


Now iou can watch 
the entire Whizzard® 
family in 30. Because the 
industry's widest range of high performance 
graphics systems now has a whole new dimension. 

A third dimension. 
Which means now you can buy 30 Megateknology 

starting for under $12,000. For instance, the Whizzard 
1600 desktop design terminals with color or mono­
chrome capabilities, very high resolution and Vf-100™ 
compatibility. 

Or our Whizzard 3355, which holds the speed 
record for its price range-400,000 vectors per second­
thanks to our one-of-a-kind Graphics Engine:" 

Then there's the ultimate computer graphics 
system: the Whizzard 7200. It guarantees remarkable 
speed and flexibility, modular architecture that 
supports high resolution and real-time dynamic color 
raster displays, and unmatched interactive graphics 
capabilities. 

Plus, with every one of our products you get 
Megateknology-our longstanding trademark of inno­
vative design, quality and high reliability. 

There's a whole new dimension to our Whizzard 
family, thanks to the latest in 30 Megateknology. 

Watch it add more dimension to your creativity. 
See us at NCGA Booth #318, 
Anaheim, California May 14-17 

•••MEGATEK 
••• CORPORATION 
••• , A U'llTEDTELECOM COMPANY 

Making History out of State-of-the-Art That's 
Meg~~~~~~"y~ 

European Headquarters · 31. avenue du Tribunal-Federal· CH-1005 Lausanne, Swilzerland · Telephone: 41 21 20 70 55 · Telex: 25 037 mega ch 
Vf-100 is a trademark of Digital Equipment Corporation 
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27 Integrated circuits: 

VLSI software components balance standardization with flexibility 

29 Memory systems: 
Half-inch tape drives cry out for greater compatibility 

35 Software: 
Computer architectures demand languages that deal with time 

44 Test & development: 
CAD packages convert micros into engineering workstations 

56 Data communications: 
Forthcoming PC networks build on wide range of approaches 

81 Test & development: How to test Winchester disk drives 
by Jerry Ruoff-While readback jitter has made window margins a 
major testing concern, flexibility, correlation, and simplicity of 
operation are also key issues. 

93 Integrated circuits: Array-based logic boosts system performance 
by Cary R. Champlin and Jerry E. Prioste-Vsing ECL arrays to build 
standard logic blocks increases gate speeds by more than a factor of 
four and offers 100 times the density of standard lOK ECL logic. 

107 Data communications: Chips support two local area networks 
by Bob Dahlberg-Data communication ICs permit easy implementation 
of Ethernet and high level data-link control networks. 

123 Software: Disk translation software solves format mismatches 
by George Mitchell-To provide software in a variety of floppy disk 
recording formats, a translation utility is needed. This, however, 
requires an understanding of formatting basics. 

133 Integrated circuits: Advanced 1cs spawn practical speech recognition 
by Michael W. Hutchins and Lee K. Dusek-Ics can provide the 
memory bandwidth and signal processing power for practical 
speech-recognition systems. However, harnessing chip capabilities 
to speech-recognition tasks does require more advanced algorithms. 

145 Peripherals: Queuing analysis compares disk organization 
by Alexander Thomasian and Kayvan Kiamanesh-Vsing a queuing 
model together with computer analysis shows that for a realistic range 
of parameter settings, a multiple head moving arm organization can 
improve disk performance. 

157 Integrated circuits: Taking a new look at wafer scale integration 
by Gilman D. Chesley-An alternative to traditional technologies, a 
wafer of RAMs used as a virtual main memory can stretch today's RAM 
capacities beyond existing price and performance limits. 

SID '84 
65 The Society for Information Display's June conference will be a 

clearinghouse for international research in display technology and trends. 
Although active flat panels may soon slip into familiar CRT niches, the 
venerable CRT still wins "best of show" for flat-out performance and 
high end applications. 
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Emerging graphics standards promise 
to put order in a marketplace that has 
been dominated by noncommunicating 
proprietary software. Software that 
will make graphics application 
programs portable and display 
independent is typical of what will be 
available. However, because the 
standards are minimal, high end 
proprietary systems will still be needed 
for complex applications. Moreover, 
instead of waiting for the final 
standards to appear, some firms have 
incorporated the latest versions into 
their products for the computer system 
integrator, manufacturer, and end user. 

Interface: 

This month's cover was created 
and designed by Mark Lindquist 
on the Digital Effects Video 
Palette III and D-48 high resolution 
camera system. 

Fast A-D boards pump data into LSI-I I bus without transfer loss 
Test & development: 
Development system based on IBM PC puts 8088/ 80188 on STD bus 
Memory systems: 
Tape subsystem exhibits full-size performance at low cost 

Test & development: 
Analyzer combines hardware/software tests in one device 

Data communications: 
Peripheral processor removes communication overhead from host 
Computers: 
Supermicros run multiple operating systems concurrently 
System elements: 
Hybrid plasma display simplifies driver electronics, cuts cost 
Microprocessors/microcomputers: 
Single-board computer stores 512 Kbytes with onboard RAM 

Memory systems: 
Featherweight disk drive protects floppy media in hard shell 
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W ith Houston Instrument and your microcomputer .. . 

You're iust a step away 
from complete CAD 

capabilities 
Get more from your IBM-PC - make it the 

heart of a micro-based CAD system. There 
are dozens of popular CAD software packages 
now available for microcomputers. Using 
these packages, your computer, and Houston 
Instrument's powerful CPS-19 plotter, you 
can produce intricate, complex color 
graphics. 

Rich color graphics 
The four-pen CPS-19 produces rich and 

precise graphics exceeding "E" dimensions. 
It is capable of handling the most demanding 
task, and will do so unattended, requiring no 
operator intervention between drawings. In 
one uninterrupted span, the CPS-19 can pro­
duce up to 600 A-size drawings on vellum, 
paper, mylar or acetate - each of top quality. 

Add a digitizer for more 
graphics power 

If you need digitizing capability, Houston 
Instrument also has a complete line of high­
resolution digitizers, including a large 42" x 
60" format. Digitizers serve as powerful 
drawing input tools, complementing your 
computer-aided drafting and design needs. 

For the name, address and phone number 
of your nearest representative, write Houston 
Instrument, P.O. Box 15720, Austin, Texas 
78761. Phone 512-835-0900, or 800-531-5205 
if outside Texas. In Europe contact Houston 
Instrument Belgium NV. , Rochester laan 6, 
8240 Gistel, Belgium. Tel. 059-27-74-45, Tix. 
846-81399. 

houston instrument 
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UP FRONT 
MCC adds research directors 

Microelectronics and Computer Technology Corp, the Austin, 
Tex-based research and development group put together by former CIA 
deputy director Bobby Inman, at last has research directors in place 
for six of its seven programs, and research is already getting under 
way. MCC was formed in 1982 by 10 American microelectronics and 
computer corporations to pool research funds and personnel. Research 
programs currently staffed with full-time directors are software 
technology packaging, VLSI/computer aided design, and advanced 
computer architecture. The latter program, a 10-year effort, focuses 
on four major program directions: artificial intelligence, parallel 
processing, human factors technology, and database system 
management. MCC now offers an associate program that will allow 
companies with resources smaller than those of the full shareholding 
companies to participate. Associate members will be assured an 
efficient flow of nonproprietary data, as well as licensing of 
developments three years after full shareholders . -T. W. 

First two-user Lisp machine promises to help technology transfer 
Workstations to develop artificial intelligence-based application 
programs running the Lisp language set their purchasers back $100,000 
or more depending on the workstation's single-user configuration. This 
price is a formidable barrier to the widespread use of AI by the 
computer design community, and limits the ability of non-AI-oriented 
firms to learn about the new discipline. So, LISP Machine, Inc (Los 
Angeles, Calif) has taken advantage of the Texas Instruments NuBus 
architecture and NuMachine to come up with the Lambda 2X2, a two­
user, full-function Lisp machine. To be delivered July 1, the 2x2 costs 
only $55,000 per user. It sports two fully independent, concurrently 
operating Lisp processors , each built on four PC boards connecting to 
the 2x2's internal NuBus. Each processor provides a 128-Mbyte virtual 
address space for its user along with a keyboard, mouse, high 
resolution display, and display controller. Users share physical RAM, a 
470-Mbyte Winchester, an integral Multibus I for connection of 
Multibus I-based peripherals, and an Ethernet interface.-H.H. 

But will it make the top 40? 
Capitalizing on its parent company's expertise with audio disk 
technology, Capitol Data Systems, a division of Capitol Records (Los 
Angeles, Calif), has developed a 5114 -in. floppy disk that can be a 
medium for any disk drive system, from single-sided, single-density to 
double-sided, double-density or quad-density systems. The "universal" 
disk can be used on any standard personal computer, regardless of its 
disk drive system, to automatically double the capacity of single-sided 
drives. The disk can also be inverted to record on the second side after 
one side has been loaded. The disk's developers attribute its 
universality to testing for a missing pulse threshold over the entire 
surface of 96 tracks on both sides. Threshold levels tested at more 
than 50 percent higher than usual industry levels. The user is thus 
assured of maximum floppy disk capacity with each disk. Two other 
features: two data-protect notches in the disk's sleeve allow the disk to 
be inserted with either side facing the read/write head, and two index 
holes allow the disk drive to register and index recording tracks on 
either side of the diskette. A pack of 10 diskettes lists for $55.-N.M. 
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IPFIOIT 
A CAD workstation for the less privileged 

A "personal" computer aided design system from Control Data (Santa 
Clara, Calif) is reported to provide 80 percent of the schematic and 
accounting functions an engineer needs at 20 percent of the cost 
incurred using large scale design workstations. In this way, the 
company hopes to induce engineers to use its Cybemet Services, an 
online data network that ties personal computers to such heavies as 
the Cyber 205 supercomputer. The under-$16,000 system comes with 
IBM PC, software package for schematic entry, netlist extraction tool 
tapping several design software programs, dot-matrix printer/plotter, 
10-Mbyte Winchester drive, 360-Kbyte floppy disk drive, and mouse. 
Without the PC, the package costs about $8000.-N.M. 

Smalltalk now commercially available 
The first commercial offering of the Xerox Palo Alto Research 
Center's Smalltalk-so package has been announced by Syte 
Information Technology (San Diego, Calif). Smalltalk is a 
combination of a window-oriented operating system, an object­
oriented programming language, and a programming environment. 
The package runs on Syte's series 3000 micromainframe, which is based 
on National Semiconductor's 16032 microprocessor. It shares system 
resources with UniSyte-the company's proprietary implementation of 
Unix System v-via calls to the global environmental manager (GEM). 
The GEM provides a standard interface between programs and the 
computer system hardware. Pricing is expected to be in the vicinity of 
$1500.-S.B. 

Videotex spurs display chip design 
Videotex, installed in a variety of tentative services in Europe, is 
aimed at creating a home information system, and may eventually 
make large inroads in the U.S. as display standards and cable 
installations proliferate. In anticipation of such developments, expected 
around the 1986 to 1988 time frame, Texas Instruments (Dallas, Tex) 
is developing an advanced video display processor (AVDP) chip that 
supports the North American Presentation Level Protocol Syntax 
(NAPLPS). The AVDP will support a bit-mapped raster display of 
256 x 210 with 16 colors/pixel and an onchip color palette with 512 
color options, as well as 40- and 80-col color text. To support the 
rapid screen painting frequently used by NAPLPS, the AVDP will have a 
block-move command that will be able to simulate movement on the 
screen and also off-load polygon fill routines from the CPU. A video 
overlay feature will allow captioning on live video with videotex or 
teletext services; an onchip sound generator can prompt the user with 
beeps or synthesized music.-T. W. 

Electronic mail merges with voice memos 
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Digital Sound Corp (Santa Barbara, Calif) moves closer to an 
integrated voice/text messaging system with its Voiceserver 1 store-and­
forward system. Although presently configured to handle voice only, 
its 68000-based general purpose processor and dual TMS320 digital signal 
coprocessors can be programmed to handle text-to-speech conversion 
in addition to text only. Future plans also include limited speech­
recognition capabilities for commands and user access, as well as Unix 
support for PBX-based networks. This level of integration is beyond 
the capabilities of the current generation of message store-and-forward 
systems. Typically, separate systems are needed for voice store-and­
forward and electronic mail with common user interfaces used to tie 
the two together at the application level.-J.A. 
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UPFIOIT 
Rigid disk controller board bridges multiple users 

An intelligent controller that can drive up to four 8- and 14-in. , 
9.6-Mbit/s storage module drives, the ACD-5580 from Adaptec 
(Milpitas, Calif), interfaces up to seven host processors. It sports 
such Small Computer System Interface (SCSI) features as the 
disconnect/reconnect function, which lets the user run concurrent 110 
tasks by handling multiple seeks and reads/writes with the 110 
disconnected. The board is designed for noninterleaved operation to 
allow all data on one track of the disk to be accessed in one rotation. 
Two complementary host adapter boards interface between the host 
computer and the controller board. One board interfaces an S-100 bus 
on the host side and an SCSI bus on the controller side, while the 
second is for a Multibus-based system. The adapters shoot data at a 
1.5-Mbyte/s clip from the SCSI bus to the host's local memory. 
Available in production quantities by the third quarter of 1984, the 
controller board will list for $980, while the S-100 and Multibus 
adapter boards will be priced at $425 and $460 respectively.-N.M. 

Problems chip away at great expectations 
Availability of high performance local network frontend processors may 
be slowed by production delays for network controller chip sets from 
Advanced Micro Devices (Sunnyvale, Calif) and Intel Corp (Santa 
Clara, Calif). Some potential customers might have to wait until 
summer for volume shipments of AMD's version of the local area 
network controller for Ethernet (the LANCE chip), while it may be as 
late as the second quarter of next year for another controller, the Intel 
82586, to be available in appreciable quantities. At least one network 
vendor reportedly has had to alter plans and had to design in a 
less-powerful chip set from Seeq Technology, Inc (Santa Clara, Calif) 
because of the scarcity of the LANCE chip. The 186/10 frontend 
processor board from Intel may also be delayed due to the 
unavailability of both the 82586 controller and the 80186 microprocessor, 
which serves as CPU.-J.A. 

Color added to graphics workstation 
An ROB color monitor and associated circuitry have been added to the 
low cost Cascade x integrated engineering workstation from Cascade 
Graphics, Inc (Santa Ana, Calif). The system has six colors plus black 
and white and is priced at under $40,000. It consists of a repackaged 
Apple II running the UCSD p-System to handle text and file generation. 
The system's display processor is a 12-MHz 68000 board from Digital 
Acoustics (also in Santa Ana, Calif). Resolution is 1024 horizontal x 
1024 vertical pixels (only 796 of which can be displayed concurrently),. 
Each bit plane is divided into two 128-Kbyte pages, one of which is 
displayed by the 7220, while the other is updated by the 68000 CPU. The 
system is scheduled for volume production in the August/September 
time frame.-S.B. 

Program packages take AIM at Unix 
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A suite of programs written in C has been introduced by AIM 
Technology, Inc (Santa Clara, Calif) to provide benchmark 
comparisons between Unix implementations. The packages, called the 
AIM Benchmark Suite II, are available on half-inch magnetic tape for 
$2575, and include 36 programs. The programs can be combined to 
test how efficiently a given Unix system handles text processing, 
compilation, calculating, and graphics tasks. A second part of the 
package produces either tables or graphs that let the implementor 
compare the performance of different systems.-S.B. 



Time. Development time. 
Time to market. 

If you're building your new 
computer system around a LAN, 
you're in a race against time. 

Ethernet* gives you a fast 
start. but the protocol software 
and system integration efforts 
can take as much as a year -
even longer. 

But now you can shorten that 
design cycle. With EXOSrn, from 
Excelan. EXOS technology gives 
you a complete LAN capability, 
hardware and software, that sim­
ply plugs into your computer 
system's backplane. Integration 
takes next to no time. 

"Excellence in Local Network Technology" 

2180 Fortune Drive 
San Jose, California 95131 

(408) 945-9526 TELEX 176610 

v 
dozen nf!tWork appltmtibtii 
provided as well. 

EXOS. It gives your com· 
puter system a complete LAN 
capability with the ease of plug· 
in integration. That can change 
your design cycle from 12 
months to 12 days. And get your 
product to market before your 
competition. 

·Ethernet 1s a trademark of Xerox Corporation Multibus is a trademark of Intel Corporation Unibus 1s a trademark of Digital Equipment Corporation. O·Bus is a trademark of Digital Equipment Corporatton 
UNIX 1s a trademark of AT&T Belt Laboratories EXOS 1s a lrademark of Excelan. Inc. Copyright © Excelan, Inc., 1984. All rights Reserved 
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We don't design this. 



The DAS gives you a choice. 
Who needs limits -on your 

capability to solve a problem, or on 
the value of your investment? That's 
why we built the DAS. You 
configure it. You upgrade it. So you 
fit the solution to the problem. 
Without the limits imposed by 
monolithic instruments. 

Configure your own. 
Choose from six different data 

acquisition modules and two 
pattern generator modules. You 
can combine up to six modules to 
design your own analysis system. 

Copynghl (<') 1983, Tektronix, Inc. All rights reserved . LAA-055 

You do. 

You decide- 96 channels for 
software analysis. General purpose 
25 MHz software and hardware 
analysis. 100 MHz hardware analy­
sis.High-speed hardware analysis -
330 MHz or 660 MHz. Pattern 
generation. And add GPIB, RS-232, 
tape drive, line printer and hard 
copy support if you want. 

Microprocessor support? 
None better. 

The best in the business. 
You can design your own 
custom disassembly, using our Ex­
tended Define Mnemonics firm­
ware, or choose from our 
support packages: 

8080 6800 68000 65C02 
8031 6801 68008 1802 
8039 6802 Z80 1805 
8085 6803 Z8001 NSC800 
8086 6805 Z8002 F9450 
8088 6808 Z8003 1750A 
80186 6809 Z8004 UNIBUS 
80188 68121 6502 0-BUS 
GPIB ASCII EBCDIC 

FLEXIBLE SOLUTIONS 
FOR A FUTURE OF CHANGE 

'We've got color. 
Nobody else does. Color 

makes the DAS the easiest design 
tool on the market to view, to use, to 
understand. You work faster 
because you spot hardware and 
software errors faster. 

Time to talk about your design. 
Call your Tektronix sales 

engineer and talk about your 
applications. We'll help you 
design your DAS. 

TEKTRONIX LOGIC ANALVZERS 

7it1.i~ ttJ.-
For further information, contact: 
U.S.A., Asia, Australia , Central & South America , 
Japan Tektronix, Inc ., P.O. Box 1700. Beaverton , OR 97075. 
For add1t1onal literature, or the address and phone number 
of the Tektronix Sales Office nearest you, contact: Phone: 
800/547-1512, Oregon only 800/452-1877, 
TWX: 9t0-467-8708, TLX . 15-1754, Cable: TEKTRONIX 
Europe, Africa , Middle East lektronix Europe B.V. Euro­
pean Headquarters, Postbox 827, t 180 AV Amstelveen, The 
Netherlands . Phone: (20) 4 71t46, Telex: t 8312-t 8328 
Canada, Tektronix Canada Inc., P.O. Box 6500, Bame, 
Onlano L4M 4V3, Phone: 705/ 737-2700 

~ronoo 
Circle 6 for Literature 
Circle 7 for Sales Contact 





EDITORIAL 

HI-TECH FOOTBALL WITH A 
POLITICAL SQUEEZE PLAY 
Recent front-page business news across the country presented the 
sensational details of how one hi-tech company-Digital Equip­
ment Corp-was finally punished for having parts of a computer 
system show up on the shipping docks of certain friendly Euro­
pean nations. Unfortunately, those parts were being readied for 
shipment behind the Iron Curtain. As a penalty, DEC's just 
expired blanket export licenses were replaced by licenses that are 
only good for six months. In addition, future shipments to Nor­
way and West Germany will require individual export licenses for 
each piece of equipment shipped. From the reaction, it seems that 
the Department of Commerce is continuing its dispute with the 
Department of Defense over the still-undefined Export Adminis­
tration Act by testing the various provisions stuffed into the House 
and Senate versions. The whole subject of what form the new Act will take is just as 
much a political football as ever. 

For DEC, the punishment is not much more than a nuisance, merely creating more 
paperwork and red tape. On a larger scale, however, the consequences are considerably 
more serious . Neither the people's press (as opposed to the trade press) nor Congress 
seems to understand the ramifications of this incident. The press has not informed the 
public of the controversy beyond the fact that we have to keep our computers out of 
Russia. It doesn't seem to know or care that this hardware was of commercial grade 
and probably has at least two or three German and Japanese equivalents. Thus, the 
press reflects the feeling that the U.S. can stop the "enemy's" scientists from developing 
new weapons by taking away their American-made pencils. The press seems to forget 
that other countries that freely trade with the "enemy" make pencils; the "enemy," if 
they have not already done so, can figure out how to make pencils and will certainly do 
so if pencils are unavailable through foreign trade. We do not have (and never really 
had) a monopoly on technical genius. 

Discussion of the Export Administration Act these days may produce a variety of 
inputs that range from the sublime to the paranoid, but not the feeling that anyone in 
Washington has really put them all together. Most congressmen do not seem to know 
that many of our hi-tech firms depend on exports for as much as 30 to 50 percent of 
their revenues. They do not seem to understand that a loss or decrease of those exports 
will result in future unemployment in their districts . Moreover, in its rush to push the 
bill through, Commerce will probably settle for any version that minimizes dilution of 
its authority to DoD in international trade. 

Due to this ignorance on all parts, the provisions of the Export Administration Act 
will probably be dictated by DoD. That agency will have most of the say about what 
technology is exportable, even though many of those same parts can be removed from a 
Japanese-made microwave oven purchased in a Soviet department store. 

But that isn't the entire picture. This political maneuvering could have more 
important consequences. Allowing a department concerned with national defense to 
dictate the constraints on international commerce leaves the door open to other possible 
constraints on technical books, scientific papers delivered at meetings (many of which 
are already subject to DoD approval), the technical press, consulting engineers, and 
whatever else strikes the department's fancy. We are not just talking about the DEC 
incident here, we are talking about something that may eventually affect freedom of 
speech and freedom of foreign travel by the general technical population of the U.S. 

Saul B. Dinman 
Editorial Director 
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EYOURCAGE. 
Slirthe beast in your system with 

Multibus* compatible boards from AMD. 
For starters, feed it our new One 

Megabyte RAM board, the Am97/1024B. 
You get twice the memory at half the 
power, and a roaring 200ns access time. 

Next, slide out Intel's 86/05 board, 
and slide in our Am97/8605. An 8087 
coprocessor on board, more 1/0 ports, and 
faster operation turn that tame little Multi­
bus system into a real tiger. 

Now that things are really starting to 
hum, add some more 1/0. 

No more room? No big deal. 
Our SBX Motherboard lets you custom­

ize 1/0 without dedicated single boards. 
Each board contains six connectors, and 
modules are available for any sort of 1/0. 
There's even a stepper motor controller. 

We'll put you as far ahead 
of the competition as we are. 

We're a leader in bipolar and MOS 
integrated circuits for telecommunications, 
computation and instrumentation. 

And now we're putting those leading 
edge parts on Multibus compatible boards. 

So, if you want to turn that bus into 
a brute, call AMD. 

And get some strong locks for your cage. 

Advanced Micro Devices ~ 
901 Thompson Place, P. 0 . Box 3453, Sunnyvale, CA 94088 

For direct factory response call (408) 749-5000. Outside California, call toll free (800) 538-8450, ext. 5000. 
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PURE GENIUS. 
Low Cost OEM Image Processors for 

Multi-Bus,Q-Busand IBM PC. 
The IP-512 family of OEM 

image processing modules have 
set new standards with high per­
formance features previously 
available only on systems costing 
much, much more. 

The IP-512 is a modular, real­
time image processor that's plug 
compatible with the 
INTEL MULTI-BUS 
and DEC Q-BUS. 

It interfaces 
with a standard 
video source, stores 
images in single or 
multiple 512 x 512 
frame buffers with 
up to 24 bits/pixel, 
and includes pipe­
line processing for 
real-time image 
averaging, summa­
tion, subtraction, 
convolutions, histo­
grams, feature list extraction, 
erosion and dilation. 

The modules contain pro­
grammable I/O Transformation 
Tables and provide for B& W 
and RGB output for full color 
processing. 

Applications include factory 
inspection, robotic vision, medical 
imaging, industrial radiography, 

teleconferencing, 
microscopy and 
image analysis, 
among others. 

Imaging Tuch­
nology also intro­
duces PCVISION, 
a real-time video 
digitizer for the IBM 
PC. PCVISION 
allows OEMs to 
provide low-cost 
solutions for many 
applications requir­
ing image processing. 

For details, call 
our Sales Department at 
(617) 938-8444. Or write to: 

IMAGING 
Imaging Tuchnology Incorporated 

600 West Cummings Park, Woburn MA 01801 
Telex: 948263 

PCVISION is a trademark of Imaging Tuchnology Incorporated. MULTI-BUS is a trademark of INTEL 
Corporation. Q-BUS is a trademark of Digital Equipment Corporation. IBM PC is a trademark of IBM Corporation. 

Copyright © 1984 !MAG ING TECHNOLOGY INCORPORATED. 
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MDB'S y~~~i:~~::~:e~ 
32-BIT UNIX~ye~~I~:::; 

SYSTEM ca~~~~\~~~;,;:~;,~ 
IS WAITING ~:~~~£1~! 

FOR YOU mcl,~~~:k:~ 
requirements. 

So we created the MDB Micro/32 
an MC68000** based system with 512KB 
memory (expandable to 4MB). This 
powerful system combines MDB 's 
REGULUS*** with the incredible 
expansion capability of our in place 
Q-Bus**** repertoire of peripheral con­
trollers .. . as well as our interfaces/ 
multiplexors for all communication 
modes, protocols and disciplines. 

The result: speed, power and ver­
satility of systems design you can't get 
anywhere else! 

REGULUS is MD B's UNIX ... the 

most advanced and powerful version 
in the world . Featuring user source 
compatibility with UNIX V6, 7, and 
System III, REGULUS offers complete 
support of all UNIX kernel features , 
multi-key B-tree ISAM and VAX/ 
PDP-11**** cross support, and a host of 
operating systems and command func­
tions not available in any other UNIX. 

We speak your 

t:~~~~~~~LUS WITH OUR 
you can also UNEQUILED have BASIC, 

~Js!~f ~~d REPERTOIRE 
DIBOL, in addi- OF Q•BUS 
tion to most 

~~~:~~~:-CONTROLLERS & 
~~~r:~~~~~t:~ft- INTERFACES. 
ware packages. 

Best of all, you don't have to wait. 
It's all available now. Call us today for 
complete information. 

*UNIX is a Trademark of Bell Laboratories. **MC68000 is a registered Trademark of Motorola, Inc. **'REGULUS is a Trademark of Alcyon. ****O·BUS, VAX PDP·11 are Trademarks of Digital Equipment Corporation 
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From industry-standard to 
industry innovating. 
AMP. Worldwide. For all your 
two-piece connectors. 

Start with Eurocard, the European standard for the past ten years . Up to 
96 positions . Now available everywhere in the world , from AMP. 

Then there's our AMPMODU connector, for up to 200 positions . Part 
of a cost-saving, modular system , it provides a shortened signal path for 
superior performance in your high-speed applications . 

AMP box contact connectors are available in five different series. Up to 
300 position capability, low mating force , redundant contact design . 

And for high pin-count, low-force applications, AMP-HDI 
connectors-with up to 684 positions . 

Whatever your application , AMP has the two-piece connectors 
you need , engineered for quality, reliability, and - especially with 

our compliant-pin option- increased productivity. 

For more information, call the AMP Two-Piece Connector Desk at 
(717) 780-4400. AMP Incorporated, Harrisburg, PA 17105. 

AIVI P means productivity. 

Our wide selection of two-piece connectors offers compliant pins, keying options, and a 
choice of contact materials and plating- for cost-effective performance. 

AMP, AMPMODU, and AMP-HDI are trademarks of AMP Incorporated. 



LETTERS TO THE EDITOR 

Multibus II-on the mark 
The discussion of microcomputer bus 
systems in Harvey Hindin's article, "Thirty­
two Bit System Designers Face Decision 
Time," (Feb, 1984, p 27) was timely and 
informative. The percentage of a system 
board devoted to the interface with these 
buses seems to be growing and we now 
find that the best designs will include or 
anticipate inclusion of specialized 1cs to 
perform the interface function (or part of 
it). Could a less complex organization 
suffice in place of the VME or Multibus? 

Many bus-based systems will be used 
as general-purpose computers in that they 
will have some sort of rotating memory 
device and an operating system. Thus, 
while the following argument may lack 
force in a dedicated analog processing 
system with a silicon operating system on 
the CPU board and only two other boards 
(an A-D converter/D-A converter board 
and a memory board), it still has some 
application-information is read from the 
A-D converter, processed, and written to 
the D-A converter. In a disk-based system, 
much of the ever-increasing bus band­
width provided by new bus designs is 
occupied with mundane activities such as 
disk directory scanning. 

It seems much more efficient to put 
significant local processing at any node 

that would otherwise generate considerable 
bus traffic and move to a simpler, more 
flexible interconnection scheme, such as a 
local area network or an enhanced Small 
Computer System Interface (scsl) . Such 
a node would be much more than what 
is currently known as a file server. Yet, 
this node would not be adverse to device­
specific operations (thereby violating the 
spirit of SCSI in some ways) such as read 
and write physical sector, if required. 
This type of system organization would 
be sensitive to software design in the same 
sense that a system organization around 
cache memory or virtual memory is. One 
could not code at will for such a system 
in complete ignorance of its implementa­
tion. On the other hand, with some 
attention to software utilization of 
resources, it might be possible to achieve 
performance equivalent to high speed 
buses. In a sense, this organization would 
be very regular: every node is a processor. 
To work, the organization would require 
that every node be a sufficient processor 

Proportional Joysticks 
Small Size 

Big Performance 
They' re only a little over an inch long and weigh under an ounce, but 
their performance is king-size. 
Operation is easy and natural , promoting higher speed and accuracy in 
positioning and tracking tasks. Resolution is 
infinite, with continuous output and no dead zone. 
Rugged construction allows flawless operation 
even in severe environments. And mean time 
between failures is 200,000 hours, with a 
minimum of 10,000,000 cycles . 
Small wonder these joysticks have been used so 
successfully in computer graphics, visual 
displays, fire control systems, hoists, vehicle 
control and robots , among other applications. 
Chances are they could be useful to you, too. 
Want to find out? Just call or write us for more 
information. 

~ Measurement Systems, Inc. 
~ 121 Water Street, Norwalk, CT 06854 203-838-5561 
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to keep the node-to-node data rate low 
and that the application and software be 
such that the low data rate is maintained. 

Such an organization would involve 
much more expensive nodes and, for 
efficiency, ported software would need to 
be rewritten to take advantage of the 
computational power at each node. Since 
local resources have short internal paths, 
design rules are simpler than when inter­
facing to a high speed bus, which offers 
a complex signal environment that changes 
as cards are added to or removed from 
the bus. The lower data rate would allow 
use of NMOS/ VLSI instead of the various 
bipolar bus-arbitration and support chips 
now appearing, and move away from 
possible fringe effects such as synchroniz­
ing error, cross-coupling, signal attenua­
tion, and voltage standing wave ratio 
(vswR) mismatch (eg, reading a file on 
a high speed disk and controller, pack­
aging and sync for transmission on the 
bus, and depackaging and sync for use by 
the processor). 

If the file is to be modified and rewrit­
ten, the process involves additional inter­
facing. Each such interface involves 
delay, cost, power, and the chance of 
error. The Swiss-Army knife approach of 
providing a bus for every possible need 
under a unified specification may attack 
the interface complexity and speed 
aspects, but in a sense passes the buck to 
the software designer who must now talk 
to some devices differently than others. 
Adding silicon to normalize all these pos­
sible paths into one, as seen by the soft­
ware, adds back the complexity or delay 
or both. Normalized or not, such paths 
are not the same, so performance suffers 
if they are so used and the software design 
suffers if they are treated separately. As 
described, "Multibus 11" is certainly 
appropriately named. 

Brian Converse 
Warminster, Pa 

Letters to the Editor 
should be addressed: 

Editor in Chief 
Computer Design 
119 Russell St. 
Littleton, MA 01460 





Any 16-- or 32--bit 
system can benefit 

from N ational's 
NS16081 

Roating Point Unit. 
Today. 

When your microprocessor­
based application calls for 
fast, precise floating point 
operations, waiting is clearly 
not your best option. And 
doing without is no option 
at all. 

Now in production in both 
6MHz and lOMHz, the high­
speed NS16081 can easily 
be designed into any 16- or 
32-bit system to give you 
fast floating point operation 
and an elegant edge in system 
performance. 

The NS16081 sets the 
performance standard for 
floating point operation. 

Binary floating point com­
putations are performed to 
32-bit (single) and 64-bit 
(double) precision. The 
NS16081 conforms to the 
IEEE format for binary float­
ing point arithmetic. This 
assures you the safety of 
precision, conformity, and 
compatibility. 

The powerful NS16000™ 
floating point architecture, 
and its efficient implementa-

tion in the NS16081, can 
achieve system performance 
greater than any other micro­
processor-based system (see 
accompanying chart). No 
operation exceeds 12µs at 
lOMHz. 

Imagine how the NS 16081 
can enhance your system 
performance. 

In a comparison test run­
ning a 1024-point Fast Fourier 
Transform program, and the 
Whetstone Benchmark, an 
NS16032/NS16081 system 
ran 5 times as fast as the 
68000, and even out-per­
formed VAX~ On the Whet­
stone Benchmark, this system 
ran 16.7 times as fast as the 
68000, and came close to 
the speed of the VAX. 

NS16000 floating point 
architecture offers code 
efficiency. 

Optimal code efficiency 
results from the symmetrical 
instruction set and the power­
ful addressing modes of the 
NS16000 family architecture. 

As an integral part of the 

n. 



NS16000 family, the FPU 
inherits this elegance. 

All nine of the NS16000 
family's standard and high 
level language addressing 
modes can reference floating 
point numbers including: 
register, immediate , absolute, 
relative, top-of-stack, scaled 
indexing, memory relative, 
and external. 

Instructions can be used 
with any addressing mode, 
any operand length, and use 
any general-purpose regis­
ter. Memory-to-memory 

operations are performed 
automatically. 

Apply the elegant floating 
point solution. 

7 5% of upcoming 16- and 
32-bit computation-inten­
sive applications will require 
floating point operations. 

Just another reason to 
explore the elegance of the 
NS16081 and what it can 
do for you. Whether in the 
NS16000 family or any 
other system. 

FLOATING POINT PERFORMANCE COMPARISON 

Execution Time 
SYSTEM FFT WHETSTONE 

NS16000 family1 (lOMHz) 3.0s 4.3s 

68000 + ROM2 (lOMHz) 15.0s 72.0s 

V AX-1117 503 4.0s 4.0s 

1. Difference in execution times from previously published numbers is a 
result of improved numerical algorithms in the Pascal library. 

2. 68000 floating point implemented in standard ROM-based software 
Motorola provides no floating point hardware to-date. 

3. Without floating point accelerator. 

REGISTER TO REGISTER ADDRESSING MODES 

NS16J81 (lOMHz) 
FUNCTION SINGLE PRECISION DOUBLE PRECISION 

Add 7.4µs 7.4µs 
Subtract 7.4µs 7.4µs 

Multiply 4.8µs 6.2µs 
Divide 8.9µs l l.9µs 

Note: These timings are based on an NS16032/16081 system. They 
measure the entire instruction time, including communication overhead 
and worst-case normalization in a system with no WAIT states. 

NSI6000 and GENIX are registered trademarks of National Semiconduccor Corporation. 
VAX is a registered trademark of Digital Equipmem Corporation. 

NS16000 
Elegance is everything. 

Talk With Us. 
Call the National Sales 

Engineer near you for more 
information on how to 
design the NS16081 into 
your system. Ask to meet 
with one of our Field 
Applications Engineers 
to discuss your specific 
application. 

Read about it. 
For more information, 

request The NS16081 
Application Note which 
describes how to design the 
FPU into 68000 systems. 

~ National Semiconductor 
CIRCLE 13 



TELECOMMUNICATIONS EXPERTS: IF THIS MASTERPIECE 
MOVES YOU, PERHAPS WE CAN TOO. 
The Annunciation by Fra Giovanni da Fiesole, 

called Beato Angelico, is merely our way of 
reminding you that Italy is full of great culture 
and design. And, if you are a specialist in 
telecommunications, we would like you to 
consider moving here. 
As Italy's largest telecommunications manu­
facturing company, we at ltaltel are keen to 

build up our commitment to design and deve­
lopment: our research and development group 
is presently the largest in the industry in Italy 
and works closely with experts from other 
major companies in Italy and the United Sta­
tes. So we are currently seeking telecommuni­
cations hardware and software experts for our 
laboratories in Milan. 



You would join teams involved in hardware 
and microprocessor systems development. Or, 
alternatively, teams involved in basic and appli­
cation software development using high-level 
languages (e.g. Chill). 
A University degree and at least five years of 
laboratory experience are required. If you live 
in Europe, please send your resume to: ltaltel 
Dcra, Via A. di Tocqueville, 13 - 20154 Milano, 
Italy. If you are based in the United States, you 
may write to: ltaltel U.S. Inc., One Biscayne 
Tower, Two South Biscayne Boulevard, 20th 
Floor, Miami, Florida 33131, Usa. 

CIRCLE 14 
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DATA GENERAJ:S MV/FAMllM-TOP PERFORMANCE, NOT TOP DOLLAR 
Forget VAX'." 

--------~ - Data General's ECLIPSE~ MV /Family of 
32-bit computers brings you the best price/ 
performance available for engineering 
applications-while running some of the best 
electronics engineering software. 

TWICE AS FAST AS VAX 
Consider the price/performance graph 

shown below. On the basis of dollar-per-MIP, 
Data General's MV/10000'" gives you twice the performance of the VAX lln80-at a lower price. 

Now compare the MV/800~II to the VAX nnso. Same performance. But the MV/8000II is half the price. 
The same holds true when you compare the MV/400~ to the VAX llnSO. And our recently announced 
OEM MV/8000 Coffers almost twice the performance of the VAX llnSO. But it's the same price. 

RUNS THE MOST WIDELY-USED SOFTWARE 
You can run all of the best software on our ECLIPSE MV Series, including TEGAS;" NCA/DVS',"MicroSet-86~ 

ECAD's DRACULA, and Mentor's CADISYS~ 
And Data General keeps you a generation ahead by bringing you 

comprehensive service plans and industry standard software 
development environments. 

CALL NOW 
For more information on Data General's ECLIPSE MV /Family, call 

1-800-554-4343 and ask for Operator IOF. 
Copyright 1984 Data General Corporation, Westboro MA. ECLIPSE. ECLIPSE MV/4000 and ECLIPSE MV /8000 are 
registered trademarks. and ECLIPSE MV/ 10000 is a trademark of Data General. DEC and VAX are trademarks of Digital 
Equipment Corp . Prices based on Data General and DEC price lists and other publicly available information as of Jan. 1984. 
TEGAS is a trademark of Ca Ima Co. MicroSet-86 is a registered trademark of first Systems Corp. CADISYS is a registered 
trademark of California Automatic Design. 

PRICE/PERFORMANCE 

"' a: 7 
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RELATIVE PERFORMANCE 

~•Data General 
a Generation ahead. 
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VLSI software components balance standardization with flexibility 
Advances in VLSI are increasing not 
only the capacities of memory com­
ponents, but also the ability to fit 
significant amounts of code on chips 
along with other functions. This, in 
turn, is beginning to influence long 
term design considerations and is 
resulting in software components that 
are configured to optimize flexibility 
and efficiency when they are built 
into systems. In some cases, a com­
ponent/ address placement standard 
is emerging to fit system software re­
quirements. In other cases, the silicon 
software designers are going to great 
lengths to allow maximum freedom 
of address placement of the silicon 
software components . 

This trend will no doubt continue 
in the two areas described above 
and become more evident as more 
functions are defined as VLSI silicon 
subsystems (ie, more hardware func­
tions are integrated on single chips). 
Another influential factor will be the 
appearance of more functions that 
might have been defined as hardware 
logic or as part of a RAM-based 
operating system as silicon software 
components. The system designer can 
theoretically place these components 
anywhere in a system's memory map. 

Silicon subsystems 
One example of the latter is the 

realtime multitasking operating system 
kernel-VRTX-by Hunter and 
Ready, Inc, (Palo Alto, Calif). Since 
its introduction a couple of years ago, 
VRTX has undergone several revisions 
and been extended to serve a number 
of 16-bit processors including the 
8086, 68000, Z8000 and the 8-bit Z80. 
Recently, the company introduced 
two software component extensions 
to VRTX: IOX, a collection of 110 
services that can be called by the 
system, and FMX, a file management 
extension that can support various 
device formats and file structures. 

These two components have made 
it necessary to establish certain con­
ventions. These calling conventions 

CALL INTERFACE 

FMX 

IOX 

CONTROLLE R 

enable systems to call VRTX services 
as well as IOX and FMX services in 
a consistent manner, while leaving 
the-system designer free to place the 
components at any address in micro­
processor memory. Since VRTX 
services are called by referencing a 
table of pointers, the table can be 
placed anywhere in memory and the 
pointers adjusted to fit its location. 

