call 25" printer. . ..o ovseesn 508
Jade 10 MHz Turbo 286 5845 Sony 800 x 600 Multi Scan ....%488 ' sutial . €4 .‘18
1 MB Motherboard w/640K RAM E K Scanner i o i HESd ISR s .
eyboards 26SOXHAl .o v v vaieinn coinin s siaiens waae 28
; 200 Watt Power Supply 84 Koy Atssivie 58 Complete Hand Scanner ...... $178 50° sefial 38
Ciook/Calendar e AT Logitech ScanMan ............ 5248 gl e s e :
Enhanced 101 Keyboard IR ERnag. ot e vun 78 " Diamond Flower 3000 R ok e i >
- il e i Keyboard extender ............. 2
€ Mono Grephies System 51098 | Printers Hewlett Packard Scandet....... Call quitor extender . .............. 16
1.2 MB Floppy Drive & Controller : EPSONLX-8009PIN .......... *188 Digitizers FRRCHEREEE o gy ie
Printer Port, Amdek 310A Monitor £ EPSONFX-850................ Call g mmaSketch 12x 12
% 40 MB Hard Disk System . ..add $438 EPSON FX-1050............... Call Boards )
i 12MHz, 1 MB of RAM . .. ... addsi4g § EPSONEX-800. .......cuisvvann Call Monographics w/Parallel . ....... 48
EPSON LQ-50024PIN ......... 5299 Color Graphics w/Parallel ....... 48
Jade 20 MHz Turbo 386 1998 ¢ EpsSON Tar: i I Call with Software . EGACATT « i v vsnmasinms s tsn $148
1 MB of RAM on Motherboard EPSONLQ-950 ... oo, Call VGACANG i 5 soon wbvian svipies v 5258
1:1 Interleave FDD/HD Controller EPSON LQ-1050 .. oo, Call  LogiTech AST EGA Par/Ser/Clock ....... $168
2Serial, 1 Parallel, Clock, Calendar & EpSON DFX-5000 ............. Call  LogiMouseBUS................. L i e o
101 Enhanced Keyboard LogiMouse Serial ............... 78 XT 1/0 Par/Ser/Clk/Game ....... 58
ORIdaB 820 «.cv ¢ v vuvs s v srmuse 338 LogiMouse Hi-rez 588 AT |/0 Par/Ser/Game........... 58
40 MB Mono Graphics System$2388 ; Okidata321................... s468 T e 360/720K'1.2/1.44 MBFDC ...... 548
1.2 MB Floppy Disk Drive OkidataiB90 ;i s s s i o nwini swsiin 468 mouse Systems AT FDD/HD controller ......... $128
40 MB Hard Disk Drive Okidata391 ...........covunn. 638 PC Mouse with Paint ... g8 XT Hard Disk controller ......... 58
Amdek 310A Monitor Okidata393.........ccv0vnennn s928 T AST SixPakPlus............... 118
' N f AST XFOrmer .......coovuvunns 5578
E— Citizen 120D .................. “158 B il ) g  ParadiseautoEGA350......... 168
360K half height................ sgg  Citizen 180D .................. 168 Mouse W/CAD ..ooovnonn call ParadiseVGA+................ 5268
360K full height ................ 88 Mouse w/Window ............. Call
TEACSE5BY .ovoveeenannnnn, 78 mgg Egggg ------------------- :ggg Surge Protector
1.2”MB TOERT oo s v o sewm 88 NEG P5300 .. 5598 Complete PC S.L.Waber6outlet ............. 18
3%" 720K B ------------------- : /Y NS ESOUM s ISHRAE S0 § el Complete Hand Scanner ....... $178 1SObar 4 OUtlet . ..o 548
3%"1A4MB L L1 - — Complete FAX4800............ 5298 r8outlet . ..o s
5%" ext. 360K for PS/2 ......... v21a Diconix 150 Portable. ... ey COMPplete FAX9600............ $458 llzgl;:r?n%lée% protector ....... ‘gi
VAL . U8 . e i i $
5%" ext. 1.2 MB for PS/2 ... 258 DalsyWheel Prlnter | Complete Answering Machine . .$248
Hard Disk Drives ifisi & . % switch Boxes Tripplite Battery Back-up
10 MB w/controller ............ $198 40 o ol a .d Se, . A Parallel or Serial (Specify) 450 WattUPS ................. f398
20 MB w/controller ............ 268  |ewlett Packard DeskJet DWAY AB s ivioswisisie s sas e s snsin s s sog  750WattUPS ................. :498
30 MB w/controller ............ 288 Doskdet ... ... 508 AWAYABGC vt iienssnngs boisn s sagg  1200WattUPS .........oeenn. 698
40 MB w/controller ............ 398 128K PDP Desk RAM . .......... 598 4wayABCD ..........ccivvinn.n 58
4OMBfOrAT ... ‘338 EpSON emulation cartridge . .. .. 568 SWAYABCDE ...on.vmmevcumnss ‘68 Tripplite Line Stabilizer
ST12520MB ..vovnnvinnnnnns 248 TMSRM/HELV Soft Font........ 598 CrossoverX.................... 68 G0OWattLC.........uuvnnnnn 98
ST13830MB ......ovvininns 298 Nk cartridge ..o eueeeneniinnnne 19 AutoSwitch3way ............. 198 1200 WattLC.......'evennn 158
ST25140MB ... 5368 AutoSwitch6way ............. 248 1800 WattLC. ... .............. 5188
SR ) - T — ‘448 Hewlett Packard LaserJet
ST 4096 B0MB i i scvins i v s o $668 Laserdetll.........occovvviinien Call Modems
25in One Font Cartridge ....... £398 1200 internal w/software ........ %48  Accessories
Tape Back-up 4MB cardw/0Omemory......... $188 2400 internal w/software ........ *98  Kensington Master Piece........ 88
Mountain AOMBXT............ 378 1MBmemorycard............. 348  1200external..............ov.nn ‘88  MicroSpeed PC-TracBall ....... 78
Mountain 40MBAT ........... *378 2MBmemorycard............. 648 2400external.................. 168  Vertical CPUstand ............. 18
Mountain external 40MB....... 498 4MBmemorycard........... $1148 2400PS/2internal ............. $178  Keyboarddrawer............... 58
CMS60MBtape .............. 498  Tonercartridge................. 598  Intel 2400B forPS/2............ $278  Monitor Tilt-n-Swivel ........... 18

4901 W.Rosecrans Ave. Box 5046
Hawthorne, California 90251-5046

=< 7 JADE COMPUTER

California §
Torrance, Santa Ana, Woodland Hills Place orders and use our technical support toll free!
Kearny Mesa, Sunnyvale o & % -
Texas Continental U.S.A. 1-800-421-5500 Inside California 1-800-262-1710
Addison, Houston Fax machine 1-213-675-2522/All others 1-213-973-7707
Georgla Arizond e We accept checks, credit card or purchase availability subject to change without notice.
Smyrna Phoenix g orders from qualified firms and institutions. Shipping and handling charges via UPS

No surcharge on credit card orders. CA., TX. ground 50¢/Ib. UPS air $1.00/lb. Minimum
GA. & AZ. residents add sales tax. Prices and charge $3.00.

Not all items in stock at
our nine retail locations. it G

Circle 115 on Reader Service Card FEBRUARY 1989 « BYTE 335

ICAROCOMP £ R
L



http:360/720K�1.2/1.44

Circle 67 on Reader Service Card

SPEECH
PRODUCTS

For PCs and compatibles

SYNTHESIZER—only $79.95

The next versatile and bast sounding speech product available for
under $4000! The amazing Speech Thing provides text-to-
speech as well as PCM and ADPCM speech and music repro-
duction. Comes with *‘Thing"' D/A converter that attaches to the
parallel printer port outside the computer—ideal for laptops. Will
not interfere with normal printer operation. Also comes with audio
amplifier/speaker and power adapter. Software includes two ad-
vanced text-to-speech programs, digitized speech and music
files, full screen waveform editor, sampling music keyboard,
special effects mixing board, and drivers so you can add speech
and sound effects to programs written in BASIC, C, PASCAL, and
others. Includes 54 page manual. SPEECH THING—$79.95.

DIGITIZER—only $89.95

The Voice Master PC Digitizer is a full 8-bit PCM sampler board.
Fits in any available slot. Up to 15,000 samples per second.
Input pre-amp has automatic gain control and 4.5 Khz low pass
filter. Includes a quality headset microphone. Software included
for recording and editing sound files for playback through
Spesch Thing. Also includes a real-time spectrum display and
oscilloscope display as well as assembly language source list-
ings for writing your own drivers. BONUS: Voice recognition pro-
gram included which is callable via an interrupt vector. Demon-
stration program written in GWBASIC. VOICE MASTER PC
DIGITIZER—$89.95.

VOICE RECOGNITION—
only $49.95

G
mc:
MASTER
i KEY

A price/performance break-through! Equal in performance to
other systems costing hundreds more $$8. The amazing Voice
Master Key program adds voice recognition to just about any pro-
gram or application. You can voice command up to 256 keyboard
macros. Fully TSR and occupies less than 64K. Instant response
time and high recognition accuracy. Easy and fun to use—no
compilers or editors required. Works with CAD, desktop publish-
ing, word processor, spread sheet, even other TSR programs. A
genuine productivity enhancer. Voice Master Key can also be
called from within a program for adding voice recognition to
custom applications. Voice Master Kay requires the Volce Mastar
PC Digitizer for operation. (Please note: Voice Master Koy will not
replace the keyboard or mouse except under certain circum-
stances. Not to be confused with the still unavailable ‘'voice
typewriter."'') VOICE MASTER KEY—$49.95.

BONUS OFFER! Buy Voice Mastar Key with PC Digitizer for only
$128.95—you save $10!

BETTER BONUS OFFER! Buy all three: Speech Thing, PC Digi-
tizer, and Volce Master Key for only $189.95—you save $20!

ALL OF THESE PRODUCTS ARE OF PROFESSIONAL QUALITY.
ORDER HOTLINE: (503) 342-1271
Monday-Friday, 8 AM to 5 PM Pacific Time
Add $5 for shipping and handling on all orders. Add an additional
$3 for 2nd day delivery. All goods shipped UPS. Master Card and
VISA, money order, cashiers check or personal checks accepted
(allow a 3 week shipping delay when paying by personal check).
Forsign inquiries contact Covox for C&F price quotes. Specify
computer type when ordering. 30 DAY MONEY BACK GUARAN-
TEE IF NOT COMPLETELY SATISFIED. ONE YEAR WARRANTY

ON HARDWARE. Call or write for FREE product catalog.

EUGENE, OREGON 97402 U.S.A.
TEL: 503-342-1271 FAX: 503-342-1283

COVOX INC. 675-D CONGER ST.,
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The clear alte[native
to DEC terminals!
VT220, VT241, D400 emulators.