In the same manner, the company 
has established a calling convention 
for its new products that will institute 
a standard for using its own services 
and future software components. 
Moreover, to avoid conflicts, the 
convention will also allow custom 
components to be written to the stan­
dard. Essentially, accessing pointers 
placed relative to the position of 
VRTX call the new services. Thus, all 
components can still be placed any­
where in memory and linked by their 
respective pointer tables. 

File and 1/0 for VRTX 
The IOX chip contains a collection 

of basic callable 110 services for a 
realtime environment. At the IOX 
level, these services are generic and 
device independent, with such features 

With the 110 and file management 
(IOX and FMX) extensions to VRTX, 
calls for services are routed through 
VRTX to the call interface table. 
Access to a specific controller is 
made via a device service routine 
block, which is also reached via a 
pointer. IOX can handle multiple 
devices and channels in this 
manner. 

as buffering and block operation. 
The FMX allows the system designer 
to organize devices such as disks, 
tapes, or Ethernet controllers and to 
create a hierarchical file structure. 

The first FMX version available will 
be called FMX/DOS and will support 
an IBM PC-DOS compatible file format. 
However, because it will be working 
with IOX in a VRTX system (although 
the resulting file structure will be PC 
compatible), the version will still 
come out of a realtime multitasking 
environment. Other disk formats, 
such as Unix, are possible and even 
likely. To ensure maximum flexi­
bility, however, the 110 software 
components are isolated from the 
hardware on the other end. 

Since IOX cannot be expected to 
know about all possible controllers, 
it accesses a given physical controller 
via a device service routine block 
(DSRB). In turn, the controller can 
get the attention of the IOX via an 
interrupt service routine (ISR). The 
VRTX system gets to the 110 software 
components via a call interface. In 
this manner, as with VRTX itself, the 
components can be anywhere in the 

(continued on page 28) 
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VLSI software 
(continued from page 27) 
memory map as long as the call inter­
face and service routines on either 
side contain the proper pointers. 

The component calling convention 
makes requests for software compo­
nent services via a single architecture­
dependent instruction. That is, for 
every processor the company sup­
ports, there is one instruction that can 
be used to cause a software-generated 
interrupt or "trap." These traps (eg, 
INT for the iAPx 86 family, sc for the 
Z8000, and RST for the Z80), are not 
like ordinary subroutine calls in that 
they depend only on the runtime con­
tents. of a hardware-defined trap 
vector location to reach their destina­
tion. Thus, because they are not 
bound into the calling program, they 
allow a kind of runtime linkage that 
makes them independent of the 
application program as well as the 
user's development system. 

Calls from an application (eg, a 
program written in a high level lan­
guage), first issue the trap that vectors 
control to VRTX's system call entry 
point. Next, on the basis of the func­
tion code, the VRTX decides which 
component and which function within 
that component to invoke. Such calls 
can be either register based, in which 
parameters are passed most rapidly, 
or packet based, due to the limited 
number of available registers. Packet­
based calls use one more register, 
which contains the address of the 
parameters to be issued to VRTX as 
well as the other software compo­
nents called by it. 

Fixing the hardware 
A different tendency appearing for 

some high volume designs is the 
definition of a set of standard hard­
ware components and their address 
locations to fit a given system soft­
ware convention. This makes sense 
because of the high function density 
made possible by present VLSI tech­
nology, and hence the impetus to 
keep component count down and use 
standard programming languages 
and application software in high 
volume products, such as personal 
computers. 

An example of the above issue is 
the MSX specification promulgated 
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by Microsoft (Bellevue, Wash). This 
standard specifies a Z80-based design 
using the Texas Instruments 9918 
graphics controller and other stan­
dard elements, including I/O ports 
and disk controllers. The standard's 
purpose is to allow low end 8-bit 
machines to run standard software, 
including a 32-Kbyte version of 
Microsoft Basic. To this end, 
Microsoft has developed an operating 
system-MSX/ DOS-that can be 
either disk or ROM based, will be 
largely CP/ M compatible, and will 
allow transfer of data files between 
MSX and PC-DOS machines. 

Comparing the VRTX and the MSX 
shows a trend for variations in pos­
sible hardware configurations that 
demand great flexibility on the part 
of silicon operating system software. 
Only the MSX, however, has a fixed 
software standard defining the possible 
range of hardware configurations­
both in the interests of cost and 
component count and application 
compatibility. It is also interesting to 
note the first choice of PC-DOS file 
compatibility. This choice apparently 
sterns from the belief that realtirne con­
trol and data acquisition systems using 
this format can easily supply data to 
the desktop office environment. 

A possible bridge between these 
trends is made possible by the function 
density provided by VLSI. The S83 
operating system processor by Ameri­
can Microsystems, Inc (Santa Clara, 
Calif) combines a Z80 microprocessor 

In the prototyping version of the 
S83 operating system processor, the 
zso loads from ROM into external 
RAM, then turns off ROM and 
executes from the RAM copy. In 
this configuration , it expects to 
find the basic 110 system (BIOS) in 
an erasable PROM. 

and 8 Kbytes of ROM on the same 
chip. The company is initially offering 
a prototyping sample chip containing 
Personal CP /M, intended for develop­
ing high volume personal computer 
systems with lower parts counts. While 
this in itself represents no great break­
through, it has implications for future 
system designs using both the trends 
described. 

In its present configuration, the S83 
operating system processor leaves the 
area that would normally contain the 
machine-specific basic I/O system 
(BIOS) blank. The ROM portion of the 
chip can be turned on and off to allow 
Personal CP /M to be loaded into RAM 

and used with either erasable PROM­
based BIOS or to allow the developer 
to write a BIOS. Subsequent, more 
specific versions may contain the com­
plete operating system and run entirely 
from onchip ROM. 

According to AMI, both the ROM­
based version of MSX/DOS or the Z80 
version of VRTX could easily be imple­
mented on the S83. This would mean 
a futher reduction in parts counts 
for both kinds of systems, and that 
other components of VRTX-type real­
tirne systems could use onchip drivers 
such as those beginning to appear on 
intelligent peripheral controllers in 
electrically erasable PROM. 

-Tom Williams, 
West Coast Managing Editor 
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Half-inch tape drives cry out for greater compatibility 
Standardization remains a desired 
goal for half-inch tape drive vendors 
seeking to back up rigid disk drive 
capacities exceeding 40 Mbytes. Yet, 
the many incompatible media types, 
tape formats, and device interfaces 
threaten to engulf potential users in 
a veritable sea of confusion . 

Conflicting needs are the driving 
force behind this proliferation. On 
one hand, many users need to main­
tain compatibility with existing 
hardware and software investments. 
On the other hand, new types of 
tape drives are needed to handle the 
increased capacities of the latest 
5114- and 8-in. rigid disk drives. No 
longer can one tape drive, such as 
an American National Standards 
Institute (ANSI) 9-track interface 
with 10.5-in. reels, meet all needs. 

Data interchange is key 
As a result, compatibility becomes 

the major issue for prospective 
users. The sheer number of tape 
drives attempting to meet these 
needs makes it more cumbersome to 
move data from one half-inch tape 
drive to another. At last count, over 
six types of half-inch cartridges have 
been proposed for capacities ranging 
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from 40 to 330 Mbytes. This does 
not include the standard 10.5-in. 
reel used for streaming-like opera­
tions up to 46 Mbytes, nor a pro­
posed 4-in. reel with capacities 
quoted at 160 Mbytes. 

However, tape drive vendors do 
come closer to agreement on tape 
formats and device interfaces. One 
group backs the ANSI 9-track inter­
face (at either 1600 or 3200 bits/ in.) 
found on existing start/ stop drives. 
However, many others have adopted 
the QIC-24/ QIC-02 format and inter­
face specifications originally 
developed for quarter-inch car­
tridges (see Computer Design, June 
1983, p 48). Finally, a third discern­
ible trend has tape drives emulating 
popular 5114-in. disk interfaces like 
ST506 or the Enhanced Small Device 
Interface (ESDI). The physical for­
mats of these drives also resemble 
the ST506 and ESDJ. 

A variety of formats 
Compatible physical formats and 

packaging are minimum requirements 
for effective data interchange. For 
example, it does a user little good to 
have two drives with the same ANSI­
compatible interface and format if 
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To provide maximum compatibility with existing disk controllers, one option 
involves using a floppy-style track format with Tandon's TM95t tape drive (a). 
Contrast this with the more conventional layout of the DEC TK-50 tape cartridge 
with large control word for file marks and byte counts (b). 

one drive uses 10.5-in. reels while 
the other uses the 4-in. cartridge 
developed by Rosscomp Corp (Cer­
ritos, Calif). The company packages 
its tape drives for 5114- and 8-in. 
disk drive form factors much smaller 
than those required to mount the 
10.5-in. reels. 

Furthermore, differing tape for­
mats make data exchange impos­
sible even if the physical packaging 
is similar. A prime example are two 
competing cartridges proposed to 
ANSI by Digital Equipment Corp 
(Maynard, Mass) and Memorex 
Corp (Santa Clara, Calif). Both 
have the same 4- x 4-in. footprint , 
yet are incompatible with each 
other-the DEC proposal specifies a 
total of 22 tracks, while Memorex 
specifies only 20. 

In contrast, device interfaces play 
a relatively minor role in data inter­
change. They essentially affect only 
the way that controllers and tape 
drives talk to each other and not the 
form of the data that is passed. 
Device interfaces cause data inter­
change problems only when the 
functions of the tapes are incom­
patible with those understood by the 
controller and associated software 
device driver. 

To illustrate this, John Frassel, 
product line manager for Distributed 
Logic (Garden Grove, Calif), points 
out that DEC computers will not 
read tapes written on drives using 
the QIC-02 interface. This problem 
occurs because existing software 
drivers (eg, the TS-11) have no 
knowledge of streaming functions, 
such as tape tensioning and reten­
sioning, which ensure even tape 
travel. Thus, they cannot read the 
data in the same manner as it was 
written. To overcome this incom­
patibility, controllers must work at 
two command levels-those under­
stood by the computer and those 
understood by the tape drive. 

The difficulty of integrating new 
product developments into existing 
systems causes many users to choose 
tape drives that work well with 
existing application programs, oper­
ating systems, and hardware. The 
10.5-in. reels with 3200 ft of tape 
remain popular as a backup, 

(continued on page 30) 
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Half-inch tape drives 

(continued from page 29) 

Half-Inch Drives for Rigid Disk Backup 

Packaging 

Cipher Data 10.5-in. reel 
M890/M891 

Cipher Data 10.5-in. reel 
M990/M991 

Data Based on 
Electronics quarter-inch 
Magnum Tape cartridge 

Digital 4- x 4-in. 
Equipment cartridge 
Maya 

IBM 4- x 5-in. 
3480 cartridge 

Mega Tape 9 .8- x 6.4-in. 
MT300 cartridge 

Memorex 4- x 4-in. 
1110 cartridge 

Rosscomp 4-in. reel 
D160 

Tandon 3 .5- x 3.5-in. 
TM951 cartridge 

although they can only store 46 
Mbytes in streaming applications (at 
3200 bits/in.). This is because data 
is written using the ANSI-specified 
recording format and 9-track inter­
face. Vendors such as Cipher Data 
Products (San Diego, Calif), Digi­
data Corp (Jessup, Md), and Pertee 
Peripherals (Chatsworth, Calif) use 
cache memories as large as 64 Kbytes 
to keep the drives in continuous 
operation, while taking advantage 
of software drivers that understand 
only start/stop operations. The 
same principles apply to Cipher 
Data Products' Group Coded Re­
cording (GCR) drives. These drives 
increase capacities on the same size 
reels to 180 Mbytes (using the 
9-track interface at 6250 bits/in.). 

IBM's new entry 

IBM's Information Systems Group 
(Rye Brook, NY) has moved to sup­
plement its own model 3420 GCR 
drive with a cartridge drive storing 
200 Mbytes. The model 3480 drive 
increases recording densities on its 
4- x 5-in. cartridge to 38 Kbytes/in. 
while remaining compatible with 
device drivers developed for the 
older drive. A single thin-film head 
traverses 18 tracks to transfer data 
at 3 Mbytes/s. Taking a cue from 
the Cipher Data drives, the IBM 

Interface Capacity 

ANSI/IBM 23 Mbytes 
46 Mbytes 

ANSI/IBM 180 Mbytes 
GCR format 

QIC-02 100 Mbytes 

TS-11 100 Mbytes 
(estimate) 

IBM 3420 200 Mbytes 
compatible 

Pertee 330 Mbytes 
FT8000 

ESDI 130 Mbytes 
(estimate) 

QIC-02 160 Mbytes 
SCSI 

Pertee 

SCSI 50 Mbytes 
floppy-like 

drive includes a 512-Kbyte buffer 
memory to aid streaming operations. 

Vendors will either shrink their 
existing products or attempt to sup­
port the newer disk drives on 
existing systems . Investments in 
operating systems, application pro­
grams, and hardware must be main­
tained. A case in point is the new 
DEC tape drive that will use the 
CompacTape cartridge developed 
jointly with 3M Corp (Minneapolis, 
Minn). Although not yet formally 
announced, the tape drive is intended 
to back up 5 \14-in. disks on the Micro­
VAX and PDP-I I systems, as well as 
handle software distribution. Speci­
fications for the drive are expected 
to be released later this year . 

DEC-compatible vendors, how­
ever, suspect that the company will 
follow its past practice of enhancing 
existing tape interfaces rather than 
adopting new ones. Therefore, the 
resultant drive will probably use the 
TS-11 start/stop interface so that 
existing software drivers need not be 
changed. Similar efforts have been 
made to integrate other half-inch 
products such as the Control Data 
Corp (Minneapolis, Minn) streaming 
drive (TU-80) and Cipher's cache 
drive (TS-305). In both cases, the 
basic TS-11 interface was modified 

(continued on page 33) 
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Half-inch tape drives 
(continued from page 30) 
for streaming operations. Estimated 
capacity for the new drive ranges 
between 100 and 130 Mbytes. 

Bringing in the new 
Tried-and-true solutions may not 

work, however, when the rules of 
the game change. Such is the case 
with the latest generation of 5 \l.i-and 
8-in. rigid disk drives. These drives 
promise storage capacities of 80 to 
160 Mbytes, previously found only on 
the larger 10.5- and 14-in. drives. Yet, 
their lower prices make it difficult to 
justify the expensive controllers built 
around existing interfaces, such as 
the Storage Module Drive (SMD). 

Likewise, microprocessor-based 
systems typically do not have the 
enormous investment in software 
and hardware to hinder adoption of 
new device interfaces and tape for­
mats. In fact, Frassel notes that 
systems such as these obtain optimum 
performance by fine tuning their 
controllers and associated software 
drivers. Since the host processor 
does not offer the brute horsepower 
found on large minicomputers and 
mainframes, the software drivers 
play a greater role in determining 
data transfer speeds. Cost pressures 
also force these vendors to look for 
software solutions rather than more 
complex hardware solutions. 

By teaching an old dog new tricks, 
existing specifications for similar 
tape drives provide readily available 
interface and recording formats for 
new half-inch drives. Rosscomp was 
first to the punch by adapting the 
QIC-02/QIC-24 interface and widely 
used format specifications in 
streaming quarter-inch cartridge 
drives for use on its 4-in. reel drives. 
Furthermore, the company claims 
that these drives can also read tapes 
written using the 9-track interface 
and ANSI format. Its controllers 
understand both interfaces and can 
easily switch between them. 

Also using the QIC-02/QIC-24 inter­
face and format are Data Elec­
tronics Inc (San Diego, Calif) and 
Tandberg Data, Inc (Garden Grove, 
Calif). They have plans to jointly 
develop a half-inch cartridge based 
on the same physical footprint as 
the ANSI standard X3.55 quarter-inch 

cartridge in order to provide upward 
compatibility. 

Both the existing quarter-inch and 
their proposed half-inch cartridges 
will use the same drive. The primary 
difference between the two car­
tridges is that track density will be 
doubled on the proposed half-inch 
version. By bringing the 9 tracks 
called for in the original QIC-02 speci­
fications to 18 tracks, a 100-Mbyte 
storage capacity can be obtained on 
the larger cartridge. 

A related development focuses on 
the use of half-inch cartridges storing 
as much as 500 Mbytes to backup 
high capacity 14-in. rigid disk 
drives. Until recently, disk drives 
having capacities ranging from 500 
Mbytes to. 1.8 Gbytes were backed 
up with other drives incorporating 
removable disk packs, such as the 
Century Data Systems (Anaheim, 
Calif) Trident series. 

As an alternative, MegaTape Corp 
(Duarte, Calif) uses a 24-track 
streaming tape drive to store 330 
Mbytes on a dual-reel cartridge 
(similar to the Data Electronics/ 
Tandberg scheme). Unfortunately, 
its tape format is unique to its drive, 
making data interchange to drives 
from other vendors impossible. The 
company claims, however, that the 
tape interface is the same as that used 
on the Pertee Peripherals FTSOOO 
streaming drive. 

Still, the MegaTape drive faces 
stiff competition from IBM's model 
3480. Although its capacity is 50 per­
cent less, the IBM cartridge can be 
expected to achieve de facto stan­
dard status for data interchange due 
to the company's predominant in­
dustry position. 

Disks to the rescue 
Eschewing tape interfaces alto­

gether, two vendors choose popular 
disk drive interfaces for easier inte­
gration. Memorex favors the tape 
version of the ESDI for the 
130-Mbyte drive that resulted from 
a joint development effort with 
Electronic Processors Inc (Over­
land, Kans). Meanwhile, Tandon 
Corp (Chatsworth, Calif) opts for a 
floppy-like interface for its 
45-Mbyte drive jointly developed 

(continued on page 34) 
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Half-inch tape drives 
(continued from page 33) 
with Microtek Storage Corp (San 
Jose, Calif). The primary benefit of 
using these interfaces is that they 
take full advantage of existing disk 
drive controllers. 

The Memorex drive redefines some 
control signals called for in the 
original ESDI proposal (see Com­
puter Design, Oct 1983, p 32). This 
allows incorporation of command 
and status information specific to 
tape drives. The preliminary track 
format permits variable-sized inter­
record gaps to optimize for either 
streaming or start/stop operations. 
In addition , Memorex is considering 
implementation of the QIC-24 format 
specification as an alternative to its 
track format. 

Tandon takes the same approach 
with a floppy-style , 34-pin control 
bus, but makes some modifications 
to account for the serial nature of the 
tape drive. For example, any address 

marks missed by the read head must 
cause the device to stop, move back, 
and then reread the record in the 
proper direction . Track layout also 
follows floppy drive practice with 
sector addresses, fixed-size records, 
and smaller inter-record gaps. 

Tape vendors are also following 
the lead of their disk drive contem­
poraries in adopting the Small Com­
puter System Interface (SCSI) as an 
alternative to both specific tape and 
disk interfaces (see Computer 
Design, Nov 1983, p 64). Thus, the 
host computer merely issues generic 
commands (eg, read or write) and 
the SCSI controller translates these 
into commands specific to each 
device. Jumping on this bandwagon 
are Rosscomp and Tandon, with 
Data Electronics also interested but 
not yet committed. 

Prospective users are indeed faced 
with difficult decisions. No half-

inch tape drive meets all needs. 
When data interchange is important, 
then the choice is largely limited to 
drives offering the ANSI/IBM stan­
dard format and interface. Drives 
incorporating the QIC-02/QIC-24 inter­
face and format might provide a 
second choice, but these specifications 
are widely used only on quarter-inch 
drives. Tape backup for the smaller 
5 Yi- and 8-in. disk drives rule out 
any tape drive using 10.5-in. reels, 
but that does not substantially limit 
the number of choices . 

The most .important criterion may 
be the capacity of the disk drive 
itself. It makes little sense to use a 
100-Mbyte tape drive ifthe disk drive 
handles only 80 Mbytes . Closely 
matching disk storage requirements 
with the appropriate tape backup 
buys the most for the money. 

-Joseph Aseo, Field Editor 
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Computer architectures demand languages that deal with time 
Formal mathematical logic has a 
fatal defect when applied to com­
puters and computing-it has no 
consistent, rational means of hand­
ling the concept of time. The one 
thing that all computers share, 
regardless of architecture, is a clock. 
Even human brains, which are 
orders of magnitude more complex 
than man-made computers, are in­
timately tied to one or more tem­
poral rhythms . 

Claims for the superiority of Fifth­
Generation languages, such as Pro­
log, essentially depend on the 
availability of free computer time 
on an arbitrarily fast processor. 
Papers presented at the recent IEEE 
Compcon in San Francisco indicate 
that more attention should be paid 
to time in the design of hardware 
architectures, operating systems, 
and computer languages. 

The idea of succession (that event 
"A" happened before event "B") is 
relatively easy to deal with on a 
pragmatic level-tying one's shoe­
laces in the morning would be dif­
ficult, otherwise. Formal logic, on 
the other hand, deals only with the 
truth or falsity of propositions 
existing in an ideal abstract universe. 
Even when constructs for dealing 
with time and sequence are built 
within the framework of formal 
logic, they are clumsy, nonstandard, 
and, more importantly, not part of 
the formal logic framework itself. 

In realtime applications particu­
larly, programmers spend a lot of 
time coding and debugging routines 
that implement timing loops, access 
or simulate clock hardware, or deal 
with carefully defined sequences of 
actions. Consider, for example, a 
routine to capture and store charac-
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ters input from a keyboard. In many 
operating systems, this routine 
loops until a character appears in a 
hardware buffer , stores it in 
memory, and then it goes back to 
waiting in the loop. 

Giving up the concept of time 
In his paper "Functional Pro­

gramming: A Prospectus," Jim des 
Rivieres of the Xerox Palo Alto 
Research Center states that " . . . pure 
functional programming languages 
have no analogue of assignment 
statements or side-effect operations 
(ie, constructs that change the state 
of the computation)." He further 
maintains, "Eliminating side effects 
is tantamount to giving up on the 
notion of change, and giving up the 
notion of change sets one free from 
the concept of time." 

(continued on page 36) 
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Languages of time 
(continued from page 35) 

The assignment statement referred 
to is the high level language equiva­
lent of a machine instruction that 
stores a particular value in a particu­
lar memory location. This is usually 
implemented in this way by compiler 
writers. Assignment statements are 
valuable tools, especially in memory­
mapped 110, where characters sent 
to or from the device appear in par­
ticular memory locations. 

Some claim that changing the state 
of a variable, such as memory loca­
tion, is a side effect of an otherwise 
pure mathematical operation, and is 
therefore somewhat less than legiti­
mate. Side effects and changes of 
state, however, are quite important 
to engineers trying to get command 
strings from a terminal while con­
trolling an industrial process with 
A-D and D-A converters. 

On balance, one of the most com­
mon bugs in computer programs is 
an inadvertent (and erroneous) 
change made in a variable by a 
routine that is supposed to be doing 
something entirely different. This is 

a true side effect that can be con­
trolled by careful coding practices 
and by the use of a language such as 
Modula 2. This language requires 
the programmer to state explicitly 
(via the EXPORT and IMPORT com­
mands) which variables can be 
modified by a given routine. 

Dealing with time in the real world 
The implementation of data flow 

processing elements for super­
computers, discussed by Jack B. 
Dennis of the Massachusetts Insti­
tute of Technology's (MIT) labora­
tory for computer science, requires 
strict attention to timing. The pro­
cessing elements are essentially 
small routines that wait to receive 
the requisite number of values 
before performing a computation or 
otherwise manipulating the data. 

The elements then pass results on 
to other processing elements. Here, 
timing is crucial. How long it takes 
to transfer data between the ele­
ments and the length of time each 
takes to manipulate data also repre-
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sent significant factors. Functional 
programming concepts and lan­
guages are quite valuable in organ­
izing data and computations for 
execution on parallel processors, 
and may indeed be the only economi­
cal means to do this. Logic pro­
gramming, in turn, is a good way to 
deal with large data bases and other 
problems whose solution is a func­
tion of deductive logic-creating or 
recognizing patterns within a collec­
tion of known facts that do not 
change with time. 

When dealing with the real world 
(eg, realtime operating systems, 
industrial control, telecommunica­
tions, and peripherals), however, the 
ability to deal explicitly with time 
and change is vital. The next genera­
tion of procedural languages (such 
as Pascal, C, and Fortran) should 
include explicit time-sensitive com­
mands. The ability to access a real­
time clock (or at least count the 
"ticks" of the system clock) simply 
and easily would lighten the work­
load of both the system and applica­
tion programmer appreciably. A 
command such as WAIT (number of 
time units) is a good minimum. The 
ability to fetch and use the date and 
time in a standard format (IF Date 
> = 28 May 84 THEN ... ) would be 
even more valuable. 

It is therefore as important to 
write programs dependent on time 
and change, as it is to write programs 
independent of time. Each serves a 
different function along the spec­
trum of intellectual problems that 
computers can solve. The point of 
much of the clamor is that languages 
structured for handling time depen­
dencies are poorly designed for 
handling static relationships in arti­
ficial intelligence. The converse is 
also true, and thus both are needed. 
In addition, given the realities of 
computer architectures, at least 
through to 1999, languages that 
handle time efficiently are necessary 
to write the compilers and inter­
preters to execute time-independent 
languages. 

-Sam Basset, Field Editor 
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Designing information systems 
for the business office of the future is 
a lot like planning the flawless per­
formance in ice skating. 

Choosing the right printer part­
ner can be critical. 

Are the same strong goals for 
success shared? Is the necessary talent, 
commitment, and dedication to meet­
ing and exceeding those goals present? 

As a major designer and manu­
facturer of state-of-the-art printers, 
worldwide, Okidata knows the impor­
tance of goals and commitment. And 
living up to them. 

Right now, our dedicated 
research and new product design 

teams are pushing and testing the 
limits of present technology to find 
better ways to build better printers. 

Through an on-going and 
expensive commitment to robotic 
assembly, we're assuring smoother 
and faster-than-ever product flow. 

And, elsewhere, we're streamlin­
ing our custommttion and modifica­
tion turnaround times to respond even 
more quickly to your rapid startups. 

In OEM system building, just 
like in the Olympics, commitment is 
everything. 

If your audience will be look­
ing to you for more flawless perfor­
mances in the future, we're the 
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printer company who'd like to join 
you. In fact, we're already working 
on it. Call 1-800-0KIDATA. Or write 
OKIDATA, Mt. Laurel, NJ 08054. 

•Jiiiiiiiiiiiiiiiiiiiiiiiiiiiii:!ll'~· ~ 



IF IT WEREN'T FOR UNIX 
WE NEVER COULD HAVE 

BUILT THE PYRAMIDS 
Ordinary computers, yes. But 

not a Pyramid Technology 90x. 
After all, here's a supermini 

not just capable of running 
UNIX;" but born to run it.And 
run it up to four times faster than 

the most popular UNIX host. 
For a lot less money. 

The secrets of this Pyramid 
are a thorough understanding of 
UNIX, a few fundamentals of 
RISC (Reduced Instruction Set 

Computer) theory, more regis­
ters than 30 VAXs, and a 32-bit 
proprietary architecture that out­
performs a roomful of micros. 

All combined to speed up 
UNIX just where it likes to 
slowdown. 

For example, gone are ffi% of 
performance-rabbi ng memory 
references. The endless param­
eter shuffling of yesterday's 
technology has been replaced 
with a hardware register win-



dow. Even context switching 
takes less than one percent 
of the CPU's time. 

It's amazing what hardware 
architects can do, given the 
chance. It's almost as startling as 
what our software wizards did. 

They crafted OSx, a dual port 
of Berkeley's 4.2 BSD and Bell's 
System V Because you can 
switch environments at will, no 
UNIX port offers more capabil­
ities. With absolutely no loss 

of com pa ti bi I ity. 
Well, almost. 
We do admit to one feature 

not compatible with other UNIX 
systems. Our single-source 
support. 

One telephone number 
instantly connects you to both 
hardware and software experts. 
In-house pros, who spend their 
energy pointing you towards 
solutions. Not pointing fingers 
at each other. 

So no matter how you see 
your requirements shaping up, 
contact Pyramid Technology, 
1295 Charleston Road, 
Mountain View, California 94043. 
Or call (415) 965-7200. 

Because when it comes to 
running UNIX, a Pyramid looks 
good from any angle. 

~PYRAMID 
--.- TECHNOLOGY 



Computers can not only 
add and subtract. They can divide. 



To shorten your electronic design times, you can provide 
your project teams with Computer-aided Engineering, Design and Manufacturing 
systems. And those systems will do their individual jobs very well. 

However. 
As soon as you try to transfer the data generated by your 

engineers to the design stage (not to mention manufacturing) you'll find you have a 
problem. Because none of the systems are fully compatible with each other. Engineer­
ing can't get along with Design. Design can't get along with Manufacturing. And vice 
versa. Worse still, when the systems can't get along, neither can the people using 
them. So instead of state-of-the-art, you end up with something akin to a state of war. 

The solution, of course, is to work with 
one company that can handle the entire project from be­
ginning to end. A company with a full range of modular 
systems for every stage of every electronic design project. 
All fully integrated around a common data base. 

That company is Racal-Redac. 
With Racal-Redac, you can solve 

today's problems without creating new problems for 
yourself tomorrow. Because all the system modules 
were designed to work together, and grow with you as 
your needs grow. Finally, a totally integrated 

Read that last paragraph again. We at capabilityfare1ectranics. 

Racal-Redac are talking about a range of complete, totally integrated systems which 
work for you through every stage of the design cycle. 

Only unlike other companies, what we're talking about isn't a 
vague promise for the future. Racal-Redac systems are already hard at work right now 
in over 1,000 electronics companies around the world. Any one of which we will be 
happy to discuss in considerable detail. 

Just clip your business card to this ad. Or write. Or call. But don't 
wait for someone else to work it out. Because 
the alternative to integration is disintegration. 
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RACAL·REDAC 
Linking Concept to Product 
Lyberty Way. Westford, MA 01886 (617l 692-4900 

Come and see us at CAD CON East 
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TEL IS NOW 
IN THE· nTEMS BUSINESS. 

NOT J ST IN THE SYSTEM. 



Actually, we've been 
in the systems business for 
quite some time. In a 
roundabout way. 

We invented the micro­
processor. 

And that technology; in 
turn, has made many of 
today's computers possible. 
Not to mention smaller, 
more powerful, and still less 
expensive than their 
predecessors. 

Now we're making our 
own microprocessor-based 
systems that take advantage 
of our years of experience 
on the inside. 

Take our super-powerful 
supermicro system for 
OEMs, the 286/ 310. 

We call it the supermicro 
because it's based on our 
286 microprocessor, the 
most powerful we've ever 
made. (So far, that is.) 

It's the world's fastest 
Xenix* Supermicro, and 
performs multi-user 
applications more like 
minicomputers costing 
hundreds of thousands 
of dollars. 

Yet it costs less than 
$10,000. And that's just for 
quantity one. 

It doesn't do too badly 
in the iRMX™ real time 
market either (two times 
the performance of 
any comparably priced 
system). 

If you're interested in 
more systems integration, 
more the reason to con­
sider our iD IS™ Database 
Information System. 

iD IS lets your PC talk to 
your mainframe.And your 
mainframe talk back It 
gives you shared personal 
productivity tools like word 
processing, the MUITI­
PIAN* spreadsheet and 
electronic mail. 

It's all built around a 
relational database system 
that lets your PC access data 
from the mainframe. Any 
time you want. 
So you get a Data 
Pipeline™ connec­
tion that lets you 
easily establish and 
control PC-to­
mainframe and 
PC-to-PC com­
munication. 

But what makes 
these systems 
really unique are 
the things they all 
have in common. 

To begin with, all Intel 
systems are open systems. 

That means they're built 
on industry standards we 
helped set. So system con­
figuration is easy. And prod­
uct family growth paths 
are assured. Resulting in 
faster time to market, lower 
risks and decreased costs, 
all at the same time. 

You'll also be assured of 
a market. Our architecture 
has captured approxi­
mately 70% of the 16-bit 
personal computer market­
place. Meaning there's 
more software written for 
our microprocessor 
family than any other in 
the world. 

Naturally, we back our 
systems with direct service 
and support from more 
than 80 centers in the U.S. 
alone. 

Which is the kind of 
support you'd expect from 
a company with more 
than a billion dollars in 
sales. 

If you've read anything 
here that surprised you, 

you need to know more 
about us and our systems. 
To do that, just ask for our 
open systems product line 
brochure. 

Call toll-free (800) 
538-1876; in California, 
(800) 672-1833. Or write 
Intel, Lit. Dept. #SlO, 3065 
Bowers Avenue, Santa Clara, 
CA 95051. 

In any case, you're going 
to be hearing a lot more 
about Intel Systems. After 
all, who knows more 
about computers than the 
people who first put one 
on a chip? 

•xenix and MUUIPIAN are regisrered trademarks of Microsoft, Inc. Xenix is a fully licensed version of UNIX. UNIX is a regisrered trademark of BeU Laborarories. Cl 1984 Intel Corporarion. 
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CAD packages convert micros into engineering workstations 

PARTS DASH-I OR 

l--1 
rl OASH-1 

SYMBOL "STRIDES" 
LIBRARIES I EDITOR 

I r----, 
CR EATE I ..--- I TO OTHER I 

NEW SYMBOLS I OPTIONAL ~ DASH-I'S OR I 
• CREATE , .... PROGRAM IBM I 
• EDIT I MAINFRAME I 

SCHEMATIC I~ 
OASH-1 • SAVE I L----..J 

DIAGRAM SYSTEM • PRINT I 
EDITOR • COPY I 

•ANNOTATE 

~ 
VAX r----, 

OPTIONAL 
~! TO YOUR CAD I RSTS 

SYSTEM VIA I RSK II 
t---1 PROGRAM VT-100 I . 
I POP-II I PROTOCOL I VMS 

OPTIONAL PAGE PIN I L---- J 
PEN PLOTTER DATA FILES L_ ---- -- -----, 

NETLIST I 
PROGRAM I NETLIST 

OPTIONAL t- ------ .... REPORTS 
PROGRAM -l 

I 
I 

PAGE PIN OPTIONAL - "1 LISTS LIST PROGRAM 

~ Of REPORTS LIST Of 
MATERIALS MATERIALS 
PROGRAM I 

I 
I 

OPTIONAL 1-J DESIGN 
PROGRAM 

I---- CHECK 
DESIGN REPORTS 
CHECK 

PROGRAM 

Personal computer-based CAD systems like DASH-I from FutureNet Corp do not 
limit designers to what can fit on their desktops. Communication packages link 
the personal computer to mainframe or minicomputers, or to expensive 
peripherals like plotters and printers. Database extraction also allows list of 
materials, engineering change orders, and design rule checking to be performed. 

Design functions, once the province 
of mainframes and engineering work­
stations, now find themselves on 
engineers' desks. Running on personal 
computers, software packages can 
handle both computation-bound 
operations (eg, logic and circuit 
simulation), as well as interactive 
tasks (eg, schematic entry and circuit 
routing). 

Faster user response time is the key 
advantage that personal computers 
offer over their more expensive 
counterparts. Although the raw pro­
cessing power of personal computers 
may be one-tenth to one-fifth of that 
supplied by minicomputers, all pro­
cessor and peripheral resources are 
dedicated to a single user rather than 
allocated on a time shared basis to 
several users. Furthermore, the user 
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response time on personal computers 
is the same as the time needed to 
execute the program. 

Such is not the case when computer 
aided design (CAD) applications run 
on larger computers. In fact, several 
CAD vendors for personal computers 
note that it is not unusual in engi­
neering departments for as many as IO 
to 15 users to share a single scientific 
computer such as a Digital Equip­
ment Corp VAX-111780. Thus, the 
faster processing speeds are counter­
balanced with longer user response 
times (as much as one hour for circuit 
simulation). 

The same holds true for engineer­
ing workstations. Although they may 
use the same microprocessors found 
in personal computers, engineering 
workstations augment these with 

special purpose hardware (eg, memory 
management and floating point sup­
port). Since the added hardware 
makes them more expensive, a large 
number of engineering departments 
cannot justify allocating $35,000 or 
more to have a workstation for every 
engineer. Often, three or four engi­
neers must share a single workstation. 
Thus, there exists a similar situation 
with long user response times (ie, wait­
ing for your turn on the machine). 

Right size for the job 
In contrast, personal computers 

outfitted with the necessary design 
tools (eg, schematic editing and logic 
simulation) can be bought for less 
than $15,000, according to Roy 
Prasad, product manager for Per­
sonal CAD Inc (Los Gatos, CaliO. He 
admits that the software packages 
designed for personal computers are 
less powerful than similar tools on 
larger computers. These packages 
support fewer nodes in simulation 
and handle smaller data bases for 
schematic entry. On the other hand, 
he points out that engineers rarely use 
the full capabilities of the large 
systems. 

In fact, some tasks are more suit­
able for personal computers than 
multi-user hosts. For example, the 
highly interactive nature of schematic 
editing makes it difficult to use CAD 
packages (eg, SCICARDS) that run on 
larger machines through time­
sharing. Editing packages such as 
CAD 2000, from Chancellor Computer 
Corp (Mountain View, CaliO; Design 
Automation, from Dasoft Design 
Systems (Berkeley, CaliO; DASH-I, 
from FutureNet (Canoga Park , 
CaliO; and PC-CAPS, from Personal 
CAD, support hierarchical structuring 
of logic design so that large projects 
can be effectively partitioned into as 
many as 50 different levels of detail 
(99 levels for DASH-I) . Net lists and 
component values can be extracted 
for use as input to logic and circuit 
simulators, such as Tegas and Spice, 

(continued on page 46) 
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Engineering workstations 
(continued from page 44) 

Schematic Editors 

Chancellor 
Computer 
Corp 

Dasoft 
Design 
Automation 

Future Net 
DASH-1 

Personal 
CAD 
PC-CAPS 

Personal 
Computers Supported 

IBM PC 

Apple II 
Kaypro 
North Star Advantage 

IBM PC 

IBM PC 

or sent to larger CAD systems, such 
as Applicon and Gerber, for genera­
tion of artwork or circuit layout. 

Are pretty pictures needed? 
In addition to schematic editing, 

Chancellor Computer, Daso ft Design 
Systems, and Personal CAD also sup­
port manual routing of printed circuit 
boards as well as the generation of 
finished artwork. However, disagree­
ments arise concerning the minimum 
graphics resolution needed to route 
complex circuit boards. 

On one hand, Chancellor Computer 
provides the high resolution found 
on more expensive CAD systems 
(1024 x 768 pixels on the CAD 2000) as 
well as the 640- x 400-pixel resolution 
found on many IBM PCs. Likewise, 
FutureNet uses the 640- x 400-pixel 
resolution for its schematic editor. 

Graphics 
Resolution Required 

1024 x 768 pixels 
640 x 400 pixels 

80 x 24 cols 

640 x 400 pixels 

320 x 200 pixels 

Circuit 
Routing 

yes 

yes 

maybe (simple 
circuits) 

yes 

Terry Smith, product manager with 
Chancellor Computer, feels that this 
is the minimum resolution required to 
accurately place pad and drill masters, 
trace layers, ground and power 
planes, and the final silk screens. 

However, higher resolution exacts 
a higher price. For example, Chan­
cellor Computer's high resolution 
system costs $10,000 more than its 
640- x 400-pixel version, or about 
$23,500. The higher price is due to 
the special graphics card with its own 
dedicated graphics processor. 

Many potential users cannot afford 
that premium and do not need to pay 
it anyway, Prasad says. He notes that 
the PC-CARDS routing package 
requires only a 320- x 200-pixel reso­
lution (the standard resolution on 
IBM PC systems, but has the potential 
to handle printed circuit boards that 

Simulators for Personal Computers 

Personal Type of No. of 
Computers Simulation Nodes 

Blume IBM PC analog 120 MOS or 
Engineering circuits 140 bipolar 
PSpice transistors 

E/Z CAD IBM PC logic 3000 
Logicorp any CP/M (9-state) 

machine 

Personal IBM PC logic 5000 
CAD ( 1 2-state) 
PC-Logs 

Spectrum Apple II circuit 40 
Software IBM PC 
MicroCAP 

Spectrum Apple II logic 1750 
Software IBM PC (5-state) 
MicroLogic 
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approach 60 x 60 in. (25 mil grid 
size). Similarly, the Dasoft routing 
package needs no special graphics 
terminal, but uses any 80-col x 24-row 
cursor terminal for graphics editing. 
Line-drawing primitives on such ter­
minals provide finer onscreen editing. 

Without the pretty pictures, both 
systems provide the necessary ability 
to generate the artwork because the 
graphics resolution of the screen has 
little to do with the resolution of the 
hard copy generated on a plotter. 
Prasad notes that lines and curves 
displayed on a raster screen are still 
made up of distinct points, no matter 
how fine the graphics resolution. On 
the other hand, plotters generate solid 
lines and curves. In fact, all graphics 
packages must eventually convert the 
bit maps used in graphics editing to 
vector endpoints understood by 
plotters. 

Small scale simulation 
Beyond graphics editing, personal 

computers can make a more signifi­
cant contribution to an engineer's 
productivity through logic and circuit 
simulation. According to several 
knowledgeable sources, fewer than 10 
percent of circuit and logic designers 
currently use simulation tools. Prior 
to the advent of personal computer­
based tools, simulators (eg, Tegas 
and Spice) were the province of large 
mainframe and minicomputers with 
associated costs easily exceeding 
$150,000. Those who had access to 
such systems often encountered 
"loopback" times (the amount of 
time spent waiting for the final com­
putations) exceeding several hours. 

Although the processing power of 
personal computers is a fraction of 
that found on larger machines, they 
do supply the user with a response 
immediately after the completion of 
computations. As a result, computa­
tions for either integer-based digital 
simulation or floating point analog 
simulations can take several minutes 
on personal computers and still offer 
superior response times compared to 
those offered by mainframe or mini­
computers. 

(continued on page 48) 



HALF· 
HEIGHT 

S~''DRIVES 
IN VOLUME 

Everybody promises you half-height 
drives, but you can't ship promises. 

Only Seagate™ ships zero-defect lOMB 
(formatted) half-height Winchesters in 

production volumes for the lowest total 
system cost. 

Designed for survival in the real world of 
portable and down-sized desktop systems, 

the ST212 can withstand a 40G drop. It 
features a reliable single platter design, 
proven risk-free technology, controller 

compatibility with the ST412 standard height 
drive, and lower power consumption. 

Why gamble when you don 't have to? Seagate assures 
you the most dependable half-height Winchester you can 

buy, product in volume to meet your needs, and the industry's 
largest Winchester support team. All of which translates into 51/4 " 
Winchester disc drives with a total system cost that no other supplier 

j~ 

r • · ~ ····:>.cf.1~-
i1,-; ~ ~~ $~i~~~--

920 Disc Drive, 
Scotts valley, caJlfornla 95066 

Telepho"" f408J 438-6550, 
TELEX 176455SEAGATESCVL 

Regional Sales Offices: 
Newport Beach. Calirornia, f714J 851·9964; 

San Jose. Calirornia. (408) 286-7580; 
Woodland Hills. Calirornia. 1213) 884-2699; 

St Pete"burg. Florida, 1813) 577-1199; 
Littleton, MassachusettS. 16171 486-9711 ; 

Dallas. Texas. 1214) 783-6711 . 

of half-heights can match. 

Make us prove it. We want 
your business. Call Seagate. 

Authonzed U.S. Distributors: 
Arrow Electrorncs. PJOneer Elearorncs and 
\Nyle Laboratories 
canada : 
Se mad, 
14161475-3922. TWX 6104924455 
European Sales Office: 
49 89177017. TELEX 524275 SEAG D 

Seagate is a trademark of Seagate Technology. 
Cl984 Seagate Technology. 
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Engineering workstations 
(continued from page 46) 

However, maximum physical 
memory sizes (eg, 768 Kbytes on the 
IBM PC) limit the size of nets that can 
be simulated, with logic simulation 
much simpler to implement than cir­
cuit simulation. For example, Logi­
corp from E/Z CAD Inc (San Jose, 
Calif) supports nine-state logic simu­
lation for 3000 nodes on CP/M 
systems with 64 Kbytes of RAM. On 
the other hand, the MicroCAPS cir­
cuit simulator from Spectrum Soft­
ware (Sunnyvale, Calif) supports just 
40 nodes. The smaller net sizes for 
circuit simulation result from the 
larger number of parameters involved 
in comparison to logic simulation, 
says Andrew Thompson, president of 
Spectrum Software. 

logic designs or circuits into smaller 
partitions in order to analyze the 
results. Thompson estimates that the 
typical engineer breaks up circuit 
simulations to around 40 nodes, 
while logic simulations are best man­
aged at about 2000 nodes. Accuracy 
does not suffer because logic and 
digital circuit simulations use integer 
data bases, easily handled by per­
sonal computers such as the Apple II 
or IBM PC. 

The smaller net size does not neces­
sarily mean that such tools are less 
powerful than their mainframe 
counterparts. Thompson points out 
that designers often break down large 

Some questions remain concerning 
analog circuit simulation because it 
requires floating point (typically 
single-precision) arithmetic. Vendors 
such as FutureNet and Chancellor 
Computer feel such computation­
bound tasks are best handled by 
mainframe computers. As such, they 
provide the necessary interfaces (in­
cluding netlist reformatting) to popu­
lar circuit simulators such as Spice. 
However, even mainframe-style 

More Models 
We have more models than all 

our competitors combined. Choose 
a cage with: 

3. 4. 5. 6. 7. 8, 9. 
12. 14. 15. 16. 20. 
24 OR 26 SLOTS 

for the right solution to your 
problem. We have models with 
either 0.6" or 0.75" card centers 
and can even accommodate 
wire-wrap cards. 

All models are electrically 
and dimensionally inter· 
changeable with Intel's 
iSBC.80® Cages. 

More Room 
You get more 

room for extra 
cards without 
increasing 
overall size. 
because our 
design gives 

you greater inside dimensions. 

More Reliability 
All cages are constructed of 

sturdy. durable anodized aluminum 
with a single mother board .back­
plane ... a concept that increases 
reliability and minimizes intercon­
nections. 

THREE YEAR WARRANTY 

More Information? 
CALL OUR 

TOLL FREE NUMBER 

(800) 854-7086 
In California Call Collect: (619) 292-0242 

I Electronic 
Uil Solutions 

9255 Chesapeake Dr .. San Diego, CA 92123 
(619) 292-0242 Telex II (TWXh 910-335-1169 

Fully Mult ibus Compatible, 
Terminated Mother Board. 

MULTl·CAGE® 
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Note: Multi-Cage is a registered trademar1< of Electronic Solutions 
Multibus, trademar1< of Intel. 
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simulators are being ported to per­
sonal computers. Blume Engineering 
(Irving, Calif) provides the PSpice 
circuit simulator, which supports as 
many as 120 MOS or 140 bipolar 
transistors. The simulator needs an 
IBM PC with 512 Kbytes of RAM and 
an 8087 floating point processor, but 
executes at about one-fifth the speed 
of the VAX-11 version. 

Future prospects 
There are limitations to the current 

generation of personal computer­
based CAD tools. The graphics editors 
cannot handle VLSI circuit layouts 
(although both FutureNet and Chan­
cellor Computer claim to support 
standard cells and gate arrays), or 
support automatic place and routing. 
Other computation-bound tasks that 
are beyond the scope of current tools 
include fault simulation and test 
vector generation. However, Prasad 
predicts that tools capable of these 
tasks will come into being with the 
wide availability of 256-Kbit dynamic 
RAMs and advanced 16-bit proces­
sors. Performance increases in the 
range of three to four times are thus 
possible. 

For those who cannot wait, the 
current generation of CAD tools 
provides a cost-effective alternative 
to minicomputer-based CAD systems 
or engineering workstations if used in 
a standalone fashion. Increased 
productivity can also be gained by 
combining personal computer systems 
handling graphics editing and small 
scale simulations with larger machines 
performing computation-bound tasks 
and final system integration. In this 
case, designers benefit from the best 
of both worlds. 

Joseph Aseo, Field Editor 

SYSTEM TECHNOLOGY 
(continued on page 56) 

June Previews 
Watch for two special 
articles-local area 
networks on June l, 
system testing on June 15 



20MB 
S~"DRIVES 

IN 
VOLUME 

If you build supermicros or any storage intensive desktop system, the 20MB (formatted) 
Seagate" rugged ST425 is the natural alternative to the lOMB industry-standard ST412. In fact, 

to your controller, the ST425 looks just 
like two ST412s, speeding systems 

integration. 

Here is the capacity and performance 
for powerful operating systems like 

UNIX'", integrated applications 
packages, file seNer and window 

environments, and systems designed 
for engineering, computer graphics, 

CAD/CAM and database management. 

But the ST425 offers more than 
capacity, performance and compati­
bility. It is the one 20MB Winchester 

built tested, and guaranteed to 
meet Seagate's stringent zero­

defect standards. Why take a 
chance? Only Seagate delivers 

SJ/4" Winchester disc drives with a total 
system cost that no other supplier 

can match. 

Make us prove it. We want your business. 
Calf Seagate. 

920 Disc Drive, 
Scotts \lalley, Callfomla 95066 

Telephone f408J 438-6550, 
TELEX 176455SEAGATESCVL 

Regional Sales Offices : 
Newport Beach, California, 1714) 851-9964; 

San Jose. California, 14081 286-7580; 
Woodland Hills. California. 1213) 884-2699; 

St Petersburg. Florida, 18131 577-1199; 
Littleton. Massachusetts. 1617) 486-9711 ; 

Dallas. Texas. 1214) 783-6711. 
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Authorized U.S. Distributors : 
lvrow Electronics. Pioneer Electronics and 
1NY1e Laboratories 
Canacla: 
Se mad. 
1416) 475-3922. TWX 6104924455 
European Sales Office: 
49 89 177017, TELEX 524275 SEAG D 

Seagate is a trademark of Seagate Technology. 
UNIX is a trademark of Bell Laboratories. 
~1984 Seagate Technology. 



Floating Point Systems 
array processor to break 

The FPS-5000 Series from 
Floating Point Systems 

Now, a new family of 
products from Floating Point 
Systems brings increased com­
puting power and unmatched 
price/performance to the 
signal/image processing world. 

With 3 to 6 times the speed 
and 4 times the memory capacity 
of previous FPS products, the 
FPS-5000 Series provides comput­
ing for applications that exceed 
their present system's capability. 

The FPS-5000 Series offers fast , 
accurate , flexible computing for 
the most demanding real-time , 
user-interactive , and production­
oriented applications. 

Four basic product groups 
make up the new FPS-5000 Series: 
the 5100, 5200, 5300 and 5400. 
Peak performances range from 26 
million floating-point operations 
per second (MFLOP) , to 62 
MFLOP. Data memory of 0.5M to 
IM words is available along with 
program memory to 32K words . 

By combining a distributed 
architecture concept with the 
latest VLSI technology, the 

Typical performance examples of geophysical, medical imaging and 
signal I image processing applications. 

Appllcatlon Example AP-1208 FPS-5410 5420 5430 

1. Demodulation / Signal 13.8 msec. 6.5msec. N/ A NI A 
Analysis 

2. Tomography Preprocessing 60sec. 25sec. 16sec. 12sec. 

3. Multispectral Image Classification 49sec. 25sec. 13.3sec. 10.5sec. 
(512 x 512 p ixels 8 Bands. 4 classes) 

4. 2DFFT 3.4sec. 1.4sec. .? sec . .5 sec. 
(512 x 512 complex) 

5. Matrix Multiply 439msec. 177msec. 96msec. 71 msec. 
(100x 100) 

Based upon specifications subject to change. 

FPS-5000 Series sets a new stan­
dard for cost-effective computing, 
breaking the $2,000 per MFLOP* 
barrier -the first time this has 
been achieved in any floating­
point computing system. 

Arithmetic Coprocessors. Data 
flow is simultaneously managed 

*Based on U.S. Domestic Prices 

Distributed processing 
architecture 

The FPS-5000 Series is 
a distributed processing 
system that maximizes 
throughput by allocating 
the computational load to 
a set of high-performance, 
independent, floating-
point processing elements called 

FPS-5000 Series Architecture 



introduces the first 
the $2,000/MFLOP barrier. 

by a combination of 
independent I/O Pro­
cessors and the central 
Control Processor. 

Each Arithmetic 
Coprocessor, with 
synchronous architec­
ture to allow simple 
application debugging, 
functions as a self­
contained unit. 

The new Multiple 
Array Processor 
Execution Language 
(MAXL) , based upon 
FORTRAN 77, allows the user to 
construct an integrated system 
environment which can be tuned 
to application requirements. 

Increased performance can be 
achieved by adding Arithmetic 
Coprocessors as a field-install­
able upgrade as the user's 
requirements evolve. 

Compatibility 
The FPS-5000 Series maintains 

software compatibility with pre­
vious FPS 38-bit processors and is 
supported on a range of host 
computers. Thus, the extensive 

software support developed for 
FPS-100 and AP-1208 products is 
maintained and users are able to 
move existing applications onto 
the FPS-5000 Series with minimal 
effort. 

Quality and Reliability 
The FPS-5000 Series was 

designed and built with the same 
quality standards inherent in all of 
the previous Floating Point 
Systems products-standards 
that have earned those products a 
reputation for unprecedented 
reliability and one of the best 

meantime between failure (MTBF) 
rates in the industry. 

The Series is backed by the 
same outstanding worldwide 
support services that distinguish 
Floating Point Systems from other 
manufacturers. 

For more information about 
how the FPS-5000 can be used in 
your specific application, call (800) 
547-1445 or your local sales office. 

The world leader lo array proce88ors. 

FLOATING POINT 
"' SYSTEMS, INC. 

P.O. Box 23489 
Portland, OR 97223 
(503) 641-3151 
TLX : 360470 FLOATPOIN BEAV 
FPS Sales and Setvlce Wor1dwlde 
U.S.: CA Laguna Hil~. Los Angeles, Mountain V~ CO LakEl'MXld, 
CT Simsbury, Fl Winter Pork, GAAJ1onta, IL Schaumburg, LA New 
Or1eons, MD Rockvllle, MA Dedham, MN Edina, NJ Red Bonk. NM 
Corrales, At. Devon, 1X Grand Prairie, Houston, WA Bellewe. 

INTERNAOONAL: Conoda, Calgary, Montreal, ~ia:'.· 
Brocl<nell, Bel1<shire; Fronce. Rungis: Japan, Tok)Q; 
Gouda; West Germany, Hoar. 

DIS'IRlllUIORS: Argentina, Buenos Aires (Coosin Computocion, 
SA); Australia and ,._ Zealand, Milsons Pcint-N.S.W, 
Melbourne-Victoria, Canberra-ACT (TectMay P!y., Ltd.); Auslr1a, 
Vienna (Olhmor Locknef Eleklronlsche Bouelemente Und 
Gerote); Denmalk. Copenhagen (BLT J>Qenturer NS); Finland, 
Helsinki (OI' Emmett !>BJ; India, Bombay (Hlnditron Computera 
M , Ltd.); Israel, Tel IW (Eastronics, Ltd.); l<Drea, Seoul (W:lrid 
Business Machine, Inc.); Singapoie (Hong l<ong, Brunel, 
Indonesia and Malavslo~ Slngopcre (Sclentek Engineering 
Co.); Southem Alrlco, Johannesburg (Anker Doto~): 
SWeden and NorNay, lbxholm (Tre i<Dnsu~er !>BJ: Taiwan, Taipei 
(Sclentek Corpcrotton); United Arab Emirates, Roshlcfya, Dubai 
(Ait>Nordy ~). Abu Dhabi (ADIAL). 

© Fioottng Point~. lnc.1984 
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nGCRdrives 
But 



were big and expensive. 
now Cipher introduces 

GCR CacheTape~~ 
With the introduction of our new GCR CacheTape'~ 

Cipher brings high-performance GCR within reach of all users. 
As the acknowledged leader in Yi" streaming tape drives, 
Cipher has been at the forefront of progress. first with 
Microstreamer~ then CacheTape'~ and now GCR CacheTape. 