7

SYSTEMS LTD.
2150 West Broadway, Suite 412
Vancouver, B.C. Canada V6K 4L9
Tel: 604-732-7411 Fax: 604-732-0715

Circle 121 on Reader Service Card

EPROM PROGRAMMER
CROSS ASSEMBLERS

/ MODEL
SX151

RS232C OR STAND ALONE (all models), Com-
munication protocol: XMODEM, HEX, and
BIN. Programs: EEPROMS, 2716 - 27512 and
CMOS. Programs (w/adapter): 25XX, 27101
(and above), 68701, 68705, 68764/6, 8741/2,
8744, 8748/9, 8751/2, 8755. 87252, and
CMOS. More available soon. Model SX151
$214 (assembled with case). Other models
are available from $49 (kit).

Cross assemblers by PseudoCode for IBM-
PCs $35. 780, 1802, 6502, 6800/1/2/3/5/8/9/
11, 68000/8/10 8048/9, 8051/2, 8080/5,
8096, and more soon.

- KORE, Inc.

6910 Patterson S.E:

@I Caledonia, Ml 49316
(616) 791-9333

5 for shipping (USA), plus $3.00 COD

Circle 123 on Reader Service Card

MICROCOMPUTER DEVELOPMENT SYSTEMS

Each of three products allows the IBM PS2/PC/
XTIAT to be used as a complete development
system for the Motorola 6805 series single
chip microcomputers. MCPM-1 supports the
MC68705 family, MCPM-2 supports the
MC1468705 family and MCPM-3 supports the
MC68HCO5 family. Each system is $495 and
includes a programming circuit board or pro-
grammer with driver, cross assembler and
simulator/debugger software. A system is also
available for the HITACHI 63705 ZTAT micro.

THE ENGINEERS COLLABORATIVE

Route 3, Box 8C, Barton, VT 05822
(802) 525-3458 FAX (802) 525-3451

Circle 257 on Reader Service Card

THROW AWAY YOUR
COMPUTER MANUALS!

Learn Popular Software
Programs With . . .
VIDEO INSTRUCTION TOOLS

Lotus 1-2-3 (4 hours)

WordPerfect 5.0 (4': hours)
WordPerfect 4.2 (3 hours)

DOS 3.3 (32 hours)

Intro To IBM-PC (12 hours)
PageMaker 3.0 - PC (2 hours)
PageMaker 3.0 - MAC (2 hours) .....
Ventura Publisher (2 hours)

Ventura - techniques (2 hours)

Q & A (1% hours)

MicroSoft Word - MAC 4.0 (214 hours)
MicroSoft Works (1'% hours)
HyperCard - MAC (2 hours)

These video tapes are self-contained training
guides, which demonstrate every command in a
given software package, while showing the com-
puter screen and keyboard SIMULTANEOUSLY.
Save money . . . call today!

MICHAEL HALVERSON & ASSOCIATES
1313 Newburgh, Westland, M| 48185
(313) 729-0325 / FAX: (313) 729-0238

FOR PRODUCT INFORMATION

1-800-537-1641

MAJOR CREDIT CARDS ACCEPTED

Circle 149 on Reader Service Card

StOGet the Wh(ﬂf
ry on graphics
termmal emulation.

To find out more about software
that lets your PC emulate
TEKTRONIX ™ 4105/6/7/9 and
DEC VTI00™ terminals,

call or write:

G GrRAFPOINT

4340 Stevens Crecks Blvd., Suite 280,
San Jose, CA 95129 (408) 249-7951

Circle 99 on Reader Service Card

JB UNIVERSAL COMPUTER INTERFACE
RS232 ADAPTER TO JB-BUS
CENTRONICS ADAPTER TO JB-BUS
The JB universal interface cards can be connected externally to
just about any computer with a standard interface. Atfordable and
portable data acquisition, monitoring & control
JBAD8-16 Analog input, 16 ch, B-bits, gain 1, 10, 100
JBDI0B4 Digital /0, 32 TTL inputs, 32 TTL outputs
JBBAT  Battery option, great for laptop computers

PC COMPATIBLE INTERFACE CARDS

DIGITAL OSCILLOSCOPE SYSTEM
ADB-1 card & DIG-OSC-8 Software
* Analog input
* 8 bit resolution
* save waveform to disk
* 10K samples/sec
* High mpu( |mpedance
* 0-5V rai

(Sale Price ends February 28, 1989)

AS 12

* 8 hi-Z, 12-bit S.E. Analog input channels

* GAIN of 1, 10, 100

* Full Scale: +/~ 10V, 5V, 500mV, 50mV

* 25uS conversion

* software to simulate 8 channel DVM, data logger, plot data
* 7 TTL I/O, trigger sampling or control external devices

DAS F $199
mgh speed (1.5uS conversion) 8-bit data acquisition system
hi-Z, S.E. input channels, GAIN of 1, 10, 100, 0-5V Full Scale
upllonal 8-bit analog output, add $50

Prices, availability and specifications are subject to change

JB COMPU-TRONIX
3816 N. Wadsworth Bivd.
Wheat Ridge, CO 80033

(303) 425-9586

Call for FREE CATALOG, accept MC/VISA orders

Circle 119 on Reader Service Card


http:KEY-$49.95
http:DIGfTIZER-$89.95
http:THING-$79.95

LaliforniaDigital

17700 Figueroa Street ® Carson, California 90248

Color Monitor

e EGA
s 289

Ideal for CAD/CAM and Desk Top publishing applications. The Roland
CD/240 color monitor has a resolution of 720 pixels by 400 lines on a 31mm
dot pitch 12" non-glare screen. VGA specifications in text mode EGA in
graphic mode.

Comparable monitor and card packages retail at over $1095. California
Digital has made a special purchase and is able to offer the CD/240 and 132
column VGA/EGA graphic card for only $389.

- l.aptdp
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A true Backlit Supertwist LCD display!

Takeitto school, courtor news events. The EL" Laptop
does all the work of a desktop and its portable. Best of
all the"EL" functions in areas where little light is avail-
able. The ideal computer for any one who needs com-

BIowout
NEC MultiSpeed EL

2695

Spreadsheets, word processing, data bases and tele-
communications, a simple task for the MultiSpeed EL.
Two 720 K/Byte 32" disk drives, MS/DOS. 640 K
RAM, NiCad batteries. text editor with 20,000 word spel-
ling checker make the "EL" a super value at $2295 but
at $695 its a steal. Also Avaliable: Custom carrying
case and internal modem.

20" Analog Color

w659

Ever try gathering a classroom of stu-
dents around a 12 inch monitor? This 20
inch analog RGB monitor 1s the ideal
(solution. High screen resolution of 1200
pixels by 950 lines allow extra fine detail
without the dots looking like golf balls
| 256 colors and VGA compatible.
Super value onginally sold for over
$2000. Only 350 available

puting power on the go!
Build Your Own
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California Digital has all the comp 11s needed to customize your own
computer. Buy as much computing ver as you need now, and up grade
when the need arises. Here are some examples of components available
85lot 10 MHz Mother board .. card, printer port 25
8slot 12 MHz baby AT printer port ....45
Full size five drive AT case 49
Four drive XT case ... 25
101/102 AT/XT German mfg. Keyboard .57
200 watt AT power supply ... 59
Teac 360K/Byte disk drive ...

Color Graphics card ..
EGA Color Multi Resolution Il .
170 card, serial & parallel
1/0 PLUS, Ser/Par'l. clock, g1
Disk /0, disk control, clock, game

Speach Recognition Swlem
1195
&

Does your computer listen to you? Install the Voice
computer respond to 1000 word and phrase con
One word can save over 20 keystrokes. Its fas
Don't Keystroke! The Voice Scribe makes mp:‘(lb
for shipping and inventory control, accounts payabl
ling machinery or any application where “hands fr
Scriber has assisted many handicapped in home and office e
Certified to 99.3% accuracy. Ideal for securnity clearance applications
syslem can be trained to respond only to your voice

Voice Scriber System is shipped complete with PC card, software
manual and Shure noise canceling microphone,

The

application

Head Crash, Power Spikes or just poor disk maintenance...

Don't loose data because you didn't back up. The All/40is an
inexpensive way to save and restore files in the event that your
data has been distroyed.

This 40 megabyte half height tape back is manutfactured by North
Americas largest producer of data retrieval equipment.

No need to purchase a separate tape controller... the ALL/40
attaches directly to your existing floppy disk controller. Supplied
software allows your computer to back up any time Day or

Seanner
w359

The Saba Scanner inputs a printed page in less than three seconds. OCR
software allows your computer to transfer pnnted pages into ASCII files or
directly to spreadsheets and word processing programs.

Archival data. legal briefs... No problem. Simply inset the page into the Saba
and in seconds the document is digested into your computer and ly for
editing. Limited quantities available. Original price $1299: now only $359

DIgIhz
it 259

California Digital offers over 100 different digitizers. We ha
appear to offer the best values. Both are
resolution, are supplied with four button
The first digitizer is the Genius Tablel priced at only $259. Thi
from KYE of Taiwan

The other unit, pictured above, is the Puma Pro manufactured by Hitachi and
warrantied for ten years. The Puma boast a 0015 repeatability .. only $359

Night. Come back in the morning and 40 megabytes of irreplac-
able data has been stored on one Scotch DC/2000 data cassette.
Back up entire hard disk, modified files only, or by file name. Loss
of data is inevitable but when you are backed up on an ALL/40 its
not a catastrophe.

One Two Ten

TEC501 2 height sgl.side 49 39 35
TANDON 101/4fullht.96 TPI. 99 89 79
FUJITSU 5% half height 65 63 57
MITSUBISHI new 501 half ht. 119 109 105
MITSUBISHI 504A AT comp. 149 139 135
TEAC FD55BV haif height 89 85 79

TEAC FD55FV 96 TPI, half ht. 119 109 105

Hitachi 11 by 17

Plotter %m‘é 95

RO

—
l“

The Hitachi 672/XD is a four color 11 by 17 (B size) plotter with
su erior accuracy and repeatability (.3mm). The 672 accepts
HPGL 7475 commands and is both Centronics parallel and
RS232C compatible.
The 672 plots at a fast eight inches per second in axial direction
and eleven inches at an angle of 45 degrees. The plotter also
features a self contained digitizing function that allows data to be
entered into your computer from printed graphs and blue prints.
Four different color pens are supplied with the plotter but a wide
variety of technical pens are available

Ileaflr H/89
Computer

179

Hard to believe... but we found a stash of brand new Zenith/Heath
Model H/89 computers. These computers feature the Zilog Z-80
CPU and operate under CP/M. The unit incorporates a 12 inch
green screen, three serial ports and one 5% disk drive.

Zenith's original price was $1895. We have 350 units available for
sale, while supplies last we are offering the H/883 at only $179.

TEAC FD55GF for IBM AT 109 105 99
PANASONIC 455 Half Height 109 99 89
PANASONIC 475 1.2 Meg./96 119 115 109
Switching power supply 49
Dual enclosure for 5Y:” drives 59
31,” DISK DRIVES
SONY MP-53W 720K/Byte 129 125 119
SONY MP-73W, 2 Meg. 159 149 call
TEAC 35FN 720 K/Byte 129 119 115
TEAC 35HN/30, 2 Meg. 159 149 145
53" form factor kit 20
8” DISK DRIVES
QUME 842 double sided 189 179 175
QUME 841 single sided 119 109 99
SHUGART 851R dbl. sided 319 309 299
REMEX RFD4000 dbl. sided 189 179 165
OLIVETTI 851 189 179 165

MICROCOMPUTER
MARKETING COUNCIL

DIRECT MARKETING ASSOCIATION

8:00 AM to 5:00 PM
Pacific Time

Word processing and communication software included.

Every

If its computer, California Digital has it...

Forty megabyte internal hard
disk drive, controller and cables
all for only $397.

The kit includes the a 40 mil-
lisecond Miniscribe 3650 drive
and a half slot Western Digital
controller.

ear since 1973, customers from virtually every nation in the free
World Kave chosen California Digital for their data processing requirements.
complete minisystem or just one
microchip. California Digital offers over 10,000 unique computer products.
Regardless of how specialized your data processing requirements...
California Digital is your one stop shopping solution.

40 Megabyte Hard Disk Kit

297

Five Inch Winchester Disk Drives ® Winchester Controllers for IBM/PC ®
Price does not include controller.  each two+ ;.ErgEgég%gW“h floppy controller 159
119
SEAGATE 225 20 Meg. Y2 Ht. 239 229 OMT! 5527 RLL controller a9
SEAGATE 238 30 Meg. RLL 259 249
ADAPTEC 2070 RLL controller 99
SEAGATE 251/151 M. 28mS. 459 445 -
ADAPTEC 2372A 1/1 interleaf 159
SEAGATE 4096 96 M.35mS. 659 639
WESTERN DIGITAL WD/1002WX2 89
MINISCRIBE 8425 25 M 65ms239 227
WESTERN DIGITAL 1003WAH or WA2 139
MINISCRIBE 3650 50M 61ms. 419399 |\ roTERN DIGITAL 1007/WA2 ESDI 239
MINISCRIBE 6085 90 meg. 795 779
MINISCRIBE 305325 ms. V2ht.459 439 | @ SCSI/SASI Winchester Controllers @
FUJITSU 2242 55 M.35mS. 1299 1229 | XEBEC 1410A 5%" foot print 239
FUJITSU 2243 86 M.35mS. 1695 1619 | WESTERN DIGITAL 1002-05E5%" 229
RODIME RO-204E 53 Meg. 895 859 | OMTI 20L 89
MAXTOR XT1140 140 Meg. 1595 1550 o Wi A o
MAXTOR XT2190 192 Meg. 1919 1875 VYinchester:Rcoessories
Dual floppy enc. and powersupply 59
TOSHIBA MK5670 M.30mS.1289 1229 Winchest | d | 139
CONTROL DATA WREN “V" call I atlENG ASlls SRRk
Switching power supply 49

TECHNICAL & CALIFORNIA

(213) 217-0500
TOLL FREE ORDER LINE

D0) 421-5041

Telefax @ (213) 217-1951
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*FREE! DataSaver. . .
a $13.95 diskette filer!!
BXRO

Quantity Discounts Available
DS-DD min. 5 boxes DS-HD

.69 ... 525 3mDiskettes ... 1.15
147 ... 3.50” 3M Diskettes ... 359

179 ... 8.00" 3M Diskettes ... 205

.3 .. 3M Highl ettes (min 10 bx)‘,

DC-1000 .. 12.50 DC-300XLP ....19.40
DC-2000 17.05 DC-600A 21.45

3M Mag. Tapes 2400' WTS (min 10 reels) ;
3M Mag. Tapes 1200" WTS (min 10 reels) ... .... 9.25

S\ F *FREE Plastic

@, Library Box

SS-DD Quantity Discounts Available DS-HD
53" .. 525" BASF Diskettes ... .89

1.59 ... 800" BASF Diskettes ... 1.79

0S-DD 3.50" BASF Diskettes in FREE DS-HD

1.34 ... Color-Coder a $14% Value ... 3.69

62 5.25" DS/DD BASF Diskettes with l
""" FREE BASF VER Tape or Plastic Box

.38 5.25" DS/DD BASF NolLogo Diskettes
"7 with Tyvek sleeves, labels & w/p

u Verbatim § Dafal ife Plus

DS-DD Quantity Discounts Available DS-HD
.69 ....5.25" DataLife Diskettes . . . 1.29

1.49 ... 350" DataLife Diskettes ... 3.75

85 ... 5.25" DatalLife Plus Diskettes with
FREE! DISCUS Software

*with FREE Game
maxel| ==
0S-0D Quantity Discounts Available DS-HD

* *
65" ... 525" Maxell R&D.... " 1.19

149 ... . 350" Maxell R&D.....3.69
MAXELL DATA CARTRIDGES
DC-600A  DC300XL/P  DC-2000

19.50 17.50  16.50
Nashua ] 75 [E3: 20

COLOR DISK NEEN 2 ERY
WITH TYVEK SLEEVES BEL wip

25"DS00 [ERERIELIY
buLk sk JERY =

LABELS

RIBBONS STORAGE

— Please call for information —
TERMS: No surchage on VISA, Mastercard or AMEX.
COD only add $3.00. Prepaid orders deduct 2% cash
discount. PQ’s accepted from recognized institutions and

corporations on Net 30. Bank draft, T/T or L/C acceptable
Shipping: §4/100 or fewer disks. Reduced shipping
charges on larger quantities. Price quoted for case (100
disks) quantities less than a case add 5%. (Min order
$25.00)

WE BEAT ANY PRICE!

Toll Free Order Line:

1-800-523-9681  1-801-255-0080
TLX-9102404712  FAX-801-572-3327

i1 DISKCOTECH

DISKCO TECHNOLOGIES, INC.
213 Cottage Avenue
P.O. Box 1339 Sandy, Utah 84091
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Information Line:

MEASURMENT TO GO

IEEE 488
Solutions

» Hardware & software interfaces for PC, AT,
386, PS/2, Macinto N, HP & DI
« IEEE converters o

Symphony & Quattro.

Call or send for your
FREE Technical Guide

Demo disks and application notes available

Please
See our l ( ’
ad on
page 111.
(216) 439-4091

Telex 6502820864 « Fax (216) 439-4093
25971 Cannon Road
, Ohio 44146

Circle 112 on Reader Service Card

DATA ACQUISITION

ALL needs! ANY computer !
e PC Software Included

e Serial, Modem, & Bus
e Stand Alone Ability

e Laptop & Handheld

e PC & MAC Cards
o Inexpensive

° RTU's
Call for FREE DEMO DISK !

as well as PC compatible modular systems.

Call for applications info: (201) 299-1615
P.O. Box 246; Morris Plains, NJ 07950

Circle 83 on Reader Service Card

The The AT BiosKil is a book with diskettes
containing source code in C, plus utility pro-
grams to help you create a Bios. Now you can
have a Bios with documentation for your own
applications: modify boot-up, eliminate the
keyboard, install security features, etc. Only
$199 complete. The XT BiosKit is only $99, or
get both BiosKits for $279. The Intel Wildcard
Supplement for the XT BiosKit is $49.

— XT-AT HANDBOOK —
The XT-AT Handbook is full of hardware and software
information in a shirt pocket size book. Over 70 pages
covering 38 subjects, including connectors, I/0 maps,
controller programming, DOS and DEBUG com-
mands, board dimensions, character codes, hard disk
drive types, and much more. Only $9.95 each qty 1-4,

five or more, $5 each z
Annabooks =
12145 Alta Carmel Ct Suite 250-262
San Diego, California 92128
(619) 271-9526

Circle 15 on Reader Service Card

» OEM & VAR

Specialists in portable and battery backed up

7280 or HD64180

1C-80 In-Circuit Emulator

» Can be configured for Z80 or HD64180.

« C source code level debugging with our C
compiler.

» Works with IBM-style PC.

* 64K overlay memory.

* Base price $995.00. $1340.00 including one
probe and symbolic debug software.

Z-World, 1772 Picasso Ave, Davis, CA 95616
(916) 753-3722
Fax: (916) 753-5141.
In Germany: iSystem 08131/1687

Circle 255 on Reader Service Card

Okidata ML 82A and ML 83A Printers:

IBM EMULATION “PLUS"”

Epson Compatability/Letter Quality

PC-WRITER

ONLY
$99. 00

plus shipping & sales
tax (Calif. addresses)

Money back guarantee

*FULL EMULATION OF THE IBM PC
GRAPHICS PRINTER

©LETTER QUALITY PRINTING

®ELITECHARACTER PITCH

©SUBSCRIPTS/SUPERSCRIPTS

00T ADDRESSABLE GRAPHICS

*FRONT PANEL FEATURE
SELECTION

To Order: (714) 261-0228

Dealer Information Available

O RAINBOW TecHNOLOGIES. INC.

18011-A Mitchell So., Irvine, CA 92714
(714) 261-0228 Telex: 386078

Circle 197 on Reader Service Card

9-Track Tae Subsystem
for the IBM PC/XT/AT

Now you can exchange data files between
your IBM PC and any mainframe or mini-
computer using IBM compatible 1600 or 6250
BPI 9-Track tape. System can also be used for
disk backup. Transfer rate is up to 4
megabytes per minute on PCs and com-
patibles. Subsystems include 7” or 10%"”
streaming tape drive, tape coupler card and
DOS compatible software. For more informa-
tion, call us today!

[JUALS TAR,

9621 Irondale Ave., Chatsworth, CA 91311
Telephone: (818) 882-5822

Circle 190 on Reader Service Card
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If you missed the IBM Auction in Atlanta-
WE WERE THERE- and we bought big! On this Mon-

5 12 U peC/a//

SPECIAL BUY!| i ngract
HANDSCAN - fote..

[
1R "« 199.
46 9 e AMAX/Advanced

Don't confuse Handscan with 286/10 MHz BareBones
other lowcost scanners on the Includes 101-key keyboard, 1.2Mb floppy, floppy/HD
market...many deluxe features! controller card, OK expands to 1 Meg.

Never before available at this i
kb e L Call for Custom Configurations...