Now, a new era begins. With its small size. low cost 
start/stop software compatibility, and user-friendly features 
such as our popular automatic front loading and threading. 
Cipher's new GCR CacheTape represents the latest in today's 
tape technology. 

~~~':\ 

If you thought GCR drives were big, expensive, and hard 
to integrate, discover Cipher's GCR CacheTape. 

Call or write us today for a free product brochure and GCR 
CacheTape specifications. vvt:: have the tape drive that meets 
your backup needs. 

eb?fle£· 
10225 Willow Creek Road, PO Box 85170 

San Diego, California 92138 
Telephone (619) 578-9100. TWX: 910-335 -1251 

European subsidiaries in: 
United Kingdom (phone: 0276-682912) . 
vvt::st Germany (phone: 089-807001/02) . 

France (phone: 1-668-87-87) ~o~~~ 
f.>\e'- ~~~'\ ~ 
,.e CP~~ '~~~'-a;5 
~ ~e''' D 

A 0~' ~ ' ~~'-'-''-.>. ~ 
co~ 
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HOW TO CHOOSE A DISK DRIVE, PART II: 

ComQuters designed 
for the office environment 

are in for a shock! 

Here's a shocking fact: when 
someone sets a computer down on 
a desk, the disk drive inside can be 
subjected to a pulse shock as high 
as 30 g's. Obviously, if the disk 
drive (or any other component in 
your system) can't handle that kind 
of shock, your system runs the 

risk of breaking down under rather 
ordinary conditions--like every 
time there's an office shuffle and 
people move their computers. 
What follows is some technical in­
formation on how we handle the 
problem in our high performance 
5%- inch Winchester disk drives. 

Shock and vibration: twin 
problems 

Shock, and the closely related 
problem of vibration, have come 
under intense study at ATASI Cor­
poration, and for good reason: 
both can cause loss of data. A se­
vere pulse shock can cause a 



AN ENVIRONMENTAL IMPACT REPORT 
drive's head to "slap" against the 
disk, removing a "divot" of oxide 
material, along with the data writ­
ten there. Severe vibration can 
cause the head to overshoot or un­
dershoot a track, so that the head 
can't find the data it's seeking. In 
addition, vibration can fatigue 
components over time, and per­
haps lead to premature failure. 

ATASJ's 46 Mbyte, 5114- inch Winchester 
disk drives are available in production 
quantities immediately. 

Double shock isolation 
In order to sustain high shock 

loads, the ATASI design incorpo­
rates a unique dual system for 
shock and vibration isolation. Like 
most disk drives, ATASI drives 
have isolators between the frame 
and the head/disk assembly bowl. 
In addition, ATASI's proprietary 
design includes elastomere isola­
tors inside the bowl, between the 
bowl and baseplate on which the 
head/disk assembly is mounted. A 
foam pad with high damping prop­
erties, also located between the 
baseplate and the bowl, further 
protects the head/disk assembly 
from vibration. 

The grommets ATASI uses for 
isolators are far from ordinary. To 
handle both pulse shocks and vi­
bration effectively-to avoid a de­
clining spring rate with displace­
ment while maintaining adequate 
damping properties-ATASI 
tested 330 different options before 

Most disk drives only have shock and 
vibration grommets (black) between the 
frame and the bowl. 

ATASJ's proprietary design also includes 
isolators (blue) between the bowl and 
baseplate. 

making a choice. These tests in­
volved the use of a laboratory 
shaker as well as computer 
models. 

ATASI's double isolation system 
more than protects its drives­
and the data they store-from the 
shocks of the office environment. 

Beyond the shock/vibration 
problem 

Shock and vibration engineering 
is only one of a number of ways 
ATASI achieves such a high level of 
data integrity. ATASI drives also 
feature dedicated "landing zones." 
Upon powerdown-intentional or 
emergency-the back e.m.f. of 
the motor is used to position the 
carriage over data-free landing 
zones. A carriage lock then me-

PERFORMANCE SPECIFICATIONS 
MODEL NO. 3033 3046 
CAPACITY 33 MB 46 MB 
ACCESS TIME (AVG.) 30 ms 30 ms 
DATA RATE 5 Mbits 5 Mbits 
INTERFACE ST 506 ST 506 

Available in high volume today. 

MODEL NO. 
CAPACITY 
ACCESS TIME(AVG.) 
DATA RATE 
INTERFACE 

3065 3075 
65MB 75 MB 
24 ms 24 ms 
5 Mbits 5 Mbits 
ST 506 ST 506 

Available second half, 1984. 

chanically holds the carriage in 
place, protecting the data field 
from any head contact. 

The ATASI White Paper 
At ATASI, we are proud of the 

quality we build into every drive 
we make, and we encourage 
clients to test our products rigor­
ously. To help, we have prepared 
a White Paper on shock and vibra­
tion for systems integrators. It 
discusses test methods and the 
interpretation of test data in detail. 

If you are a systems integrator, 
contact ATASI Corporation now to 
receive your ATASI White Paper. 
Corporate headquarters: 2075 
Zanker Road, San Jose, CA 95131, 
(408) 995-0335; Eastern region: 
(617) 890-3890; Southwest region: 
(714) 432-0757. 

lbeEftects 

<Ala:h~Vibratian 

1Pfn~1 PAP)fJ 

© 1983 ATASI Corporation 



Forthcoming PC networks build on wide range of approaches 
Although distributed processing has 
been the subject of much discussion 
over the last several years, it is just 
now becoming reality. Propelled by 
the advent of the IBM PC and its 
potential as a genius-level terminal 
for mainframe computers, many 
hardware and software products 
have been developed to interconnect 
PCs with each other, and with other 
systems. Products that handle these 
interconnections vary from an 
almost transparent implementation 
of the Ethernet protocol on twisted­
pair lines, to a standalone program 
that communicates via a modem. 

Transparent interconnection 
Using the Seeq Technology 

Ethernet protocol chip on a plug-in 
peripheral board for the PC bus, 
10-Net from Fox Research (Dayton, 
Ohio) implements Level 2 of the 
IEEE 802.3 standard. The protocol 
uses a Carrier Sense Multiple Access/ 
Collision Avoidance (CSMA/CA) 
scheme to pass packet data at up to 
1 Mbits/s over twisted-pair wires. 

In addition to a peripheral card, 
the hardware consists of a three­
wire (two signal and one ground) 
lead-in cable and an interface box. 
Connection to the net is simple. An 
electrical connection is made to the 
twisted pair, and the bottom cover is 
replaced on the box. Then, the lead­
in cable is plugged into a socket, the 
card is plugged into the PC, the 
power is turned on, a configuration 
program is run, and a log-in pro­
gram is executed. The log-in can be 
made part of the boot process every 
time the PC is powered up. 

The supplied software is a generic 
modification of MS-DOS 2.0. There 
are no IBM PC-specific routines to 
keep it from running O!l any of the 
PC clones. At log-in time, and each 
time a net access is made to a "new" 
(not recently accessed) node, the 
system queries the net to determine 
which nodes are active. It then 
builds a table of node names. In 
effect, the file system of each PC or 
clone becomes a node in a shared 
root directory. 

Each node is given a name (eg, 
"Fred" or "Accounting") at con-
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LOCAL AREA NETWORK 
INTERFACE SOFTWARE • • • LOCAL AREA NETWORK 

SOFTWARE 

HARDWARE INTERFACE 

HARDWARE INTERFACE 

LOCAL AREA NETWORK 
SOFTWARE 

HARDWARE INTERFACE 

~ OTHER SYSTEMS 
MODEM ~ 

In a general bus-oriented net, such as 10-Net or NetWare, individual PCS transfer 
files over a bus via a combination of hardware and software. One or more 
stations can serve as file or print servers. 

figuration time. This name is used 
by other nodes to access its files or 
devices over the network. Any node 
can access any hardware device on 
any node in the net, and no dedi­
cated print, file, or communication 
server is needed. 

A full complement of network 
management facilities are provided, 
including insertion and deletion in 
shared files; user, file, and node ID 
security; concurrency control; and 
an activity audit trail. In addition, 
the system provides electronic mail, 
an electronic bulletin board, a calen­
dar, two-party chat, multiparty CB, 
online communications, remote job 
submission, and print spooling. 

The 10-Net costs approximately 
$700 per PC (excluding twisted-pair 
cable, which must be bought sepa­
rately). It runs on any IBM PC or 

clone, requires 64-Kbyte RAM, one 
or more disk drives, and MS-DOS 2.0. 

Software with optional boxes 
At a slightly less transparent level, 

NetWare/os, from Novell, Inc 
(Orem, Utah), replaces the file­
handling apparatus of the PC with a 
sophisticated file server. Tailored to 
support varieties of PC-DOS, MS-DOS, 
CP/ M-80, CP/ M-86, and the UCSD 
p-System, it uses any of a number of 
network hardware systems. One of 
these is manufactured by the com­
pany to share files between PCs. 

Based on what the company calls 
its Universal File Server, the 
operating system features ease of 
use through simple function utilities 
and extensive help files. One of 
these utilities allows disk storage on 

(continued on page 58) 



• Immediately monitor any I!O channel 
compatible with IBM Systems 

• Detect glitches, edge or error 
on tag line 

• Save computer downtime 

• Priced at $8.aoo - Fast Payback 

COMCHEK INTERNATIONAL, INC. 
8711 Pinnacle Peak Road. Suite 201-F 

Scottsaa1e, Arizona 85255 Phone: (602) 438-1590 



Networking PCs 
(continued from page 56) 

KEYBOARD KEYBOARD 

PC OPERATING SYSTEM PC OPERATING SYSTEM 

HARDWARE INTERFACE HARDWARE INTERFACE 

KEYBOARD 

PC OPERATING SYSTEM DISK FILES 

HARDWARE INTERFACE PRINTERS ____ / 
HARDWARE INTERFACE HARDWARE INTERFACE 

PC OPERATING SYSTEM PC OPERATING SYSTEM 

In a star network, such as Spectrum 700, each PC communicates with a central 
host. The host then mediates all file and message transfers and acts as the central 
file and print server. 

any PC to be segmented m various 
ways. Areas on disk can be allocated 
to different users or different 
operating systems, and still remain 
transparent to all users on the 
system, within limits. A log-on 
password lets a user have access to 
specified files in the shared portions 
of the network's disk systems. 

Multi-user file security lets the 
owner define which files will be 
available publicly, and which will be 
private. File and record locking, elec­
tronic mail, and print spooling are 
also provided. The operating system 
maintains duplicate file directories 
and utilities to recover erased or lost 
files, and to provide a modest level 
of fault-tolerance. 

Physical connections to Corvus's 
Omninet, 3Com 's EtherLink, 
Gateways's G-Net, Proteon's pro­
NET, the Arcnet of Nestar, and 
Novell's own NetWare/s, are pro­
vided through peripheral cards that 
plug into an expansion slot on the 
PC. Generally, one PC on the net­
work acts as the central file and print 
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server, handling requests from other 
nodes. Along with special hardware 
arrangements (usually a PROM on 
the peripheral card), this allows 
most of the PCs in the network to 
operate without local storage (their 
own disk drives), lowering the 
system cost. 

Novell's NetWare/s is a seif­
contained computer with a Motorola 
68000 CPU. It connects with the vari­
ous PCs via twisted-pair cables, and 
manages up to 300 Mbytes of mass 
storage and five shared printers. 
Disk caching, directory hashing, 
and seek optimization all help to 
speed file system throughput. Price 
varies according to the number and 
kind of options selected. 

Software with its own box and net 
A specialized network server with 

application-generating software is 
available from Science Dynamics 
(Torrance, Calif). Called Spectrum 
100/Magix, the file server (the Spec­
trum 700 part of the name) is 
Multibus-based, and communicates 

with the PC workstations via either 
an Ethernet-type link, or RS-232/422. 

The server is built from standard 
Intel single-board computers and 
Multibus peripheral boards. A wide 
range of disk, tape, and printer 
interfaces is available from numer­
ous vendors. Since the file server 
handles all file requests, the PC 
workstations can operate without 
disk drives. 

The system is relatively expensive 
and has a high capacity. Without 
the Magix software (database and 
application generators), as well as 
an MS-DOS support gateway, it 
would qualify as a separate com­
puter system, rather than as a PC 
enhancement. The basic philosophy 
of the system is closer to traditional 
mainframe and minicomputer sys­
tems than it is to common PC 
applications. 

The Magix software consists of 
several parts. A database compiler 
written in C, for example, accepts 
English-like language and produces 
tables and interpretable instructions 
for the other modules. A format 
definer lets the user create or change 
the way reports are presented. A 
user presenter manages entry, dis­
play, and updating the workstation 
screen, as well as printing via a PC 
printer . And, a database server 
creates, maintains, and updates the 
data bases on the system. 

Since it is an 8086-based system, 
the Spectrum 700 can load a copy of 
MS-DOS, and run generic application 
programs. This facility is useful and 
supplements a system that has been 
created to appeal to vendors of turn­
key vertical applications. 

Software and a serial port 
The least transparent of the PC 

communication schemes is Blocked 
Asynchronous Transmission (BLAST) 
from Communications Research 
Group, Inc (Baton Rouge, La). It 
allows 8- and 16-bit PCs to commu­
nicate with each other, or with minis 
or mainframes that have the same 
software. 

Standard RS-232 ports are used to 
drive modems over the telephone 
lines, or to connect two systems 



directly. The program reads files 
and converts them to collections of 
ASCII printable characters. Then, it 
sends them over the link one packet 
at a time with error-checking and 
ACK/ NAK handshaking protocols. 

The approach does not differ 
significantly from several public do­
main programs available free from 
PC user's groups. It is a standalone 
program, which means that the user 
must quit an application program 
(eg, a word processor), load and run 
BLAST, send and receive files, then 
reload the application and continue. 

Thus, BLAST is not transparent 
and cannot be used from inside an 
application program, unlike the 
IO-Net or the Novell system. On the 
other hand, the company has gone 
to great lengths to support the pro­
gram on a wide variety of computer 
and operating systems. Prices vary 
from $250 for microcomputers to 
$850 and up for mainframes . 

-Sam Bassett, Field Editor 

Like to write? 
The editors invite you to 
write technical articles for 
Computer Design. For a 
free copy of our Author's 
Guide, circle 503 on the 
Reader Inquiry Card. 
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Complex problems need a FAST™ solution_ 
And weve got 84 of them. Now. Including 74 
complex MSI devices. More than any other high­
speed advanced Schottky logic family. We've got 

10 Gates. 9 Flip-Flops. 4 Latches. 12 Counters 
(some of them the world's fastest lOOMHz 
guaranteed). 4 Transceivers. 2 Memories. 2 Com­
parators. 3 Buffer/Line Drivers. 7 Shift Registers. 
7 Decoder/Demultiplexers.12 Multiplexers. 

Quad 2-Input 
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Multiplexer 
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Flip-Flop 
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Multiplexer 

Inverting 
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1 Parity/Generator Checker. 1 Encoder. 
Plus, 10 Arithmetic functions: 2 Multipliers. 

3 Adder/Subtractors. 5 AL Us (including our Fl81 
that in a 16-bit configuration has a maximum add 
time of 27.5ns at a fraction of the power of all 
other Schottky equivalents). 

84 FAST answers. All compatible with exist­
ing standard Schottky and Low Power Schottky 
devices for easy upgrading. 
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FAST (Fairchild Advanced Schottky TTL) 
from Fairchild. Now you have 84 high-speed 
and low-power choices in an MSI-intensive 
Micrologic® family. 

See your nearest sales office or distributor, or 
contact the Product Marketing Dept., Fairchild 
Digital Products Division, 333 Western Avenue, 
South Portland, Maine 04106. (207) 775-8700. 

Fron1 Portland. ME. 
FAIRCHILD 

A Schlumberger Company 

*Also available in 24·pin 300 MIL dual in-line package. FAST (Fairchild Advanced Schottky TTL> is a trademark and Micrologic is a registered trademark of Fairchild Camera and Instrument Corporation. 
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From harsh factoiy to 
precision laboratoiy. OEM 

microsystems from Motorola. 

M68000 perfonnance. UNIX'" port­
ability. VMEbus flexibility. Modern 
tools for the system integrator. 

In a field overrun with specialized. 
dedicated. and limited OEM micros. 
Motorola offers the VME/lO'"System 
alternative. It's the only VMEbus 
based user-configurable OEM 
"engine" combining the high­
performance mainframe capabilities 
of the MC68010 microprocessor with 
standard VMEbus architecture and a 
choice of two powerful operating 
systems. 

From factory to laboratory. the 
VME/10 System is designed to har­
ness a wide range of demanding appli­
cations encompassing robotics. 
control. CAD/ CAM/CAE. and data 
acquisition. 

OEM configurations to meet 
your needs. 

The VME/10 control unit starts 
with 384K bytes of RAM . a 655K byte 
floppy disk drive. and 5M. 15Mor40M 
byte Winchester disk drive unit. High 
resolution color graphics is also 
standard. An optional keyboard. plus 
color or monochrome display unit. 
means you use only what you need for 
your applications. 

And the VME/ 10 goes far beyond sim­
ple "one-on-one" applications. As a Level 
II supervisory control computer. mul­
tiple VME/lOs may be easily net­
worked together for large-scale dis­
tributed control usage. 

Mainframe perfonnance. 
Micro simplicity. 

At the heart of the VME/10 OEM 
System is the MC68010 MPU -- the 
latest addition to the upward-compat­
ible. 16/32-bit M68000 microprocess­
or family. The combination of the 
MC68010 MPU and the MC68451 
Memory Management Unit provides 
processing power permitting multiple 
tasks to proceed simultaneously with 
full protection for program code and 
data In each task. You get fast, efficient 
application development on the 
VME/10 System. 

VMEb us. Global standard. 
VMEbus makes this system highly 

configurable. It is currently being ap­
proved as a global standard 16/32-bit 
microsystem architecture by working 
committees of both the IEEE (Pl014) 
and the International Electrotechnical 
Committee. Increasingly widespread 
adoption ofVMEbus means that you 
can customize your VME/ 10 System for 
your particular applications with a broad 
array of over 300 VMEbus based hard­
ware and software products from over 
80 manufacturers worldwide. You avoid 
the high cost of specialized custom sys­
tem designs while still tailoring the 
VME/10 to your individual situation. 

Two powerful operating systems. 
With VME/10 you can choose be­

tween two powerful operating system 
packages. both fully supported by 
Motorola. 

For the expanding UNIX'"environ­
ment. select Motorola's SYSTEM V/68'" 
Operating System, the first validat-
ed by AT&T through exhaustive func­
tional testing against the original UNIX 

System V source code. For the system in­
tegrator. the emerging standard of UNIX 
means real "application portability." 
UNIX System V applications are now 
portable from mainframe or minicom­
puter to the M68000 micro world ... 
quickly. efficiently. reliably. 

For real-time applications, take 
VERSAdo&.~the original M68000 Family 
operating system. It has all you need to 
control multiple real-time application 
tasks, even in a multiuser environment 

Total VME/ 10 support: 
a Motorola pledge. 

The VME/ 10 System is supported by 
Motorola's professional field service 
network. with facilities in over 125 
cities nationwide offering technical 
assistance. parts. repair services, regu­
lar software updates, and a problem 
reporting hotline. Our comprehensive 
user documentation and technical 
training seminars are complete and 
available. 

Quality. Standards. Performance. You 
expect it from Motorola The VME/ 10 
OEM Microcomputer System is the 
modem tool for today. 

To request more VME/10 informa­
tion, or to arrange a hands-on demon­
stration. fill in the coupon and mail to 
Motorola Semiconductor Products Inc .. 
P.O. Box20912, Phoenix.AZ85036. or call 
our Factory Marketing Team at (602) 
438-3501. For local assistance, contact 
your Motorola Semiconductor Sales 
Office. authorized systems distributor. 
or systems representative. 
UNIX ts a trademark or AT&T Technologtes. Inc. 

® MOTOROLA INC. 

~-----------------~ I TO: Motorola Semiconductor Products Inc., P.O. Box 20912, Phoenix, AZ 85036. I 
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More Room ... 
More Multibus Cages. 

ONLY FROM 

Note, Multi-Cage is a registered trademar1< of Electronic Solutioos 
Multibus, Intel and iSBC-80 are trademar1<s of Intel. 

ELECTRONIC SOLUTIONS! 
More Models 

We have more models than 
all our competitors combined. 
Choose a cage with: 

3, 4, 5, 6, 7, 8, 9, 
12, 14, 15, 16, 20, 
24 OR 26 SLOTS 

for the right solution to your 
problem. We have models 
with either 0.6'' or 0.75" card 
centers and can even accom­
modate wirewrap cards. 

All models are electrically 
and dimensionally inter­
changeable with Intel's 
iSBC-80® Cages. 

Rack Mounting 
Too! 

More Room 
You get more room for ex­

tra cards without increasing 
overall size. because our de­
sign gives you greater inside 
dimensions. 

More Reliability 
All cages are constructed of 

sturdy, durable anodized alu­
minum with a single mother 
board backplane . .. a concept 
that increases reliability and 
minimizes interconnections. 

THREE 
YEAR 

WARRANTY 
More Information? 

CALL OUR 
TOLL FREE NUMBER 

(800) 854-7086 
IN CANADA CALL 

TRANSDUCTION, LTD. 
(476) 625-1907 

In California Call Collect: (619) 292-0242 

Electronic 
Solutions 

9255 Chesapeake Dr. San Diego. CA 92123 
(619) 292-0242 Telex II (TWX): 910-335-ll69 
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Society for Information Display International Symposium 
San Francisco Hilton, San Francisco, California June 4 to 8, 1984 

Each year, the Society for Information Display 
closely examines up-and-coming display 
technology. The June conference will be for 
those who want to identify the best potential 
subsystem, and for those who want to design 
that subsystem from the ground up. In the 
process of monitoring the latest issues in 
international display research, SID '84 may just 
pinpoint a few familiars whose refinements will 
tempt once-shy designers. At the top of the list 
that designers may want to check twice is the 
flat-panel display-be it electroluminescent, 
plasma, or LCD. 

In all, 88 contributed papers will examine 
display research, device characterization , 
fabrication , and system integration. In 
conjunction with the technical presentations 
will be a series of informal author interviews 
and evening panel debates. Besides the 
technical program and exhibition, which run 
Tuesday to Thursday, the conference will 
conduct background tutorial seminars on 
Monday and Friday. 

Active flat panels slip into CRT niches 
Electroluminescent and plasma display panels 

are beginning to vie for positions in all kinds of 
computer systems. In fact, these active flat 
panels may soon edge out CRTS in many 
industrial and office designs. That is over and 
above the emerging applications where the flat 
panels may be preferred from the start for size, 
if not performance or aesthetics. A recent Frost 
& Sullivan (New York, NY) study projects that 
within the next 10 years, flat panels will take 
over in 60 percent of display applications. 

Each in its own way, electroluminescent and 
plasma displays are busy limbering up their 
operating characteristics and clamping down on 
expensive driver electronics that have skewed 
their price/performance ratios in the past. 
Electronics research is also driving high voltage 
technology at lower power, and as a result, is 
reviving thin-film approaches. As this year's 
technical presentations will show, plasma is 
still ahead of electroluminescence in color 
work. Color plasma is now in prototype, 
whereas electroluminescent models are busy 
refining the gray-scale performance fundamental 
to their future color development. 

Dramatic reductions in driver electronics are 
also allowing electroluminescent and plasma 
flat panels to be larger and leaner. To that end, 

Supertex Inc (Sunnyvale, Calif) is spearheading 
the next round of development; its monolithic 
64-channel driver 1cs add little size to the 
display panel. Moreover, these drivers are 
implemented in DMOS, so they can handle higher 
voltages than electroluminescence could 
weather before. 

Using the Supertex chips, developers at Lohja 
Corp (Lohja, Finland) have achieved a full 
gray-scale, 256- x 512-graphic ac thin-film 
module. The entire panel measures 140 x 260 x 
9.5 mm, including all interface 1cs and driver 
electronics. In addition, Hycom Inc (Irvine, Calif) 
will describe its 512 x 640, 4-line/mm thin-film 
electroluminescent display, which is also driven 
by high voltage 1cs. This multiplexed display 
operates at 90 Hz and shows realtime television 
signals in 16 shades of gray. 

Price aside, because these displays 
traditionally require a driver for every row and 
every column of resolution , development of 
large plasma screens at high resolution has 
been complicated, as well as bulky. Recently, 
several techniques to simplify driver electronics 
have emerged to get around that problem. 
Fujitsu, Ltd (Akashi, Japan) will introduce one 
technique, which creates a logically 
addressable, surface discharge ac plasma 
display. Intrinsic logic structure separates the 
writing electrode from the sustaining electrodes. 

Another effort to reduce the number of driver 
connections was detailed by Plasma Graphics 
Corp (Plainfield, NJ) at last year's SID. A new 
product this year, the hybrid ac-dc plasma 
display reduces the number of driver-to-panel 
interconnections by combining memory self-scan 
with a multiplexing technique (see p 244 of this 
issue). This year, the company will examine new 
operating techniques that widen the dimming 
range of display brightness and fmprove 
memory margins. 

High voltage plasma display drivers 
combining DMOS and CMOS technologies will be 
the subject of a Thomson-csF (Saint-Egreve, 
France) presentation. Their 100-V 1cs are geared 
to large, militarized panels displaying over 106 
pixels. Also, NEC Corp (Kawasaki, Japan) will 
unveil high speed, high voltage CMOS circuits 
driving a 256 x 512 ac-refresh plasma panel. 
Together with an unbalanced-voltage driving 
method, the circuits substantially reduce power 
consumption. This improves the driving 

(continued on page 66) 
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(continued from page 65) 
frequency and, consequently, the luminance. At 
1 MHz, the 102- x 205-mm2 panel consumes less 
than 10 W. 

Several talks will sketch advances in color 
plasma panels. Hitachi , Ltd (Tokyo, Japan) 
speakers will describe an 8-in ., 120- x 
160-element color memory display demonstrating 
2-lm/W white luminous efficacy. Another 8-in . 
plasma panel , with 126 x 160 color cells , is 
coming out of NHK Technical Research Labs 
(Tokyo, Japan). This one features a driving 
method that provides internal memory by using 
repetitive pulse discharges. It shows color 
television pictures with 256 intensity levels, 
40-ft-L peak area luminance, and 0.34-lm/W 
luminous efficacy. 

Nonemissive flat displays perk up 
Of the passive flat panels, LCDS show the 

most potential for computer system display 
applications. In fact , some are saying that the 
LCD may yet learn to run in the field of 
interactive displays. Research is harvesting 
liquid crystal materials with better electrical 
characteristics to improve response times and 
better dyes to improve contrast , viewing angle, 
and color. 

Already, low power consumption and good 
contrast make the LCD viable for portable 
applications. Up to now, however, operational 
drawbacks-among them slow response time 
and need for an external light source-have 
been major obstacles. A session on active 
matrix displays will track the progress of 
several thin-film transistor drivers, which are 
presently looked to for improved multiplexing. 
Hosiden Electronics Co, Ltd (Osaka, Japan) will 
describe the largest LCD panel so far: a 7.23-in 
diagonal with 325 x 108 tricolored pixels 
addressed by a-Si thin film transistors. PolySi 
thin-film transistors will be active in LCD 
presentations by Toshiba R&D Center (Kawasaki , 
Japan) and Suwa Seikosha Co, Ltd (Suwa, Japan). 

Toshiba's 240- x 360-element, active matrix 
display uses integrated gate-bus drivers that 
consist of two 180-bit static shift registers and 
buffer amplifiers. Suwa Seikosha will detail two 
displays that each come in black and white or 
full color. The larger, 480- x 480-pixel panel is 
addressed by external drivers, while the smaller, 
180- x 210-pixel panel has integrated drivers. 

Fine-tuned CRTS sight 3-D and simulation 
When it comes to fast response, ultrahigh 

resolution , unparalleled brightness, and color, 
the CRT is still the best of show. Shortly, 
monochrome flat panels will win out in some 
emerging display markets. In fact , they already 
threaten to take over many display systems that 
the CRT has monopolized. However, when flat-out 
performance and price are the criteria, the 
venerable CRT will beat all comers for a while 
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yet. Only the so-called flat CRTs (or hybrids 
putting de plasma into a CRT framework) may 
outstrip the familiar monitor for advanced 
applications such as 3-D and simulation. 

At the high end , researchers at Tektronix, Inc 
(Beaverton , Ore) will take the wraps off a 19-in., 
90-degree raster-scan monitor that displays 
three million pixels. The 1500 x 2000 terminal 
features a low-capacitance grid that generates a 
full gray scale. Moreover, astigmatism and 
focus-control grids dynamically correct for 
electron beam aberrations and deflection 
defocus. Another 19-in. superhigh resolution 
graphics monitor will be introduced by Hazeltine 
Corp (Greenlawn , NY). This color display can 
generate 0.1-in. high alphanumeric characters in 
seven colors over its entire screen area. It has 
0.015-in. spot size and 0.012 maximum 
misconvergence. 

Toshiba Corp (Fukaya, Japan) scientists will 
describe a 15-in. square color display tube that 
achieves white luminance of 160-ft-L and vertical 
dynamic convergence. Meanwhile, Hughes 
Aircraft Co (Carlsbad , Calif) speakers will examine 
how processing fine-grain P-42 phosphor can 
yield a miniature CRT with 3000-ft-L brightness. 

A session devoted to simulation and display 
will detail how to take high-toned CRT monitors 
a step further. Scientists from Evans & 
Sutherland Computer Corp (Salt Lake City, Utah) 
will describe a microprocessor-based projector 
display system with the optical feedback to 
self-align hue, intensity, convergence, geometry, 
and focus. The system detects and corrects 
geometry drifts to within one-quarter of a pixel , 
and projection distortions to 30 percent. 

In addition , a programmable low cost hybrid 
display processor for man-in-the-loop simulation 
will be described by representatives from 
Systems Technology, Inc (Hawthorne, Calif). 
Their digital-to-analog calligraphic display 
processor transforms a data base into 
instrument formats and perspective 
out-the-window scenes at a rate of 8000 vectors/s, 
with throughput delay of less than 40 ms. 

Stereoscopic image display will be the 
subject of a Bright & Morning Star Co 
(Lawndale, Calif) presentation. Speakers will 
explain a system based on total internal 
reflection , which separates and directs the 
observer's converging lines of sight toward two 
discrete images. This system is said to 
simultaneously display stereo information from 
most imaging systems. 

-Deb Highberger, Senior Associate Editor 

For registration information , contact 
Lewis Winner, 301 Almeria Ave, Coral Gables, 
FL 33134. Tel : 305/446-8193 

(Conference coverage continued on page 68) 



display pe ance and viewing co ort. 
CHROMAGOLD features an amber phosphor behind an 

internal brown background, improving contrast and visibility 
over conventional displays. CHROMAGOLD meets European 
ergonomic standards, including German Standards (DIN 66 234). 
And best of all, CHROMAGOLD helps reduce operator errors. 

Available in 5through15-inch models, CHROMAGOLD 
displays can be custom designed to your individual requirements. 
And they're backed with the Zenith promise of responsivenf"ss in 
quality, quantity, development and delivery. 

For industry leaders it's an easy choice. 
For information on how you can use CHROMAGOLD, contact 

the Components & Systems Group, Zenith Radio Corporation, 
1000 Milwaukee Avenue, Glenview, IL ., : 

60025. (312) 391-7733. 7-"'""I' 
The quality goes in before the name goes on.® 

Also sales offices and manufaduring facilities in Dublin and Taipei. 

Cl 1984 Zenith Radio Corp. 
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(Conference coverage continued from page 66) 

Technical Program Excerpts* 

Session 4: DC Electroluminescent 
and LED Displays 

Tues 2 to 4:15 pm, Continental 4 
Chair: M. R. Johnson, Texas Instruments, Inc, Dallas, Tex 
4/1 " A 2000-character de EL Display" 

J. W. Mayo, P. Hutchinson, R. Hayes, and R. Ellis, 
Phosphor Products Co, Ltd , Poole, England 

4/2 " Stabilization of de EL in ZnS:Mn Thin Films" 
A. Vecht, Thames Polytechnic , London , England; 
and S. Chadha, Lucas Electricals, London, England 

4/3 " High Contrast Thin-film/Powder Composite 
de EL Devices" 
M. H. Higton, Phosphor Products Co, Ltd , Poole, 
England 

4/4 " Performance of ZnSxSe1 - x de and ac TFEL 
Devices" 
D. Cammack, R. Dalby, D. Walz, and R. Bhargava, 
Philips Labs, Briarcliff Manor, NY 

4/5 " High-Resolution LED Matrix Displays" 
P. K. Kimber, S. C. M. Day, and G. White, GEC 
Research Labs, Chelmsford, England 

Session 5: Large-screen Displays 
Tues 2 to 3:20 pm, Continental 5 
Chair: L. T. Todd, Jr, Projectron/Data Beam, Lexington, Ky 
5/1 " Glass Browning in Projection CRTs" 

A. Rengan, Zenith Radio Corp, Melrose Park, Ill 
5/2 " A New Electrostatic Lens Designed for 

Projection CRTs" 
M. Kikuchi , Y. Kobori , and T. Saito, Sony Corp, 
Tokyo, Japan 

5/3 "A Deflection Yoke for Generating Trapezoidal 
Raster in Projection CRTs" 
B. B. Dasgupta and M. D. Grote, RCA Consumer 
Electronics Div, Indianapolis, Ind 

5/4 " Large-area LCDS for Public Information Boards" 
K. Fahrenschon and W. Wiemer, AEG-Telefunken, 
Ulm, West Germany 

Session 6: Color Perception in 
Information Displays 

Tues 2 to 5 pm, Continental 6 

Chair: G. Murch, Tektronix, Inc, Beaverton, Ore 
6/1 " Perceptual Analysis of Color Monitors" 

R. W. Klopfenstein and C. R. Carlson , RCA Labs, 
Princeton , NJ 

6/2 " Simulation of Alphanumeric Characters on 
Color Monitors" 
A. P. Pica, RCA Labs, Princeton , NJ 

613 "Matching Video and Hardcopy Color" 
P. McCanus and D. Mead, Tektronix, Inc, 
Beaverton, Ore 

*Program sessions are subject to last-minute changes. 
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6/4 " Color and Brightness Contrast Effects in CRT 
Displays" 
A. Spiker, S. P. Rogers, and J. Cicinelli , Anacapa 
Sciences, Inc, Santa Barbara, Calif 

6/5 "Automatic Chrominance Compensation for 
Cockpit Color Displays" 
K. H. Kuo and M. H. Kalmanash, Kaiser Electronics, 
San Jose, Calif 

6/6 " Color and Gray Scale in Sonar Displays" 
K. F. Kraiss and K. H. Kuttlewesch, 
Forschungsinstitut fur Anthropotechnik, 
Wachtberg-Werthhoven , West Germany 

Panel 1: Active Matrix Addressing 
Tues 8 to 10 pm, Continental 4 
Moderator: A. I. Lakatos, Xerox Corp, Webster, NY 
Panelists: D. Ast , Cornell University, Ithaca, NY; 

T. P. Brody, PanelVision Corp, Pittsburgh, Pa; 
K. Ide, Toshiba Corp, Kawasaki , Japan; R. W. 
Streater, Bell-Northern Research Ltd, Ottawa, 
Canada; and H. Take, Sharp Corp, Nara, Japan 

Panel 2: Flat-panel Technologies for 
Computer Workstations 

Tues 8 to 10 pm, Continental 5 

Moderator: D. Baldauf, IBM Corp, Kingston , NY 
Panelists: S. Morozumi, Suwa Seikosha Co, Nagano, 

Japan; G. Holz, Plasma Graphics Corp, Plainfield, NJ; 
A. Sobel , Lucitron Corp, Northbrook, Ill; C. King, 
Planar Systems, Beaverton, Ore; and M. Higgins, 
Hewlett-Packard Co, Corvallis, Ore 

Panel 4: Touch Panels, Voice, Mouse, 
and Other Data 110 

Tues 8 to 10 pm, Continental 1/2/3 
Moderator: D. Hanson, Boeing Commercial 

Airplane Co, Seattle, Wash 

Panelists: J. A. Sutton, Hewlett-Packard Co, 
Santa Barbara, Calif; J. A. Williams, IBM Corp, 
Raleigh , NC; K. C. Bice, Texas Instruments, Inc, 
Austin, Tex; and J. Love, Apple Computer, 
Cupertino, Calif 

Session 7: Plasma Panels 
Wed 9 to 11:35 am, Continental 4 

Chair: A. Sobel , Lucitron, Inc, Northbrook, Ill 
7/1 " Self-scan Memory Plasma Display Operating 

Techniques" 
G. E. Holz, Plasma Graphics Corp, Plainfield, NJ 

712 " An 8-in . Diagonal Pulse Discharge Panel with 
Internal Memory for a Color TV Display" 
H. Murakami , R. Kaneko, R. Toyonaga, and S. Sega, 
NHK Technical Research Labs, Tokyo, Japan 

713 "An 8-in. Diagonal High Efficacy 
Townsend-discharge Memory Panel Color TV 
Display" 
S. Mikoshiba and S. Shinada, Hitachi, Ltd, Tokyo, 
Japan 

(continued on page 70) 



For remarketers, 
there's still room at the top. 

We're looking for new members for the 
.. 4300 Club." 

If your company creates application soft­
ware that will run on an IBM 4300. we invite you 
to consider matching your skills to our systems. 

In short, IBM is looking for experienced 
firms that will remarket the 4300-and become 
what we call Value Added Remarketers. 

The standards are high, but for companies 
that meet them, IBM has much to offer. 

To start with, IBM can add strength to your 
marketing efforts. We can, for instance help 
with product literature, with direct mail and 
with business show support. IBM also has a wide 
range of professional classes for VARs. 

And thanks to an online referencing system 
used by IBM's own sales force, we can refer 
prospects with special needs to VARs who have 
unique solutions. 

In addition, IBM offers to VARs tha qualify 

other highly competitive products: System/36, 
Series/L System/38, the IBM Personal Com­
puter and the System 9000 family. 

For more information on qualifying as an 
IBM VAR. simply send in ==-= =® 
the coupon or call : ::..: :;::-_-:: 
1 8()() IBM-VARS~ Ext. 562. ::::..:.:::';':: 
r------------------, I Larry Humphreys 5-84 

I 
IBM Distribution Channels 
P.O. Box 76477 

I Atlanta, GA 30358 
I PIPase send me your free booklet, "Looking for Leaders." 

I Nam"-----------~--
1 I Titl•'------'----""'-'-=----~----
1 Company ___ __::'-"--'-''--------__c:_ 

I Atldress __ ~-=-.:..::----------
1 Cit} State ',ip __ _ 

I Phone roduct lnt erPst ___ _ 

L------------------~ 



(continued from page 68) 
714 " An ac Plasma Panel Operating with the IBM 

Personal Computer" 
T. N. Criscimagna, H. S. Hoffman, and 
W. R. Knecht , IBM Corp, Kingston , NY 

7/5 " An ac-refresh Plasma Panel with High Voltage 
CMOS Drivers and Unbalanced Power Supplies" 
H. Sakuma, H. Wakaumi , T. Suzuki , and T. Aizawa, 
NEC Corp, Kawasaki , Japan 

716 " A High Voltage Driver 1c for Large Plasma 
Pane ls" 
L. Delgrange, F. Vialettes, and J. Deschamps, 
Thomson-csF, Saint-Egreve, France 

Session 8: Simulation and Display 
Wed 9 to 11 :45 am, Continental 5 

Chair: A. Wu, Singer Flight Systems, Binghamton, NY 
8/1 " A Self-aligning CRT Projection System with 

Digital Correction " 
P. Lyon and S. Black, Evans & Sutherland 
Computer Corp, Salt Lake City, Utah 

8/2 " Fiber-optic, Helmet-mounted Display for Full 
Visual Fl ight Simulation" 
C. L. Hanson and T. M. Langridge, Air Force 
Human Resources Lab, Williams AFB, Ariz; 
B. Wesch and R. Kruk, GAE Electronics, Ltd , 
Mont real, Canada 

8/3 " A Programmable Low Cost Hybrid Display 
Processor for Man-in-the-loop Simulation " 
R. W. Allen , J. R. Hogue, and J. C. Smith , Systems 
Technology, Inc, Hawthorne, Calif 

8/4 " A CGI Simulator Display in a High G 
Envi ronment " 
J. Eyth, Jr, Naval Ai r Development Center, 
Warminster, Pa 

8/5 " Multi functional Autostereoscopic Image 
Display System" 
E. A. Rudell and D. Sheiman, The Bright & Morning 
Star Co, Lawndale, Calif 

8/6 " General Solution to the Problem of 
Stereoscopic Video" 
L. Lipton , Stereographics Corp, San Rafael , Calif 

Session 9: Nonemissive Displays 1 

Wed 9 to 10:40 am, Continental 6 

Chair: A. R. Kmetz, AT&T Bell Labs , Murray Hill , NJ 
9/1 " Recent Advances in LCD Technology for 

Automotive Application " 
P. M. Knoll and F. Heintz, Robert Bosch GmbH , 
Karlsruhe, West Germany 

9/2 " Mult iplexed Dot-matrix Displays with 
Guest-host CNPT Mixtures in Homeotropic 
Orientation " 
J. F. Clerc, A. Perrin , and F. Muller, LETI , Grenoble, 
France 

9/3 " Color-free Plast ic LCD with High Rel iability" 
P. A. Penz, J. Sampsell , D. Collins, R. Petcavich , 
L. Sanders, and M. Piliavin , Texas Instruments, Inc, 
Dallas, Tex 

9/4 " PLZT Color Displays" 
G. Haertling, Motorola, Inc, Albuquerque, NM 
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Session 10: CRT-based Systems 
Wed 9 to 10:40 am, Continental 112/3 

Chair: R. H. Schmahl , Hughes Aircraft Co, 
Fullerton , Calif 

10/1 " Phone Slave: A Graphical Telecommunications 
System" 
C. Schmandt and B. Arons, Massachusetts Inst itute 
of Technology, Cambridge, Mass 

10/2 " The Development of a High Resolution Digital 
Converter" 
D. Seegmiller, Digivision , San Diego, Cal if 

10/3 " Anti -aliasing for Broadcast Compatible 
Television " 
W. Bender, Massachusetts Institute of Technology, 
Cambridge, Mass 

10/4 " A 19-in. Color Graphics Monitor for Military 
Applications" 
S. Berkoff and A. Delorenzo, Hazeltine Corp, 
Greenlawn, NY 

Session 11: AC Plasma Displays 
Wed 2 to 4:35 pm, Continental 4 

Chair: K. C. Park, IBM Corp, Kingston , NY 
11 /1 " IBM 's 581 ac Plasma Display Technology" 

P. Pleshko, IBM Corp, Kingston , NY 
11/2 " Thin-film Dielectric ac Plasma Panels" 

N. H. Riederman , D. L. Monarch ie, R. E. Wisnietf , 
and A. Keyworth , Norden Systems, Inc, 
Norwalk, Conn 

11/3 " Log ically Addressable Surface Discharge ac 
Plasma Display Panels with a New Write Electrode" 
T. Shinoda and A. Niinuma, Fujitsu , Ltd, Akashi , 
Japan 

11/4 " Characteristics of Crosstalk in Color 
Doughnut ac Plasma Display Panels" 
H. Uchiike, N. Awaji , and Y. Fukushima, Hiroshima 
University, Higashi-Hiroshima, Japan; and 
T. Shinoda, Fujitsu , Ltd , Akashi , Japan 

11/5 " Domains in ac Plasma AND Gates" 
L. F. Weber and C. N. Steiner, University of Illinois, 
Urbana, Ill 

Session 12: Flat-panel Applications 
Wed 2 to 4:10 pm, Continental 5 

Chair: S. Bristow, Atari, Sunnyvale , Calif 
12/1 " A Handheld Man-Machine Interface Using an 

Electroluminescent Matrix Display" 
E. S. Darlington, Texas Instruments, Inc, Dallas, Tex 

12/2 " De EL Displays with Integrated Fixed-legend 
and Dot-matrix Touch Switches" 
D. A. Levien , Tube Investments Research Labs, 
Walden , England; and R. Hayes, Phosphor Products 
Co, London, England 

12/3 " Simultaneous Display of Eight Signal Traces 
on a Thin -film EL Panel " 
D. Bosman and J. G. R. Van Mourik, Twente 
University of Technology, Enschede, The Netherlands 

(continued on page 72) 



Memorex is a registered trademark of Memorex Corporation. 

Our high-performance 8" disc drives 
are available now. Right now. 

Available in three high-capacity 
models: 83, 116 & 166 megabytes. 

Available in industry-standard size, 
mounting, and power; with SMD/CMD 
interface. 

Available at some of the best prices in 
this capacity range. 

And-if you needthem now-available 
in quantity. Your quantity. 

Can't wait to hear more? Then don't. 
Call today: ( 800) 556-1234, ext. 206; 
in California, (800) 441-2345, ext. 206. 
Or write: Memorex Corporation 

OEM Equipment Sales, MS 10-01 
San Tomas at Central Expressway 
Santa Clara, CA 95052 

When it matters, make it Memorex.'" 

MEMOREX 
CIRCLE 36 

A Burroughs Company 
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(continued from page 70) 
12/4 "An 80-character by 25-line LCD System" 

W. Harter, S. Lu, S. Ho, B. Basler, W. Newman, and 
C. Otasuro, CrystalVision, Inc, Sunnyvale, Calif 

Session 13: Nonemissive Displays 11 
Wed 2 to 4:15 pm, Continental 6 

Chair: P. Van Loan, Hewlett-Packard Co, Corvallis, Ore 
13/1 "Hybrid Alignment in Phase-change 

Guest-host LCDs" 
R. w. Filas, AT&T Bell Labs, Murray Hill, NJ 

13/2 "New Dyes for Black Guest-host Liquid Crystal 
Systems" 
U. Claussen, A. Brockes, E. F. Kops, F. W. Krock, 
and R. Neeff, Bayer AG, Leverkusen, West Germany 

13/3 " Low-Birefringence Nematic Hosts and Their 
Performance in Reflective Guest-host Cells" 
J. F. Clerc, LETI, Grenoble, France 

13/4 "Multicolor Graphic LCD with Tricolor Layers 
Formed by Electrodeposition" 
H. Kamamori, M. Suginoya, Y. Terada, and K. Iwasa, 
Seiko Instruments & Electronics, Chiba, Japan; and 
T. Nomura, J. Yasukawa, and T. Suzuki, Shinto 
Paint Co, Ltd, Tokyo, Japan 

13/5 "Homeotropic Alignment of Nematic Les by 
Obliqilie Evaporation of Calcium Fluoride" 
S-S. Chen, Shugvang Electron Tube Factory, 
Chansha, People's Republic of China 

Session 14: Voice Input/Output 
Wed 2 to 4:10 pm, Continental 1/2/3 

Chair: B. Gurman, U.S. Army Avionics R&D Activity, 
Fort Monmouth, NJ 

14/1 "Voice Control of Displays" 
D. R. Lambert, Naval Ocean Systems Center, 
San Diego, Calif 

14/2 "Use of Voice Integrated with Aircraft Cockpit 
Displays" 
C. A. Moore and J. C. Ruth , General Dynamics, 
Fort Worth, Tex 

14/3 "Human Factors Comparison of Touch Screen 
and Voice Command Data Entry on a C3 System" 
P. M. Crane, University of Pittsburgh at Johnstown, 
Johnstown, Pa 

14/4 "Intelligibility of Phoneme Synthesized Speech 
in High Noise Environments" 
A. V. Dentino, U.S. Army Avionics R&D Activity, Fort 
Monmouth, NJ 

Session 15: AC Thin-film Electroluminescence 
Thurs 9 to 11 :35 am, Continental 4 

Chair: E. Schlam, U.S. Army ERADCOM, Fort Monmouth, NJ 
15/1 " A 256 x 512 Graphic EL Display Module" 

I. Linden, E. Jarvinen, K. H. Sallmen, and J. Skarp, 
Lohja Corp, Lohja, Finland 

15/2 " Multiplex Drive of a Thin-film EL Panel" 
T. Gielow, R. Holly, D. Lanzinger, and T. Ng, 
Hycom Inc, Irvine, Calif 
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15/3 "Large-area ac Thin-film EL Displays" 
M. I. Abdalla, J. L. Plumb, and L. L. Hope, 
GTE Lighting Products, Salem, Mass 

15/4 "Strontium Sulphide: The Host for a New High 
Efficiency Thin-film EL Blue Phosphor" 
W. A. Barrow, R. E. Coovert, and C. N. King, Planar 
Systems, Inc, Beaverton, Ore 

15/5 " New Method to Evaluate Defect Density in ac 
Thin-film EL Insulating Films" 
M. Wakitani, K. Okamoto, S. Sato, S. Miura, and 
S. Andoh , Fujitsu Labs, Ltd, Kanagawa, Japan 

Session 16: CRT Technology 1 
Thurs 9 to 11 :50 am, Continental 5 

Chair: W. A. Hamilton, Raytheon Co, Sudbury, Mass 
16/1 "A 19-in. Very High Resolution Display CRT" 

C. Odenthal, Tektronix, Inc, Beaverton, Ore 
16/2 "Simulation of Cathode-region Electron Beams" 

C. Loty, Laboratoires d'Electronique et de Physique 
Appliquee, Limeil-Brevannes, France 

16/3 "An Experimental 'In-neck' Integrated Yoke" 
K. K. N. Chang, RCA Labs, Princeton, NJ 

16/4 "A Clamshell Deflection Yoke" 
D. K. Strong, Tektronix, Inc, Beaverton, Ore 

16/5 "A Flat Color TV Display with Horizontal 
Addressing and Vertical Deflection" 
E. Miyazaki and Y. Sakamoto, Kanazawa Institute of 
Technology, Ishikawa, Japan 

16/6 "Surface Light-emitting Fluorescent Indicator 
Panel" 
T. Horigome and T. Miyazaki, NEC Kagoshima, Ltd , 
Kagoshima, Japan 

Session 17: Human Factors 
Thurs 9 am to noon, Hilton Plaza Room 

Chair: E. R. Strandt, Delco Systems Operations, 
Milwaukee, Wis 

17/1 " Doing the Same Work with Paper and CRT 
Displays" 
J. D. Gould and N. Grischkowsky, IBM Corp, 
Yorktown Heights, NY 

17/2 " VDT Use and Productivity" 
L. D. Silver, University of Pittsburgh, Pittsburgh, Pa; 
and P. M. Jackson, Carnegie-Mellon University, 
Pittsburgh, Pa 

17/3 "Legibility Study of a Tactical Graphics 
Language for High Resolution Monochrome Display" 
G. A. Osga, Naval Ocean Systems Center, San 
Diego, Calif 

17/4 " Psychophysical Problems and Solutions in 
Variable Acuity Displays" 
R. W. Fisher, McDonnell Douglas Corp, St. Louis, Mo 

17/5 "Imaging-system Design Based on 
Psychophysical Data" 
W. E. Glenn and K. G. Glenn, New York Institute of 
Technology, Dania, Fla 

(continued on page 74) 



If you've been waiting for a supermicro with UNIX* 
System Von a 68010-based processor, stop. 

Introducing the Callan Umstar™ 300. It's the single 
best supermicro_you can buy; For a couple of reasons: 

One, the lOMHz 68010 CPU. It's the newest, 
fastest, best. It crunches numbers in a snap. And works 
beautifully with the new UNIX. 

Two, the new UNIX System V. It's faster than UNIX 
System ill. On the Unistar 300, it supports a host of 
languages. And when it comes to portability; flexibility 
and system support, nothing comes close. 

There's more. The Unistar 300 allows for expansion 
to 172M bytes of high-speed disk storage with integral 
tape backup-all within one enclosure that easily fits 
under a desk. 

Its convenient 12-slot Multibus* chassis lets you 
easily add options like networking, communications, 
floatmg point array processors and more. Up to 2M bytes 
of main memory provide real power for every user. And 
nationwide service is available through ITT/Courier. 

Unistar 300. Finally a su2ermicro with super every­
thing. Available today from Callan. For more information 
contact Callan Data Systems, 2645 Townsgate Road, 
Westlake Village, CA 91361. (800) 235-7055. In 
California (805) 497-6837. TELEX 910 336 1685. 

(~ CUJIIDD~ltehlIT 
*Callan and Unistar are trademarks of Callan Data Systems. UNIX is a trademark 
of Bell Labs. Multibus is a trademark of Intel Corporation. 
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(continued from page 72) 

17/6 "The Display Quality of Glare Filters for CRT 
Terminals" 
R. J. Beaton and H. L. Snyder, Virginia Polytechnic 
Institute, Blacksburg, Va 

Session 18: Active Matrix Displays 
Thurs 2 to 4:35 pm, Continental 4 

Chair: D. E. Castleberry, General Electric Co, 
Schenectady, NY 

18/1 "LC TV Addressed by MIM Devices" 
K. Niwa, S. Maezawa, M. Suzuki , S. Takeuchi, and 
T. Kamikawa, Suwa Seikosha Co, Ltd, Suwa, Japan 

18/2 "A 7.23-in. Diagonal Color LCD Addressed by 
a-Si TFTS" 
Y. Ugai, Y. Murakami, J. Tamamura, and S. Aoki, 
Hosiden Electronics Co, Ltd , Osaka, Japan 

18/3 "A 240- x 360-element Active Matrix LCD with 
Integrated Gate-bus Drivers Using PolySi TFTs" 
Y. Oana, Toshiba R&D Center, Kawasaki, Japan 

18/4 "4.25- and 1.51-in. B/W and Full-color LC Video 
Displays Addressed by PolySi TFTs" 
S. Morozumi, K. Oguchi, T. Misawa, R. Araki, and 
H. Ohshima, Suwa Seikosha Co, Ltd, Suwa, Japan 

Single Board 
Computer 

Fast, Powerful and Compact 
Microcomputers 
• 4 or 6 MHz zao• CPU 

• 2Kto64KROMorEPROM 

• Expandable RAM from 64K to 256K 

• OMA for Floppy and Hard Disk Data Transfers 

• 2/4 RS-232 Serial Ports 

• Centronlcs Parallel Port 

• 50 Pin Expansion Bus for Additional 1/0 Capability 

• CP/M Operating System and Networking Available 

• Custom Systems and Private Label Packaging Available 

·zso is a registered trademark of Zrlog 
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1951 Colony Street, Suite X 
Mountain View, CA 94043 
(415) 964-9497 
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18/5 "High Voltage TFTS for Addressing of Light 
Valves and EL Displays" 
E. Lueder, G. Moersch, T. Kallfass, and K. Koger, 
University of Stuttgart, Stuttgart, West Germany 

Session 19: CRT Technology 11 
Thurs 2 to 5 pm, Continental 5 

Chair: A. Martin, Thomson-csF, Saint-Egreve, France 
19/1 "High Resolution Color CRTs Using a Tilt-array 

Shadow Mask" 
T. Banno, S. Hayasahi, and Y. Yamaguchi, NEC 
Corp, Kawasaki, Japan 

19/2 "A 15-in. Full-square CRT" 
H. Koba, H. Mori, Y. Kawata, and E. Hamano, 
Toshiba Corp, Fukaya, Japan 

19/3 "Saturation and Heating of Miniature CRT 
Single-crystal Phosphor Screens" 
U. Levy and H. H. Yaffe, AT&T Bell Labs, 
Murray Hill, NJ 

19/4 "High Brightness, High Resolution Miniature CRT" 
E. E. Gritz, Hughes Aircraft Co, Carlsbad, Calif 

19/5 "Frit-sealed, Metal-glass CRTS with Near-flat 
Faceplates" 
P. Seats, Thomas Electronics, Inc, Wayne, NJ 

19/6 "Miniature Laser CRTS with GaAs/GaAIAs 
Double Heterostructure Targets" 
U. Levy and R. A. Logan, AT&T Bell Labs, 
Murray Hill, NJ; and Y. Niv, Rutgers University, 
Piscataway, NJ 

Session 20: Nonimpact Printing 
Thurs 1:30 to 5 pm, Hilton Plaza Room 
Chair: H. L. Funk, IBM Corp, White Plains, NY 
20/1 "Technology Trends in Electrophotographic 

Printing " 
B. Grant, IBM Corp, San Jose, Calif 

2012 "A New Method for Ink-jet Character Printing" 
R. Rydgren and C. H. Hertz, Lund Institute of 
Technology, Lund, Sweden 

2013 "Airflow Effects on Drop Formation for 
Air-assisted Drop-on-demand Ink Jets" 
R. L. Adams, Oregon State University, Corvallis, Ore; 
and J. Roy, Tektronix, Inc, Beaverton, Ore 

20/4 "Characteristics of a High Viscosity, Oil-based 
Ink-jet Head" 
S. S. Bupara, Exxon Office Systems Co, 
Brookfield, Conn 

20/5 "Droplet Emission with Micro-planar Ink Drop 
Generators" 
M. Doering, Philips GmbH, Hamburg, West Germany 

20/6 "A New Attack on Electrolytic Printing" 
J. P. Pawletko, D. A. Opp, C. G. Speicher, 
P. L. Gendler, and E. Fey, IBM Corp, Endicott, NY 

2017 "Laser Thermal Multilevel Recording-Structure 
Optimization" 
S. Oikawa and A. Morinaka, Nippon Telegraph & 
Telephone Public Corp, Tokai lbaraki, Japan D 



Whr~ 
FARADAY 
thelo~cal 

choice for IBM® 
PC compatibility? 

A A complete 
family of 

PC compatible 
products. 

PC compatibility has never been easier thanks 
to Faraday's complete family of board-level computers 
and supporting software. 

Faraday's full line of products provides the 
OEM with 100% PC compatibility, MST'.'..DOS operating 
software and support products to assist in design 
implementation. 

Faraday's family of products includes: 
• FE6400: The first standard format board-level 

computer that is hardware/software/form factor 
compatible with the IBM PC. 

• FE6410: An IBM PC compatible CPU board with inte­
grated floppy disk and monochrome video controllers. 

• MS9200: The MS-DOS operating system, fully compat­
ible with PC-DOS and complete with hard disk utilities. 

• FE5 l 40: An IBM PC compatible double density floppy 
disk controller board. 

• Future products include a compatible BASIC, an 
integrated monochrome video controller board, and a 
family of custom VLSI integrated circuits designed for 
use in IBM PC compatible products. 

Because of Faraday's capability to manu­
facture in high volume at low costs, the company is an 
important supplier to major OEMs. By incorporating 
Faraday's standard format products, OEMs are reducing 
their design costs as well as their time to market. 

So if you're an OEM and need IBM PC 
compatibility for your product, choose Faraday. Faraday 
will help take you to market with a competitive product 
faster than anyone today and in the future. 

Contact Faraday Electronics today at 
743 PastoriaAve., Sunnyvale, CA 94086, (408) 749-1900. 
MS-DOS is a trademark of Microsoft Corporat ion. IBM is a trademark of 
International Business Machines. 

11, .FARADAY 
The OEM PC Compatible Company. 
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~-------------------· 
YES! I WANT ZILOG'S FREE TAPE, "THE NEXT 
DESIGN FRONTIER:' 
D Please send me a free copy of "The Next Design Frontier." 
D l/2"VHS D l/2"Betamax D 3/4"Video 
D NO. I'm not interested in success at this time. 

Name _________________ _ 

Title __________________ _ 

Company ________________ _ 

Address ________________ ~ 

City ________ State ___ Zip ____ _ 

Phone _________________ _ 
Otter good through August 1984. 
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An open-and-shut case 
for makin MiniFrame™ 
our first c oice in 
ow-cost OEM 
systems. 

IMPRESSIVE CPU SPEED. Running 
the AIM™ Benchmark, Miniframe is 
as fast as a VAX-11 I750. The Mini­
Frame's MC68010 microprocessor 
operates at 10MHz, with no wait 
states. 

VIRTUAL MEMORY MANAGEMENT. 
Miniframe's custom MMU provides 
unique demand-paged implementa­
tion of UNIX™ System V . .. with 3.5 
Mbytes of address space per process. 

RUNS AS MANY AS 8 TERMINALS. 
Convergent PT and/ or GT, or stan­
dard ASCII. Multidrop RS-422 
communications line operates at 
307 Kbit / sec. 

Copyright, 1984, 
Convergent Technologies, Inc. 

FOR HIGH-SPEED PRINTERS, a 
Centronics-compatible parallel 
printer port is standard m the 
Miniframe processor. 

ONE TO EIGHT USERS. Miniframe 
can be configured for up to 50 
Megabytes of integral mass storage: 
5114'' Winchester fixed disks of 13, 
26or50Mb. 

COMMUNICATIONS EXPANSION. 
LAN capability via optional high­
speed Ethernet interface module, 
and/or 8 additional RS-232 ports. 

ECONOMICAL MEMORY EXPANSION. 
Miniframe provides 1h Megabyte of 
RAM standard; up to three boards can 
be added for system expansion to 2 Mb. 



Miniframe: another first from Convergent 
Technologies. Super-minicomputer power at 
PC prices. 

OEMs can now meet the needs of small to 
medium-sized organizations for low-cost, 
high-performance systems capable of handling 
large UNIX-based applications. 

The MiniFrame system-which effectively 
opens a whole new market for you-is unique 
not just for its price/performance advantages. 
It also provides complete flexibility in meeting 
requirements ranging from single-user 
"personal UNIX systems" to eight-terminal 
data-processing installations. 

BACKUP STORAGE with 
integral SW', 640 Kbyte 
floppy disk. Optional high­
capacity backup available. 

WE'VE CLOSED OUR CASE ... now send 
for a complete information package. 
Write to Convergent Technologies, Data 
Systems Division, 3055 Patrick Henry 
Drive, Santa Clara, CA 95050. Phone: 
408/ 980-0850. Telex: 176-825. 

Convergent 
Technologies 

Convergent Technologies achieved this 
breakthrough by adapting the innovative hard­
ware and software developed for its MegaFrame 
multiprocessor. 

The result is a powerful, compact and ex­
pandable unit priced to give you the maximum 
opportunity of capitalizing on a rapidly growing 
UNIX market. 

There are, of course, many other unique 
benefits of the MiniFrame system. 

Convergent provides foundation software 
for office applications-including a powerful, 
Wang keystroke-compatible word processor, 
an advanced financial spreadsheet and com­
plete electronic mail facility. 

The Window Manager permits viewing and 
manipulating of up to four applications running 
simultaneously on Convergent's PT or GT 
terminal screens. 

Major performance increases result from 
utilizing these terminals with the Mini Frame. At 
only slightly higher cost than standard "dumb 
tubes", our PT or GT terminals offer high-speed 
communications plus built-in processor with 
enough memory to execute key portions of the 
system code. 

Programming languages include industry­
standard.High Level COBOL and BASIC, full 
FORTRAN-77, Pascal and C. 

OEM prices for the Miniframe start at less than 
$5,000; an eight-user Miniframe can be configured 
for under $10,000. Prices like these make it an 
open-and-shut case for choosing the Miniframe. 

Graceful upgrade path to 
the Megaframe:M 

The MegaFrame, Convergent Technologies' 
revolutionary super-minicomputer system, utilizes 
multiple processors; has expansion potential to 
128 users, 8 MIPS and gigabytes of disk storage. It 
enables OEMs to handle today's growing demand 

for computing services without dis­
carding a single piece of hardware 
... or oeing forced into expensive 
CPU upgrades. 

Applications software can be 
transported-unchanged- from 
the Mini Frame to the MegaFrame 
whenever the workload requires it. 
The two systems are object-code 
compatible, allowing OEMs to pro­
vide a complete family of systems. 

MegaFrame: proof that if any­
one can build a UNIX system the 
way it should be built-it's Conver­
gent Technologies. 

Where great ideas come together 

CIRCLE 40 

Mini Frame and MegaFrame are trademarks of Convergent Technologies, Inc. UNIX is a 
trademark of Bell Telephone Laboratories, Inc., VAX is a ~rademark of Digital Equipment 
Corp. , Ethernet 1s a trademark of Xerox Corp. , and AIM 1s a trademark of Aim Technology. 



HEADS newtr land on data 
areas. All WREN drlYes use a 
dedicated media zone for 
head take-off and landing. 

UNIQUE SHOCK-MOUNTED BASE 
deck assembly isolates heads 
and media from external 
vibration. Automatic actuator 
restraint and manual shipping 
lock prevent head movement 
during shipment. 

VERTICAL OR HORIZONTAL 

L MOUNTING in the same 
space as a 5-1/4" FDD 
permits easy integration 

DEDICATED CLOSE-LOOP SERVO 

T H E 

L SYSTEM for added positioning 
accuracy and maximum 
system performance. 

w R 
The Model 9415 WREN disk drive gives you a host of value-added features. 

From microcomputer and LSI control logic to special-formula media, high 
technology has finally delivered a 5-1/4" winchester with more reliability. 

Compare for yourself. Call your local Arrow or Kierulff distributor today. 
Or write: OEM Product Sales, HQN08H, Control Data Corporation, P.O. Box 0, 
Minneapolis, MN 55440. 

(S 2) CONTR.OL DATA 
Information Hot Line 118001828-8001 
In Minnesota 116121921-4400, Ext. 82 
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HOW TO TEST 
WINCHESTER 
DISK DRIVES 
While readback jitter has made window margins a major 
testing concern, flexibility, correlation, and simplicity of 
operation are also key issues. 

r 
~ 

I 

by Jerry Ruoff 

As shrinking sizes and lower prices propel 
Winchester disk drives into new applications, manu­
facturers are faced with demands of escalated pro­
duction . Sustaining disk drive quality while 
increasing the manufacturing rate, however, requires 
a major investment in testing. Unfortunately, manu­
facturers have poured more resources into produc­
ing better disk drives than into improving testing 
capabilities. 

Drive manufacturers can either use commercially 
available testers or their own tester built in-house. 
While home-built testers may be adequate for a par­
ticular manufacturer, they can cause correlation 
problems with customers who use commercial testers 
for incoming inspection. 

Jerry Ruoff is vice president of engineering at 
Applied Data Communications Inc, 14272 Chambers 
Rd, Tustin CA 92680, where he is responsible for all 
hardware and software development. Mr Ruoff holds 
a BS and an MS in electrical engineering from the 
University of Southern California. 
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~ 
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~ ... l \_ 

'°" ~ \: 

Testing Winchesters involves several problems. 
Margins for readback jitter on most Winchester 
drives can be used as a practical figure of merit, indi­
cating the drive's anticipated bit error rate (BER) 
and mean time between failures (MTBF). But, 
designing a reliable, repeatable window-margin tester 
can be costly because it requires fast, programmable, 
drift-free circuitry and high flexibility. In addition, 
the drive's sealed media, which are always somewhat 
flawed, cannot be visually inspected for these flaws. 
Another problem involves the drive head's ability 
to switch rapidly between read/write modes, which 
is necessary to accommodate user requirements for 
arbitrary-length (soft) sectors within a track. 

In-house versus commercial testers 
There are many reasons within a manufacturing 

organization to design and fabricate test equipment 
in-house. Often, in-house design groups can present 
compelling arguments that influence corporate deci.­
sions. These arguments usually hinge on total con­
trol over testing techniques and intimate product 
knowledge. However, Winchester disk technology 
has grown so popular that it is almost a commodity 
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----ONE BIT TIME AT 5 MBITS/S-----

(IN NANOSECONDS) 

0 20 40 60 80 100 120 140 160 180 200 

A FULL SIT TIME 
(CLOCK PULSES OCCUR IN FIRST HALF, 
DATA ls APPEAR IN SECOND HALF) 

A SINGLE, IDEAL DATA PULSE 

A SINGLE, IDEAL CLOCK PULSE 

RECURRING CLOCK AND DATA PULSES 
EXHIBIT JlnER 

BOTH EDGES OF READ WINDOW 
ARE PROGRAMMED TO ACCOMMO DATE 
ALL JlnER (2-ns RESOLUTION) 

_J 

Yll//J///)//14\ f/1///1//11/ 14 

Fig 1 Read-window margins reveal 
more about the quality of a 
Winchester disk drive than any 
other test. The lesser of the two 
margins can be used as a general 
figure of merit to anticipate the bit 
error rate (BER). 

EARLY MARGIN 
__ ..... n n ... _____ _ 

LATE MARGIN 

item. Therefore, it is necessary to correlate test 
results with customers, other vendors, and eventual 
industry standards. This is infeasible with captive, 
in-house test equipment. 

Winchester margin testing requires fast (5-MHz) 
data rates, programmable pulse edges with 2-ns 
sweep resolution, and a sophisticated operating 
system's flexibility. There are important reasons to 
trade off the total control of home-built Winchesters 
in favor of increasingly popular manufacturer 
testers. For example, software maintenance is auto­
matic and ensured. Users can share a pool of help­
ful information, instead of working in a vacuum. 
Off-the-shelf test routines are available at a fraction 
of the cost of generating them in-house. And finally, 
it may not be economically justifiable to design the 
required hardware in-house, when proven commer­
cial systems with continuing support are available 
off-the-shelf for $10,000 to $15,000. 

One such commercial product, the T-650 Win­
chester disk drive test system from Applied Data 
Communications, is a production-oriented, turnkey 
system that provides an engineering system's power 
and flexibility. Simple to operate in a production 
environment, the system is designed to test drives 
with standard SA-1000 and ST506 interfaces. Connect­
ing to four drives simultaneously, the T-650 provides 
over 100 types and variations of standard tests. Also, 
it stores user-selected test sequences and limits on 
a nonvolatile floppy disk. The system has disk­
resident software, generates logically displaced index 
marks, and has a battery-backed calendar/clock for 
burn-in/life tests. Moreover, it is programmed in its 
own mnemonics, avoiding Forth and other formal 
user languages. 

Whether drives are tested by in-house equipment 
or commercial testers, there are eight important drive 
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parameters that must be observed and quantified: 
surface test; read-timing margins; spin speed; head 
settle time; access time; step rate; start and stop 
times; and write-to-read recovery. Even with plated 
media, the Winchester disk surface is not flawless, 
and these flaws cannot be repaired. Moreover, the 
sealed enclosure prevents visual inspection. Thus, 
executing a surface test on all drives maps out the 
flaws. The test system then uses the flaw map to print 
out a deallocation table, which is physically taped 
to the drive under test at the factory. Deallocation 
tables are used as input to the user's operating sys­
tem. The operating system uses the table to truncate 
flawed sectors beginning with the first bad byte. Sur­
face defects then become transparent to the user. 

A close look at test parameters 
After completing the surface test, each sector will 

begin with a sync pattern, followed by an address 
mark (identified by its unique characteristic of one 
missing clock pulse). Then, data and a cyclic redun­
dancy check (CRC) character follow. To properly 
emulate the user's environment, an arbitrary number 
of arbitrary-length sectors must be provided in each 
track. This precludes the use of simple disk exer­
cisers, which lack soft-sector capability and cannot 
logically displace the drive's physical index marks. 

At the customer's incoming inspection, it is impor­
tant to execute a surface test and compare the deallo­
cation table with the one generated at the factory. 
This procedure quickly reveals the shipping damage. 
Beginning a test sequence with a surface test makes 
intrinsic sense because the flaw map will preclude 
further testing on obviously defective areas . 

After surface testing, perhaps the most important 
Winchester parameter is its read-timing margin­
a measure of the drive's quality. This parameter 



measures the dynamic range of readback jitter and 
how that spread relates to the drive's 100-ns wide 
read-timing window (see Fig 1). 

In the drive under test, information bits are laid 
serially along a circumferential data track. The bits 
(encoded as magnetic flux reversals) are laid down 
with regular spacings between them. However, four 
phenomena produce readback timing irregularities, 
also called jitter. 

Noise in the drive's read/ write amplifiers causes 
jitter. Asymmetrical windings in the center-tapped 
read/ write head cause jitter. Hysteresis in the drive's 
zero-crossing read threshold also causes jitter­
positive-going and negative-going zero-crossings 
trigger output bits at different slope levels. And, bit 
shift due to flux reversal crowding causes jitter­
data domains in a densely packed medium tend to 
migrate from where they were initially laid. While 
write-precompensation techniques based on the 
recorded bit patterns can help reduce bit migrations, 
they cannot eliminate them. If the accumulation of 
readback jitter sources is not accommodated by the 
drive's read circuits, with margin to spare, the drive's 
BER soars. 

There are two popular ways to measure Win­
chester read margins (T-650 features both). The first 
is to generate a 100-ns read window and shift it early 
in 2-ns increments until the BER increases dramati­
cally, then retard it in 2-ns increments until the BER 
again increases dramatically. The smaller of the two 
read margins is subsequently reported against the 
nominal center. 

A more thorough way to measure read margins 
(and one that should be used throughout all other 

20 ms 
I 

test phases) is to generate a 100-ns window and 
shrink it in 2-ns increments, both early and late, until 
the BER increases on both sides. After backing off 
one increment, both margins are reported simulta­
neously. This indicates the total dynamic range of 
read-data jitter. The 100-ns read window is a func­
tion of Winchester standard rotational speed-3600 
rpm-and its standard data rate is 5 Mbits/ s. This 
5 Mbits/s translates into 200 ns per modified fre­
quency modulation (MFM) bit cell. However, an 
MFM bit cell may contain either a clock or a data 
pulse; the difference being the 100-ns half-bit time 
in which it appears. 

Although most test patterns are valid, the worst­
case test pattern for margin testing is a repeating 
sequence of double pulse ls, interspersed with indi­
vidual Os (ie, 6DB hex = 0110 1101 1011). This is 
because the double pulses tend to migrate toward 
each other, decreasing the flux peaks and reducing 
amplitude changes in the read head. 

As a rule of thumb, new Winchester disk drives 
with ferrous oxide coated media should exhibit win­
dow margins of 10 to 12 ns, early and late. New 
drives with plated, thin-film media can exhibit mar­
gins up to 30 ns (all the jitter is contained within the 
center 40 ns of read-window time). Margin times 
greater or less than these can be interpreted directly 
as a figure of merit, anticipating the drive's BER, 
MTBF, and useful lifetime. 

Another test parameter, spin speed, is a measure 
of drive quality. Correct spin speed, which requires 
good motor speed regulation, results in a proper and 
constant data rate of 5 Mbits/s. If the rate varies, 
it works directly against the drive's window margins. 

STEP PULSE 
_____fl...._ ___________ _ 

STARTING 
CYLINDER ----.. - - - - - - - - - - - - - - - - - -

READ/ WRITE HEAD POSITION 

"RAW" 
READ SIGNAL 

ENVELOPE 

VALID DATA 

ADJACENT --­
CYLINDER 

LI 
- (SEEK COMPLETE= I) 

HEAD-SETILE Tl ME ---,._ _____ _, 

Fig 2 Head-settle time must be 
tested with window margins set 
critically short on both sides. If 
windows are set a normal size 
(100 ns), head-settle time may 
appear too short, causing an 
operating system to read/ write 
prematurely. 
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READ/ WRITE HEAD 
POSITION 

SEEK COMPLETE 
SIGNAL 

INNERMOST 
TRACK 

OUTERMOST 
TRACK 

500 ms 
I 

Fig 3 Access time is a performance test for smart 
Winchester drives featuring a buffered-step mode. The test 
involves the sum of the step-pulse input string duration 
plus lateral head motion. Manufacturers typically specify 
only head motion. 

If spin speed were out of spec, the disk could be 
unreadable because disk-resident clocks and data 
would shift out of the 100-ns read window. 

Units for spin speed can be specified in either rpm 
or in milliseconds per revolution (3600 rpm ± 1 
percent, or 16.67 ms for a 5 Yz -in. platter). By con­
vention, time units are preferred because a drive's 
total test time is more easily calculated: it takes one 
revolution to write a track; another revolution to 
read it back; and at least a third revolution to seek 
the next track. 

Head-settle time is a parameter to the drive's per­
formance (Fig 2). The highest performance Win­
chester drives use fast voice-coil actuators to move 
their read/ write heads into position over any selected 
track. Slower drives use stepper motors. 

Voice-coil actuators apply high acceleration forces 
to move the head assembly. Possessing physical 
mass, the head has a tendency to bounce after its 
arrival. Bounce decay should be fast, allowing data 
to be accessed as quickly as possible. Settle time 
needs to be accurately determined and reported, 
which enables the user's host operating system to 
know how long to hold off read/write operations. 
Beginning read/write too soon increases the BER; 
holding off too long degrades system performance. 
(See Computer Design, Jan 1983, p 92 for bench­
mark performance comparisons between voice-coil 

I 
actuators and stepper motors.) / 

As with other tests, it is important that head-settle 
time be executed with critically reduced timing 
margins. Otherwise, head-settle time will appear arti­
ficially short, thus causing gross read errors at the 
user level. Early and late window margins should 
be adjusted independently, according to each drive's 
individual characteristics. 
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Access time is a performance test for the new gen­
eration of smart Winchester drives (Fig 3). Smarter 
drives have a buffered-step mode that accumulates 
step commands at high speed, then advances the 
head actuator mechanism at its own, optimum rate­
slow enough to avoid seek errors, but fast enough 
to keep performance levels up. This off-loads the 
drive's host, but it buries arm-motion testability. 
When testing a drive for access time, a user tells it 
where to go, then counts down how much time it 
takes for it to report that it arrived. 

Step rate is a quality test for drives that provide 
test access to their head-positioning logic. In this test, 
the frequency of step pulses is swept up and down. 
The maximum step rate short of producing seek 
errors is determined and reported. (Access time and 
step rate tests are mutually exclusive.) 

For a Winchester drive, rapid start and stop times 
help contribute to its useful lifetime. Winchester 
heads fly 19 µin. off the platter surface, but it takes 
15 s for the platters to come up to speed after power 
is applied . Even though the disk is lubricated and 
dedicated "landing zones" are provided, the head 
operates in a crashed mode until it becomes airborne. 
This produces unnecessary wear and reduced life­
time. Clearly, start and stop times should be as short 
as possible. 

User benefits 
In terms of marketing, there is an additional bene­

fit for Winchester drives with rapid start times: the 
user is not kept waiting as long. While this prob­
ably does not affect performance, a user, given a 
choice between two otherwise identical disk drives 
will always prefer the faster one. 

Finally, write-to-read recovery is a fundamental 
performance test (Fig 4). In use, the drive under test 
must not place a restriction on the host operating 
system (eg, after writing a record, the drive needs a 
long recovery time before it can read again). This is 
a direct function of how long it takes the read/write 
head electronics to change from a low impedance 
power source to a sensitive, high impedance load. 

Recovery time is critical, especially if the user 
requires soft-sectored media. To accomplish this test, 
the test programmer tries to closely emulate the 
user's environment, toggling the read/write circuits 
between their high Z and low Z states, and deter­
mining and reporting the recovery times. 

With one exception, all eight test parameters are 
equally applicable to all Winchester disk drive sizes . 
The read-window margin test is a reasonable figure 
of merit for smaller units, but as 5 Y4-in. drives 
achieve capacity beyond 20 Mbytes, the margin test 
becomes less significant. 

Users of 5- to 10-Mbyte Winchesters, which ex­
hibit 12- to 14-ns window margins, can hold 80- to 
90-percent confidence levels in the drive's BER spec­
ification. However, with increased density, higher 
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Fig 4 Write-to-read recovery determines how long it takes 
for the drive's read circuits to recover from high level 
excitation after a write operation. 

capacity drives (20 to 100 Mbytes) tend to exhibit 
more jitter. For these drives, the BER is less keyed 
to window margins. Limits of 10 to 12 ns may be 
too stringent for high capacity 5 \l.i -in. drives. Rather, 
8 to 10 ns or less may be a more realistic limit. 
Beyond 20 Mbytes, the window margin test for 
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Winchester drives should be considered more of a 
qualitative test than a quantitative one. Moreover, 
margin tests should be augmented by other tests, 
such as the maximum data test. 

Maximum data is a brute force BER test in which 
the test system formats the disk under test and writes 
a worst-case test pattern in every sector. Then, it 
continuously reads back enough data to verify the 
specified BER. 

Testing strategies 
Developing the highest possible confidence levels 

in the shortest periods of time is the objective of test­
ing. At the drive manufacturer and system integrator 
levels, outgoing inspection usually involves a test/ 
burn-in/ retest cycle with critical evaluation of the 
before and after deltas. Typically, 100 percent of the 
drives are surface tested, with additional test phases 
of write, read, and margin tests . Lot samples (about 
10 percent) are subjected to more rigorous tests, and 
about 1 percent of all product is tested exhaustively. 
Sample testing results are used to confirm or adjust 
the rigor of the general testing strategy. One promi­
nent system integrator notes that 5 min of outgoing 
inspection testing on a T-650 results in a 95-percent 
drive confidence level. 

At incoming inspection, a typical strategy is to 
lightly test a variety of parameters. If a failure 
occurs, the test system is programmed to branch into 
intensive diagnostic test phases. For a 5-Mbyte drive, 
it generally takes 2 to 3 min maximum to execute 
a surface test; and to check all read/work heads, step 
rates, access times, spin speeds, and margins. 

Successful strategies for rapid, confidence building 
tests presume that the drive under test has data, con­
trol, and power interfaces common to the industry 
at large. Drives that use unusual interface schemes 
may not be accessible to manufacturer test systems, 
and could be locked into testing with home-built 
machines. This would result in needless design cost 
and a lack of correlation with consumers. 

Shrinking size, eroding cost, and increasing intel­
ligence of Winchester disk drives call for testing 
techniques and equipment that provide simplicity, 
flexibility, and correlation to others. For new 5- and 
10-Mbyte drives, read-window margins provide a 
reasonable figure of merit to gauge BER and MTBF. 

But, for new drives of 20 Mbytes and up, maximum 
data tests may be required to augment window­
margin testing. 

Please rate the value of this article to you by 
circling the appropriate number in the "Editorial 
Score Box" on the Inquiry Card. 

High 701 Average 702 Low 703 
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It is small enough to sit on a desk top. Yeti 
accommodate up to eighteen users. 

It is a 32-bit super microcomputer running 
UNIX System V. But it has the power of a minic 

It incorporates 256K DRAM chips for high-c city 
main memory of up to 2 megabytes. So more is dtlivered 
than with the average microcomputer, and at a lo r 
cost per station. 

It' the 3B2/3 0. From AT&T. 
Perfectly targeted for an office where several people 

need a desk-top co uter, and there's a need to accom­
modate growth. And it can function as an intelligent net­
work host or file server for PCs. 

And the 3B2/300 ·s available in a variety of solutions 
packages with flexibl growth options. 

It is the most advanced super microcomputer your 
customers can buy today. 



....,., .. ...., .. ,,.,,e, true 32-bit, super 
minicomputers are designe to run UNIX System V and 
can accommodate up to sixt users without putting a 
dent in response time. 

They are remarkably easy to use, and easy to main­
tain because they are self-diagnostic. They are flexible, 
powerful tools for a variety of applications, such as soft­
ware development, office systems, and CAD/CAM. 

They're the 3B5/100 and 3B5/200. From AT&T. 
They can be configured to suit customer needs with 

a wide variety of I/O, peripheral, memory, and com­
munications options for cost-effective growth. This 
makes them good investments for your customers. 

These computers fit neatly into the office environ­
ment. And are incredibly quiet, cool, efficient, and plug 
into standard wall outlets. 



The 3B20S computer is the high-end supe 
the 3B family. It runs UNIX System V and is d•[lte4 
to meet the rigorous needs of data centers, deV< 
office service organizations, and manufacturing I 

When a customer outgrows these capabilitie 
simply add the attached processor forming the 3 20A. 
And add up to 80% to your performance range. Or you 
can begin serving your needs with the 3B20A right from 

e start. 
And the growth om the 3B20S to the 3B20A 

occurs as painlessly s possible with only a modest 
increase in cost. 

Both computers are energy efficient and easy to 
install. They perform without complex and expensive 
environmental contro s. And unlike most computers of 
this capacity, the 3B20S and the 3B20A do not require 
air conditioning or raised floors . 



It is a owerful, 32-bit s ·computer that 
will set a new standard for t runs the new 
UNIX RfR operating syst , pl"OYlding time-sharing 
and introducing real time a fault-tolerant features. 

It operates continuous! even during hardware faults, 
data-base mutilations, repair, software updates and 
growth. 

It is the 3B20D. From AT&T. 
It is ideal for applications requiring ultra-reliability 

and fast response such as reservation systems, com­
mand and control systems, on-line banking systems, 
and others where computer outage means serious or 
intolerable business losses. 

Like the 3B20S and 3B20A, the 3B20D does not 
require air conditioning or raised floors. 

For continuous computing, the 3B20D is unsur­
passed in its class. 



AT&T COMPUTERS 
AT&T has always been a leader in the field of com­

puter science and computer applications. 
We've proven this in the most demanding data 

processing environment in the world-the nationwide 
telecommunications network. 

And we intend to remain a leader by meeting your 
needs. As well as the needs of your customers. 

We are committed. Both in our products and our 
partnership. 

Because we know our success rests on your suc­
cess, and in tum on that of your customers. Working 
together as partners, we can share the promise of the 
38 family of computers. 

But our commitment doesn't end with state-of-the­
art products. When you join hands with AT&T, you also 
receive superb service. 

\\e offer complete marketing support packages; 
product service and maintenance; financial support; and 
a full range of consulting services. 

This is a national support system that is second to 
none. And with the unsurpassed R&D capability of our 
own AT&T Bell Laboratories, you can market the 3B 
family of products with confidence and guarantee them 
to your customers. 

To find out more about this remarkable family of com­
puters, and our comprehensive and flexible OEM/VAR 
programs, call us at 1-800-833-9333. 

ATs.T © 1984 AT&T Technologies. Inc. 
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ARRAY-BASED 
LOGIC BOOSTS SYSTEM 
PERFORMANCE 
Using ECL arrays to build standard logic blocks increases gate 
speeds by more than a factor of four and offers 100 times 
the density of standard tOK ECL logic. 

by Cary R. Champlin and 
Jerry E. Prioste 

In any IC technology, LSI exhibits many advantages. 
In IOK ECL, speed and logic density are particularly 
important benefits. A family of standard ICs de­
rived from the MCA I macrocell array, for example, 
gives the ECL designer greater than a fourfold 
increase in speed, and two orders of magnitude 
reduction in package count. 

The MC109XX high speed family consists of an 
LSI multiplier, two types of ALUs, a program 
sequencer, and an error detection/ correction unit. 
Each of these parts has logic densities of approxi­
mately 1200 equivalent gates and typical gate delay 
times of 800 ps. In comparison, an IC in IOK ECL 
typically has a logic density of 12 gates and gate 
delay times of 3.5 ns. 

A common problem for high speed applications 
is the optimal filtering of digital signals. Optimal 
filtering occurs when filter characteristics are ad­
justed in accordance with the optimization of some 

Cary R. Champlin is a senior electrical engineer in the 
Aerospace Data Section at Motorola's Government 
Electronics Group, 8201 East McDowell Rd, 
Scottsdale, AZ 85282. Mr. Champlin has a BSEE from 
the University of Wyoming and an MSE from Arizona 
State University. 

Jerry E. Prioste is a systems engineer in Motorola's 
Bipolar LSI and Memory Products Div, 2200 West 
Broadway, Mesa, AZ 85202. He holds a BSEE from 
New Mexico State University and an MSE from 
Arizona State University. 
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Fig 1 In this adaptive digital filter, the adaptiveness of the 
coefficients to the signal guarantees convergence to an 
optimal response with respect to a desired system parameter. 
When implemented in hardware, this application is intensive 
in arithmetic and addressing. 

signal parameter. An example of a third-order 
adaptive digital filter is shown in Fig 1. Two 
distinct areas of computation are required. In the 
digital filtering area, four multiplications and four 
additions are computed for each raw input signal 
sample in what is termed a "weighted-moving­
average. '' 

In the second area of computation, the adaptive 
algorithm solves a linear system of equations to 
obtain new filter coefficients. When solving a 
linear system of equations, variables and coeffi­
cients are organized naturally in vectors. Similarly, 
filter samples can be represented using vector nota­
tion. Note that in the actual implementation of the 
filter, the signal samples must be delayed (ie, 
stored) by an amount of time equal to the compu­
tation time of the adaptive algorithm. This will 
match-with respect to time-the filter coefficients 
and the signal samples. 
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Traditionally, arithmetic intensive applications, 
such as the optimal filtering problem, require 
unique fixed-hardware implementations. This 
creates problems for the designer when the adap­
tive algorithm or the order of filter is modified. 
The alternate approach, provided the technology is 
sufficiently fast, is to implement the design with a 
computer architecture based on a linear algebra 
enhanced instruction set. The MC109XX family 
modularizes this architectural approach into three 
basic sections: arithmetic, memory-110, and 
control-interface. 

Accelerating operations 
Data is configured as a 32-bit floating point 

number, using an 8-bit exponent and a 24-bit man­
tissa format. This allows enough dynamic range for 
a large class of applications without compromising 
computational throughput. As shown in Fig 2, this 
also allows a specialized arithmetic module architec­
ture based on four fundamental computations: mul­
tiply, multiply-accumulate, add/subtract, and add/ 
subtract-accumulate. 

Using an 8-bit exponent and a 24-bit 
mantissa format allows dynamic range 
for a large class of applications. 

The algorithm for floating point multiplication 
begins by multiplying the two 24-bit mantissa fields 
using nine MC10901 8 x 8-bit expandable multipliers . 

32 

32 

MULTIPLIER 
24' 24 

NINE MCl0901s 

SHIFTER 
1WO MCI0808s 

32 

FLOATING POINT 
MULTIPLIER OUTPUT 
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MUX 

The MC10901 is a parallel, combinatorial array based 
on the Dadda reduction and a fast lookahead-carry 
addition scheme. This method results in a maxi­
mum 8 x 8-bit multiplication time of 24.3 ns. Two 
mode controls (Cl and c2) are used to set the multi­
plier for 2's complement, unsigned magnitude, or 
mixed-mode operands. Through the use of Cl and 
C2 and the two 8-bit additive operand inputs, larger 
arrays are easily cpnstructed with the MC10901. 

For two left-justified operands, their product is 
either normalized or has 1 bit of sign extension. 
Examination of the top 2 product bits will detect 
the position of the active MSB. The MC10808 16-bit 
barrel shifter accomplishes the necessary shifting; 
two MC10808s are needed to shift a 24-bit number. 

The other part of the floating point multiply 
algorithm is exponent processing, which requires a 
two-step sequence. After the exponents of the two 
operands are summed, the result is decremented if 
the MSB detect indicates sign extension in the prod­
uct. The MC10902 high speed ALU is used as the 
exponent processor for the multiplier and the 
floating point add/subtract unit. ov1 is the over­
flow for binary arithmetic operations, while ov2 is 
the overflow for shift left operations. The MC10902 
uses an internal 8-bit register as an accumulator or 
for pipeline system structures. 

Floating point addition/subtraction, although 
more involved, is equally efficient when designed 
with LSI ECL. For both computations, the first step 
is to equalize the exponents of the two operands to 
align the binary point. The exponent differential is 
calculated and a corresponding downshift applied 
to one of the operand mantissas . The sign bit of the 

SHIFTER 
TWO MCI 0808s 

FLOATING POINT 
ADDER OUTPUT 

Fig 2 The 32-bit floating point 
arithmetic module relies heavily on 
LSI ECL devices. Four fundamental 
operations support real and complex 
arithmetic: multiply, multiply­
accumulate, , add/subtract, and 
add/ subtract-accumulate. 
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It is the highest performance, most 
reliable 5~" cartridge disk drive in the 
industry. 

It features more resistance to shock and 
vibration than any other disk drive, fixed 
or removable. 

Its cartridge is the least expensive among 
formatted 5-megabyte cartridges on the 
market today. 

Its cartridge interchangeability from drive 
to drive is absolute. Its start/ stop time is 
the fastest available of any high-perform­
ance disk drive. 

It is the Beta 5 Cartridge Disk Drive 
from IOMEGA. And it is, in a word, 
superlative. 
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Fig 3 The MCt0902 is efficient in 
operand address generation and 
arithmetic sections. To access a 
vector, the unit computes a 
sequence of locations from initial 
base address, displacement, index, 
and step-size values. The MC10905 
error detection and correction (EDC) 
improves data validity and enhances 
testing diagnostics, yet only 
increases the pipeline by one cycle. 
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exponent differential selects which operand is 
downshifted and which exponent is used next. Two 
suboperations occur in the second stage. The larger 
exponent is gated to the second exponent ALU and 
the two 24-bit operands are added/subtracted. 

Three MC10900 8-bit ALUs form the mantissa 
adder and 110 latching supports the pipelined 
architecture of the arithmetic module. The MC10900 
generates a sum with a maximum delay of 17 ns. 
Using three devices and ripple carry yields a 24-bit 
sum in under 32 ns. Although not implemented in 
this application, the MC10900 maintains full parity 
generation and verification internally. 

The third stage consists of detecting the position 
of the active MSB in the summation. An upshift in 
the range of - 1 to 25 is possible at this point. 
Caused by an arithmetic overflow, the - 1 upshift 
corresponds to a single-bit downshift. Total com­
putation pipeline time for either of the two floating 
point calculations is 80 ns or four clock cycles. 
However, data is pipelined at two clock cycle 
intervals . 

Considering memory and 1/0 
The continuous processing characteristic of the 

arithmetic module carries over to the memory archi­
tecture of Fig 3. Four interrelated sections com­
prise this module: dual RAM array, address genera­
tion, error detection and correction (EDC), and 1/0 
multiplexing. Data flow during execution of a 
typical instruction depends on the timely inter­
action of these sections. First, sequences of addresses 
are generated from two source address ALUs and 
then time multiplexed to the dual RAM array during 
the read cycles. X and Y vector source data is 
routed to the arithmetic module and monitored by 
the EDC on a time-multiplexed basis. A flag is set 
upon the detection of an error. The floating point 
result is generated four clock cycles later and 7 
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check bits are appended. Finally, a sequence of 
addresses, generated from the destination address 
ALU, is applied to the dual RAM array during the 
write cycles. The dual RAM array is architecturally 
suited for three-part address, high speed vector 
access requirements. A dual-read/single-write 
memory organization nicely matches the imbalance 
of multiple read operations. 

The continuous processing 
characteristic of the arithmetic module 
carries over to memory architecture. 

Vector stack addressing is used for each operand. 
A 16-bit, 2's complement displacement is added to 
the base address, and each subsequent location is 
determined by the addition of a 16-bit, 2's comple­
ment step-size value. The selection of real or com­
plex data affects addressing. To multiply complex 
numbers, four read multiplications and two addi­
tions or subtractions are necessary. This requires 
the source addressing to repeat each complex 
number in a specific sequence. The MC10902 ALU 
handles address computations (Fig 4). The internal 
register and the input data latches hold the current 
values for base, displacement, and step-size parame­
ters. Register values load from the bit fields of the 
instruction decode control logic. 

If applications require detailed interpretation of 
output data, as in image analysis, then some form 
of error control is warranted. The MC10905 16-bit 
EDC is based on a modified Hamming code that 
allows full single-bit correction and double-bit 
detection of errors. Bit-slice operation is expand­
able to 96-bit words. The MC10905's separate input 
and output buses, data latches, check bits, and 
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Fig 4 The high speed MC10902 ALU 
operates on three 8-bit data inputs 
with an instruction set of 32 
functions. Maximum time for 
addition is 18 ns. Internal zero 
detection and separate sign bit 
outputs support direct application 
of status-bit operations. 
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error flags allow full support of high speed systems. 
For 32-bit data, two MC10905 EDCs are required, 
and 7 check bits are generated. Four modes of 
operation are possible.;· read and check, read and 
correct, generate, and diagnostic. Each of these 
modes is used in the 32-bit application. A read and 
check mode is used on the X and Y data as it is ac­
cessed for calculations .. The read and correct mode 
is used for external data outputs. The generate 
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Fig 5 The LSI ECL computer is configured as an attached 
coprocessor to an executive host (ie, M68000), allowing several 
to be controlled. The MC109CM is used as the program 
sequencer for the instructions and the microcode control. 
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mode is applied to floating point results and exter­
nal data inputs . And, of course, the test lines allow 
the diagnostic mode to be exercised. 

The input as well as output of data to the pro­
cessor take two forms. The difference between the 
forms is in the method of handshaking. The test 
110 method is non-real time, asynchronous and 
controlled externally by a host computer. This 110 
method is used for performance simulations and its · 
placement simplifies testing. Simple testing allows 
an 110 check via the EDC, an exercising of the dual 
RAM, and a thorough testing of the arithmetic func­
tions. Each word of data is transferred when the 
assertion of an I/O request line is returned with an 
acknowledge signal. The second method of data 
transfer is in real time and controlled by sync 
pulses indicating the beginnings of data batches. 
Minimal handshake and execution overhead char­
acterizes this method, but the external digital envi­
ronment must transfer data at an identical high rate. 

User access 
The module that ties the high speed data pro­

cessing power of the arithmetic and memory 
modules to a user accessible environment is the 
control-interface module. To the host system, the 
LSI ECL computer appears as an attached copro­
cessor. Shown in Fig 5, the module consists pri­
marily of three subsections: program processor, 
microcode processor, and system interface. 



THE GREATEST OF Z'S. 
Fairchild proudly announces 

the latest example of lsoplanar-Z™ 
technology: The highest-density, 
highest-speed, highest-reliability 
PROM made. The 64K 93Z565. 

And it even comes with its 
own family. In 16K and BK. It also 
comes with the highest program­
ming yield in the industry. 

(We're just as confident about 
reliability. Because with over 
a trillion cell-hours of testing, 
there have been no fuse-related 
failures. Not one!) 

Max.TAA Max.TAA Max. 
Commercial Miiitary ICC 

64K (SKxS) 

93Z565 55 ns 65 ns 1SOmA 

93Z565A 45 ns 55 ns 1SOmA 

16K (2KxS) 

93Z511 45ns 55 ns 175mA 

SK (1KxS) 

93Z451 40 ns 55ns 135mA 

93Z451A 35 ns 45 ns 135mA 

Available in 24-pin dual-in-line and 2S-pin 
leadless chip carrier. SK and 16K also available 
in 24-pin flatpak. 
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The microcode processor executes a sequence of 
microcode controls in response to an instruction, 
much like a subroutine is executed in response to a 
main program call statement. Microcode is repeated 
for vector operations based on the value of a 
vector-length register and a simple conditional 
branch microcode instruction located at the end of 
each sequence. The MC10904 microcode sequencer 
slice of Fig 6 is versatile enough to house complete 
conditional branching and event counting operations 
internally. Six branch condition inputs combine into 
14 logic patterns, minimizing the need for external 
branch control logic. An internal 8-bit event counter 
can repeat specific instructions or sequences. 

In the program processor subsection, the MC10904 
performs as a program counter register. The 
MC10904 supports several modern programming 
conventions. Two direct data inputs, DA and DB, 
provide jump, conditional branch, and subroutine 
cell destinations . An internal four-level subroutine 
stack eliminates the need for external logic to handle 
limited-stack applications . "F" control lines gate 
the bottom four program addresses to enable up to 
16-way case branching. Controlling the IA and iB 
increment enable signals allows diagnostic testing 
of individual instructions. 

The system interface attaches the high speed pro­
cessor to an executive controller for non-realtime 
computing, program/microcode downloading, and 
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Fig 6 The MC10904 microcode 
sequencer controls program 
execution by generating an 8-bit 
address. The branch control logic 
allows a complete conditional 
branching capability, and the use of 
the "F" lines allows case branching. 

diagnostic testing. Tfie interface is simple, con­
sisting of ECL/TIL translators, data latches, and 
address decode logic. It appears to the host system 
as a block of memory locations. 

The system-oriented MC109XX IC family offers an 
alternate approach to the traditional hardwired 
method of implementing high speed computing 
applications. Using LSI ECL in system design has 
the advantages of shortened propagation delay 
times, increased logic densities, reduced power 
consumption, and consistent logic structures. New 
circuits are being identified and developed to expand 
the family. Exponent processors, address computa­
tion units, and activity detection units are some of 
the proposed candidates for MCA I implementation. 
Additionally, with the MCA II ECL array introduc­
tion, another family of computer-oriented ICs is 
being developed. With subnanosecond speed and 
LSI logic density, the MC109XX, and future array­
based products, many opportunities exist for ECL 
logic design. 

Please rate the value of this article to you by 
circling the appropriate number in the "Editorial 
Score Box" on the Inquiry Card. 

High 704 Average 705 Low 706 
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No, we're not talking about the shipping 
container Our "Case For Quality" has to do 
with the product housed within it -namely, 
another shipment of Xebec 51410 controllers 
for yet another in a long list of OEM custom­
ers. A list of customers that has made this 
board the best selling disk controller in the 
world-and has helped tum its creators into 
the industry's largest independent manufac­
turer of disk drive controllers. 

The evidence is persuasive. First, the superior 
quality of design resides with a team of 
engineers that has been setting standards in 
disk controller technology for almost a decade. 
Quality that continues to be supponed by the 
most sophisticated CAD equipment of its kind 
in the country. Little wondet; then, that the 
51410 reached the market as such a feature-rich 
offering. With patented VLSI architecture. 
Industry-standard SASI host bus. Automatic 
data error detection and correction, seek and 
position verification, command retry on drive 
errors, and alternate track capability. Extensive 
controller and disk drive diagnostics and 
hardware-selectable sector size. All on one 
compact PCB that fits the 5.25" form factor 

Translating a superior design into superior 
finished goods leads us to submit 'The Case 
For Quality's" secohd major piece of evidence: 
Superior quality of manufacture. This evidence 
includes the use of the most sophisticated and 
automated production facilities in the industry. 

A $20 million investment in computer-aided 
manufacturing, from advanced robotic devices 
to automatic insertion equipment to ATE. 

The most convincing testimony in 'The Case 
For Quality" comes from the customers. 
Customers like IBM, laniet; Hewlett-Packard, 
Eagle, ICL, CPT, and Phillips. Customers who 
have chosen Xebec because "time to market" 
and "cost to market" are critical considerations. 
And most importantly, perhaps, customers 
who know that when a shipping case with our 
"Xero D" quality signature on its side arrives 
on their shipping dock, it can go right to stock. 

Case closed. 

CORPORATE HEADQUARTERS 
2055 Gateway Place, Suite 600 
San Jose, California 95 1 IO U.S.A. 
(408) 287-2700 
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Xebec International 
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1200 Brussels, Belgium 
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Sunnyvale, CA ( 408) 733-4200 
Irvine, CA (714) 851 -1437 
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Boston, MA (617) 740-1707 
Dallas, TX (214) 361 -0687 
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Hamilton-Avnet 
Kierulff 
Avnet Electronics 
Hamilton Electro Sales 
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NO DEC I AN ISi.iND. 
Abie's new Easyway/E Ethernet port controller makes 

tying together networks of UNIBUS PDP-11 and VAX computers 
easier than ever. 

Easyway/E provides DEC systems with plug-in access to 
IEEE 802.3/Ethernet LAN's, with less CPU overhead and less 
network software than other Ethernet ports. 

That's because Easyway/E implements ISO/OSI protocol 
layers 1 thru 4 on a single board occupying one UNIBUS 
backplane hex slot. Much of the potential LAN software you 
need is already in the firmware. So, your initial network 
development time and costs for DEC systems with VMS and 
RSX won't drag you under. 

What's more, Easyway/E meets IEEE 802.2, 802.3 and NBS-4 
standards for ISO/OSI layers 1 thru 4, so current and future 
communications with other DEC systems will be smooth sailing. 

In fact, Easyway/E's architecture is designed to accommo­
date future networking needs. The single board is comprised 
of two modules, so tomorrow's protocols can be implemented 
quickly with less expense. Additional protocol support includ­
ing X.25, SNA and TCP/IP will soon be available, as will soft­
ware support for DECnet and UNIX. 

Able offers a broad range of devices for DEC computers 
providing communications, memory expansion and inter­
processor connectivity. All complying with FCC regulations. 

And this lifesaving implementation of protocol 
on-board also offloads the CPU, freeing up the proces­
sor to handle other tasks. 

= = ,, "E E =--= So, to keep from getting stranded, pick your port 
? ~ "€ ~ ) ~ f:.~ carefully. Easyway /E. The standardized IEEE 
llt•)~ I Q]j W 3 ;I 802.3/Ethernet port for today and tomorrow. 

The communications specialists. 

1732 Reynolds Avenue, Irvine, California 92714. Call toll free: 800-332-2253. In the Irvine area: (714) 979-7030. Or, TWX: 910-595-1729. 
DEC, PDP-11, VAX, UNIBUS, RSX, VMS and DECnet are trademarks of Digital Equipment Corporation. Ethernet is a trademark of Xerox Corporation. Patent pending for Easyway. 



CHIPS SUPPORT TWO 
LOCAL AREA NETWORKS 
Data communication 1cs permit easy implementation of 
Ethernet and high level data-link control networks. 

by Bob Dahlberg 

The main rationale for local networks is resource 
sharing. Today, small, powerful computers using 
VLSI components sell for less than $2000. Under 
the circumstances, companies intending to use 
several such systems are reluctant to equip each one 
with a disk drive and printer that could more than 
double the price per station. Rather, they prefer to 
share disks and printers among several systems in 
order to spread the cost of peripherals across 
several users. 

By connecting these small computers to a local 
area network {LAN), resource sharing with little 
degradation in overall system performance 
becomes practical. However, if the network inter­
face costs $1000 or more per computer, the 
economic advantage of resource sharing wanes. 
Thus, network interface cost is a primary criterion 
in selection, particularly for low cost computers. 

Access methodologies represent another impor­
tant factor in network selection. And, although an 
equal access, first-come, first-served method might 
be appropriate for an office system environment, it 
could be the curse of a process control system. In 
the latter case, a priority-based (or controlled) 
access method might be the only realistic choice. 

Bob Dahlberg is a product manager responsible for 
local area network components at Intel Corp, 3065 
Bowers Ave, Santa Clara, CA 95051. He holds a BS in 
electrical engineering and computer science from the 
University of California, Berkeley, and an MBA from 
the University of Chicago. 

All else being equal, networks supported by avail­
able LSI and VLSI components exhibit cost and 
development speed advantages over board-based 
LANs. Now, available chips support both priority­
based and equal access schemes. One such network 
is based on the IEEE 802.3 specification, while 
another uses a variety of physical interface schemes 
overlaid by high level data-link control/synchronous 
data-link control {HDLC/SDLC) protocols. 

Costly copper 
In short distance networks, one can choose a 

serial, two-wire scheme or a parallel, multiwire inter­
face. Parallel bus structures are implicitly faster 
than serial structures but tend to be more expensive 
and less reliable. The amount and cost of the copper 
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NETWORK CABLE 

WOllUTATION WOllllSTATION WORKSTATION 

(a) 

(b) 

Fig 1 A multidrop configuration is the simplest means of 
network expansion (a). Additional stations are connected 
directly to the network cable, but some addressing method 
must be used to avoid party-line reception by all stations. 
HDLC/ SDLC protocols provide a controlled-access technique 
where a primary station controls all bus access and determines 
which secondary stations respond to its commands (b). 

wire are much greater, and the number of connec­
tions (inversely related to reliability) is also much 
greater. Thus, the networks described are both 
serial, two-wire types. 

A fundamental assumption in data communica­
tions is that noise will corrupt the transmitted data. 
Error detection schemes can be employed to deter­
mine the validity of received data. One common 
data error detection method applies a numerical 
algorithm to the message bit pattern and produces 
a unique sum. This sum is appended to the end of 
the message and is used by a receiving system as a 
quick check for the proper bit pattern. Called a 
cyclic redundancy check (CRC), this process permits 
a receiving station to discard erroneous data and 
request retransmission. If the message frames are 
sequentially numbered, the retransmission request 
can be made specific to that frame to dispense with 
the request for a larger group of data. Thus, the 
process can be made more efficient. 

As needs grow, users may want to add more work­
stations and intelligent peripherals to a network. It 
would be ideal to attach each station to the net­
work by simply connecting the station directly to 
the serial network bus cable. This is called a multi­
drop configuration and it resembles a party line 
telephone circuit [Fig l(a)]. As a party line, each 
station attached to the cable receives all the data 
transmitted on the cable. In order to route 
messages to their intended recipients, the messages 
are logic switched, or specifically addressed, to one 
or more receiving stations. All others will ignore 
the data after learning that no match existed between 
their addresses and those of the data being sent. 

Each data packet or frame contains a set of 
address bits that determines which stations receive 
the data. In a sense, address bits constitute overhead 
because they are not part of the information being 
sent between stations. Any loss in data transfer 
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efficiency, however, is made up by the simplicity of 
the network expansion interconnect scheme. 

The Ethernet specification (a modified version 
of which was recently accepted as IEEE standard 
802.3) describes its physical link characteristics in 
full detail. Coaxial cable is used as the network 
cable bus, and each station is connected to that 
cable via a transceiver and transceiver cable. 
Minimum distance between station transceivers is 
2.5 m, and a network segment can extend to 500 m 
(and contain up to 200 nodes) . Because up to five 
segments can be joined using active repeaters be­
tween each segment, the overall Ethernet network 
can be 2500 m long and support up to 1000 nodes . 
Individual nodes can connect to more than one sta­
tion, and the number of stations connected to an 
Ethernet network can exceed 1000. 

Data is sent at a 10-Mbit/s rate using a self­
clocking Manchester encoding format. Only one 
data packet can be sent at a time using Ethernet, 
and access is on a first-come, first-served basis. 
Carrier sense multiple access/ collision detection 
(CSMA/CD) methodology is used. The maximum 
and minimum distances between transceivers are 
derived from the CSMA/ CD requirements based on 
interframe-spacing and the collision detection 
procedures. 

A second alternative requires no specific physical 
link. Speed, distance, and cost parameters dictate 
actual implementation. The simplest and least 
expensive method is to drive a twisted-pair cable 
with off-the-shelf transceiver chips. 

Choosing protocols 
Both the IEEE 802.3/CSMA/CD and the HDLC/SDLC 

protocols provide logic-switched messaging and 
frame-by-frame error detection. IEEE 802.3/Ethemet 
treats each station equally and does not permit 
priority network access, whereas HDLC/SDLC 
enforces a primary/secondary hierarchy [Fig l(b)]. 
A primary station controls the overall network by 
issuing commands to the secondary stations. Sec­
ondary stations comply with the primary station's 
commands and access the bus for retransmitting 
data only in response to those commands. Unlike 
Ethernet, which is based on probabilistic network 
access, HDLC/ SDLC provides deterministic (or con­
trolled) access. 

SDLC is an IBM standard communication protocol 
and a subset of HDLC, a standard communication 
link control established by the International Stan­
dards Organization (ISO). HDLC and its subset are 
data-transparent protocols, which means the arbi­
trary data streams can be sent without concern that 
some of the data might be mistaken for control 
characters . Thus, unlike the Bisync protocol and its 
controller, an HD LC/SD LC controller need not 
detect special characters except for the unique 
opening/closing flag bytes. Moreover, unlike an 



UNmLIEVABLE G PHICS. 

"In The Beginning" By Richard Katz, Vectrix 
Corporation 

"Integrated Circuit Design• Courtesy of Floyd J. "Weather Satellite Image• Copyright WSI 
James, University of North carolina at Chapel Hill Corporation 

VX384 •VERY HIGH SCREEN RESOLUTION 672 by 480 pixels 
• 512 COLORS PER PIXEL, 384K bytes of graphics RAM 

VX128 • 8 COLORS PER PIXEL, 128K of graphics RAM 
•INCLUDES ALL FEATURES OF VX384 without color 

•COLOR LOOK UP TABLE with 16 million colors 
• ON-BOARD 16 BIT MICROCOMPUTER 
• 3D GRAPHICS SOFTWARE PACKAGE, Includ­
ing rotation, scaling, translation, perspective, 
clipping, vlewport, polygon and filled polygon 
• HARDWARE LINE AND ARC GENERATION 
•ON-BOARD AND USER DEFINABLE CHAR­
ACTER SET 
• SERIAUPARALLEL INTERFACE: most computers 

Vectrix 
THE COMPUTER GRAPHICS COMPANY 

CIRCLE 62 

look-up table 
OPTIONS 
• VXM HIGH RESOLUTION RGB COLOR 
MONITOR 
•COLOR GRAPHIC PRINTER with Interface 
cable 
·FOR ADDITIONAL INFORMATION call or 
write VECTRIX Corporation, 2606 Branchwood 
Drive, Greensboro, NC 27407 (919) 288-0520. 



check sequence. The destination 
and source fields both contain 6 
octets (8 serial bits), for a total of 

OPENING 
FLAG (F) 

ADDRESS CONTROL 
Fl ELD (A) Fl ELD (C) 

INFORMATION 
FIELD (I) 

FRAME CHECK 
SEQUENCE (FCS) 

CLOSING 
FLAG (F) 

48 bits. The type field contains 2 
octets. The data field can have as 
few as 46 octets or as many as 
1,500. Finally, the frame check 

8 BITS 8 BITS VARIABLE LENGTH 
(ON LY IN INFORMATION FRAMES) 

01111110 16 BITS 01111110 

sequence consists of 4 octets, 
allowing a 32-bit CRC code to be 
calculated and appended to the 
rest of the frame. The first trans­
mitted Ethernet frame is preceded 

Fig 2 The prescribed format for HDLC/SDLC frames consists of four basic fields 
bounded by opening and closing flags. This avoids the need for start/stop bits 
often used in asynchronous protocols. by a 64-bit preamble, made up of 

seven groups of 10101010 followed by an eighth 
group of 10101011. The next bit that follows is the 
first bit of the first destination octet. 

asynchronous protocol and its controller, the HDLC/ 
SDLC need not provide start and stop bits. 

Both HDLC/SDLC and Ethernet protocols specify 
particular message formats (or frames). The 
HDLC/SDLC protocol consists of five basic fields­
flag, address, control, data, and error detection. 
Each frame is enclosed by an opening and closing 
flag. Both the opening and closing flags form a 
similar bit sequence-01111110-that is an indi­
vidual character in SDLC/HDLC. Inserting a 0 in the 
information data flow whenever a sequence of five 
ls occurs achieves flag character individuality in 
SDLC/HDLC. These inserted 0 bits are automatically 
stripped out upon reception. For SDLC, the address 
field is 8 bits wide, but can be 2 (or more) bytes 
long in HDLC. Similarly, the control field in SDLC is 
8 bits wide, but can also be longer in HDLC. The 
SDLC data or information field can contain any 
number of bytes. However, the same is true for 
HDLC in certain instances where the data field must 
end on an 8-bit boundary. Finally, the frame check 
sequence field contains the 16-bit CRC result for all 
of the bits between flags (Fig 2). 

Three types of frames are used in HDLC and 
SDLC. A nonsequenced frame establishes initializa­
tion and control of the secondary stations. A 
supervisory frame handles control, and an infor­
mation frame is used for data transfers. 

The SDLC protocol appears in low cost asyn­
chronous modems using nonreturn to zero inverted 
(NRZI) coding and decoding. NRZI coding is used at 
the transmitter to enable clock recovery from data 
at the receiver terminal. Clock recovery is accom­
plished using a digital phase locked loop technique. 
NRZI coding specifies that the signal condition does 
not change for transmitting a 1, but changes state 
whenever a 0 is transmitted. Hence, NRZI coding 
ensures that an active data line will have a transi­
tion at least every 6 bit times (by virtue of the 0-bit 
insertion requirement). Both 0-bit insertion and 
NRZI coding/decoding maintain the data 
transparency characteristics of the HDLC protocol 
and its SDLC subset. 

Like HDLC/SDLC, Ethernet specifies a frame for­
mat (Fig 3). It contains a destination field, source 
field, frame type field, data field, and a frame 
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In the CSMA/CD scheme, a "collision" occurs 
when two stations attempt to gain access to the bus 
at the same time. Thus, it is important that all sta­
tions on the network are notified of the collision. 
This way, any transmitted data can be flagged as 
invalid. To solve this problem IEEE 802.3/Ethernet 
specifies that, after collision detection, transmitting 
stations send a jam signal to ensure that stations on 
the network recognize the collision. At the end of 
the jam interval, each station delays bus access 
according to an individually calculated random 
backoff time interval. Should a collision occur 
again when bus access attempts are renewed, the 
next backoff interval increases in length. Up to 16 
repeated attempts can occur before a system fault 
is automatically assumed. Thus, even during 
periods of high bus demand, ample bandwidth 
should be available and delays relatively short. 

It's in the chips 
Any of the working LANs can be implemented 

using various components. If there is enough time 
and a large budget, ·custom VLSI chips can be 

i-1ocTET~ 
PHYSICAL/ MULTICAST BIT--~ 

6 OCTETS I= DESTINATION 

I-
6 OCTETS SOURCE 

2 OCTETS TYPE OCTETS WITHIN 
FRAME TRANSMIITED 

TOP TO BOTTOM 

46 to 1500 OCTETS DATA 

j FRAME CHECK 

4 OCTETS SEQUENCE 

LSB I I I I I I I I I MSB 

l BITS WITHIN 
OCTET TRANSMIITED • 

LEFT-TO-RIGHT 

Fig 3 Each Ethernet frame consists of five fields. 
Destination and source fields indicate where the message is 
going and from which station it originated. The data field 
can contain as few as 46 bytes of data and as many as 1500. 





developed and an elegant solution forged. Most 
engineers, however, have neither luxury. For this 
reason, the two networks selected are supported by 
off-the-shelf VLSI components. 

Intel's 8273 and 8274 data communication controller 
ICs offer HDLC/SDLC capabilities. Teamed with a 
microprocessor and some random logic ICs, a 
capable network data-link controller could be 
built. The 8051 single-chip microcontroller has 
become a popular component for many terminal 
applications because of its high performance 8-bit 
CPU, large internal program and data memory 
capacity, plus onchip counter timers and interrupt 
controllers. In addition, Intel has combined an intel­
ligent HDLC/SDLC controller and 8051 core processor 
onto a single chip, the 8044. The resulting single­
chip microcontroller with onchip serial communi­
cation controller allows low cost network terminal 
and peripheral design. 

Fig 4 The 8044 combines an 8051 CPU, program and data 
memory, plus HDLC/ SDLC controller on a single chip to build 
a simple, low cost network station or peripheral. 

Each station would contain an 8044 (with its pro­
grammable I/O ports to provide local control) and 
serial HDLC/SDLC interface. Thus, to manage the 
network interface, 8044-based stations would be 
capable of acting as a secondary station within an 
HDLC/SDLC network (Fig 4). Since data transfer 
speed and electrical characteristics are not specified 
for these protocols, the designer has a wide choice 
in tailoring the physical link to the application. The 
single VLSI device provides local intelligence and 
network management, thus permitting low cost net­
work development. 

Various Ethernet controllers have been an­
nounced, with several already sampled and avail­
able. Among these is the 82586 geµeral-purpose 
CSMA/CD controller. It is designed to come up in 
the Ethernet mode on power up, but can be pro­
grammed for other parameters as well. A compan­
ion chip (the 82501) provides the Manchester 
encoding/ decoding function between the 82586 and 
a transceiver. 

This chip pair operates in conjunction with the 
iAPX 86 microprocessor family, and is most cost­
eff ectively used with the 80186 microprocessor. The 
80186 and 82586 have identical bus interface and con­
trol signal requirements. Hence, they can be linked 
without adding random logic ICs. Essentially, these 
three ICs-the 80186, 82586, and 82501-provide the 
basis for an Ethernet interface. Therefore, only 
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some buffer memory and bus interface chips are 
additionally required (Fig 5). 

A subsystem built using these components pro­
vides an intelligent Ethernet interface that can con­
tinuously operate at the full 10-Mbit/s network 
speed. Moreover, these components can implement 
a complete computer and communication system. 
It is therefore possible to create an appropriate and 
usable Ethernet workstation out of these few VLSI 
components. 

Different strokes 
The HDLC/SDLC-based network is intended for 

non-Ethernet applications. HDLC/SDLC has 
become an accepted standard supported by a variety 
of hardware and software products. There is no 
specified standard for physical link implementa­
tion or for the software layers beyond the data-link 
level. Therefore, networks based on these pro­
tocols are usually "closed." That is, the vendor 
provides all the pieces to the network. Vendors, of 
course, are familiar with their own network archi­
tecture and are free to provide compatible systems. 
But such networks do not encourage others to 
develop compatible systems unless the vendor's 
market share is large enough and vulnerable 
enough to attract competition. The IBM SNA is an 
example. 

HDLC/SDLC-based LANs are suitable for system 
clusters where distances are less than those of 
Ethernet, and where priority access is important. 
Networks within a box (eg, a copier), and networks 
on table-tops (eg, an instrumentation cluster), are 
examples. Although there is a parallel bus interface 
standard (IEEE 488), an instrumentation manufac­
turer may want to provide for longer distances using 
two-wire cables and simpler protocols. 

An HDLC/SDLC LAN cluster could also be used for 
process control applications and data acquisition 
systems. An example is Intel's recent distributed 
control module products for the factory. Again, a 
priority bus access capability would be important 
in these applications. Office system applications 
where Ethernet offers too much performance at too 
high a cost (eg, an electronic typewriter networked 
to a file server) might use this network as well. 

The concept of open-system compatibility comes 
from the ISO's Open System Interconnection (OSI) 
model. This provides a seven-layer model in which 
each layer is characterized by a unique set of func­
tions and a specific interface to adjacent layers. 
The goal is to eventually arrive at a set of standards 
that would permit systems from several vendors to 
communicate with one another through common 
physical, data-link, and software layer protocols. 

Xerox Corp developed Ethernet as a local network 
for its systems, but the company later joined with 
Digital Equipment Corp and Intel to develop a set 
of specifications for Ethernet that would allow it to 
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Fig 5 A combination of 80186, 82586, and 82501 chips completes the logic needed for a fully functional Ethernet 
interface. Data bus interface chips and some memory complete the Ethernet subsystem. 

map into the first two layers of the OSI model­
physical and data-link. The IEEE adopted its 802.3 

specification as a result of these efforts. Efforts to 
develop standards for the other layers continue. An 
example is the ISO transport layer protocol, 8073, 
which provides "return receipt" quality communi­
cation services. 

Today, Ethernet supports OSI physical and data 
packet level protocols. It is an emerging technology 
that is still closer to the top than to the bottom of 
the learning (and pricing) curve. Nevertheless, 
many vendors support Ethernet and will no doubt 
manufacture products equipped to swap data with 
other Ethernet systems. 

Open and closed 
Office automation constitutes the biggest apparent 

application area for Ethernet. The office has tradi­
tionally been a multivendor site in which the com­
puter, copier, and printer are likely to come from 
different vendors. An open system appeals to users 
seeking vendor independence. 

When the LAN concept was first proposed, it was 
described as an all-encompassing network, con­
necting all the intelligent subsystems throughout a 
facility. In fact, that is not the way local network 
installations have progressed. Instead, clusters of 
user stations (typically 10 or so) are cropping up in 
various places within a facility. Most analysts expect 
local networking to occur in tiers. The cluster tier 
provides the lowest cost per connection. An example 
is a 1-Mbit/s CSMA/CD LAN used for personal com­
puters . Clusters would be interconnected through a 
longer and faster data highway (called a LAN back­
bone) such as Ethernet. 
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Will closed and open networks be able to coop­
erate and coexist? Quite simply, they have to. Eco­
nomics will determine the network types used for 
connecting the systems within a cluster, and 
standardization will drive the methods by which 
clusters are ultimately joined. 

Closed systems, such as microcontrollers con­
necting the HDLC/SDLC-based network, represent 
the least expensive and most flexible LAN configu­
ration. Open systems, because of the push for stan­
dardization and subsequently larger user base, are 
more likely to benefit from future cost reduction 
through multiple-sourced VLSI components than 
closed systems. Similarly, open systems probably 
attract more third-party suppliers and enjoy 
greater variety and lower cost software. 

Gateways will join closed and open systems. 
These hardware/software intermediaries will pave 
the way for data transfer between formerly incom­
patible networks. By such means, a closed engi­
neering workstation network will gain access to 
information stored in the corporate data base and 
be available on the Ethernet data highway. 

Please rate the value of this article to you by 
circling the appropriate number in the "Editorial 
Score Box" on the Inquiry Card. 

High 707 Average 708 Low 709 



PLESSEY JUST GAVE VMEbus 
WHAT IT NEEDS MOST. 
PLESS EV. 
Introducing a full One of board level hardware, software and 
technical support for all your VMEbus systems. 
Thke a bus as powerful, versatile, reliable and future . 
compatible as VME. Add a company as powerful, versatile, 
reliable and future compatible as Plessey and you have 
everything it takes to board the VMEbus with 
complete confidence. 

Introducing Plesaey VME. Plessey has a full 
range of VME board level hardware, software 
and technical support services. We'll give you 
the languages, operating systems, the 
drivers, complete technical assis­
tance and, of course, that famed 
Plessey guarantee with worldwide 
backup. All to support our superior 
VMEbus products including ... 

VMEbus Single Board Computers. 
Build your systems around any of our four 
new single board computers with features that 
include up to: 
• 10 MHz 68000, 512 Kbytes of memory and 

128 Kbytes EPROM 
• 512 Kbytes of dual ported memory 
• Memory management, DMA controllers, virtual 

memory processors 
• 3 serial ports, multi protocol serial 1/0 
• 24-bit bidirectional parallel 1/0 
• Floppy disk controller, real time clock with battery backup 
• And a lot more. 

VMEbus Memories. Enhance your system with 
add-in memories including: 
• Pllrity boards up to 4 Mbytes capacity with 

270 ns access time 

• ECC boards up to 3 Mbytes capacity with 300 ns access time. 
• Static RAM/EPROM boards with up to 256 Kbytes of both 

RAM and EPROM in 16 JEDEC standard sockets 
• And up to 128 Kbytes high speed static RAM boards with 

140 ns access time and on-board battery backup. 
VMEbus Controllers, Graphics and 1/0 Boards. 

Plessey VME also includes: 
• Winchester I floppy disk controllers 
• Intelligent SASI controllers 
• 16-color graphics boards 

• 6-channel serial 1/0 boards 
• And more coming. 

VME Software. Support your system 
with our wide range of firmware and 

software products: 
• Monitor: EPROM resident 

monitor/debugger 
• Ideal: EPROM resident 

assembler/editor 
• Basic and Forth language compiler/ 

interpreters 
• COHERENT": UNIXI V7 compatible 

single/multi-user operating system /' 
• pSOS: EPROM resident multi-tasking / 

real time executive. // 
VME ... the Ple11ey Way. If you are building your / 

business on VME, Plessey VME means business. Right / 
now and in the future with new VME products on the // 
way. For details on our comprehensive VMEbus / ..,,o 
products and capabilities, call or write Plessey // ~~'bo' 
Microsystems, One Blue Hill Plaza, Pearl River, / ~ ~5"' 
NY 10965. (914) 735-4661 or toll-free / . ~.:f:."" 
(800) 368-2738. Or use the coupon below. // ~1~~~· 

/ . o~' ~~ P:Jro tt-::," 
'COHERENT is a trademark of the Mark Williams Corp. / ~ O~ ~ 
tuNIX is a trademark of Bell Laboratories / ,&' .:,.4, 
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System Z is going to change the way you look at 
microprocessor development systems ... forever 

System Z is not an individual product, not a 
single technique, but an incredible complete 
development system born from Zax's total -
product planning philosophy, Z . .. ing. 

This total-system approach results in a fully­
integrated development program that is com­
patible with any operating system, in any 
environment, on any level. 
System Z emphasizes flexibility and efficiency 
by allowing the design engineer to choose the 
most effective combination for a particular 
requirement. So nothing - not time, materials 
or money- is wasted. 

The versatility of System Z permits the use of 
any personal or minicomputer. Additionally, 
the proven power and reliability of Zax's own 
microcomputer, the BOX, may be used to 
deliver outstanding performance at a very 
economical price. 



•• . because there's never been a system that's this 
flexible, this powerful and this efficient. 

System Z as viewed 
from the target pro­
cessor side. 

4 •• • ,,,6, ..• /'""'"--'""'"" 
System Z as viewed 
from the software 
support side. 
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System Z as viewed 
from the host compu­
ter side. 
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Assembler F C-Compiler G Pascal Compiler 

SYSTEM Z-from Z. . .tng ZAX 
Zax Corporation 2572 White Road, Irvine, Californ ia 92n4 

(714) 474-1170 • 800-421-0982 • TLX 183829 
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System Zand The BOX ... 
outstanding performance 
The BOX is an 8 or 16-bit microcomputer with 
the same built-in quality standards that go 
into ZAX emulators: intelligence, flexibility, 
efficiency. Various system configurations allow 
the use of Z80, 8086 and 68000 microproces­
sors by the simple replacement of quick­
change card sets. Additionally, when using 

CRT 
(MAX 6ch) 

CRT 

ICE • /CD Series 
THE BOX 

CRT -----

HOST 

iRMX 86 with the 8086 CPU, M2 FM format can 
be applied. 

The BOX displays its efficiency with increased 
execution speeds, proven reliability and 
powerful software capable of handling the 
requirements of today as well as tomorrow. 

Board Family 

CP/M 

MP/M 

CP/M 

MP/M 

CCP/M 

MS DOS 

iRMX 

iRMX 
(M 1 FM) 

CP/M 

OS-9 

UNIX 



System Z and the Minicomputer ... 
unlimited capacity for large-scale projects 
Combine the intelligence of the ZAX ICD­
series emulators, the power of ZICE software 
and the unlimited capacity of the minicompu­
ter, and you form a complete, state-of-the-art 
system that can handle any large-scale devel-

ZICE 

opment project. 
When used in this configuration , System Z is 
capable of supporting a super multi-user pro­
gram ·that's as advanced as it is simple to 
manage. 

Hlllll~llllllllUllllllllllllllllllmllllllllUIUlllill 
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Mini Computer 

System Z and personal computer ... 
the economical solution to a simple but powerful system 
ZAX does not forget the needs of the design 
engineer that operates on a smaller scale but 
still wants the performance of our larger sys­
tems. For them, ZAX developed an economi­
cal System Z that utilizes the popular personal 
computer and powerful ZICE software group. 

This simple but effective approach to support 
systems gives anyone the ability to design a 
microprocessor development program with 
total capability. Future requirements are easily 
met as well because System Z is expandable ; 
no one will ever outgrow ZAX's support capacity. 

MS DOS 

ICE-ICD Series IBM PC & Compatible 

SYSTEM Z-from Z .. ing 
ZAX 

Zax Corporafi·on 2s72 white Road , 1rvine, California 92n4 
(714) 474-1170 • 800-421-0982 • TLX 183829 
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EMULEI IMPROVES 
AND TAPE BACKUP B 

Emu lex sets the pace with three great storage subsystems for the 
full range of DEC QBus and Unibus systems. Whether you need 
Winchester disk, cartridge disk,%" streaming tape, or a combination 
unit, you 'll be a step ahead with Emulex. 

INTRODUCING VAULT.™ 
Emu lex rises above the competition with the Vaule This 

70-MByte tape subsystem is built around the CDC Sentinel 
W' cartridge tape streamer and uses Emulex's own TC05 
(QBus) or TC15 (Unibus) tape coupler to interface with 
your system. The Vault is totally software transparent to 
standard TSll software. So this compact tape unit looks 
just like a big W' TSll subsystem to your operating system 
and diagnostics. 

Vault comes complete with power supply in a single com­
pact cabinet. It's the perfect backup unit for smaller QBus 
systems such as the MICRO/PDP-11 and MICRO/VAX. 

PRESENTING SABRE:' 
SABRE"' is a sharp solution for LSI users who need more 

storage and backup. It packs 31.2 MBytes of main storage 
onto a 5%" Winchester and 10.4 
MBytes of backup onto a 
removable 8" cartridge disk. 

And since SABRE 
is an exact RL02 emulation, all existing operating 
and diagnostic software can be used as is. 

SABRE is 5%" high and slips into any 19" RETMA 
enclosure. A desktop version is also available. Both 
come complete with power supply, host adapter and 
connecting cables. 

SABRE needs only one-eighth the space and one­
quarter the power of four RL02s. And it eliminates 
the need for a separate system bootstrap, buster­
minator and clock control board. 

-m.:c. Q0us. Unibus TSll MICRO PDN1 M1CPONAA lSI 
arid RL02 #I! !1odernar~s of Oi•lal Ectu1prnerrt Corporali0 
CDC and Sent nt!!are t'ademarkso! Cotltrol OalaCol'parat•Ofl 

VAULT 
I ~ ~ • 

GSA Contract J GSOOK8401S5575 LOA.0 fltU.OY -.an'E ~TECT FAULT 



DISK STORAGE 
LEAPS AND BOUNDS. 