List
799!

day 12/12 we start unloading 5 truckloads of IBM
« LOW COST COMPATIBLE CARDS - « FLOPPY DISC DRIVES - PC.s, expansion boards, memory and over 60,000
aaCP Advgﬁgg ?ards/IEM 55 ‘)g gog&y con&ul:er}/hdzh‘gb 89. SONY NDO4D 360K Floppy black beze! 84. real 1BM software packages...
hi tport ... 55. .OMb w/Multi 1/0, 199. 4 4 5 are
SO wmetoot - S8, AT Super Uwicppy 110, e 38 ooy 136 | *1BM XT/286 ~1385. IBM fiing Assint.
SuperEGA, Genoa compatible 149.  PS/2Multi0.... 9. 558 360K Floppy/PC/XT/AT 8 ADVANCED * |BM AT/339(0K' * |BM Fortran
SuperVGA, 1024 x 768. ........269.  PS/2 Floppy controller 144Mb. ... 89. e 9 360K Foppy-biack bezel 69. | *IBM PC/327EJ * |BM Xenix ... call.
Diamond Multi 1/0.25,p,0.clXT  139.  HP Laserjet 1Mb Ram card 399. TOSHIBA AMERICA 1.2Mb Floppy-black bezel 89, *|BM PC/XTZBé  |BM 3270 Em Jator .. - 25
XT Six-Pak compatible/OK .. . 89.  MOTHERBOARDS FDD4403 31/2" Micro 720K . 99. 35"1.44Mb Floppy wikit 99. ~ I '
XT 286 Accelerator card . . . 269.  XTTurbo w/BIOS, 8MHz ...89. 312" Micro 1,44Mb wikit 139, 35° 720K Floppy wikit  PC Voice Comm *|BM 3101 Emulator .. 25.
gm%gmwm%ﬁmrouer 8. ﬁ;grﬁbo/\évlfglsﬂib 0z ... 233 * AT Exp Card OKto2Mb 39 |1BM Education Series
3 i Ll . * Monochrome adaptor  39. Software, choose from

it o wowwndsawe 2 (—SPECUL | BOMD Hard Drive | |- too s . 49 35 s vom
QLSA?VEL xg f.%'fpier i 8. &%‘ﬂ‘bﬂ% pe Includes EDSI AT Controller... . /S\T PLototype I(J:oar .. 25, ...the IBM Productivity Far1né/y

: . axboard ......349. = ACP's Special * Synchronous Comm * Appointment .. w
SUBTEERON D OOMetio, "L _IGHS 2000PHOR SCATNGE vt &;J 7 749 Year-Enc? Sale! a0aptor.....vveeerevvvven 49, « Assett catalog
AST o Crere. [eatis I o e

eporting Asstn ata Edition
ot e ﬁg‘é;’:rt‘age eAZT < BV Witing AGstnt . 28, + IBM DOS 2.0/31 fom 15,
e QAR 2.9 = ALL IBM SUPER VALUES.... ALL
lver

NA (Sixpak compglgle) PRICED TU SELL aUICK.’

PRINTERS

DICONICS/KODAK HEWLETT PACKARD

8 - Quadsprint Accellerator.
- 1/0 MEMORY/GRAPHICS CARDS

At this low low price,
you can't afford not to

I S EAe « Liberty XT, EMS...

buy one.. 150P Portable printer(parallel) 339. Laserjet Series I . call.
AST Research AboveBoard PS/286,512K.mod 30 475. 300P wiwide carriage(parallel) 539. Deskjet w/laser quality 895.
Xformer/286, 512K, 10MHz call.  gog7 102. 80287-8 . 255. EPSON Scanjet flatbed scanner call.
Advantage 2/386,0K.EMS PS/2  399.  g0g7-1,PS/2 205. 80287-10 309. LX800 80column, 180cps 209. TOSHIBA
Adv Prem AT286/512K LIM 4.0 399.  gog7-2 158, 80387-16 549, « HARD DISK DRIVES - EXB00,FX286¢e,FX86e, LQESO P321SL, 24pin, 216cps . . 499.
Rampage?/ 512K, EEMS PS/2. . 699.  §0287-6 185. 80387-20 799. L01050,LQ500, etc. ca P341SL, 24pin, 216cps 699.
Rampage AT 512K.LIM4.0.102Mb 489.  5RCHID Technology MICROPOLIS B5M,ST277R, AT,(40ms)HH . 549, ACP is your full line Epson dealer P3515X,(color add $179) 1099.
RampagePlus/MC,0K model50,60 399. Tiny Turbo 286 -REDUCED! 299. 1333A/53Mb Full ht.,30ms. 649. 38Mb,ST4038, AT,(40ms)FH 499, Pagelaser 12, High volume laser. . call.
RampagePlus/286,0Kup108Mb . 399.  pegignor 800 8-bi, EGA Card .. 269, Soo/coMbFull it 30ms 699. 42Mb,STA051, AT (40ms)FH . 649, .
AST Sixpakplus, 0K call.  proesigner 16-bit VGA 329,  MAXTOR 44Mb,ST4053, AT (28ms)FH ... 699, FREE CABLE with Purchase!
ATI Technologies ProDesignerPlus 16-bit VGA 512K 4g9.  XT 1085/85Mb, MFM 849.  BOMb,STA096, AT,(28ms)FH .. 699.
EGA Wonder 800 288.  RAMOQUEST 50/PS/2, 2Mb. ... 699.  XT 1140/143Mb, MFM 1495, 21Mb,ST125,35°(28ms)HH . .. 329, TOS H I BA
VGANVIP .. 299.  pARADISE XT 4380/380Mb, ESDI 2995.  30Mb,ST138,3.5°(38ms)HH. .. 429.
VGA Wonder (1024x768) call.  yga plys 289. PLUS Development WESTERN DIGITAL
2400etc int. Modem w/MNP-5. . 199.  yga piys 16 369, Plus20 Hardcard, 20Mb,49ms. 549, FilecardPS30 PS/2 model 30
GENOA VGA Professional 369. Plus40 Hardcard, 40Mb,39ms.. .. 699.  Filecard30 ‘
Super EGAHi-Res Plus 229. Autoswitch 480 EGA card . 199, A 1006RAH Controller 1 1»n|u1leave
Super VGAHi-Res 339 quabmAmM 21Mb ST225, AT65ms)HH, .. 249, 1003RAH Controller RLL/AT
Super VGA/ 9. Microfazer buffer w/64K 269. 30Mb,ST238R(65ms)RLL/AT/HH 299. 1003WA?2 Floppy/Hard/AT
Superspectrum mono /CGNHGA 149A Quadsprint XT accellerator 89. 42Mb,ST251, AT,(40ms)HH 399. 1002-27X Controller RLLXT
INTEL Liberty EMS XT card, 0K 89. 42Mb,ST251-1,AT,(28ms)HH .. 450.  1002-WX1 Controller /XT

Inboard386PC t0386/16MHz,1Mb 895.  Silver Quadboard, Sixpak comp. 89. A MODEMS ConnectionCoprocessor 2400baud 249,
Inboard386/ATto386/16MHz  1095.  ypEo 7 IBM FI D k D iyal ||| 12000aud wsoftware(intemal) . 24008 Modem?, /502,60,70,80  319.
Inboard3BE/AT install Kits.2.... 185.  \EG Deloxe, EGA Card 210, oppy Uis FIVE!!|  12000aud External wisoftware . 24008 Classic Modem, XT/AT. 269,
Inboard3BG/AT 1Mb piggyback bd. 595.  yeqavGA, 8-bit VGA card 320, Original DS/DD K Dri 1/4" 2400baud w/software(internal) . . - MIGENT
AboveBoard 2 Plus,0Kmods0/60 329 : rigina 360K Drives, 5-1/4"|  2400baud External wisoftware . 139.
(R modc) Fastwrite VGA, 16-bit VGA card  419. ) Pocket MODEM 1200 sale 95.
AboveBoard 286,512K.08/2PS/2 399.  \ramyGA. CAD VGA card 649, 95 g:a’rfn?)dem SO Wl 447 PROMETHEUS
icel | Smartmodem 2400 Extornal . 447, 2400G External .. 188.
(QNUMONICS  SPECIAL PURCHASE!! ISuper Price! | sz s war. 5008 S
CORPORATION While Quantities Last ConnectionCoprocessor wiswint 799, 120082 wisoftware(internal) sale  89.
Cordless Mouse

99 Reg 199.95

+ MONITORS -

AMDEK NEC

Includes drivers, charger, reciever,
T-mouse & PC Paint

APE BACKUP/VIDEO

ALPHAMICRO IRWIN - .. 88! Muttisync 1 13" TTL/analog 595.
Manager Mouse {CR vidboion ooe backup card 349 110D XUAT 10Mbbackup(in) ... 199, S10A 12 amber TTL . Aeouceo- B8 GlaiE L b iRt S,
Includes driVers, charger, reciever, AT 20Mb back 1 369 410A 12 amber green or white .. 153, i
T-mouse & PG Paint Reg 149.95 IOMEGA 1200 0! ackup(int) . 3 1280 13" graphics(1280x800) . . 799, Multisync XL 20°(1024x768) 2275.
Bernoulli 20Mb 51/4" interal 945, 145C AT 40Mb backup(int) 499. LaserDrive COROM w/Microsoft 899, Monograph sys (1024x1024). .. 15585.
INPUT DEVICES - MICE e ererel. - 1188, (tfé(L)ngoAMsos oaric"mogm 319, IBM MONITORS f;%gel%fnlxg\g\%me 88
Tri-pak 20Mb cartridge,51/4° . .. 189. i ckup(in . I .
g‘%wgﬂ&%ﬁﬁg@"s & lé&ﬂ;ﬁ%c XTAT T,..‘;ak 20Mb canmge, 3 255, 10401 AT 40Mb backup(int) . - (see box) 8503 12" Mono(640X480) ... 199.  14"amber flt screen TTLmono . 198.
5161 101key XT/ATswitchable ... 79, Serlal Mouse PC/XT/AT .. . g5,  PC3B Adapter card PXT/AT . 189.  1040IXT40Mb backupfint) . (see box) - 8512 14 Calor andlog 0e [ Lot 28,
ey o s ol Mause : " PS4 AdaplerP$/2mod 50,60.80 . 299. 8513 12 EGA(640x480) .. 549.  14'CGARGB Color 280;
CH Products Serial Mouse PS/2 79. 8514 16" Hi-res(1024x768). ... 1295.  14"EGA Color 388.
Mach Il Joystick-IBM ... 30.  MICROSOFT . 14" VGA Color 388.
Mach lll Joystick-BM . ... ... 44.  Bus Mouse w/PC Paintbrush 105. | Toshibala pto ps MAGNAVOX
Gamecard [II/1BM . . .. 44. Serial Mouse w/PC Paintbrush ... 105. RGB Color display 80/CGA . . 288. WY30 14" terminal 349.
KEYTRONICS Serial PS/2 w/PC Paintbrush .- 109. | The Complete Toshiba family EGA Color display 399, WYS014" terminal .. 419,
KB5151 Deluxe IBM PC w/39keys 169.  MSC Technologies of Laptops from ACP - LA's VGA Color display 499.  WYB0 14" terminal ASCII 519.
KB101 101 key/AT .. . 110 PC Mouse serial PC/XT/AT .98. | #1 Source! - -
KB5153 keyboard witouchpad 199, PS/2 Mouse serial . ....98. R Rj ACP's Special 95 New' .from
KRAFT PC Mouse bus PCXT/AT . 98. | Toshiba A Introductory Price.... Y-0-VAC®
IBM PC/XT/AT Joystick/2 button . 29. SUMMAGRAPHICS =
IBM PC/XT/AT doszticd bution - 34, SummaShetch Plus/BM s, | 11000 AT Replacement Bﬁﬁefy

Direct replacement for AT/286/386 real-time clocks

Laptop....
T-1200F ...1eg. $2099. ..ACP 1395.
T-1200FB Special Price! call ACP!
T-1200H...reg. $3499...ACP 2395.
T-1200HB Special Price! call ACP!
T-3100/20 reg. $4699...ACP 2995.