~~~-~=.~- ..... 

ANNOUNCING MEDLEY.™ 
Emulex has another winning combination with the Medley'" 

Winchester cartridge tape subsystem. It gives you either 35 or 110 
MBytes of formatted storage and up to 70 MBytes of stream­

ing tape backup. The Medley is fully software transparent 
to the operating system and diagnostic software of 

QBus and Unibus CPUs. And it uses the powerful 
and versatile Small Computer System Interface 
(SCSI) which keeps your options open for peripheral 
expansion. 

Medley is interfaced to the system with a TC05/ 
TC15 tape coupler and a UC02 (QBus) or UC12 
(Unibus) host adapter. By using the Mass Storage 
Control Protocol (MSCP), the UC02 and UC12 
allow the operating system to utilize the precise char­
acteristics of the Winchester disk drive without 
patches or modifications to the operating system. 

For convenience, Medley's disk drive, tape drive 
and power supply all fit into an attractive cabinet that 

easily mounts in a standard 19" rack. The Medley is also avail­
able in an attractive desktop version . 

Find out how Emu lex subsystems can keep you ahead of 
the game. Call toll-free (800) 
854-7112. In California (714) 
662-5600. Or write Emulex 
Corporation, 3545 Harbor 
Blvd., PO. Box 6725, Costa 
Mesa, CA 92626. 

-IA-
EMULEX 

The genuine alternative. 

MEDI.EV 

' !it) ~ ~ 
LQAO READY WIT£ PROTECT FAULT 
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Choosing a minimal operating system 
can waste months of development time, 
because you have to create the support 
programs yourself. 

Choosing MTOS is smart, because 
the support programs are provided. 

MTOS is the fastest, most efficient 
O/S software on the market today. 
Perhaps thars why irs found in more con­
trol applications worldwide than any other 
real-time operating system. 

MTOS is the only multi-tasking oper­
ating system that will support multiple 
microprocessors on a common bus. 
MTOS systems are conceptually compati -

ble; learn to use one system, and you can 
use them all. 

Versatile, user-friendly MTOS is 
available for a variety of micros. lrs avail ­
able in economical source form, and irs 
sold under a liberal licensing policy 
that entitles the licensee to imbed the 
object program in products without 
further charges. 

For more information on MTOS, the 
multi-tasking operating system that saves 
time and money, contact Industrial 
Programming Inc., 100 Jericho 
Quadrangle, Jericho, NY 11753. (516) 
938-6600 Telex : 429808 (ITT) 

IBM is a registered trademark of International Business Machines Corporation 
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• MTOS-86MP 
for the 8086 

• MTOS-86 
for the 8086 

• MTOS-86/PC 
for the IBM® PC 

• MTOS-68K • MTOS·80MP 
for the 68000 for the 8080/85 

• MTOS·68KFG • MTOS-80 
firmware for the 8080/85 
generator • MTOS-68 

• MTOS·68KF for the 6800 
firmware 

• • 
I J) Industrial 
Programming Inc. 
The standard-setter In operating system software 
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DISK TRANSLATION 
SOFTWARE SOLVES 
FORMAT MISMATCHES 
To provide software in a variety of floppy disk recording 
formats, a translation utility is needed. This, however, requires 
an understanding of formatting basics. 

by George Mitchell, Contributing Editor 

For an industry that relies heavily on standards, 
floppy disk recording formats have many incom­
patibilities. Specifically, there are more than 70 
different recording schemes for 5 \14 -in. diskettes. 
Moreover, with the rise in micro floppies under 
5 Y4 in., similar incompatible formats will surface. 

One solution to the disparity in formats is a format 
translation utility. Translation utilities are based on 
the machine's controller chip, the skew (interleave) 
factor of the sectors on the diskette, the disk 
parameter block (which defines the various 
elements of the format), and the operating system. 

Some companies have made progress in accom­
modating different formats. For example, Advanced 
Computer Technology Inc's (San Diego, Calif) 
Diskwriter (formerly Pirate) system accommodates 
38 different formats. Vertex Systems Inc's (Los 
Angeles, Calif) Xeno-Copy is a software utility 
(designed for operation on the IBM PC and XT) that 
can read 23 different formats. While Xeno-Copy 
does not support formatting and writing functions 
at present, those capabilities will be added. Micro 
Solutions Inc's (Dekalb, Ill) Universal Disk In­
itializer (Uniform) offers users of the Kaypro series 
of microcomputers the ability to format, as well as 
read and write 15 different 5 \14-in. formats. This 
utility is broader than most and includes not only 
the Kaypro format, but also Texas Instruments' 
professional computer and the CP/ M-86 format for 
the IBM PC. 

Translation program basics 
Two crucial factors in developing a translation 

program are the skew and disk parameter block 
definitions. Normally, these definitions are handled 

as macros in the operating system's basic I/ O 
system (BIOS). The skew macro, which generates a 
skew or interleave table, requires the following 
parameters: the number of physical sectors per track, 
the skew (interleave) factor, and the first sector 
number on each track (usually 0 or 1). For exam­
ple, a typical skew macro for an IBM 3740 single­
density, 8-in. diskette would take the following 
form: SKEW 26,6,1. 

The word SKEW is used in the software to label 
the macro. When the operating system calls this 
macro, it informs the controller that the diskette 
consists of 26 interleaved sectors (skewed by 6). 
Each track starts at sector 1 (Fig 1). 

Creating a translation utility 
Formats that use built-in skew parameters, 

rather than letting the operating system establish 
parameters through the translation table, make 
developing a translation program even more dif­
ficult. However, this format is workable when used 
in conjunction with such controllers as the Western 
Digital (Irvine, Calif) WD-1793. This controller 
reads the disk, prior to performing a READ or 
WRITE sector, to locate the address mark and the 
expected gaps between data. Performance can be 
improved by starting the first sector at the index 
position on even tracks, and then skipping to odd 
tracks on a half rotation. Generally, this speeds ac­
cess by reducing delays caused by rotation latency 
(as slow as 300 rpm for some 5\14-in. drives). 

Since there is no standard for skewing on a 
diskette, designers implement whatever works for 
them. Moreover, not all formats even use a skew­
ing technique. Instead, some buffer a full track of 
data, which speeds perceived access time to the 
user. Difficulties in creating a translation utility 
can arise, however, when going from a skewed for­
mat to one that is not skewed, or vice versa. 
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Fig 1 The IBM 3740 format for 8-in. diskettes consists of 77 
tracks arranged in 26 sectors of 128 bytes each. To improve 
throughput efficiency, the sectors are skewed (interleaved) 
by a given factor, such as 6. The starting sector (0 or 1) 
coincides with the index mark. 

Establishing the correct skewing is only one 
aspect of creating a translation utility. The disk 
parameter block (DPB) also plays an important 
role. The macro establishes the physical layout of 
the data in relation to the drive's characteristics. 
This requires the following six parameters: the 
physical sector size in 128 to 1024 bytes, the 
number of physical sectors per track (a function of 
the size in bytes), the number of tracks on the 
drive, the allocation unit size in bytes (the number 
of sectors made available per access), the number 
of directory entries, the number of tracks to 
reserve, and the number of checked directory en­
tries as an optional parameter. 

For the IBM 3740 format, the DPB appears as DPB 
128,26,77,1024,64,2. DPB is the macro label. The sectors 
are 128 bytes in length; there are 26 sectors per 
track, 77 available tracks, 1024 bytes are allocated 
on access, 64 directory entries are allowed, and 2 
directory entries are checked. Interchange problems 
would be minimized if all formats consisted of 
128-byte sectors on 77-track diskettes. This, 
however, is not the case. 

Increased capacity is the goal of most disk drive 
manufacturers. One way to double capacity is to 
crowd more data per sector by increasing the byte 
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count to 256 without reducing the number of sectors 
per track. In addition, the sectors can be enlarged 
to 1024 bytes with the number of sectors reduced to 
8. Making diskettes double sided further enhances 
capacity, but also gives the translation utility 
designer other factors with which to contend. With 
double-sided diskettes, the translation utility must 
deal with the skewing of the DPB, the head in 
operation, and the number of cylinders involved. 

While the operating system plays a major role in 
diskette operation, it has very little impact on how 
the recording format is laid out. A separate for­
matting utility, whose operation depends on the 
choice of controller chip in the system, handles the 
diskette format. 

Solving controller incompatibility 
Western Digital's FD 1791X-02 family of con­

trollers can be used in both hard-sector (physical 
sector holes are punched in the diskette) and soft­
sector formats (sectoring is handled via software 
marks rather than actual holes). This family also 
supports the IBM 3740 single-density frequency 
modulation (FM) recording format, as well as a 
variety of double-density modified frequency 
modulation (MFM) formats. 

These controllers have 8-bit registers that hold 
information such as the number of tracks and 
sectors. In contrast, the NEC (Lexington, Mass) 
PD765 controller, which can also handle single- and 
double-density formats, uses a memory stack 
arrangement for holding formatting information. 

Although the controllers differ in operation and 
implementation, they can write the same formats, 
such as IBM FM or MFM (see Fig 2). Their differ­
ences, however, prohibit a format translation pro­
gram written for a Western Digital controller from 
working with an NEC device . This would be like 
trying to use Z80 code with an 8086 microprocessor: 
the differences in instruction and operation are just 
too great. 

While the operating system plays a 
major role in diskette operation, it has 
very little impact on how the recording 
format is laid out. 

Solving controller incompatibility, however, 
may be possible. Similar to application programs 
that use an install function to match the applica­
tion to a given system, an installation procedure 
for disk-format translation utilities can be built. 
Creating a universal install program may seem 
insignificant, but it involves an in-depth knowledge 
of the various controllers and their implementation. 

Implementation techniques for controller chips 
are as diverse as the number of diskette formats. 
Memory mapped and port-addressed formats are 



One-Two Pu 

Charles River Data Systems OEM 
super microcomputers just keep leap­
frogging the competition. Now it's a 
knockout combination of operating 
systems: UNIX System Von one hand, 
and real-time UNOS on the other. 

UNIX System V for Development 
Derived from AT&T-licensed UNIX 
System V, our new UN/System V in­
cludes a full set of UNIX development 
tools, Bell license, Berkeley extensions, 
access to UNIX application programs, 
and support for Fortran, RM/COBOL~ 
C, Pascal, BASIC, and Unify* relational 
database. 

UNOS for Real-Time/Run-Time 
UNOS, our proprietary UNIX-compati­
ble operating system, has real-time 
capabilities that UNIX can't offer. Capa­
bilities, like eventcount synchroniza-

tion, priority scheduling, and enhanced 
file system reliability, that are essential 
in industrial and scientific applications. 
And application programs written using 
UN/System V run under UNOS with­
out modification and without a UNIX 
license, a saving that OEMs can pass 
on to customers. 

Plus 32-Bit Power 
UN/System V and UNOS run on our 
Universe 68 family of computers. They 
are true super micros, with a 32-bit, 
12.5MHz 68000 processor, a second 
68000 front-end processor, 32-bit 4Kb 
cache, 32-bit bus, up to 5Mb of 32-bit 
RAM, high-capacity disk drives, and 
1.25 MIPS performance. Quantity-one 
OEM prices start under $10,000. 

For more on UN/System V, UNOS, 
and Universe 68 computers, return 
coupon to Charles River Data Systems, 
983 Concord St., Framingham, MA 
01701. Or call (617) 626-1000. r.---------, 
I 

D Send me technical information. 
D Have a sales representative call. I 

I Name I 
I 

Company __________ _ 

Address I 
I City State ___ ZIP I 
I Telephone 

CHARLES RIVER DATA SYSTEMS 
·uNOS is a trademark of Charles River Data Systems. UNIX is a trademark of Bell Laboratories . Unify is a trademark of Unify Corporation. RM/ COBOL is a trademark of Ryan McFarland. 

CIRCLE 60 



PHYSICAL 
INDEX 

46 BYTES - INDEX ADDRESS MARK r' 
DATA 

>_FIELD 
'Ci RECORD 

26 

CAP 4 GAP 1 GAP 2 
GAP 3 

PRE INDEX POST ID ID DATA FIELD 
DATA 

ID 
320 BYTES INDEX RECORD GAP RECORD 

GAP 
RECORD 

NOMINAL 32 1 17 2 
33 BYTES 

2 
BYTES BYTES 

BYTE 

m * ADDRESS TRACK ZEROS SECIOll ZEROS CIC CIC 
MARK ADDRESS A00R£SS mt I mt 2 

*CYCLIC 
REDUNDANCY 

CHECK 

GAP 
2 

DATA FIELD 
RECORD 

2 

DATA OR 
D£Lrnll 

DATA 
AOOR£SS 

llAllK 

GAP 
3 

ID GAP 
DATA FIELD 

RECORD 2 
RECORD 

3 1 

BYTE 

2129 

126 BYTES OF USO 
DATA 

~ ?1' ID 
GAP 

DATA FIELD 
RECORD 

2 
RECORD 

26 26 

CRC CIC 
mt I mt 2 

- GAP2 ____ I .....____._I _ ____. 

1- u BYTEs-1--6 BYTEs--j 

WRITE GATE TURN-ON FOR UPDATE _j 

- 1 1 BYTE I 32 BYTES--•1 

\__ WRITE TURN-OFF FOR UPDATE 
OF NEXT DATA FIELD OF PREVIOUS DATA FIELD 

Fig 2 To format a diskette to the IBM 3740 scheme (128 bytes per sector) with a Western Digital controller, a Write 
command must be issued and the data register loaded with the following: the sector size in bytes, the number of 
sectors per track, the number of usable tracks, the identification address mark, the side number, the gap sizes, and 
the step rate. 

the most common, however. In a memory mapped 
system, the controller resides within certain address 
boundaries of the total system memory map. There­
fore, a formatting program must take this into 
account and send the expected information to the 
correct addresses for control and data. 

A controller implemented in a system that uses 
port addressing does not take up space in the 
memory map. It is addressed by sending data to 
given ports or physical locations. Frequently, 
several ports are designated for a disk system, 
including ports for control, drive selection, track 
addressing, and read/write data functions. 

The drive's track density presents another 
interesting problem. Both the controller and the 
software must currently be able to recognize 48-
and 96-track/in. drives. In the future, densities will 
increase to 130 tracks/in., or more. As a result, 
step distance becomes a critical element in the 
translation formula. 

Once the_ diskette is formatted, some provision 
must be made to read and write in the newly 
established format. Although the format program 
was responsible for establishing the format on a 
blank diskette, it is now up to the operating 
system's BIOS or another utility to set up the data 
correctly to match the expected format. 
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Creating an extra utility to set the controller to 
the desired parameters is a popular technique. This 
is usually invoked by a Set command that loads the 
registers, or, in the case of the Nee controller, sets 
the stack. These parameters stay in effect until 
changed by another SET instruction. Moreover, the 
BIOS can be enhanced (eg, the Advanced Computer 
Technology system) to send data to the controller 
in the expected manner. This involves establishing 
a lookup table that the BIOS invokes from a menu 
choice made by the user. 

Unix v may solve the problem 
Most of the format differences have occurred in 

desktop systems using 8- and 16-bit operating 
systems, such as CP/M and MS-DOS. In an effort to 
get the most from their designs, system designers 
have opted for unusual formats, thus creating mis­
matches. But, with the growing use of Unix, and a 
push for a standardized implementation of Unix 
System v by Western Electric and a number of 
semiconductor manufacturers, standard recording 
formats may benefit as well. 

One important goal in creating a standard Unix 
operating environment is to make software totally 
transportable between systems using System v. 
But, dozens of disk recording formats short-circuit 
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you need to keep your production rolling. 
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r------------------, 
D Yes , I am interested in having you mail more information about the 

translation services offered by Berlitz/ Agnew Tech-Tran . 

D Have a representative of your company call. 

Name _____________ _ 

Title _____________ _ 

Company ____________ _ 

Address _____________ _ 

City/State/Zip ___________ _ 

Tel. ( 

BERLITZ I AGNEW TECH ·TRAN 
6415 Independence Avenue, Woodland Hiiis, CA !11367 
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this plan. At present, only the IBM 3740 single­
density, 8-in. format is suitable for system-to­
system interchangeability. Unfortunately, this 
format is limited and cannot store the necessary 
amount of information for Unix-based machines. 

IBM may have solved the problem, however, in 
relation to 5 \!.i-in. systems. The IBM PC, due to 
sheer numbers (more than 700,000 systems are 
installed), has established the def acto standard for 
double-density, double-sided 5 \!.i-in. recording. Its 
48-track/in. format, with either eight or nine 
512-byte sectors-depending on whether or not MS­
DOS 1.1 or 2.0 is used-yields either 320 or 360 
Kbytes of storage. Due to a unique lookup system, 
the PC can automatically handle eight-sector disk­
ettes under DOS 2.0 without conversion. To handle 
this complex control, the PC uses the NEC 765 con­
troller and a stack operation. 

The PC also uses a full-track buffer (4608 bytes) 
and a least recently used algorithm to speed data 
access. The diskette is formatted with 512-byte 
sectors, and uses variable areas for handling the 
boot area of DOS and file allocation areas. 
Moreover, the directory area is variable because 
MS-DOS provides for a hierarchy of directories 
rather than flat files. The allocation scheme is kept 
in sector clusters and used on an as-needed basis. 
The system keeps track of which track side and 
head are in use, and dynamically switches. 
Therefore, a utility to match the PC format must 
not only keep track of the format variable, but also 
the relationship of the head movement. 

It is unlikely that varying disk formats will become 
uniform. However, even smarter controller chips, 
designed specifically for operation with 16-bit 
microprocessors, may become available. These 
controllers will most likely contain specialized user 
accessible microcode that matches the characteris­
tics of different controllers. Ideally, the next gener­
ation of controllers will permit specific parameters 
to be downloaded. A system could thus be profiled 
to match any given disk format. 

Please rate the value of this article to you by 
circling the appropriate number in the "Editorial 
Score Box" on the Inquiry Card. 

High 710 Average 711 Low 712 
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EXORmacs® and VME/ 10™ 
systems. In fact, even non­
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the non-Motorola host require 
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Software Catalog ($1 .75) 
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party software available, incluc 
ing utilities, operating systemi 
and software for Motorola MCl 
system development on non­
Motorola development system~ 
Third-party development hard 
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ADVANCED ICs SPAWN 
PRACTICAL SPEECH 
RECOGNITION 
1cs can provide the memory bandwidth and signal processing 
power for practical speech-recognition systems. However, 
harnessing chip capabilities to speech-recognition tasks does 
require more advanced algorithms. 

by Michael W. Hutchins and 
Lee K. Dusek 

Based on acoustic pattern-matching algorithms, 
today's speech-recognition technology produces 
speaker-dependent systems with 50- to 100-word 
vocabularies. Research is underway, however, on 
more sophisticated, perceptually based algorithms 
that will propel speech-recognition technology 
toward higher performance connected-speech rec­
ognition and larger vocabularies. 