Software Sale!  1BM Writing Ass't,v2. 89., /1, opular
Lotus 1-2-3 ..325. Word Perfect ............. 258, ‘Software i |
499, EXCEl..ouverermreerrerssareen 299.\ stack...call! )

99

Qty. 5

Quantity of
1to4, only
7.50 each.

Multisynch Compatible

MULTISYNCH

Polaroid® DataRescue™

3 IBM DS/DD Gray Disks | | 7-3200 .....reg. $5799...ACP 3995 41 9 MONITOR
MD...... weenel€Q. i
% 35H3021 B1hib14.99 Rnens %U?Q:QHFERSECEUM%HE et ™| | T-5100 .....reg. $7499...ACP 4995 W...AcP's Sale Price!

==

for the FASTEST SERVICE order by phone...
Mail Orders: P.O. Box 17329 Irvine, CA 92713
Retail: 1310 E. Edinger , Santa Ana, CA 92705

Advanced Computer Products, Inc.

dealers for Hyundai « AST + Epson « Citizen « NEC « Okidata « Maxell + Seagate
Sony + Toshiba + Sharp « HP « Intel « Microsoft « Ventura + Aldus « many more..

mastercard) VISA'
asterCar

= 25,00 Minimum MAIL ORDER |\ (2]
« No Surcharge for VISA or Maslercard
 Volume purchasing agreements available  ® Orders subject to avaifability
® Pricing subject to change without notice Supply limlited on certain items
© ACP Retail store pricing may vary. Not msponsmle for typos.
e Limited warranties and other conditions may apply

Call for Corporate VPA's...

. 800-FONEAGP
800-366-3227 » 714-558-8813
Customer Service 714-558-1356

Authorized
Magnavox *
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MICROCOMPUTER
MARKETING COUNCIL

JDR Microdevices-

30 DAY MONEY BACK GUARANTEE - 1 YEAR WARRANTY ON ALL PRODUCTS = TOLL-FREE TECHNICAL SUPPORT
» COMPLETE CUSTOMER SATISFACTION ~ SUPERIOR SERVICE « FRIENDLY, KNOWLEDGEABLE SALES STAFF

STATIC RAMS DYNAMIC RAMS EPROMS CO-PROCESSORS

PART SIZE SPEED  PRICE PART SIZE ~ SPEED PRICE PART SIZE SPEED Vpp PRICE 8087 5 MHz 99.95

2112 256x4 450ns % 4116-200 16384x1 200ns 3 2708 1024x8  450ns 25V  4.95 8087-2 8 MHz 139.95
2114 1024x4 450ns i 4112.1g0 16384x1 150ns 3 2716 2048x8 450ns 25V 3.49 8087-1 10 MHz 194.95
2114L-2 1024x4  200ns 4 MK4332 32768x1 200ns £ 2716-1 2048x8 350ns 25V 3.95 80287 6 MHz 159.95
TC5516 2048x8 250ns : 4164-150 65536x1 150ns 3 2732 4096x8 450ns 25V 3.95 80287-8 8 MHz 229.95
TMM2016-200  2048x8 200ns £ 4164-120 65536x1 120ns ;) 2732A 4096x8 250ns 21V 3.95 80287-10 10 MHz 289.95
TMM2016-150 2048x8 150ns i 4164-100 65536x1 100ns ¥ 27C64 8192x8 250ns 125V 4.95 80387-16 16 MHz 449.95
TMM2016-100 2048x8 100ns i TMS4164 65536x1 150ns q 2764 B8192x8 450ns 12.5V 3.49 80387-20 20 MHz 599.95
HM6116-4 2048x8 200ns i TMS4416 16384x4 150ns ;| 2764-250 8192x8  250ns 125V 3.69 80387-25 25 MHz 699.95
HM6116-3 2048x8 150ns i 41128-150 131072x1 150ns 7 2764-200 8192x8  200ns 12.5V 4.25
HM6116-2 2048x8 120ns f TMS4464-15 65536x4 150ns 10.95 MCM68766  8192x8  350ns 21V 15.95
HM6116LP-4 2048x8 200ns B TMS4464-12 65536x4 120ns 11.95 27128 16384x8 250ns 12,5V 4.95
HM6116LP-3 2048x8 150ns 7 41256-150 262144x1 150ns 12.45 27128A-200 16384x8 200ns 125V 5.95
HM6116LP-2 2048x8 120ns 2 41256-120 262144x1 120ns 12.95 27C256 32768x8  250ns 125V 7.95
HM6264LP-15  8192x8 150ns . 41256-100 262144x1 100ns 13.45 27256 32768x8  250ns 125V 595
HM6264LP-12  8192x8 120ns 10.95 41256-80 262144x1 80ns 13.95 27256-200 32768x8  200ns 125V 7.95
HM43256LP-15 32768x8 150ns 12.95 HM51258-100 262144x1 100ns 13.95 27512 65536x8 250ns 12.5V 11.95
HM43256LP-12 32768x8 120ns 14.95 1 MB-120 1048576x1 120ns 34.95 27C512 65536x8  250ns 12.5V 12.95
HM43256LP-10 32768x8 100ns 19.95 1 MB-100 1048576x1 100ns 37.95 27C101-20 131072x8  200ns 12.5V 34.95

M CALL TO CONFIRM CURRENT PRICES & M CALL TO CONFIRM CURRENT PRICES & M CALL TO CONFIRM CURRENT PRICES & INCLUDES MANUAL & SO ARE GUIDE

CALL OUR WHOLESALE DEPT. BiGH-TECN 30 DAY MONEY-BACK GUARANTEE
FOR VOLUME QUOTES CPOTLICHT TOLL-FREE TECHNICAL SUPPORT

MICROPROCESSORS g il 741500 TTL LOGIC

— —— ® 3 INDEPENDENT 16-BIT COUNTERS M 24 PIN DIP — O —
B COUNTS BINARY OR BCD M SINGLE +5 V SUPPLY . :

6502 225 8031 395 8253 1.59 B DCTO2MHZ @ LOW POWER CMOS ot 5 el TS

6502A 2.69 8035 1.49 8253-5 1.95 82C53-5 $3.95 741503 ¢ 7408124 Y 745244

65028 425 8039 195 8254 279 T ; o 2 L

65C02°  7.95  B8052AH 8255 149 ras08 . s T sas

6520 1565 BASIC 3495  8255-5 15 3 !

6522 295 8080 249 8256 15.95 V-20 SERIES g ; Ll 7ASeag

6522A 595 8085 195 8257 2.25 TaL30 . TS TaLoas

6526 8085A-2 375 82575  2.49 SPEED UP YOUR PC BY 10% TO 40%! : :

74LS11 g 74LS138 . 74152
6532 8086 6.49 8259 1.95 B HIGH SPEED ADDRESS CALCULATION IN HARDWARE 74512 y 7408130 | gt

6545A 3.95 8088 5.99 8259-5 2.29 W PIN COMPATIBLE WITH 8088 @ LOW POWER CMOS 741513 745145 ] 7415266
8088-1 12.95 8272 4.39 @ SUPERSET OF 8088 INSTRUCTION SET 74LS14 ! 74LS147 ] 7415273
8088-2 7.95 8274 4.95 5MHz 895 v20* 8 MHz 10.95 74LS15 74LS148 ; 7415279
8155 2.49 8275 16.95 10 MHz 12.95 V30 8MHz 13.95 741520 ; 7415151 ; 7415280
8155-2 3.95 gg?]g . g-gg 74LS21 i 74LS153 : 7415283
8156 2.95 - ; 74522 : 74LS154 ! 7415290

g;:; zg.gg gggg 74LS27 o 74LS155 J 74LS293

: SINGLE IN-LINE MEMORY MODULES 74LS28 . 74LS156 . 74LS299
g;:g ;'gg gggg ] 741530 ] 74L8157 . 7415322

! 7418158 .
8755 1495 8287 41256A8B-15 256K x 6-BIT MAC COMPATIBLE 150ns $89.00 [l 741522 Ll Do

80286  79.95 58288 a.95 Ml 41256A8B-12 256K x 8-BIT MAC COMPATIBLE 120ns  99.00 :
80286-8 249,95 41256A8B-10 256K x 8-BIT MAC COMPATIBLE 100ns 129.00 Wl 7aCSol - e L bl
A0286-10; 79.82 z-80 741542 : 74LS163 . 7415373
280-CPU  1.25 Wl 41256A9B-15 256K x 9-BIT PC COMPATIBLE  150ns $119.00 741547 ; 74L5164 . 7415372
8200 Z80A-CPU 129 [l 41256A9B-12 256K x 9-BIT PC COMPATIBLE  120ns 129.00 741548 A 74LS165 . 7418375
6810 ) 8203 000  280B-CPU 275 [ 41256A9B-10 256K x 9-BIT PC COMPATIBLE 100ns 139.00 74LS51 : 745166 . 74LS377
6820 7 8205 320  780A-CTC 169 [M 41256A98-80 256K x 9-BIT PC COMPATIBLE  80ns 159.00 74LS73 ] 745169 . 7415390
6821 4 8212 149 780B-CTC 425 {8 42100A9B-10 1 MB x 9-BIT PC COMPATIBLE 100ns 529.00 74LS74 ; 74173 . 7415393
68B21 ) 8216 149 ZBOA-DART 595 [ 42100A98-80 1MB x 9-BIT PC COMPATIBLE  80ns 599.00 74LS75 ; 74Ls17a . 74LS541
6840 X 8224 2.25  Z80B-DART 6.95 74LS76 : 74L8175 . 7415624
6845 i 8226 169  280A-DMA 5.95 7aLSs : s 745640
68B45 : 8228 225  Z80A-PIO  1.89 ¥ ] 745645
6847 z 8237 395  Z80B-P10  4.25 STARTER KIT B 74086 d 7405193 . 741670
6850 | 8237-5 475  Z8B0A-SIO0 5.95 R——— 741590 ; 74L5194 | 7415682
68850 ; 8238 449 2Z80B-SIO/0 12.95 : e 74592 ; 74L8195 | 7415688
6852 ; 8243 195  280A-SIOH 5.95 Phoa A ST 74593 X 74519 59 74Ls783
6883 7 8250 695  Z80A-SIO2 5.95 B S e HE 74LS95 : 748197 . 25152521
68000 X 8251 1.29 Z80B-SI10/2 12.95 MCT-PAL-SOFT 99 és 74L8107 “ 74L5221 . 26LS31 1.95
68020 : 8251A 169 28671BASIC 9.95 - -PAL- - 74LS109 . 7415240 | 261532 195