Current speech-recognition technology is at the 
speaker-dependent, connected-word level. Pre­
viously, only mainframes had this capability. Now, 
however, some processor chips, such as the 
5-million instructions per second (MIPS) Texas 

Michael W. Hutchins is product engineer for the 
Speech Products Dept at Texas Instruments, 9901 
South Wilcrest, MS 6415, Houston, TX 77099. He 
received his BS in biology and BA in psychology from 
the University of California at Irvine. 

Lee K. Dusek was an applications engineer at Texas 
Instruments when this article was written. Ms Dusek 
holds a BS in math from Longwood College in 
Virginia, and an MS in math and industrial and 
systems engineering from Ohio State University. She 
is now a systems analyst at Sohio Petroleum, 
Houston, Tex. 

Instruments TMS320, have enough fast computa­
tional power to accommodate speech-recognition 
algorithms. 

One speaker-dependent connected-word recog­
nizer is n's digital signal processing (DSP) board 
that produces both voice output and input. As a 
word recognizer, it handles both isolated and con­
nected words with a maximum capacity of about 32 
s of vocabulary, or about 50 utterances. Any single 
vocabulary item can have a maximum length of 
3 s; a single utterance can contain upwards of 21 
connected vocabulary items. 

The isolated word as the norm 
Today's more popular commercial recognizers 

are relatively low cost, speaker-dependent, 
isolated-word types. Such recognizers perform well 
in industrial applications (eg, quality control 
inspection) or during process control command 
entry. Isolated-word technology does impose a ma­
jor restriction, however. Between spoken words, 
the silence required is 200 to 300 ms. 

Users of both isolated- and connected-word, 
speaker-dependent recognizers must enroll a 
predetermined vocabulary into the system to create 
a word template library. Thus, spoken words are 
recognized when they match templates stored in 
system memory. Constructing a template involves 
finding the beginning and end points for each sample 
word spoken, dividing the word into discrete time 
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slices, and characterizing each time slice with about 
32 measures of acoustic parameters. With multiple 
samples of a particular word, these acoustic 
characterizations are usually merged to develop 
fewer templates. 

During word recognition, actual input features 
are compared with those of the various reference 
patterns. Time alignment, or the synchronization 
of input features with reference patterns, is an 
initial critical step. However, time alignment 
requires very high precision that poses a major 
problem for isolated-word speech recognizers. 

Generally, energy levels at the beginning and end 
of a word signal alignment. A word begins at the on­
set of significant speech energy and ends when speech 
energy drops below a certain threshold for a length of 
time. The recognition pattern is constructed by select­
ing input features based on the beginning and end 
point prescribed for the input word. 

Reliably determining word end points has been a 
major technological stumbling block for isolated­
word recognizers. Misaligned end points account 
for virtually all word-recognition errors. A compre­
hensive solution for the end point detection problem, 
however, has been achieved for connected-word 
recognizers. This gives the recognizers greater 
potential for higher performance levels, even in 
isolated-word applications. 

Dynamic programming and a related technique 
called "time warping" have solved the time­
alignment problem. Dynamic programming opti­
mizes the residual error between the speech input 
and its reference pattern (or template) collected 
from among all speech frames. This approach 
focuses on gathering an utterance's cumulative 
residual error. It avoids individual frame residuals, 
minimizing the error over a sequence of frames. 
Hence, dynamic programming helps the system 
decide if a spoken word matches its intended 
template, and is therefore recognizable. 

Formerly, reference and input data from speech 
frames of the same time period were computed 
with the results compared at each frame. The time 
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warping technique introduces new dimensions that 
compensate for variations in the length and timing 
of spoken words without altering their meanings. It 
stretches a reference frame period to twice as long 
as the input period . This results in two significant 
advantages: stored reference data and the number 
of essential dynamic programming operations are 
cut in half; and memory, otherwise required for 
frame comparison, is eliminated, thus simplifying 
dynamic programming. 

Moreover, time warping does not have to start 
and stop on specific input frames. This makes 
word endpoint detection unnecessary. Thus, 200- to 
300-ms pauses between isolated words become a 
thing of the past in connected-word speaker­
dependent recognition. 

For example, dynamic programming and time 
warping algorithms are applied to Tl's speech 
recognition technology (Fig 1). After time registra­
tion, input data undergoes a high level decision-logic 
operation. In this example, a threshold-comparison 
test and a next-closer-error threshold test determine 
which word or words are to be chosen. 

Once the input's residual error is below the 
threshold, dynamic programming helps to determine 
if the difference between the template yielding the 
lowest residual signal and the next smallest residual 
is great enough. If the difference is sufficient, the 
algorithm orders a word match. When two tem­
plates have residual errors that are too close 
together, the input word will be rejected, and the 
host system prompts the user to repeat the word. 

In contrast with the speaker-dependent system, 
the speaker-independent system, without being 
trained to individual speaking, recognizes any 
user's voice. Speaker-independent recognizers are 
complex, however. For each word accepted, even 
at the isolated-word level, hundreds of speech 
samples must be collected, properly processed, and 
clustered. Only then can unknown speech be 
reliably recognized. Over the short term, collective 
speaker-independent templates will likely be lower 
quality voice models than speaker-dependent ones . 

DECISION STRAT EGY 

EVENT 
DETECTOR 

OUTPUT 

Fig 1 After the analog waveform is 
sampled, digitized speech input 
undergoes auto-correlation analysis 
to perform spectral feature 
extraction. These features are then 
matched against stored reference 
templates, generating a residual 
energy proportional to the 
difference between the two feature 
sets. Dynamic time warping adjusts 
for speed variations between input 
and template. 
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As a system's vocabulary increases, so does the 
number of acoustically similar words it contains. 
Hence, simpler acoustic measures used by isolated­
or connected-word systems do not provide ade­
quate power to distinguish between the many 
words required by continuous-speech recognizers . 

Substantially faster and more natural than 
isolated- or connected-word recognition, con­
tinuous recognition offers the greatest operating 
advantages. But at the present level of technology, 
this is difficult and expensive to produce. 
Continuous-speech recognition requires about 10 
times more computational power than connected­
word systems. Also, continuous recognition 
requires new classes of algorithms and techniques. 
In the next decade, however, continuous recogni­
tion is expected to automatically and accurately 
transcribe natural conversation. 

Multidisciplinary method 
Speech-recognition technology requires a 

multidisciplinary effort. It demands knowledge 
and research in machine intelligence, acoustic 
phonetics, signal processing, speech perception, 
and human factors engineering. Greater insight into 
the physiology of hearing, the psychology of learn­
ing, and the structure of natural languages is vital. 
Contributions from various scientific and engineer­
ing camps are essential to achieve higher level 
machine recognition of smoothly spoken, unstilted 
human speech. 

Future speech-recognition work, leading to 
advanced technology, demands considerable in­
volvement by phoneticians, linguists, and other 
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Fig 2 Spoken, spelled names are recognized in this 
automated directory listing retrieval system. The syntactic 
rules of the name generator use subsequent input to 
resolve ambiguities. 
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Fig 3 The speech recognition system works on phonemes, 
which are the basic units of English . 

speech-oriented scientists. Current laboratory 
efforts, however, are producing promising recogni­
tion applications . An automated directory listing 
retrieval system, based on connected-word recogni­
tion, is one of the more salient applications. The 
system in Fig 2 can recognize spoken, spelled 
names from a directory of names. Over a dial-up 
telephone line, these names are spelled without the 
need to pause between spoken letters. 

The speech input consists of two letter sequences: 
the first represents the last name; the second, the 
person's initials. After the input is digitized, a set 
of global beginning and end points is determined 
for each of the two connected-letter strings. 

Key to this experimental system is a level­
building, dynamic time warping (DTW) algorithm 
that matches the test string to a set of stored letter­
ref erence templates. The DTW algorithm's task is to 
locate the sequence of reference patterns that best 
matches the test input. A group of reasonable alter­
native candidates is also generated. These candidates 
are interpreted according to letter-equivalence 
classes to provide a list of potential name­
equivalence classes. The name generator then uses 
the list of potential name-equivalence classes to 
search the directory for names within a particular 
name-equivalence class. 

Next, a score generator examines the names to 
determine how closely each name matches the 
given test input. At the decision point, the list of 
names and the names' associated scores are checked 
to determine a match and to make sure it is not 
ambiguous. 

For speaker-dependent letter templates, system 
tests resulted in name accuracies ranging from 91 
percent for a normal talking rate to 99 percent for a 
deliberate talking rate. Accuracies for speaker­
independent templates ranged from 88 percent for 



a normal talking rate to 94 percent for a deliberate 
talking rate . 

Other studies involve speaker-independent, 
isolated-word digit-recognition systems that can 
achieve high accuracy without training for dif­
ferent speakers. In this approach, a digit­
classification format is based on dividing the 
unknown word into three regions and then making 
categorical judgments as to which of six broad 
acoustic classes each segment falls into. 

Phonemes , basic speech units compnsmg 
English words, are at the heart of this system . Fig 3 
shows the various categories of phonemes­
vowels, diphthongs, semivowels, consonants, 
fricatives, nasals, plosives, and affricates. The 
Table lists the sequence of phoneme categories for 
each of the 10 digits, 0 through 9. 

For speaker-independent digit recognition , a set 
of robust measurements is applied to classify the 
phonemes into six broad categories. The measure­
ments include energy, zero-crossing, two-pole 
linear predictive coding (LPC) parameters, and nor­
malized error of the LPC analysis . 

Fig 4 shows the digit-recognition system. After 
endpoint alignment, word input is analyzed every 
10 ms to obtain the zero-crossing rate, energy, two­
pole LPC coefficients, and residual LPC estimation 
error. The input is then divided into three well­
defined regions, allowing initial classification 
decisions to be made. 

All data is fed in parallel into a preliminary 
decision-making algorithm (Fig 5) that selects one 
of several possible digit classes for the input word. 
A final decision is then made, based on the 
presence or absence of certain key features in the 
input speech. Error rate for this system was 
reported at 2. 7 percent for a carefully controlled 
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Sound Class Characteristics 

Digit Seguence of Sound Classes 
0 VNLC-+FV-+VLC-+BV 
1 VLC-+MV-+VLC 
2 UVNLC-+FV-+BV 
3 UVNLC-+VLC-+FV 
4 UVNLC-+BV-+MV 
5 UVNLC-+MV-+FV-+VNLC 
6 UVNLC-+FV-+UVNLC 
7 UVNLC-+FV-+VNLC-+FV-+VLC 
8 FV-+UVNLC 
9 VLC-+MV-+FV-+VLC 

VN LC - Voiced , noise-like consonant 
UVNLC - Unvoiced , noise-like consonant 

VLC - Vowel-like consonant 
FV - Front vowel 

M V - Middle vowel 
BV - Back vowel 

recording room, and 5 .6 percent for online 
recordings in a noisy computer room. 

Computational intensity 
From the beginning, computational power has 

been closely associated with speech-recognition 
algorithm complexity. Axiomatically speaking, the 
greater the speed and power a processor offers, the 
more sophisticated the recognition algorithms can 
be. This results in greater speech-recognition 
accuracy, and-with memories of appropriate 
organization, speed, and capacity-larger recog­
nizable vocabularies. 

The more computationally intensive the algo­
rithm that determines the speech parameters, the 
higher the level of recognition performance. This 
requires that each parameter represent a robust 
measurement. A robust measurement must be 
simply and unambiguously measurable, able to 

RECOGNIZED 
DIGIT 

FINAL 
DECISION 

Fig 4 Several robust 
measurements, including linear 
predictive coding (LPC) analysis, are 
calculated for each digit and then 
combined in a parallel fashion to 
determine the sound class for each 
time interval. This class is then 
input to final decision logic where 
the sequential nature of the input is 
used to recognize the appropriate 
digit. 
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grossly characterize a large proportion of speech 
sounds, and conveniently interpreted in a speaker­
independent manner. For example, a set of robust 
measurements for a digit-recognition algorithm in­
cludes zero-crossing rate (the number of zero cross­
ings in a fixed interval on the order of 10 ms), 
energy (the sum of the squared values of the digi­
tized speech waveform in a given interval), LPC 
analysis (which represents the speech signal in 
terms of parameters of a filter whose spectrum best 
fits that of the input speech signal), and normalized 
error (obtained from a two-pole LPC analysis of a 
given speech frame). These robust measurements 
each demand varying levels of computational 
intensity. 

Mainframes and minicomputers have historically 
carried the bulk of required computations for 
speech recognition. More recently, expensive 
custom microprocessors, with sufficient horse­
power for relatively acceptable levels of speech 
processing, have served as cost-effective inter­
mediaries. Now, programmable digital signal 
processing (DSP) microcomputers herald an era of 

SEGMENT INTERVAL 
INTO 3 REGIONS 

DECIDE AMONG 
3, 4, ANO 5 

YES CHOICE OF EITHER 
I OR 9 

YES DECIDE AMONG 
3, 5 ANO 6 

DECIDE BETWEEN 
0 ANO 2 

DONE 

Fig 5 The preliminary decision-making algorithm 
determines which digit is spoken using input from a sound 
class generator. 
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raw computational speed onchip and dramatically 
reduced computing costs. In addition, program­
mable DSP chips perform a variety of functions, 
including speech synthesis, vocoding, voice verifi­
cation, and nonspeech applications (eg, fast 
modems). Particularly in speech processing, high 
speed DSP chips, using superior performance 
algorithms, perform such computationally intensive 
tasks as speech analysis, feature extraction, word 
recognition, pitch tracking, and speech synthesis. 

DSP microcomputers herald an era of 
raw computational speed onchip. 

Speech-recognition algorithms are at a relatively 
primitive stage. This means that programming will 
be important for speech processing. As recognition 
technology advances, new features and improve­
ments will be incorporated through programming, 
rather than through costly system redefinition and 
processor-chip redevelopment. 

For example, the TMS320 DSP chip powers a trio 
of high performance algorithms-auto-correlation 
analysis, a modified LeRoux-Geuguen transform, 
and LPC analysis-to perform real time feature 
extraction in Tl's speech processing systems. After 
feature extraction, the measured similarity between 
the extracted speech parameters and stored refer­
ence patterns is computed. When the reference 
data matches the input data, a low energy residual­
error signal results. If there is a perfect match, the 
error measure is normalized to 1. To be within 
recognizable limits, the value must be less than 1.2 
in the speaker-dependent system. Parameters used 
to compute the difference between input samples 
and stored-template reference patterns are also 
computed by the auto-correlation and residual­
energy algorithms. 

Optimizing microcomputer chips for high speed, 
realtime DSP calls for instruction set and architec­
tural alterations to reap speed from silicon real 
estate. A disciple of the Reduced Instruction Set 
Computer (RISC) concept, DSP focuses on essential 
instructions-MOVE, ADD/ SUB, MUL T, and 
DIV-that represent 87 .5 percent of all instructions 
executed. Other instructions can be synthesized 
efficiently, if required. 

The smaller microcode used in RISC imple­
mentations frees chip space for such vital DSP 
performance features as an expanded register set 
and an onchip array multiplier that reduces multi­
plication to a single-cycle instruction. The more 
commonly microcoded CPU types are considerably 
slower, taking 5 to 10 machine cycles per multiply 
instruction. 

The TMS320 chip, for example, is mainly occu­
pied by a 16- x 16-bit, 200-ns array multiplier; a 



single-cycle barrel shifter; 144 words of RAM for 
data; and 1536 words of onchip ROM. Because of 
its single-cycle multiplier and powerful load/ 
accumulate/ data-move instruction, the TMS320 
sustains chained 16- x 16-bit multiplication with 
true 32-bit accumulation at 2.5 MHz. 

A modified Harvard architecture, which separates 
program and data functions in the chip, further 
enhances speed. This allows it to pipeline its opera­
tions (ie, fetch data simultaneously from program 
and data memories) so that a previous instruction's 
execution cycle can overlap the next instruction's 
fetch cycle. 

Future direction 
State-of-the-art DSP chip computational power at 

5 MIPS is good for a 30- to 50-word speaker­
dependent, connected-word vocabulary that can 
cover 40 percent of voice-input applications. Going 
to IO MIPS can increase a vocabulary to the 75-word 
range, spreading voice input to 75 percent of the 
available applications. To cover 90 percent of the 
potential voice-input applications, a 200-word 
vocabulary, requiring 20 MIPS, would be adequate. 

Phonetically based , isolated-word, speaker­
dependent speech recognition with a 5000-word 
vocabulary is likely to be the next level of commer­
cially viable systems. This approach, which does 
not require speaker enrollment, is based on 
acoustic units or parts of sounds, concatenated by 
a stochastic or Markovian process to model speech 
recognition. Accuracy is approximately 97 percent. 
Stochastic processing methodologies compute the 
likelihood of matching all possible variations of the 
vocabulary words against the unknown speech input. 

Increasingly powerful chips and 
algorithms will allow computers to 
hear as naturally as humans do. 

Speaker-independent continuous recognition will 
likely make a radical move from mathematically 
based algorithms to perceptually based ones, which 
require considerably more computing power. 

The frequencies at which speech energy peaks 
are key to human speech perception. These frequen­
cies, called formants, are the resonant frequencies 
of the mouth cavity, controlled by the tongue, jaw, 
and lips. Determining the first two or three for­
mants is generally adequate to characterize the 
sound as a human would perceive it. 

Formants are the basis for perceptually based 
algorithms for speech recognition. Today's 
methods for automatically extracting formant 
frequencies require large computers. Yet, with 
increasingly powerful chips, sophisticated 

algorithms, and greater knowledge of human 
speech perception, it will be possible to teach 
computers to hear as naturally as humans do. 
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WAVE SOLDERING 
MADE EASY 

Here is an inexpensive DIP switch that can be wave 
soldered without the use of boots, caps or tapes. This 
switch utilizes a unique open base design to allow 
solvent cleaners to flush out all contaminants around 
electrical contacts . 
Available in 2 thru 10 pole configurations with a posi­
tive detent slide mechanism. Current rating of 100 mA 
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(switch}. 
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Motorola introduces the 
first AT&T-validated 

UNIX™ operating 
tem, putting the 

Motorola's SYSTEM V /68 Operating 
System is the first UNIX port validat­
ed by AT&T following rigorous testcom­
parisons against the standard UNIX 
SystemV. 

It's available now from Motorola as 
a standard operating system for the 
M68000 Family. 

A powerful combination 
of industry standards. 

The unique combination of UNIX 
System V and Motorola's M68000 mi­
croprocessor family. both important 
Industry standards, guarantees a 
rapidly expanding world of portable 
application software. 

With major producers announcing 
commitments to UNIX System Veach 
week. and the compatible M68000 
Family of 8/ 16/32-bi t microprocessors 
being overwhelmingly preferred by 
UNIX users. the System V/68 Operating 
System becomes the smart. assured in­
vestment for your computing future. 

Portability for system developers. 
To the system developer. the System 

V /68 Operating System means greater 
portability of source-code-level appli­
cation software for a multitude ofuses 
in business, science. and industrial 
automation. Software written In popu­
lar high-level languages--includlng C, 
PASCAL. FORTRAN. and BASIC--can 
quickly and efficiently be moved from 
mainframes and minicomputers to 
microcomputers using any of the 
M68000 family microprocessors. 

NIX™ worl i<Jtli 
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And with all this capability, backed 
up by unsurpassed support. System 
V/68 software is available with attrac­
tive OEM volume licensing provisions. 

Count on complete Motorola support. 
Motorola provides comprehensive 

worldwide support for both source- and 
object-code versions of the System V/68 
Operating System. Our complete pack­
age of system V/68 support service 
includes detailed user documentation, 
technical training seminars. regular 
software updates. newsletter. and a soft­
ware problem hotline. 

For additional information on System 
V/68 software. fill in the coupon and mail 
to Motorola Semiconductor Products, 
Inc .. P.O. Box 20912. Phoenix. AZ 85036. 
or call our factory marketing team at 
(602) 438-3267. For local assistance. con­
tact your Motorola Semiconductor Sales 
Office. authorized Systems distributor or 
Systems representative. 
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Gate eraser. 
1500 gate MegaPAJ;" arrays: 

The gate array alternative that offers instant 
development of silicon systems. 

If costly development time and inflexibility weren't such big 
issues, gate arrays would be an ideal system design solution. 

Fortunately, there's a better alternative. 
Monolithic Memories' new family of MegaPAL arrays. 
The first of these is our PAL32R16. 
With it, you can design using 1,500 gates of PAL® logic per part. 
And do things never before possible. 
With the MegaPAL array and enhanced PALASM"' CAD 

software, you can now generate test vectors automatically. 
Even after production, you can erase your design and start 

again. Without any non-recurring engineering costs. 
Of course, this MegaPAL array offers all the other benefits of 

PAL circuits. Like prototypes in hours rather than weeks. And pre­
tested circuitry. 

Another first. The PAL32Rl6 features product term sharing, 
which gives you up to 16 product terms for any output. So you can 
design in more complex functions. 

When your design is stable and you're ready for large volume 
production, you can convert to mask programmed MegaHAL™ 
arrays and save up to 50% in production costs. 

Best of all, you can develop your own gate array alternative 
in no time at all. 

The MegaPAL array. 
It's no wonder we call it the gate eraser. 
Check out the specs for yourself. Call your local Monolithic 

Memories Representative for our MegaPAL array brochure and get 
a free "gate eraser?' Or write Monolithic Memories, 2175 Mission 
College Blvd., Mail Stop 8-14, Santa Clara, CA 95050. 
®P.AL is a registered trademark and "'MegaPAL, MegaHAL, PALASM and IdeaLogic are 
trademarks of Monolithic Memories. ©1984 Monolithic Memories, Inc. 

IdeaLogic. The big idea in system design. 
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Backing up a 300+ megabyte 
data base will take you at least an 
hour and a half using conventional 
9-track tape. 

The same job will take you 24 
minutes using a MegaTape cartridge. 
With no stops to change reels. 

And when you're done, you'll 
have your data on one convenient, 
compact dirt-resistant cartridge. In­
stead of eight bulky, easily damaged 
reels of tape. 

You can access any information 
on a MegaTape cartridge in an aver­
age of 30 seconds. It could take you 
a lot longer than that just to find the 
right reel doing it the other way 

© 1984 MegaTape Corporation 

BACKING UP A 330 MEGABYTE DATA BASE 

The Reel The MegaTape 
Problem Solution 

Time: 90 minutes 24 minutes 
Media: 8 ree ls 

112" tape I MegaTape cartridge 
Media cost: s 120.00 Under S 80.00 

330 MB in each book-size cartridge 
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You 'll love how easy and inex­
pensive MegaTape is to use. The com­
pact drive is very attractively priced in 
OEM quantities, and uses standard 
off-the-shelf controllers. No wonder 
it's fast becoming the new industry 
standard for high-capacity backup. 

Don't be a slave to reel time 
any more. Let MegaTape set you free. 

Call Gary Webb, Vice President, 
Marketing at (818) 357-9921 

MegaTape Corporation, P.O. Box 317 
1041 Hamilton Road, Duarte, CA 91010 

~~egaTape 
The great leap forward in backup. 



QUEUING ANALYSIS 
COMPARES DISK 
ORGANIZATION 
Using a queuing model together with computer analysis shows 
that for a realistic range of parameter settings, a multiple head 
moving arm organization can improve disk performance. 

by Alexander Thomasian and 
Kayvan Kiamanesh 

As processor speeds increase, computer system 
performance becomes critically dependent on disk 
subsystem execution. Using a sophisticated queuing 
technique, instead of a first-come, first-served 
method, is one way to improve such performance. 
However, this improvement only shows up when 
there are several requests queued up for the disk at 
the scheduling instant-a situation that rarely occurs. 
Another solution for seek time reduction (or elimi­
nation), is the use of a fixed head disk, but this is 
an extreme measure, and very costly. Therefore, a 
compromise solution, one involvillg a large 
number of equidistant read/write heads on each 
moving arm, offers the most significant improve­
ment in performance. 

Alexander Thomasian specializes in per/ ormance 
modeling and analysis of computer systems and 
computer communication networks. Dr Thomasian is 
currently with the Corporate Performance Modeling 
Center of Burroughs Corp, 3519 W Warner Ave, 
Santa Ana, CA 92704. He holds a BS in electrical 
engineering from the University of Tehran, Tehran, 
Iran, and an MS and a PhD in computer science from 
the University of California at Los Angeles. 

Kayvan Kiamanesh is chief engineer at Alpha Data 
Inc, Chatsworth, CA 91311 where he is responsible 
for development of disk drives and controllers for 
minicomputers. Mr Kiamanesh holds a BS in electrical 
engineering from Northrop University. 

A disk organization with a set of 50 read/write 
heads evenly spaced over the disk cylinders offers 
the advantage of a reduction in seek time by increas­
ing directly accessible disk capacity without requir­
ing disk arm movement. A simple computer system 
queuing model underscores the importance of re­
ducing individual device delay in order to improve 
overall performance. A queuing formula for the 
mean response time of a single-server system 
analyzes individual disk performance. This queuing 
formula compares the new disk organization, called 
ATLAS, with several conventional moving arm disk 
organizations. 

The queuing network model of a computer iSYStem 
consists of a CPU and multiple disks. There, L 
denotes the rate at which transactions (processing 
requests, interrupts, etc) arrive. Each transaction 
requires a certain processing time at the various 
devices, called the device loading (Yi at device i). 
The use of device i (Ui) is the product of the arrival 
rate and the loading. The equation is as follows: 

Ui = L x Yi 

Device utilization is an important factor, since 
the mean response time at device i (E[Ri]) is in­
versely proportional to (1 - Ui). Also, the mean 
response time of transactions equals the sum of 
device response times (provided there is no initial 
delay for transaction activation due to memory 
constraints). Therefore, it follows that reducing 
the response time of each disk is quite important. 

Balancing disk loadings by rearranging files, for 
example, results in a reduction in overall response 
time. In most cases, accessing frequently needed 
information from disks requires an even greater 
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improvement in disk subsystem performance. 
Computing the mean response time characteristic 
of a single disk unit in isolation (E[Ri]) versus the 
arrival rate of disk requests (Li) results in the mean 
and variance of the service time for a single request. 
The service time of a request at the disk has three 
components: seek, search, and transfer time. 

Seek or access time 
The time it takes for the moving arm to travel 

from its current position (on cylinder j) to the next 
position, k (k * j) to serve a new request, is known 
as seek or access time. The seek time is a function 
of the number of cylinders to be traversed , 
d = k-j. Note that the cylinder numbers k and j 
are from the set l , ... ,C where C is the maximum 
number of cylinders. For the new disk organiza­
tion, the seek time characteristic A(d) is shown in 
Table 1. The mean (E[A]) and variance (V[A]) of 
seek time is a function of the probability that the 
arm moves d cylinders, P(d) as follows: 

c- 1 

E [A] = E P[d]A(d) 
d = I 

c- 1 

TABLE 1 

Seek Time of Three-plated Disk Organization 

No . of cylinders 
1 2 4 8 16 32 48 64 96 128 traversed 

Delay (ms) 5 6 7 9 12 15 18 20 24 28 

Additional delay 
5 1 1/2 3/8 3/16 1/8 cylinder (ms) 

such an effect on seek time is small and can there­
fore be ignored. 

Considering rotational delay 
After the seek is completed, the additional delay 

for positioning of information under the read/ write 
head is known as rotational delay or latency. While 
latency is dependent on the track organization, it is 
usually distributed uniformly over the time interval 
(0, T), where T is the time required for a full disk 
revolution (for a 3600-rpm disk T = 16.7 ms) . The 
mean and variance of the latency (D) are .expressed 
in the following equation. 

V (A) = ~ 
1 
P(d)(A(d))2-(E( A))' ~ 

A model for the disk reference pattern states that i 
with a certain probability (P), the arm does not v 
move for successive references, and that when the 

[D] T 
2 

arm does move, it accesses all other cylinders with 
equal probabilities. This model is the basis for 
computing P(d). The probability (P) has been 
observed empirically to be rather high (P = 2/3). 
Earlier disk studies, based on the assumption that 
disk accesses are uniformly distributed, have been 
misleading. The number of two successively refer­
enced cylinders is a pair chosen from C (C - 1) 
possibilities, while the number of such pairs with a 
distance d between the two cylinders is 2(C - d), 
therefore: 

[ ] 
2(C - d) 

Pd = --­
C(C - 1) 

l<d<C - 1 

Noting the probability that the arm does not move/ 
moves is P and 1 P, respectively, it fullows: 

p d = 0 

2(C - d) 
P[d] 

C(C - 1) 

(1 - P) 1 < d < C - 1 
Successive seek times are actually dependent on 

the arm position. For example, a very long seek is 
possible only when the arm is located on the inner­
most or outermost cylinders. Results based on a 
model that takes into account the dependence of 
successive disk requests on seek time indicate that 
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[D] = T2 
12 

The transfer or transmission time is the time 
required to read or write requested information. It 
is simply given as the ratio of the length of the data 
record (b) to be transmitted and the transfer rate of 
the disk (X). The disk transfer rate is the ratio of 
the track capacity (B) and its revolution time (T). It 

E [Rd) (ms) 

150.00 .------'-----'---'-.J.....1....___J'---'--.J.......J...-'---'-- ....___._._, 

100.00 

50.00 I 
;--~~~~~~--

0.00 '---r---.---.-...---.-----.-.,..-,-,----.--,-,-,-' 
0.001 0.010 0.100 P!.000 

Fig 1 Computer analysis produces mean disk response 
times of five disk organizations. Plots of disk times converge 
at the fastest response time-when the probability of no arm 
movement equals 1. 
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follows that the mean and variance of transmission 
time (X) for fixed-length records (or length b) are 

{E [X] = b bBT 
) B/T 

lv [X] = 0 
Note that b/B is the angular distance of the record 
on the track. When multiplied by the revolution 
time, it gives the transmission time. 

Disk service time per request can be expressed as 
the sum of seek, search, and data transfer times . 
The mean and variance of disk service time (S), 
which are required for the analysis, are 

!E[S]= E[A] + E[D] + E[X] 
1V[S]= V[A] + V[D] + V[X] 

By treating the disk as an M/G/1 queuing 
system, the mean response time for the disk can be 
obtained. M denotes random (Poisson) arrivals 
with a fixed-rate Ld requests/s. G denotes a gen­
eral service time distribution for requests with a 
mean and variance given in the above equation. 
Only a single request can be processed at a time, 
resulting in an M/G/1 single-server system. The 
mean response time can be expressed as 

E[Rd] = E[S] + Ld (E[S])
2 

+ V[S] 
2 (1 - Ud) 

The second term on the right-hand side is the 
mean waiting time in the disk queue due to the 
interference among disk requests. The utilization 
factor of the disk is Ud = Ld x E[S]. Since 
E[Rd] is inversely proportional to (1 - Ud), 
reducing the components of disk service time in the 
mean and variance of disk service time equation 
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50.00 

Fig 2 Disks tend to reach a 
saturation point as the number of 
requests/s increases. Disk 1 manages 
to avoid this saturation. Jn this 
instance, P = 0.6 

results in a reduction in E[Rd]. One approach is to 
have multiple heads covering more than one physi­
cal cylinder. Staggering the read/write heads along 
the radius of the disk provides a shorter access time. 
Such directly accessible cylinders, although physi­
cally apart, are logically contiguous. 

The new disk organization, ATLAS, comprises 
three-plated disks. Called disk 1, five surfaces 
record user data. The disk rotates at 3600 rpm and 
its characteristic seek time is shown in Table 1. 
Data transfer uses 50 heads (plus two heads for 
servo control purposes) that are divided into five 
groups of 10 heads/ surface. There are 1280 tracks/ 
surface and the 10 heads are equally spaced 128 
cylinders apart. Therefore, at any time there are 10 
physical cylinders (constituting a logical cylinder) 
with 50 tracks that are readily accessible after an 

E [Rd] (ms) 

300.00 ..--'-~~~~~~~~-......... ~ .......... __._, 

250.00 

200.00 

150.00 

100.00 

Fig 3 As the probability of disk arm movement increases, 
mean response time also increases. These increased times are 
justified by cost trade-offs of this organization (for suitable 
values of P). 



Turn your VAX:M computer 
into a powerful microprocessor 
development system. 

Tektronix software. The same 
powerful tools that set the stan­
dard for high-level programming 
on Tek's 8500 series of micro­
processor development systems 
are now available for use on your 
VAX. Get the sophistication of 
Pascal and C Language Devel­
opment Systems (LANDS). Pl us 
real -time emulation and debug 
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when you integrate Tek's 8540 
emulation unit to your system. Add 
4105 Color Graphics terminals to 
access Colorkey+, Tek's single­
key interactive user interface. All 
fu lly integrated with VAX-specific 
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TABLE 2 

Diak Response Times 

( 20 requests/s) 

Disk No. P=0.60 P=0.30 P=O. 10 P=0.01 P= .001 

1 22 33 41 .5 46 46 .5 
2 31 54 78.5 94 96 

3 33 59 88 .7 109 1 1 1 

4 32 54 76.5 91 92 

average rotational latency of 8.33 ms. The track 
capacity is 20, 160 bytes; therefore the logical 
cylinder size is 1 Mbyte. The advantage of equal 
head spacing is a total head movement of about 
1/4 in. This ensures a full stroke time of under 30 ms 
with a total disk capacity of 128 Mbytes. 

Disk 2 has seek time characteristics similar to 
disk 1, except that it has only 10 heads distributed 
over two physical cylinders (five surfaces), that are 
640 cylinders apart. Capacity per logical cylinder is 
200 Kbytes. Disk 3 is also like disk 1 except that it 
has one head/surface, each covering 1280 cylinders. 
Capacity/logical cylinder is 100 Kbytes. 

Disk 4 has 19 heads distributed over one 
cylinder, comparable in capacity to previous disks 
(100 Mbytes), with 13,030 bytes/track and 400 
cylinders with 19 tracks/cylinder. The capacity/ 
cylinder is approximately 250 Kbytes. Seek time 
characteristic for this disk is defined by (c + ax d) 
where c = 10 ms, a = 10 ms, a = 0.1 ms and d is 
the number of cylinders traveled. Disk 5 is a fixed 
head disk, which is otherwise similar to disk 1. 

Computer analysis of the previously derived for­
mulas compares the performance of Disk 1 (ATLAS) 
with the other disks. Fig 1 shows the mean response 
time with an arrival rate of 18 requests/s, for the 
five disk organizations as a function of P (the prob­
ability of no arm movement), using the previous 
mean response time equation. Disk transfer block 
size is set at 2000 bytes in all cases. Disk 1 outper­
forms disk 2, disk 3, and disk 4. 

The degradation in its performance with respect 
to disk 5 (fixed-head disk) is quite acceptable con­
sidering the reduction in cost. Since the value of P 
depends on the logical cylinder size (the number of 
bytes accessible without arm movement), then con­
sidering an equal value of P for the conventional 
moving arm disk organizations is unsuitable for 
disk 1. The response times for disk 2, disk 3, and 
disk 4 are therefore quite favorable since their 
cylinder size is considerably smaller than disk 1. 

Fig 2 shows the mean disk response time versus 
L. Assuming the value of P to be equal to 0.6 for 
the first four disk organizations, the mean response 
time for disk 1 is 72 ms at 50 requests/s, while the 
other disks are saturated, ie, their response time 
increases indefinitely. Disk 5 was not considered 
since its response time will be the same as in Fig 1. 
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TABLE 3 

Diak Performance 

(30 requests/s) 

Disk No. P=0 .60 P=0.30 P= 0. 10 P=0.01 P= .001 

28 49 73 91 93 

2 45 128 s s s 
3 49 163 s s s 
4 46 .5 127 s s s 

Fig 3 plots the mean response time for disk 1 versus 
the arrival rate of requests for different values of 
P. The case P = 1.0 corresponds to a fixed-head 
disk (disk 5). Again, considering the cost reduction 
of disk 1, the increase in response time is acceptable 
for reasonable values of P( = 0.6). 

In typical applications, transaction 
handling is more than 50 percent faster 
compared to conventional disk format. 

Tables 2 and 3 summarize response times for the 
arrival rate of 20 and 30 requests/s, respectively. 
The performance of disk 1 remains satisfactory, 
while other disks are saturated. These tables also 
show implied performance improvement by ex­
amining each column in each table. In addition, if 
disk 1 were examined at 30 requests/s and disk 2, 
disk 3, and disk 4 were examined at 20 requests/s, 
then disk 1 would still outperform the other disks . 

In this analysis of five disk organizations, then, 
using a well known queuing formula for mean re­
sponse time of a single-user system, the new disk 
organization shows considerable improvement in 
performance. In typical applications, such as con­
trol or online processing, better than 50 percent 
faster transaction handling is achieved as com­
pared with conventional disk organization. If 
cylinder sizes are considered, this improvement is 
better than 100 percent. And, as disk request arri­
val rates increase, this disk organization results in 
only a moderate increase in response time, whereas 
conventional disks become totally saturated. 

Please rate the value of this article to you by 
circling the appropriate number in the "Editorial 
Score Box" on the Inquiry Card. 

High 716 Average 717 Low 718 



3~-inch computing 
is ready when you are. 

Media, drives, software. Everything you need is here now. 
Dysan 314" Flex Diskettes N. Personal computing is 

getting more personal. Smaller, lighter, more portable. 
How small will it get? Frankly, we don't know. But we're 

confident that 3114'' is the next step on the way down. 
Why? 
Because everything you need to get the most out of 3114'' 

computing is here now. In spades. 
The story starts with our 3114" one megabyte Flex Diskettes. 

They're built on the same tried and true technology as the 
larger Dysan diskettes you use today. But with some very 
interesting innovations. 

Like a durable metal hub that provides 
long-term read/write stability and accuracy. 

A flexible combination of media and 
jacket, free from rigid metal shutters and 
fragile plastic parts. 

And plastic carrying pouches that 
protect one to five diskettes. In your 
pocket. Or in the mail. 

It all adds up to reliability. Dysan 3114'' 
Flex Diskettes are guaranteed to be 100% 
bit error-free. And durability. 
They're backed by a five­
year limited warranty. 

31
/•" Floppy Drives. 

Simply put, 3114'' floppy 
drives are 5114'' drives 
refined. And cut down to size. 

They're generally 114 the size and Y2 the weight of 5114'' 
drives. And they use less than half 
the power. 
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Yet 3114'' drives plug right into today's personal computers. 
All that's required is less space. 

Best-selling software in 314'~ There's just one last 
thing necessary to turn 3114'' diskettes and drives into 3114'' 
computing. 

Software. 
And Dysan Series Software N has already solved that 

problem by licensing and converting scores of best-selling 
programs to 3114''. Programs from DRI, Microsoft, Sorcim, 
Peachtree, Pearlsoft, ADS, ADI America and more. 

It's where personal computing is going. 
We'd be remiss if we didn't point out 

that 3114'' computing isn't just Dysan's 
good idea. 

3114'' diskettes are being manufac­
tured by several suppliers. So you're 
always assured of an abundant supply 
of quality media. 

And 3114'' floppy drives are being 
built by a number of leading manufac­
turers. IndudingTabor, Seikosha, MPI 

and, soon, Seagate. 
That's the 3114'' story. Quality diskettes, reliable drives 

and a great selection of software. 
It's where personal computing is going. 

And it's ready when you are. 

Call Toll-Free (800) 551-9000 for complete 
information about 314" computing. 

Dysan Corporation 
5201 Patrick Henry Drive 
Santa Clara, CA 95050 
( 408) 988-3472 

Dysan is a registered trademark, 
Flex Diskette and Dysan Serles Software are 
trademarks of Dysan Corporation. 
Copyright 1984, Dysan Corporation. 
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Nu Machine. 
bit NuBus now. 
The Nu Machine TM Computer. 
The first system in the Texas 
Instruments Nu Generation Com­
puter family. The only system now 
available built on a modem 32-bit 
bus. The processor-independent 
NuBus TM architecture helps meet 
your advanced-technology design 
requirements today. And 
tomorrow. 

First high-performance 
32-bit bus 
The NuBus technology, designed 
at M.l.T., is optimized for 32-bit 
data and address transfers. Its 
37.5-Mbyte/sec bandwidth com­
bines with an elegant arbitration 
scheme to ensure fast and fair 
data flow. 

Innovative, flexible 
architecture 
The NuBus design was developed 
to support sophisticated system 
architectures and eliminates the 

built-in obsolescence of processor­
dependent systems. It lets you 
concentrate on developing 
applications, not architecture. 
Your significant investments are 
protected as new technologies 
develop. 

The Nu Machine's open archi­
tecture solves your make vs. buy 
dilemma. Multiple-processor con­
figuration support combines with 
the NuBus high bandwidth, high­
resolution graphic displays, 
cache memory, and high-speed 
disks to make the Nu Machine 
system attractive to sophisticated 
end-users, systems integrators, and 
OEMs in the engineering and 
scientific marketplace. 

Anticipating industry trends, 
the power and expandability of 
Tl's Nu Machine allow it to 
accept 32-bit processors of 
the future. 

Open system supporting 
industry standards 

Tl's Nu Machine system is 
currently available with a 

Combining innovative NuBus architecture with advanced graphics, 
powerful peripherals, and UNIX-based software, Tl's Nu Machine 
provides the outstanding performance and flexibility required by 
scientific and engineering systems designers. 
27-7379 
© 1984 Tl 
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10-MHz 68010 processor support­
ing a UNIX™-based operating 
system with enhancements for 
windowing and high-resolution 
displays. 