LINEAR COMPONENTS HIGH SPEED CMOS LOGIC SERIES LOGIC

69 LM380 .89 XR2206 | 74HC00 J 74HC244 ! 74HCT138 . 74121 3 74F240
1.09 LM383 1.95 XR2211 ] 74HC04 ! 74HC245 i 74HCT139 . A 74123 ! 74500
LM386 .89 LM2917 ; 74HC08 ! 74HC273 3 74HCT157 . i 74125 ! 74502
LM393 .45 CA3046 : 74HC14 ; 74HC367 3 74HCT161 . 3 74150 ) 74504
LM394H  5.95 CA3146 : 74HC32 ! 74HC373 i 74HCT240 . : 74151 ; 74508
LM3%9H 5.5 MC3373 ] 74HC74 g 74HC390 3 74HCT244 | A 74153 ! 74510
TL494 4.20 MC3470 i 74HC138 J 74HC374 d 74HCT245 . ; 74154 : 74532
TLA497 3 MC3480 4 74HC139 3 74HCA4040 o 74HCT273 o . 74157 o 74574
NE555 : MC3487 ) 74HC154 X 74HCTO0 . 74HCT373 . i 74159 § 74586
NE556 ’ LM3900 ; 74HC157 y 74HCTO4 . 74HCT374 . i 74161 i 745112
NE558 g LM3909 ] 74HC161 d 74HCT0B . 74HCT393 . g 74164 J 745124
NE564 ! LM3911 Z 74HC164 ; 74HCT32 .| 74HCTA040 . ! 74166 4 745138
LM565 y LM3914 o 74HC175 i 74HCT74 i 74HCTA060 1. . 74175 ; 745153
LM566 i LM3915 y ! 74367 ] 745157
LM567 ; MC4024 ¥ J
faser oty STANDARD CMOS LOGIC A 74 blir
NE590 X RC4136 ; h 4028 i 4069 ; E 74F00 . 748175
NE592 d RC4558 : ¥ 4040 g 4070 . g 74F02 . 745195
LM723 d LM1360 : 4 4042 4 4081 ¥ E 74F04 . 745240
LM733 ] 75107 ! ; 4044 i 4093 . 4 74F08 : 745241
LM741 E 75108 : { 4046 i 14411 ; i 74F10 i 745244
LM747 5 75110 4 4 4047 o 14433 % o 74F32 & 745280
MC1330 ; 75150 / . 4049 . 14497 I ' 74F64 i 745287
MC1350 : 75154 J ; 4050 ’ 4503 ; i 74F74 ) 745288
LM1458 : 75188 g d 4051 ! 4511 ) ! 74F86 ; 745293
LM1488 § 75189 4 X 4052 4 4518 ) i 74F138 3 745373
LM1489 ] 75451 ; { 4053 ’ 4528 ) i 74F139 ; 745374
LM1496 d 75452 ! ] 4060 i 4538 4 g i 74F253 } 745471
ULN2003 . 75477 . . 4066 : 4702 ; . 74F157 y 74571

JDR MICRODEVICES AND THE JOR MICRODEVICES LOGO ARE REGISTERED TRADEMARKS OF JDR MICRODEVICES. IBM, AT, PS/2 ARE TRADEMARKS OF INTERNATIONAL BUSINESS MACHINES.
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'3-;‘::::’“5 o (gzgfcz " POWER SUPPLIES WIREWRAP
1.0 MHz = 2:: ADC0809  3.85 APPLE TYPE SUPPLY PROTOTYPE CARDS

2.95 . i DAC0800  3.29 & WITH APPLE CONNECTOR FR-4 EPOXY GLASS LAMINATE WITH GOLD PLATED EDGE-

1.95 K _ DAC0808  1.95 B +5V @ 6A, +12V @ 3A,
L : : DAG1022 595 5V @ 1A, 12V @ 1A CARD FINGERS ND SILEENED LEGENDS.

1.95 ; ; MC1408L8 1.95 )
1.95 A d 8128 PEA $48:95
195 \ § 8197 " . FLOPPY DRIVE SUPPLY

1% : : pres - e el B +5V @ 2.5A, +12V @ 2A,

4 12V @ 1A

335 : - oo g : o § B 45V @54, IF +12NOT USED

1.95 3 ; ULN20og . P Bt PS-ASTE $24.95 sy "

1.95 : ] 232 ]

1.95 i : MC3470 ) : 36 WATT POWER SUPPLY JDR-PR1  WITH +5V AND GROUND PLANE 27.95

1oE y y MC3487 | - B +5V @2.5A, +12V @1.5A JDR-PR2  AS ABOVE WITH I/0 DECODING LAYOUT29.95

e 3 y AY5.3600 =53 & 3 PIN INPUT, 6 PIN OUTPUT FOR PS/2

1.95 ] i PRO : f & SELECTABLE 110v-220V JDR-PR32 32 BIT PROTOTYPE CARD 69.95

:gg ! ; R i v ' PS-3045 $12.95 jgggmg 16 BIT WITH I/0 DECODING LAYOUT ~ 49.95
i CLOCK CIRCUITS 3 : PK PARTS KIT FOR JDR-PR16 ABOVE 15.95

1.95 o B B 144 WATT MICRO SUPPLY JDR-PR16V 16 BIT FOR VIDEO APPLICATIONS 39.95

MC146818 5.95
MM58167  9.95 B +5V @ 18A, +12V @ 4A, FOR AT

INTERSIL MM58174 995 ¥ -12V @ 500MA JDR-PR10  16BIT WITH I/O DECODING LAYOUT 34.95

CONTROLLERS @ 'CL7107 1095 MXM5832  2.95 L PS-1554 $29.95 JDR-PR10PK PARTS KIT FOR JDR-PR10 ABOVE 12.95
4 ICL7660  1.89
L ICLB038  3.85

1753 g {oMTHIA s VOLTAGE REGULATORS EXTENDER CARDS
¥ 7805T Iy 7812K 1.39 a

1797 X FOR PROTOTYPE DEBUGGING,

2791 i UARTS L ; sk FULL %’q_n TESTING AND TROUBLESHOOTING

5.7’3:7! i :}r;:g:; Z.gs ;g(‘]g } ;gt?g ; WARRAN TY ON E))ggggge XT (éOMPATIBLE gggg
Urores 4 THiS02 . 398 78001 | L EVERY PRODLILCT? EXT-16 MICHOCHANNEL 16 BT 69,95

MB8876 X 2651 4.95 7015T s EXT-32 MICROCHANNEL 32-BIT 99.95
IMB402 3.95 . i
7'6“9?"" . IM6403  9.95 7805K . LM338K  4.49

2143 } INS8250 6.95

“SNAPABLE"’ w
BYPASS CAPACITORS SOLDER STATION HEADERS me_r,g! SOLDERLESS

01UF CERAMIC DISC 100/5.00 UL APPROVED { W SNAP APART TO MAKE ANY SIZE BREADBOARDS

7
SIFMONO MONOLITHIC _ 10011000 B HEAT SETTING ADJUSTS S HEADER el CWITH N GENTERS WBU-204-3 1360 TIEPTS  12.95

cecnisc osso M 3 T TEAR bo srweirien  a f§ YRR moTErs 1ags

UF
1UF MONO MONOLITHIC ~ 100/12.50 READOUT . 140  RIGHT ANGLE LEAD
W FEP ACEUEHT T o - 2580, ‘STRAVGHTEEAD ; WBU-208 3220 TIEPTS  34.95

BIT RATE GENERATORS ¥ 1co0 — C%% ¢ . 2x40  RIGHT ANGLE LEAD

MC1441  19.95  COMS5016 16.95 e 5 -
BR1941 4.95 COM8116  8.95 599 EPROM ERASERS
4702 995  MM5307  4.95 =

SPECTRONICS CORPORATION

I Model | Ti I #of Iintensi(y‘ Unit

IDC CONNECTORS/RIBBON CABLE odel TMeT Chips | (uw/Cm) | Cost
PE-140 NO | 9 8,000 |$89

DESCRIPTION ORDERBY | CONTACTS | PE-140T YES | 9 8,000 |$139
o | 10] 20|26 |34 |40 |50 | | PE-240T YES | 12 | 9,600 |$189
SOLDER HEADER [ IDHXXS [ 82[1.29[1.68]2.20| 2.58] 3.24 | PC SOLDERLESS

RIGHT ANGLE SOLDER HEADER | IDHxXSR 85(1.35|1.76 | 231 | 2.72 3.39 |
WIREWRAP HEADER | IDHxxW | 186 2,98 |3.84) 4.50| 5.28] 6.63 | i, . BREADBOARDS
RIGHT ANGLE WIREWRAP HEADER | IDHxxWR | 2,05 3.28 |4.22| 4.45| 4.80 7.30 | :
RIBBON HEADER SOCKET | IDSxx [ 63] .89 95 1.29]1.49]1.69 |
RIBBON HEADER [ IpMxx [~ 5506:25 7.00|7.50/8.50 | DATAR .95
RIBBON EDGE CARD IDExx 851.25 135 1.75| 2.05| 2.45 ARy et il
RIBBON EDGE CARD ! I ! B SHIRT POCKT SIZE! @ ERASES
10' PLASTIC RIBBON CABLE | RCxx 1.60 3.20 410 5.40  6.40  7.50 Moot LPLONSED BN Hnhres P e SR ool A
B ALL SIZES UP TO 4 AT A TIME :
FOR ORDERING INSTRUCTIONS. SEE D-SUBMINIATURE CONNECTORS BELOW DATARASE Il e IO M e
FEMALE DB25 D-SUB CONNECTOR
UP-604 $49.95

D-SUBMINIATURE CONNECTORS

DESCRIPTION ORDERBY | = HCO:‘;”::V = GENDER CHANGERS
Y T T T %8 I I 1 Ty GENDER-FF FEMALE-FEMALE 7.
SOLDERCUP ' Leunie | Dmws | o] 69 |75 75 130220 BN GENDE MM WALZUALE 795
RIGHT ANGLE _ MALE | DBxxPR |49 69 | - | .79 227 - gs“gggmj mtfﬁg’géhg
PC SOLDER [ FEMALE | DBxxSR | 85| .75 | - | .85]2.49] GENDER-JB JUMPER BOX
WIREWRAP |__MALE | DBxxPWW | 1.69] 2.56| - |3.89] 5.60] LITHIUM BATTERY GENDER-MT MINITESTE%
| FEMALE DBxxSWW 276 4.27 | - | 6.84]9.95] - LONG-LASTING 6 VOLT GENDER-VGA DB3-DB15
IDC RIBBON CABLE | MALE 1DBxxP | 1.39/1.99 | -~ 2.25[4.25] BATTERY FOR286 AND |~ . GENDER-9-25 DB9-DB25
___FEMALE IDBxxS | 1.5/ 205] .35] 4.49 386 PCS--MOUNTS JUST | =800
HOODS [ METAL MHOODxx | 1.05 1.15 | 125 1.25] ABOUT ANYWHERE! v
~ PLASTIC HOODxx 39 39| - [ .39 : & MOTHERBOARD
ORDERING INSTRUCTIONS: CONNECTOR
INSERT THE NUMBER OF CONTACTS IN THE POSITION MARKED “xx” OF THE “ORDER BY" B ADHESIVE VELCRO
PART NUMBER LISTED. EXAMPLE : A 15 PIN RIGHT ANGLE MALE PC SOLDER WOULD BE MOUNTING STRIP

DB15PR MOUNTING HARDWARE 59¢ LITHIUM 6.8V 11.95

IC SOCKETS/DIP CONNECTORS SHORTING i COIN TYPE @ BREAKOUT BOX
CONTACTS ) BLOCKS BATTERY FOR TROUBLESHOOTING

[ el | 16 | 18| 20 22 | 24 2q 40 5/%1.00 LITHIUM-3V 1.95 SERIAL COMMUNICATIONS

| SOLDERTAIL SOCKETS | xxST | ; 42 5] 18] 15[ .20 [ 22] .30 B OPEN/CLOSE INDIVIDUAL
WIREWRAP SOCKETS | xxWW | 69 . .99 1.091.39 | 1.49 |1.69/1.99 CIRCUITS

| ZIF SOCKETS ; ! 4.9 5.95 - |5.95 6.95/9.95 W 20 JUMPERS CROSS-
TOOLED SOCKETS | AUGATxxST " 79 .891.09] 1.29 139[149 1.69/2.49 | i CONNECT ANY 2
TOOLED WW SOCKETS | AUGATxxWW _ |1.30 |1.80|2.10 [2.40  2.50 |2.90 |3.15 37015 40 CIRCUITS
COMPONENT CARRIERS __ ICCxx 49| 59 69 99| .99 .99 .98 [1.09]1.49 & 10 LEDS SHOW
DIP PLUGS (IDC) 95, 59 1.29/1.49 - | .85 1.49 1.59 HOLDER CIRCUIT ACTIVITY 7
FOR ORDERING INSTRUCTIONS SEE D-SUBMINIATURE CONNECTORS ABOVE o 3V-MHW  1.49 GENDER-BO 34.95

DESCRIPTION ORDER BY

JDR MICRODEVICES, 110 KNOWLES DRIVE , LOS GATOS, CA 95030 g M e L T o g
LOCAL (408) 866_6200 FAX (408) 378_8927 TELEX 171 _1 1 0 additional shipping charges—please contact the sales department for the

amount. CA residents must include applicable sales tax. Prices subject
to change without notice. We are not responsible for typographical errors.

i mm.cm] RETAIL STORE: 1256 SOUTH BASCOM AVE., SAN JOSE, CA (408) 947-8881 We reserve the right to limit quantities and to substitute manufacturer.

All merchandise subject to prior sales. A full copy of our terms is available

HOURS M-F 9'7 SAT 9-5 SUN .12-4 upon request. Items pictured may only be representative

= DRDER TOLL FREE 800-538-5000

COPYRIGHT 1989 JDR MICRODEVICES
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MMC

MICROCOMPUTER
MARKETING COUNCIL
of the Drect Marketng Associaton. Inc.

JDR Microdevices'

30 DAY MONEY BACK GUARANTEE - 1 YEAR WARRANTY ON ALL PRODUCTS = TOLL-FREE TECHNICAL SUPPORT
» COMPLETE CUSTOMER SATISFACTION - SUPERIOR SERVICE = FRIENDLY. KNOWLEDGEABLE SALES STAFF

$12995

INTERNAL 2400 BAUD

W AUTO DIAL/ ANSWER

W SELF TEST ON POWER-UP

M FULL OR HALF DUPLEX

M TOUCHTONE OR PULSE DIALING

W HAYES & BELL SYSTEMS COMPATIBLE

m MIRROR Il COMMUNICATIONS SOFTWARE INCLUDED
PRO-241 $129.95
PRO-121 1200 BAUD 1/2 CARD $69.95
PRO-24M 2400 BAUD FOR PS/2 $249.95

EXTERNAL 2400 BAUD

W 2400/1200/300 HAYES COMPATIBLE

W 8 EASY-TO-READ STATUS LED'S

W CALL PROGRESS MONITORING & ADJUSTABLE VOLUME
W 2ND PHONE JACK FOR VOICE COMMUNICATIONS

® REQUIRES SERIAL PORT & CABLE (OPTIONAL)
PRO-24E $169.95
PRO-12E 1200 BAUD EXTERNAL $99.95

APPLE/MACINTOSH MODEMS
MACINTOSH 2400 BAUD EXTERNAL AS ABOVE WITH

CABLE AND PROCOM-M SOFTWARE.

PRO-24EM $199.95
PRO-24A APPLE Il 2400 BAUD MODEM $179.95
PRO-12A  APPLE Il 1200 BAUD MODEM $139.95

POCKET MODEM

$9995

YOU'LL NEVER

BE FAR FROM YOUR

DATA WITH THIS 6 OUNCE
HAND-HELD POCKET MODEM

‘.‘..

W 1200/300 BAUD M BATTERY & AC POWER
W SERIAL INTERFACE (DB25) & 4 STATUS INDICATORS

GVC-12P

GVC-24P 2400 BAUD VERSION $249.95

KEYBOARDS

bl bkododo] babedoded [ 1 E F ) el €

} ll't Iy llylly”y‘lrl I‘I !';r}r
LLH LI l :

TACLTILE FEEDBACK MAXI-SWITCH
MAX-5339 ENHANCED STYLE (SHOWN) $84.95
MAX-5060 84 KEY LAYOUT $64.95

BTC ENHANCED STYLE LAYOUT
W AUTOSENSE FOR XT OR AT COMPATIBLES
 LED INDICATORS & AUTO REPEAT FEATURE
B SEPARATE CURSOR PAD

BTC-5339

BTC 84 KEY LAYOU1

B SOFTWARE AUTOSENSE FOR XT OR AT COMPATIBLES
B LED INDICATORS @ AUTO REPEAT

BTC-5060 $59.95
BTC AUDIBLE ““CLICK’’ KEYBOARD
B ENHANCED STYLE, 101 KEY KEYBOARD
H LEDINDICATORS @ AUTO REPEAT
K103-A

$79.95

$84.95
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DFI HANDY SCANNER

400 DPI 524995

ALL HANDY SCANNERS
ARE NOT THE SAME!
W INSTANTLY SCANS UP
TO 4" WIDE IMAGES
M 100, 200, 300, 400 DPI
BOTH DIRECTIONS
W B&W AND 3 HALF-TONE
MODES
W 32 LEVELS OF GRAY SCALE
W HERCULES, CGA AND EGA COMPATIBLE
| INCLUDES HALO DPE AND IMAGE EDITOR SOFTWARE

R Hs-3000

LOGITECH HIREZ
MOUSE

59995

HIGH RESOLUTION BUS MOUSE FOR BETTER RESPONSE
AND LESS HAND MOVEMENT, IDEAL FOR CAD WORK

® 320 DPI @ INCLUDES DRIVER, TEXT EDITOR & POP-UP
MENUS ® NO PAD, POWER SUPPLY OR PORT REQUIRED

LOGITECH 3-BUTTON MOUSE

PC MAGAZINE EDITORS CHOICE! ALL MODELS HAVE
SERIAL SUPPORT (COM1/COM2), 200 D.P.I. RESOLUTION,
LOTUS 1-2-3 SHELL, SELF-INSTALLING SOFTWARE AND
“POINT EDITOR"
LMOUSE
LMOUSE-P SERIAL MOUSE W/LOGIPAINT  $99.95
LMOUSE-BP  BUS MOUSE W/LOGIPAINT $99.95
LMOUSE-BPBL BUS MOUSE W/PUBLISHER PKG $139.95
LMOUSE-BPC  BUS MOUSE W/LOGIPAINT/CAD $149.95

$79.95

24-HR. ON-LINE ORDERING!

(408) 374-2171

JOR'S ELEI ONIC BULLETIN BOARD OFFERS
TECHNICAL SUPPORT, CONFERENCING ANO MORE

DATA SWITCH BOXES

TYPE #OF POS. PARALLEL SERIAL PRICE
PUSHBUTTON  2-WAY
ROTARY 2-WAY
ROTARY 3-WAY
ROTARY 4-WAY

MOLDED COMPUTER CABLES
HIGH QUALITY GOLD-PLATED CONTACTS; CABLE AND
CONNECTORS ARE 100% SHIELDED. MOLDED ASSEMBLY
CBL-PRINTER PC PRINTER CABLE $9.95
CBL-PRINTER-25 AS ABOVE - 25 FOOT $15.95
CBL-PRINTER-RA RIGHT ANGLE PRINTER $15.95
CBL-DB25-MM DB25 MALE TO DB25 MALE $9.95
CBL-DB25-MF DB25 MALE TO DB25 FEMALE ~ $9.95
CBL-9-SERIAL 9 PIN TO 25 PIN SERIAL $6.95
CBL-KBD-EXT KEYBOARD EXTENSION $7.95
CBL-CNT-MM 36 PIN CENTRONICS-M/M $14.95
CBL-HD-20 20 PIN HARD DISK CABLE $3.95
CBL-HD-34 34 PIN HARD DISK CABLE $4.95
CBL-HD-34D 34 PIN DUAL HARD DISK $6.95
CBL-FDC-EXT 37 PIN EXTERNAL FLOPPY $9.95
CBL-MNT-9 9 PIN MONITOR EXTENSION ~ $6.95
CBL-MODEM DB25 TO DB25 FEMALE $7.95

VGA COMPATIBLE

PACKAGE 5549

| 800 X 560
MAXIMUM
RESOLUTION

W 640 X 480 IN
16 COLORS

W 320 X 200 IN
256 COLORS

m 1BM STYLE
ANALOG
MONITOR

N FULLY VGA, EGA,
CGA, HERCULES
& MONOCHROME
COMPATIBLE

VGA-PKG

NEC MULTISYNC Il $599.95
B AUTO FREQ ADJUSTMENT @ RESOLUTION AS HIGH AS
800 X560 @ TEXT MODE & TEXT COLOR M INCL. ADAPTOR
NEC-MULTI

JDR MULTI $499.95
B FULL FEATURED MULTISCAN MONITOR WITH UNLIMITED
COLORS M HIGH RESOLUTION, 14" NON-GLARE DISPLAY

B AUTO SWITCHING @ TTL/ANALOG VIDEO INPUT
JDR-MULTI

RELISYS EGA $399.95

W 800X560 MAXIMUM RESOLUTIONS .31 MM DOT PITCH
W 14" BLACK MATRIX SCREENM® 16 COLORS SWIVEL BASE
EGA-MONITOR

|EGA sPECIAL - SAVE s60! |

BUY THE RELISYS EGA AND THE MCT EGA CARD TOGETHER
AND SAVE $60.00 JUST $489.00

RGB MONITOR $279.95
B COLOR/GREEN/AMBER SWITCHM .41MM DOT PITCH

B 640 X 240 RESOLUTION® 14" NON-GLARE SCREEN

B TILT AND SWIVEL BASE

RGB-MONITOR

FILAT SCREEN $139.95
B LOW DISTORTION 14" GLARE-RESISTANT AMBER SCREEN
B 720 X 350 MAXIMUM RESOLUTION M 1BM COMPATIBLE
TTL INPUT & SWIVEL BASE

GM-1488

MONO-SAMSUNG  WITH 12" SCREEN $129.95

TILT & SWIVEL MONITOR STANDS

MS-100 $12.95
MS-200 5OUTLETS AND SURGE SUPPRESSOR ~ $39.95

UPRIGHT CA5E

SLEEK UPRIGHT DESIGN SAVES
SPACE. ADDS STYLE!
N ACCOMODATES ALL
SIZES OF MOTHERBOARDS
250 W POWER SUPPLY
INCLUDED
MOUNTS FOR 3 FLOPPY
& 4 HARD DRIVES
TURBO & RESET SWITCH
SPEED DISPLAY, POWER
& DISK LED'S
INCL. MOUNTING HARDWARE,
FACEPLATES & SPEAKER
CASE-100

CASE-FLIP  FOR 8088 MOTHERBOARDS
CASE-SLIDE FOR 8088 MOTHERBOARDS
CASE-70 FOR 286 MOTHERBOARDS
CASE-50 FOR 8088 OR 286 BOARDS
CASE-JR MINI-286 W/POWER SUPPLY

$34.95
$39.95
$89.95
$59.95
$149.95

POWER SUPPLIES

ALL OUR POWER SUPPLIES ARE UL APPROVED, 110/220V.

PS-135  IBM XT COMPATIBLE, 135 WATTS $59.95
PS-150 IBM XT COMPATIBLE, 150 WATTS $69.95
PS-200  IBM AT COMPATIBLE, 200 WATTS $89.95
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1.44 MB 3%=" DRIVE

59995

B e o ooes ey F A AvG
720K DISKS ’ .
FDD-1.44X BLACK FACEPLATE SIZE MODEL |SPEED
FDD-1.44A BEIGE FACEPLATE
20MB ST-225

FDD-SOFT SOFTWARE DRIVER $19.95
30MB RLL |ST-238 |65 ms $249
1/2 HEIGHT FLOPPY DISK
o 4OMB  |ST-251 [40ms $379

FD-55B 5-1/4" TEAC DS/DD 360K $99.95 40MB ST-251-1| 28 ms $469

FD-55G 5-1/4" TEAC DS/HD 1.2M $129.95
M2551A  5.1/4" FUJITSU DS/DD 360K $89.95 60MB RLL |ST-277 |40 ms $449
30MB ST-4038 | 40 ms $559

M2553K  5-1/4" FUJITSU DS/HD 1.2M $119.95
80MB ST-4096 | 28 ms $629

& Seagate

Kits include a Seagate hard disk drive,
drive controller, cables and instructions.
HDKIT20 20 MB System Kit
HDKIT30 30 MB System Kit

20 Mb kit $269
30 Mb kit $299

Wllh ML‘T (.‘anrmllel

DRIVE
ALONE

65 ms $225

FDD-360  5-1/4" DS/DD 360K $69.95
FDD-1.2  5-1/4" DS/HD 1.2M $109.95

MF355X 3-1/2" MITSUBISHI 1.44MB (BLACK) $129.95
MF355A  3-1/2" MITSUBISHI 1.44MB (BEIGE) $129.95
FDD-3.5X  3-1/2" DS/DD 720K (BLACK) $97.95
FDD-3.5A  3-1/2" DS/DD 720K (BEIGE) $97.95

TAPE BACK-UP DRIVES

AR5240X  ARCHIVE TAPE DRIVE -XT'S & AT'S  $369.95
AR5540A  FASTER TAPE DRIVE -AT'SONLY  $369.95
AR340 40 MB TAPE CARTRIDGES $24.95

DISKETTES

N-MD2D BOX OF 10 5-1/4" 360K DS/DD $6.95
N-MD2H BOX OF 105-1/4" 1.2 MBDSHD  $13.95
N-3.5DS BOX OF 10 3-1/2" 720K DS/DD $16.95
N-3.5HD BOX OF 10 3-1/2" 1.44 MB DS/HD ~ $49.95
N-MD2D BULK 360K DS/DD (MIN. 50 DISKS) EA.49¢

DRIVE ACCESSORIES

FD-ARAIL MTG. RAILS FOR AT COMPATIBLE $2.95
FD-55MHW HALF-HEIGHT MOUNTING HARDWARE $2.95
FD-5Y Y-POWER ADAPTOR FOR DRIVES $2.95
FD55P BEIGE FACEPLATE FOR TEAC DRIVES $2.95

INBOARD 386/PC

in

L] 89500

UPGRADE YOUR XT TO A 386 FOR LESS THAN $900
® 16 MHZ PROCESSOR REPLACES 8088

B 1 MB MEMORY INSTALLED

® EXPAND TO 3 MB WITH PIGGYBACK CARD
B 5 YEAR WARRANTY

PCIB 1200

PIGGYBACK MEMORY BOARDS
PCIB1210 | MB INSTALLED

PCIB1220 2 MB INSTALLED

$649.00
$1195.00

INTERFALE (ARDS

BY MODULAR CIRCUIT TECHNOLODGY

DRIVE CONTROLLERS

FLOPPY DISK CONTROLLER $29.95
SINGLE SLOT CONTROL OF 4 FLOPPIES

W INTERFACES UP TO 4 FDD'S TO AN IBM PC OR
COMPATIBLE @ SUPPORTS DS/DD AND DS/QD W/ DOS 3.2
MCT-FDC

1.2 MB FLDPPY CONTROLLER $69.95
ADD VERSATILITY AND CAPACITY TO YOUR XT

@ S')PPORTS 2 DRIVES, CAN MIX 360K AND 1.2 MB

& ALLOWS DATA TO FLOW FREELY FROM XT'S TO AT'S
MCT-FDC-1.2

FLOPPY/HARD CONTROLLER $139.95
XT SYSTEM SHORT OF SLOTS? THIS CARD FREES ONE UP!
B INTERFACES UP TO 2 FDD'S & 2 HDD'S, CABLING FOR 2
FDD/1HDD & SUPPORTS BOTH DS/DD & DS/QD W/DOS 3.2
MCT-FH

286/386 FLOPPY/HARD $149.95
FLOPPY/ HARD DISK CONTROL IN A TRUE AT DESIGN

B SUPPORTS UP TO 2 360K /720K/ 1.2 MB FDD'S

m SUPPORTS 2 HDD'S USING STANDARD TABLES
MCT-AFH

HARD DISK CONTROLLER

HARD DISK CONTROL AT AN ECONOMICAL PRICE
W SUPPORTS 16 DRIVE SIZES INCLUDING 10,20,30 & 40 MB
B DIVIDE 1 LARGE DRIVE INTO 2 LOGICAL DRIVES
MCT-HDC

$79.95

RLLCONTROLLER $719.95
TRANSFER DATA 50% FASTER

B SUPPORTS UP TO 2 RLL HARD DRIVES

M DESIGNED FOR XT COMPATIBLES

MCT-RLL

286/386 FLOPPY/HARD RLL $199.95
IMPROVE SPEED AND STORAGE OF YOUR AT COMPATIBLE
B SUPPORTS UP TO 2 RLL HARD DISCS AND 2 FLOPPIES

B SUPPORTS 360/720/ 1.2 MB FLOPPIES IN 5.25" & 3.5"
MCT-AFH-RLL

JDR MICRODEVICES, 110 KNOWLES DRIVE, LOS GATOS, CA 95030
LOCAL (408) 866-6200 FAX (408) 378-8927 TELEX 171-110

MULTIFUNCTION CARDS

MULTI 1/0 FLOPPY CONTROLLER $79.95
A PERFECT COMPANION FOR OUR MOTHERBOARDS

B SUPPORTS UP TO TWO 360K FLOPPIES, 720K W/ DOS 3.2
W SERIAL, PARALLEL, GAME PORT, CLOCK/CALENDAR
MCT-MIO

MI0-SERIAL—2ND SERIAL PORT

MULTI 10 CARD $59.95
USE WITH MCT-FH FOR MINIMUM OF SLOTS USED

® SERIAL PORT, CLOCK/ CALENDAR WITH BATTERY

B PARALLEL PORT ADDRESSABLE AS LPT1 OR LPT2
MCT-10

286/386 MULTIFUNCTION
ADDS UP TO 3 MB OF RAM TO YOUR AT
B USER EXPANDABLE TO 1.5 MB OR 3 MB WITH OPTIONAL
PIGGYBACK BOARD (OK INSTALLED) @ INCLUDES SERIAL
AND PARALLEL PORT

MCT-AMF

MCT-AMF-MC PIGGYBACK BOARD 29.95
AIO -SERIAL 2ND SERIAL PORT 24.95

286/386 MULTI I/0 CARD $59.95
USE WITH MCT-AFH MINIMUM OF SLOTS USED

B SERIAL, PARALLEL AND GAME PORTS M USES 16450
SERIAL SUPPORT CHIPS FOR HIGH SPEED OPS

MCT-AI0

AIO-'::.EFIIAL 2ND SERIAL PORT

MEMORY CARDS

576K RAM CARD $59.95
A CONTIGUOUS MEMORY SOLUTION IN A SHORT SLOT

@ USER SELECTABLE CONFIGURATION UP TO 576K

W USES 64K & 256K RAM CHIPS (OK INSTALLED)
MCT-RAM

EXPANDED MEMODRY CARD $129.95
2MB OF LOTUS INTEL MICROSOFT MEMORY FOR AN XT

B CONFORMS TO LOTUS INTEL EMS @ USER EXPAND-
ABLETO2MB @ CAN BE USED AS EXPANDED OR
CONVENTIONAL MEMORY, RAMDISK AND SPOOLER
MCT-EMS

MCT-AEMS 286/386 VERSION

$15.95

$139.95

$24.95

$139.95

"JDR MICRODEVICES IS FIRST CLASS TO DEAL
WITH, VERY PROFESSIONAL AND FRIENDLY."
-J.A. COFFIN, ISLESBORO, ME

"YOUR AVAILABILITY AND WILLINGNESS
TO ATTEND TO OUR NEEDS WITH PROMPT,
COURTEOUS PERSONNEL IS GREATLY
APPRECIATED."

--DIANE M. DUBOIS, SAN JOSE, CA

"SHOP-BY