Those who want to design their 
own system processors and con­
trollers can now license the 
NuBus design from Texas 
Instruments. 

Also, a NuBus-to-Multibus TM 

converter allows the use of exist­
ing interface cards and peripherals 
from third parties. 

The system you can build on 
from now on 
Because its high performance and 
flexibility are designed for the 
long run, Tl's Nu Machine can be 
updated when other systems are 
outdated. 

And, Nu Machine computers 
are backed by Tl's service and 
customer-support network and by 
Tl's commitment to quality and 
reliability. 

To climb on the NuBus 
bandwagon, call toll-free: 
1-800-527-3500. Or write Texas 
Instruments Incorporated, P. 0. 
Box 402430, Dept. DNA2030S, 
Dallas, Texas 75240. 
Nu Machine and NuBus are trademarks of Texas lnstrumencs 
Incorporated 
Multibus is a trademark of Intel Corporation 

System V/68 is a trademark of Motorola, Inc. 

UNIX is a trademark of Bell Laboratories 

TEXAS . 
INSTRUMENTS 

Creating useful products 
and services for you. 
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ith the 74HC series, a high-sp 
CMOS Logie Line with an operati 
speed thirty times higher tha the 
standard C2MOS logic. 

This new generation of 
integrated circuits makes po~sible 
new applications in high-speed 
portable instruments which c<>Uldn't 
be achieved with current S'ITh 

ARIZOIA, Western Microtechnology, (602) 948-4240; CALIFORNIA, Image Electronics , (714) 730-0303 , Integrated Electronics . (818) 998-2200 , (714) 660-1055, (408) 263-1100, (916) 424-5297, 
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New England , Inc ., (617) 272-6800; MICHIGAN, Prehler Electronics , (313) 4 73-7200; MISSOURI, L Comp , (816) 221-2400; NEW JERSEY, General Components , Inc ., (609) 768-6767, Mil gray /Delaware 
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(315) 451-2371 , Mi lg ray /Upstate New York , (716) 385-9330 , Milgray Electronics , Inc ., (516) 420-9800, ~ome Electronics , (315) 337-5400; OHIO, Milgray /Cleveland , Inc ., (216) 447-1520 , (800) 321-0006 , 
(800) 362-2808 ; TEXAS, A.C.T., (214) 980-1888 , (512) 452-5254 , A.C.T. Houston , (713) 496-4000; WASHINGTON, Integrated Electronics , (206) 455-2727, Western Microtechnology, (206) 881-6737; 
CANADA, Carsten Electronics , Ltd . (613) 729-4138 , (416) 751-2371 , (514) 334-8321 , Future Electronics , Inc ., (416) 663-5563 , (514) 694-7710 , (613) 820-8313 , (604) 438-5545 , (403) 235-5325 . 



Announcing CalCo .... 
unique DUAL-MODE™plotters. 

Now it's twice as easy to decide on the leader. 

The 1070 Series DUAL·MODE Plotter 
You no longer have to decide 

between continuous roll and cut­
sheet, because now you can have 
it both ways. 

CalComp's unique 1070 Series 
DUAL-MODE™ plotters have 
the versatility to run unattended 

continuous roll batch jobs. Then 
switch modes and produce drawings 
on cut-sheet or preprinted forms. 

Just select the mode you want, 
and our DUAL-MODE plotters will 
give you drawings up to 120 feet 
long. Or, cut-sheets up to ANSI E 
size or ISO AO size. 

Plus, you'll be getting your selec­
tion of continuous roll plots or 
cut-sheets at the fastest speeds 
in the industry. 

CalComp's new family of DUAL­
MODE plotters is compatible 
with all of our on-line and off-line 
controllers. And as intelligent 
microprocessor-based plotters, they 
allow you to produce narrow-width 
drawings without changing drums. 
You'll also have the ability to do 
plot rotation, de-skewing, window­
ing, and more. 

CalComp's DUAL-MODE plot-
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ters have the capability to grow as 
your company grows, and are avail­
able in three models, the 1073, 1075 
and 1077. Their exclusive DUAL­
MODE capability, unequalled per­
formance and easy upgrade make 
this plotter family the most cost 
effective on the market. So decide 
on CalComp for your roll and cut­
sheet plotter needs. We've made it 
twice as easy to do. 

For complete information on 
our unique 1070 Series DUAL­
MODE plotter family, write us today: 
CalComp, 2411 West La Palma 
Avenue, P.O. Box 3250, Anaheim, 
CA 92803. Or call (800) 556-1234, 
ext. 156. In California call (800) 
441-2345, ext. 156. 

CALCOMP 
A Sanders Company 

"'OUAt .... MODE is a trademark or CalComp. 



TAKING A NEW LOOK 
AT WAFER SCALE 
INTEGRATION 
An alternative to traditional technologies, a wafer of RAMs 
used as a virtual main memory can stretch today's RAM 
capacities beyond existing price and performance limits. 

by Gilman D. Chesley 

Early wafer scale integration attempts were based 
on discretionary wiring techniques. Using this 
method, circuits on the wafer were probe tested 
during processing and a final interconnect layer 
connected only operable circuits. Dynamic tech­
niques led to the addition of permanent circuitry to 
the wafer. Testing then occurred with either fusing 
or erasable PROM techniques, or by test and recon­
figuration after power was applied. 

These approaches are unpopular today for a 
variety of reasons. The cost and space for the extra 
processing steps and reconfiguration logic prove to 
be drawbacks. Since conventional RAM densities 
double every few years and RAMs constitute the 
majority of chips in today's systems, there was no 
need to develop a novel technology. The technical 
culture of semiconductor processing was pursuing a 
successful direction with little motivation to change. 

RAMs are now approaching the knee of the devel­
opment cost/benefit curve so that future densities 
will probably come slower and at a greater cost than 
before. Given these factors, wafer scale integration 
(WSI) systems, particularly as main memory in a 
virtual memory system, can be both practical and 
cost efficient. 

Many of the current LSI CPUs, and presumably 
most under development, use virtual memory tech­
niques. In these systems, the CPU uses a virtual 
address space that lacks a fixed or predetermined 
relationship to the physical space where data is 
stored. This physical space consists of a disk memory 
for bulk storage and a RAM main memory with a 

Gilman D. Chesley is a Los Altos, CA based 
consultant specializing in computer architecture. 
He holds a BSEE and an MSEE from Columbia 
University. 

smaller capacity for fast access. The virtual memory 
system must translate between the CPU's virtual 
addresses and the physical addresses that memory 
devices require. A page table converts the virtual 
address requested by the CPU to a physical address . 
This table is usually an associative memory where 
physical addresses are filed under virtual address 
tags. If the address is in the domain of the main 
memory, it is sent; otherwise it must be located on 
the disk. 

Virtual addresses tend to be contiguous (eg, in 
programs and data files). Physical addresses, on the 
other hand, are randomly allocated as data migrates 
between disk and main memory on a demand basis. 
Since physical pages need not be contiguous, the 
wafer does not require adjacent RAMs, and 
inoperable RAMs can be treated as permanently allo­
cated pages. 

The simplest and most direct way to create a wafer 
of RAMs for use as a virtual main memory is by 
employing conventional byte-wide RAMs. The addi­
tion of a demultiplexer and address comparator 
modifies the devices so that each RAM on the wafer 
is uniquely addressable (see the Figure). A common 
bus of eight data/address lines and one clock line 
connects to all of the RAMs on the wafer and to 
the virtual memory CPU. The added logic and in­
terfacing add only a small percentage to the total 
RAM area. 
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ADDRESS 

BYTE-WIDE 
RAM 

Fig 1 Creation of a wafer of 

ADDRESS DATA IN DATA OUT 
RAMs for virtual memory occurs via 
alteration of conventional byte-wide 
RAMs. With the addition of a 
comparator and demultiplexer, all 
addresses are uniquely addressable. 

DEMULTIPLEXER 

CLOCK 

MAIN MEMORY BUS 

Using this method, a wafer memory operation 
occurs in several bus cycles: opcode/RAM address, 
column address, row address, and data. (Note that 
power dissipation on the wafer is not a problem 
because all but one of the RAMs on the wafer is in 
standby mode.) 

A virtual memory system would typically consist 
of a virtual memory CPU, possibly with cache, 
connected to one or more wafers. Initially, systems 
will be configured using the CPU to test the wafer 
for good RAMs. One test possibility is for stress, 
using clock and voltage modification circuits. Of 
course, wafer yield is dependent upon viable bus and 
power lines and a reasonable percentage (eg, 50 
percent) of operable RAMs, with bad wafers being 
rejected at the factory. This testing reoccurs each 
time power is applied, for maximum system relia­
bility. Alternatively, permanent media could hold 
page table contents. 

WSI systems will be fast, compact, reliable, and 
low powered; however, the primary motivation of 
WSI will be economic. A specific example compares 
a PC board of 64K RAMs and a wafer of 64K RAMs. 
Assuming a byte-oriented 64K RAM and a fast bus 
synchronous transfer rate of 10 ns (since most bus 
loading is on the wafer), the RAM cycle time 
increases by 30 ns. 

Parameters of this example could include 2.5-µm 
geometry, 1/4 square mil bit, and a total area of 
32,000 square mils. Furthermore, the RAM is 180 x 
180 mils with an active area (excluding pads and 
scribe area which are not needed with WSI) of 
170 x 170 mils. It is constructed in two bit arrays, 
each of 170 x 85 mils. Since yield is a function of 
chip size, half a normal chip (built in two halves) 
increases chip yield. Adding support circuitry could 
increase chip size to 170 x 100 mils interconnected 
to 255 other chips on a wafer via a common bus of 
9 lines. 

To increase yield, chips reside in the central area 
of the wafer, because chips on or near the periph­
ery tend to have a high failure rate. Each bus line 
is 2.5 µm wide and 25,600 mils long for a line 
capacitance of 64 pF. Chip inputs would have high 
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impedance for a capacitive load, and chip output 
drivers would be tri-state. Bus yield would be on 
23,040 square mils of passive area. 

Power lines are fused at each chip and bus shorts 
are burned at factory test time. Since wafer scribing 
is not required, cutting a thick substrate and grow­
ing a thick passivation layer after mechanically 
masking external macro-contacts provides the self­
packaging technique. With a bus, wafer, and chip 
yield of 50 percent, and a wafer cost of $35, the result 
is a $70 wafer containing 512 Kbytes of RAM with 
9 external connections. 

Comparing this wafer with a PC board containing 
64K RAMs plus support circuitry, the boards have 
2048 internal bonds and 1024 external connections, 
totaling more than 3072 connections, at a system cost 
of, perhaps, $640. Thus, RAM WSI offers the possi­
bility of an order-of-magnitude cost savings over 
printed circuit technology with a considerable 
savings-in space and power-and significantly 
increased reliability. 

With this same technique, a CPU with a cache and 
a block mode RAM on the wafer can be the basis for 
a high performance system. For example, using a 
RAM with a 256-bit wide internal array, a block of 
32 bytes could transfer each memory cycle at a 10-ns 
byte rate. Total block memory cycle time is then less 
than 500 ns. A wider bus, with some sacrifice of 
wafer yield, produces even higher performance. 

In the future, the ultimate system would seem to 
lie on a single wafer (except for peripherals). This 
would include redundant virtual memory CPUs on 
the wafer with a self-test capability. Then the first 
operable CPU tests and configures the RAMs via the 
page table. The result is a compact, reliable, low 
power, high capacity wafer system offering a high 
level of system sophistication at a very low price. 

Please rate the value of this article to you by 
circling the appropriate number in the "Editorial 
Score Box" on the Inquiry Card. 

High 719 Average 720 Low 721 





NEVER HAS so LITTLE MEANT 
SO MUCH. 

In the last decade, we've 
opened more technological gates 
than anyone. 

In both CMOS and bipolar. 
Our 11,000 gate 2 micron CMOS 

array is just part of the story. We 
also offer TTL up to 2,000 gates. ECL 
to 3,000 gates. And 400 to 11,000 
gate CMOS arrays. Not to mention 
our lOOK- and lOKH-compatible 
ECL arrays. 

Of course, a gate array is only 
as good as the people behind it. 
And at NEC, we have some of the 
best support engineers. Ready to 
help you take your design from start 
to finish. 

With easy-to-use CAD tools. 
And sophisticated software capable 
of simulating up to 20,000 gates. 
All available at our 18 customer 
design centers, worldwide. 

As for quality, we offer 100% 
burn-in, standard. At no extra cost. 
And you won't have to wait long 
to get it. Our turnaround is as 
quick as 8 weeks. 

So next time you need a gate 
array, weigh your alternatives. 
Then call NEC. 

WE'RE TAKING ON THE FUTURE. 

For the fastest response to your questions or for more detailed informat ion, 
call us TOLL FREE at 1-800-556-1234, ext. 188. In Cal ifornia, call 1-800-441-2345, 
ext. 188. 

NEC national sales offices: Woburn, MA (617) 935-6339 · Melvi lle, NY (516) 
423-2500 · Poughkeepsie, NY (914) 452-4747 · Ft. Lauderdale, FL (305) 776-0682 · 
Norcross, GA (404) 447-4409 ·Columbia, MD (301) 730-8600 ·Arlington 
Heights, IL (312) 577-9090 · Southfield, Ml (313) 559-4242 · Bloomington, MN 
t612) 854-4443 ·Austin, TX (512) 346-9280 · Dallas, TX (214) 931-0641 · 
Orange, CA ( 114) 937-5244 · Cupertino, CA ( 408) 446-0650 

• 1984, NEC Electronics Inc. 
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Qgality 
High 

Capacity 
Drives 

From 
FUJITSU 

With every high-capacity drive 
from Fujitsu America you get some­
thing more than just faster access 
speeds, greater capacities and superior 
price/performance. You also get the 
Fujitsu quality and reliability that only 
comes from 16 years experience as a 
leading OEM disk drive supplier. 

Fujitsu's quality is built into 
every disk drive through a completely 
integrated manufacturing operation. 
Ninety-five percent of all components 
used in the disk drives are Fujitsu 
manufactured. The other 5% are pur­
chased according to Fujitsu's strict 
quality standards. 

Fujitsu's 14 inch line offers 
the lowest cost per megabyte stor­
age. The Fujitsu 101/ 2 inch Eagle is a 
state-of-the-art drive for fast posi­
tioning time. 

All Fujitsu drives are backed 
by excellent service and field support, 
available through Fujitsu America 
regional offices and Fujitsu's network 
of authorized regional distributors. 

For more information or 
assistance in selecting the right Fujitsu 
disk drive for you, contact the Fujitsu 
America sales office nearest you. 
Northwest: (408) 946-8777, Central: 
(612) 835-7025, East Coast: (617) 
229-6310, Southwest: (714) 476-0852, 
Europe: 441/493-1138. 
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CAPACITY (M Bytes) 

AVG. POSITIONING TIME (ms) 

TRANSFER RATE (M Bytes/s) 

INTERFACE 

POSITIONING METHOD 

474 

18 

1.86 

SMD(MOD) 

Rotary 
Voice Coil 

168/336 

27 

1.01 

SMD 

Rotary 
Voice Coil 

14" 

671 

27 

1.86 

SMD(MOD) 

Rotary 
Voice Coil 
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Quality Lives 

FUJITSU 
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Special report on 
graphics technology 

165 Introduction 

167 Graphics standards finally start to sort themselves out 
by Harvey J. Hindin-As the computer industry adopts sophisticated 
graphics technology for both low cost and high performance products, 
standards-making activities ensure that applications, data bases, and 
graphics devices can communicate. 

187 Anatomy of a graphics editor-the inside story 
by Terry Hamm and Gar Bergstedt-Designers can benefit from a 
detailed analysis of how standard-based software creates a real-world 
graphics application. 

197 VDI promises graphics software portability 
by Fred Langhorst-Hardware manufacturers, software designers, and 
users benefit when application software using graphics is display-device 
independent. 

211 Is GKS powerful enough for the application? 
by Thomas Wright-For a minimal standard or proprietary product, 
making the graphics software choice depends on the application. 

221 Pipeline model promotes extensible display system 
by Jack Huisman-An open system architecture allows computer 
system integrators to upgrade as new graphics software and hardware 
debut. 

229 Proprietary/standard graphics software mix to give more 
by Andrew Davis-A Graphical Kernel System implemented in 
software provides a tool, used in a family of high end plotters, that 
increases programmer productivity. 
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The General Electric 3000 family of printers has 
become an industry leading product. But now, this 
popular printer series has a new name, because the 
Data Communication Products Department of GE is 
now an independently owned company called Genicom. 

At Genicom today, we offer the same complete 
line of printers we offered while a part of General 
Electric. We have the same facilities, the same na­
tionwide service network, and the same corps of ex­
perienced employees ... only the name has changed. 

Above all, Genicom offers you the same reliable 
product quality you've come to expect from us over 
the years. Our Genicom 3000 printers feature out­
standing performance for end-users as well as superior 
flexibility for many OEM's, distributors, retailers and 

dealers. There are 3000 models with speeds from 40 
to over 400 cps. Single or dual mode printing. Type 
quality from EDP to NLQ. Multi-color printing. Graph­
ics. Selectable type fonts, American craftsmanship 
and more. There are even 3000 family printers for 
personal computers .. . ideal for business needs. 

We're proud of the excellent brand reputation we 
established under General Electric. But now we're 
going to make a new name for ourselves by bringing 
you more innovations, and more of the reliable quality 
you 've always found in each of our products. 

Genicom Corporation, One General Electric 
Drive, Dept. M331 , Waynesboro, VA 22980. In Virginia, 
call 1-703-949-1170. GEiN',.."M 

,.. l\..VI I 

For the solution to your printing needs call 

TOLL FREE 1-800-437-7468 
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SPECIAL REPORT ON 

GRAPHICS TECHNOLOGY 
After some 10 years of effort by thousands of specialists working countless hours, 
national and international graphics standards are ready to serve graphics system vendors 
and users alike. Some graphics standards have been formally blessed with a 
standards-making body's imprimatur, others will soon follow, and some are still in the 
definition phase of their development. To meet a variety of market needs, these 
standards will perform their chores both as standalone graphics packages and as part of 
proprietary value-added offerings. 

Ideally, graphics standards would immediately allow system integrators to incorporate 
a graphics subsystem into their computer systems with minimal frustration. In addition, 
graphics manufacturers could have a uniform graphics software specification to build to 
before adding their bells and whistles. Graphics software developers could also rest 
assured that their application programs-if they meet the appropriate specifications­
would run on any computer or terminal. Finally, these standards would immediately free 
end users from being locked into one vendor. 

These are the ultimate goals of graphics standards. But, as is the case for any 
standards, these goals can only be met asymptotically with time. The six technical 
articles to follow illustrate that the standards evolving first are but a small step toward 
lofty final goals. Many vested graphics interests must be satisfied before agreements can 
be reached on rules governing their behavior. And, they tend to first agree only about 
somewhat older, minimal-capability technology. 

Despite the elapsed time, controversies, minimal capabilities, and some bitterness, the 
graphics industry has some standards, and is acquiring more-flawed though they may 
be. The staff report reveals what these standards are, who developed them, how they are 
related, and what they do. It sets the stage for the five articles to follow. 

These articles focus on various positions and markets in the graphics community and, 
therefore, reflect a difference in implementation details. Still, although the authors each 
approach the graphics market differently, they all support the graphics standards that 
will inevitably come. 

~~?L..l.:... 
Harvey J. Hindin 
Special Features Editor 
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Privac's CT-1000™ is defining a new 
price/performance standard for 
graphics processors. It does shaded 
polygon and 3D coordinate 
transformation so fast the viewer sees 
continuous rotation in real time. With 
1024 x 1024 resolution. And with up 
to 16 million colors. 
We've done it with a 68000, 
proprietary microcoded processor, and 
our own graphics architecture. 
*Limited time, single evaluation unit price. 

KEY CT-lOOO 'M SPECIFICATIONS 
RESOLUTION . . . . . . . . . . 1024 x 1024 pixels 

DISPLAY LIST (object database) 
MEMORY . . . . . . . . . . . . . 256 Kbytes. Expandable to 4 Mbytes. 

POLYGON GENERATION ... 'l'o 200 million pixels/second 

COLORS . . . . . . . . . . . . . . 4 bit planes- 16 out of 16 million pallette 
24 bit planes- full 16 million 

TRANSFORMATION ...... 800,000 3D coordinate transformations per second. 

Uses completely general 4 x 4 homogeneous 
coordinate transformation matrix. 

INTERFACE . . . . . . . . . . . RS232, high speed serial, parallel. Ports available 
for keyboard, and graphics input devices. 

See Our Live Demo At NCGA. 

Privaclnc. 
3711 S. George Mason Drive 

Falls Church, VA 22041 
(703) 671-3900 
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SPECIAL REPORT ON GRAPHICS TECHNOLOGY 

GRAPHICS STANDARDS 
FINALLY START TO 
SORT THEMSELVES OUT 
As the computer industry adopts sophisticated graphics 
technology for both low cost and high performance products, 
standards-making activities ensure that applications, data bases, 
and graphics devices can communicate. 

by Harvey J. Hindin, 
Special Features Editor 

From IGES and NAPLPS to ANSI and SIGGRAPH, a 
bowl of alphabet-soup-like mnemonics represent 
the bewildering array of graphics standards under 
study today and the organizations that are studying 
them. These organizations are working to achieve 
graphics industry standards that promise a variety 
of benefits to computer system designers, inte­
grat0rs, and end users. They have, after a long and 
painful process, met with some successes, and 
more are on the way. It is important that the com­
puter community, which freely uses graphics 
technology and is predicted to use it even more, be 
aware of what is going on. 

To do their jobs properly, members of the com­
puter system design community must learn the 
benefits of graphics standards. This knowledge will 
enable them, their companies, and their industries 
to take full advantage of the computer graphics 
capabilities that are developing apace. They must 
also have an overview of the relationships between 

the different standards under development, what 
the standards do, and how they differ. Equally im­
portant, is a knowledge of the organizations active 
in the standards-making field. Finally, the com­
munity must be aware of the various standards 
controversies so it can look out for its own interests 
and, perhaps, help resolve problems by actively 
participating in standards bodies. 

A good analogy 
The advantages of computer communication 

standards have become obvious in recent years as 
disparate machine markets have developed from 
disparate manufacturers that can, nevertheless, 
communicate. Like graphics standards, computer 
communication standards have taken years to 
develop. After many years, computer communica­
tion standards have recently evolved because 
market forces demanded communication between 
different machines. The days of end users depend­
ing on one vendor for all their computer system 
needs are over. 

A similar phenomenon is taking place in the 
computer graphics industry. Until recently, it has 
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not had the market demand for graphics-based 
machines that are transparent to programmer and 
end user alike. Now, however, as graphics 
technology becomes ubiquitous on mainframe and 
microcomputer, the industry has both the motiva­
tion and the obligation to provide for, and adhere 
to, standards. 

Consider the benefits 
The industry's commitment to standards stems 

from the many benefits that they offer. These in­
clude, among others, host computer portability, 
display-device independence, ease of application 
program design, and graphics-containing database 
portability. 

Ideally, a computer graphics industry with 
agreed-upon and observed international standards 
would enjoy a market that knows no geographic 
boundaries. In addition, since each graphics device 
would have its fundamental behavior well­
specified, manufacturers could concentrate on 
value-added features to make their products 
unique. They would not constantly have to rein­
vent the graphics wheel. End users could, of 
course, use common graphics interfaces, and 
thereby avoid locking themselves into one vendor 
once a decision was made to buy a product. 

In short, the benefits of graphics standardization 
do not differ from the benefits of standardization 
in the computer communications industry. The 
argument that product innovation will be stifled is 
unfounded, because standards do not stop anyone 
from adopting value-added features. Moreover, 
the increase in market size that standards can bring 
to the graphics industry will produce increased 
opportunity for all without stifling innovation­
witness what has happened in the home entertain­
ment and local network industry. 

As might be expected, each segment of the com­
puter graphics industry has its own viewpoint on 
what should be standardized and how. And, as 
might be expected, these views are colored by pro­
prietary considerations. Still, benefits are so great 
that agreements are being made in major areas. 

For example, all groups realize the need for a 
standard that allows an application program using 
graphics to work on a host computer, regardless of 
its manufacturer or operating system. End users of 
such software are not locked into one computer 
vendor and can, if they wish, run the applications 
on a local network containing different computers­
said by many observers to be the backbone of the 
office and factory of the future. 

End users are not the only beneficiaries. Soft­
ware designers can look forward to a larger base of 
machines that can use their products. Manufac­
turers will find it easier to sell a new computer 
(with its "latest" hardware) when it does not make 
the user's graphics software library obsolete. 
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Portability does not only apply to users enjoying 
application programs capable of running on dif­
ferent hosts. Application program developers 
would be equally happy to enjoy display-device 
portability. They would favor having application 
programs that could use any number of different 
display devices without concern for individual 
hardware characteristics. How nice it would be if 
different, CRT-based displays, pen plotters, or 
printers could use the same application program. 

The advantages of such end-user device indepen­
dence also accrue to end users, who need not worry 
about having to change their display devices. 
Clearly, the display-device designer will also have 
more software product that can run on a machine. 
In addition to allowing more software product on a 
machine, a standard software interface to a display 
device can be implemented as a VLSI-based 
chip-with all the economies of scale that such 
technology implies. This is of particular impor­
tance to display-device manufacturers. Ideally, a 
standard graphics device interface chip could be 
made by a variety of semiconductor firms at a 
remarkably low price. 

There are still other aspects to graphics portabil­
ity that standards address. For example, the con­
tents of a picture can be represented as database 
items in some standard format. Then, the picture 
can be sent from one location to another so that it 
may be displayed by different computers and still 
result in the same picture. 

Picture storage is also a part of this standard. 
Thus, with the appropriate representation and 
storage standards, graphics can be sent from one 
machine on a local network to a file server. There, 
it is later called by another computer and displayed 
on its particular (different) display. 

Unscramble the letters 
The key to understanding why there is a wealth 

of graphics standards is to realize that, like the 
software standards now being adopted-to imple­
ment the upper layers of the Interl}.ational Stan­
dards Organization's (ISO) seven-layer model for 
computer communications (the so-called open 
systems interconnection or OSI model)-graphics 
standards represent a hierarchy, or set of software 
layers. And, since the potential users of these layers 
are a diverse constituency, a variety of specific 
standards implementations is needed. 

The analogy between graphics and computer 
communication standards is not perfect. For ex­
ample, the functionality and the number of layers 
are different. But, it is adequate to help the com­
puter system designer who is likely to be somewhat 
familiar with the philosophy behind the ISO model. 

A significant point to note about graphics stan­
dards layers is that, like the computer communica­
tion standards layers, just which ones are used for 
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Fig 1 Accepted and proposed national and international graphics standards all have carefully defined software to 
provide separate, different-functionality interfaces between data bases, programmers, and devices in a graphics-based 
computer system. The schematic represents relationships, not actual positioning. 

a particular application depends on the functional 
ability of the graphics system under design. For ex­
ample, because of their relatively ''high'' position 
in the hierarchy (Fig 1), it is likely that Core and 
the Graphical Kernel System (OKS) will be used in 
computer aided design (CAD) or other sophisticated 
applications. The needs of simpler graphics soft­
ware might be satisfied with just a Virtual Device 
Interface (VDI). Similarly, many "upper" ISO com­
puter communication software layers are not needed 
if only simple file transfers between identical com­
puters are performed. 

While Core and the GKS occupy the same layer in 
the graphics standard hierarchy, they differ 
somewhat in performance (see Table 1). Alas, there 
is as much politics as technology associated with 
choosing between the two. 

The purpose of the OKS/Core software layer is to 
help someone writing specific graphics application 
software to work with, or interface to, graphics 

software utilities and tools. These utilities and tools 
help provide descriptions of the graphics objects 
that are to be displayed and used by the application 
software. Normally, these objects are defined in 
terms of two- or three-dimensional coordinates in 
some coordinate system accessed by various 
graphics-oriented software commands known as 
graphics primitives. In a business application, these 
graphics primitives and coordinates might be used 
to describe the points on a bar chart. In a CAD 
application, they might describe a VLSI chip's 
multiple layers. 

Once an object's description in a data base is 
incorporated into the application program itself 
(by a software standard discussed later), it is the 
function of the GKS or Core (or yet other standards 
at the same hierarchical level)-to change the 
"description" of any picture that the application 
program uses into an almost actual (ie, normalized) 
picture. In short, the GKS/Core layer provides a 
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TABLE 1 

Graphics Standards: Their Chores Made Simple 

Initial Graphics Exhange Specification (IGESl 

Standard that specifies file structures for data exchange in 
high end CAD systems. 

Graphical Kernel System (GKS) 

Two- or three-dimensional standard that allows application 
programmers a standard interface with graphics 
utilities/tools to incorporate graphics into their programs. 
Developed from Core ideas but emphasizes picture 
distinguishability over user control. 

Core 

Three-dimensional standard that allows applications 
programmers a standard interface with graphics 
utilities/tools to incorporate graphics into their programs. 
First standard , basis of GKS, it emphasizes user control. 

Programmer's Minimal Interface to Graphics (PMIGS) 

Minimal , low end version of two-dimensional Graphical 
Kernel System for business graphics/graphics arts . 

standard software interface that converts the appli­
cation program carrying picture descriptions into a 
so-called viewing package. 

To set up this viewing package, Core, which can 
handle three-dimensional pictures, has a set pro­
cedure or algorithm that is also the basis of the 
two-dimensional OKS. Both systems work with a 
hierarchy of coordinate systems used in three 
"worlds ." These are the coordinate systems used 
in the modeled object ' s world, the abstract or nor­
malized device's world (which uses graphics soft­
ware data objects known as segments), and the 
coordinates of the physical device's world. As ex­
pected, there are transformations between all of 
these worlds or coordinate systems (Fig 2). 

When Core displays a picture, a segment 
graphics object is opened and graphics primitives 
such as lines and text, along with their correspond-

NORMALIZED DEVICE / 
COORDINATES / 

SPACE\ II 

I 

I 
I 

I 

I 

WORLD SPACE 

Programmer ' s Hierarchical Interactive Graphics Standard 
(PHIGS) 

Extended, high end version of Core for computer modeling 
applications . 

Virtual Device Interface (VDI) 

Standard supporting as many graphics 1/0 devices as 
possible with as many functions as possible . Device drivers 
may or may not be needed. The VDI is the interface 
between device-dependent and device-independent code . 

Virtual Device Metafile (VDM) 

Standard for file formats for storing/transmitting pictures in 
device-level primitives (eg , for disks). 

North American Presentation Layer Protocol Syntax (NAPLPS) 

Standard for storing/transmitting/compressing videotex-like 
pictures in device-level primitives (eg, for raster-scan 
display). 

ing attributes , are built up in the segment. Each 
primitive is transformed by what is known as a 
view transform from the modeled-world coordi­
nates to normalized-device coordinates. Normalized­
device coordinates take into account the device 
viewer's position and orientation. 

Ultimately, the segment is closed and another is 
opened. Then, yet another transform called the 
image transform is applied to the closed segment to 
produce a translated, rotated, and scaled copy of it 
(still in normalized device coordinates). The seg­
ment is finally processed by device-dependent drivers 
and sent to an actual physical display device. 

The viewing package's input is an abstract set of 
coordinates describing a picture; its output is a 
coordinate set normalized in some way. This pack­
age provides input to a physical device driver. But, 
a device driver ipput and a viewing package output 

WORKSTATION l 
WIN DOW 

DEVICE·INDEPENOENT 
NORMALIZED DEVICE COORDI NATES 

VIEWPORT 

Fig 2 In the "world" space of a 
real object and its physical 
coordinates, a graphics window may 
transform part of the object to 
graphics display device-independent, 
"normalized" coordinates. Yet 
other windows may provide 
"actual-device" coordinates to a 
device driver for workstation display 
of object parts. 

WORKSTATION 2 
WINDOW 
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must be made to communicate (or be combined 
into one) by another software standard. This stan­
dard is known as the VDI. 

The device driver is designed to take normalized 
picture coordinates as its input and provide 
physical device coordinates as its output. These 
physical device coordinates then drive specific 
graphics devices-be they raster-scan displays or 
pen recorders. Note that as Fig I shows, so-called 
standard display devices can be driven directly by 
the VDI interface without the need for a device 
driver. 

Compare and contrast 
"Invented" first (Fig 3), Core can handle three­

dimensional graphics while the GKS is now a two­
dimensional standard. However, work is going on 
in Europe to define a three-dimensional GKS under 
the auspices of the ISO. 

The American National Standards Institute (ANSI) 
is the U.S. national delegate to this international 
body. Both organizations feature an elaborate 
hierarchy of committees and review procedures to 
develop and approve their standards. As a result, 
formal, approved-by-all-concerned-parties docu­
ments can take years to appear. 

There are other differences between the GKS and 
Core. For one, the Core task group of ANSI's com­
mittee X3H3 is working to extend Core for computer 
modeling applications that require very realistic 
object representations. This work, in its early 
stages, is known as the Programmer's Hierarchical 
Interactive Graphics Standard (PHIGS). 

Core also differs from the GKS concerning con­
trol of image representation. In Core, with CAD 
and computer aided manufacturing (CAM) as the 

Fig 3 The long march 
toward graphics standards 
has many milestones, some 
of which are shown. 
ACM / SIGGRAPH started it 
all with its Core 
specification. Core will not 
be an ANSI or 1so standard 
but will probably be an 
ACM standard. 

primary application, the graphics system user 
defines image representations and their attributes. 
In contrast, with a GKS system, the user does not 
lose performance ability (ie, commands are obeyed) 
but the GKS software makes many image represen­
tation choices (eg, color or dashed lines). It does 
this because the GKS system emphasizes (and takes 
care of) feature distinguishability over user control 
of color, dot or dashed lines, and the like. 

The ANSI X3H3 committee is also writing a stan­
dard known as the Programmer's Minimal Inter­
face to Graphics (PMIGS). The PMIGS is important 
because it is a basic system that programmers with­
out graphics experience can use. It sits in the 
hierarchy with Core and GKS and is a minimal 
GKS subset. 

More than VDI 
It is important to note that the VDI design must 

be the essence of compromise. On the one hand, 
the simplicity of a low level VDI is desirable if one 
wants to, for example, implement VDI software in 
firmware. On the other hand, the VDI must inter­
face with a variety of high level sophisticated 
graphics applications like CAD/ CAM that use GKS 
or other high level software. Therefore, it often 
needs the ability to incorporate high level, 
specialized graphics device features. 

Placing the VDI is a major concern in graphics 
software design since it is the interface between 
device-independent and device-dependent code. If 
the interface is placed too "high," or contains too 
many functions, then device drivers for simple 
graphics devices will be large in size and difficult to 
write. However, if .the interface is placed too 
"low," the device drivers will not be able to take 
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advantage of the features of high end, or intelligent 
graphics display devices. 

Obviously the trade-off is resolved depending on 
what graphics software will be used for what 
devices. As might be imagined, a VDI specification 
is a major feat for a committee whose members 
represent diverse interests. Unfortunately, the VDI 
specification is lagging. 

Along with the VDI standard that addresses the 
interface between the graphics utility system (view­
ing package) and the standard display device (or 
the device driver for the nonstandard display 
device), there is the companion standard known as 
the Virtual Device Metafile or VDM. The VDM is 
currently under public review as an ANSI document 
(see Table 2). 

Standards for storing and transmitting a picture 
are just as important to have as standards for 
presenting it. Thus, the function of the VDM soft­
ware is to specify file formats for these two chores. 
The VDM uses normalized device coordinates and 
primitives to do this job. 

Because both VDI and VDM represent compro­
mises in their attempt to provide device-independent 
presentation, storage, and transmission of 
graphics, neither standard allows a particular dis­
play technology to be used to its full potential. 
Thus, certain value-added features (perhaps, non-

standard) added by a manufacturer may need to be 
otherwise accommodated by nonstandard software. 

Raster-scanned displays are one popular means 
of implementing a display technology. Recognizing 
this, and further hoping that videotex-type displays 
will become popular, several industrial firms have 
banded together to push the North American Pre­
sentation Layer Protocol Syntax (NAPLPS) as the 
software interface between a videotex device driver 
and a videotex display. ANSI's X3L2 committee 
focuses on NAPLPS matters . 

While the videotex industry has great potential , 
to date, its chief product has been tests in small 
communities without real costs being placed on the 
consumer. For the consumer videotex market, both 
costs and a lack of pictures that people are willing 
to pay for are industry-wide problems. Specific 
commercial applications, wherein an industry or 
organization's business needs are satisfied, are 
more of a commercial success, although limited in 
scope. Just how the NAPLPS fits into the mass 
raster-scan market for computer graphics remains 
to be seen. 

Three dimensions? 
The ongoing work to establish graphics stan­

dards has generated many controversies. For ex­
ample, two-dimensional graphics are clearly not 

TABLE 2 

Status of Key Graphics Standards at ANSI 

Standard Draft Proposal Public Final Proposal 
(Mnemonic) To ANSI X3H3 Review To ANSI X3H3 - -Committee Committee 

Graphical Kernel October 1983 March to depends on 
System IGKS) June 1984 reviewers' 
two dimensional comments 
Virtual Device October 1983 February to depends on 
Metafile (VDM) May 1984 reviewers' 

comments 
Programmer' s work in progress 
Hierarchical (November 
Interactive 1984?) - -
Graphics Standard 
(PHIGS) 

Virtual Device work in progress Summer or -
Interface (VOi) Fall 1985 
Graphical Kernel depends on 
System IGKS) ISO GKS - -
three dimensional (Fall 1984?) 

Initial Graphics final document 
Exchange adopted but - -
Specification revisions under 
(IGES) study 
Programmer's October 1983 March to depends on 
Minimal Interface (Level m of June 1984 reviewers' 
to Graphics ANSI GKS) comments 
(PMIGS) 

North American final document 
Presentation Layer adopted - -
Protocol Syntax 
(NAPLPS) 

J 
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High resolution, low cost graphics 
shoilld be more than a retrothought. 

Why settle for a low resolution retrofit graphics terminal 
when you can have a VISUAL high resolution terminal 
with quality and reliability built in. And at a cost 
that makes retrofits overpriced. 

The VISUAL 500 and VISUAL 550 emulate the 
Tektronix ' 4010/4014 but cost only about half as 
much. And they provide 585(V) x 768(H) resolution 
for sharp text and graphic display on a large 14" 
screen without the need to add boards or change 
the CAT. This superior resolution offers the ideal 
vertical to horizontal dot density ratio of 1:1 for 
balanced images and reduces the "stairstep" 
effect you get with most retrothoughts. 

The VISUAL 500 provides selectable emulations _________________________ _,,, 

of the DEC VT52; Data General D200, Lear Siegler 
ADM3A," and Hazeltine 1500 terminals. The 
VISUAL 550 is DEC VT100' protocol-compatible 
as well as a character or block mode terminal 
which complies to the ANSI X3.64 standard. 

Call or write for a free comprehensive refer­
ence booklet on graphics terminals including 
a glossary of graphics buzzwords. 

See for yourself 

Visual Technology Incorporated 
540 Main Street, Tewksbury, MA 01876 
Telephone (617) 851-5000. Telex 951-539 

VISUAL 500/550 

VISUAL RETROTHOUGHTS 

500 
Vertical Resolution 585 
Horizontal Resolution 768 
Dot Density Ratio 1: 1 
Screen Size 14" 
Tektronix 4014 Compatible STD 
Data Tablet Support STD 
Multi.Vendor Printer Support STD 
8 Dir. Cross Hair Cursor STD 
Programmable Function Keys STD 
Tilt'Swivel Enclosure STD 
Compatibility VT52 

PRICE (suggested list*) 

ADM3A 
H1500 
0200 
$2,495 

550 
585 
768 
1:1 
14' 
STD 
STD 
STD 
STD 
STD 
STD 
VT100 
VT52 
ANSI 
X3.64 
2,695 

VT640S 
240 
640 
1:2 
12" 
NO 
NO 
OPT 
NO 
NO 
NO 
VTIOO 
VT52 

3,025 

DIGITAL ENGINEERING -

.YT640 DQ650S DQ650M 
480 240 480 
640 800 800 
1:1 1:3 1:1 
12" 12" 12" 
NO NO STD 
NO OPT OPT 
OPT OPT OPT 
NO NO NO 
NO NO NO 
NO NO NO 
VTlOO VTlOO VTlOO 
VT52 VT52 VT52 

3.355 3,025 3,510 
;Retrothoughts p11ce includes DEC VTIW terminal based on published information as of 4/1183. 

CIRCLE 79 

SEL.ANAR 
SGlOO 
PWS 
240 
1225 
1:4 
12" 
NO 
NO 
OPT 
OPT 
NO 
NO 
VTlOO 
VT52 

SG2_fil) SG480 
240 480 
1225 780 
1:4 1:1 
12" 
STD 
NO 
OPT 
OPT 
NO 
NO 
VTlOO 
VT52 

12" 
STD 
NO 
OPT 
OPT 
NO 
NO 
VTlOO 
VT52 

2,890 3,390 3,190 



enough and three dimensions are needed for such 
applications as high end CAD. Core was the first 
standard to address three dimensions. At first, 
Core viewed three dimensions from the line draw­
ing perspective, but it later took raster scanning 
into account. GKS, which evolved from Core, con­
fined itself to two dimensions. 

The realization that Core cannot be an interna­
tional standard coupled with the need for three 
dimensions, has sparked a movement to expand GKS 
to three dimensions. Experts raise no objection to 
the concept of expanding GKS to three dimensions, 
according to a study by David H. Straayer, senior 
engineer at Tektronix Inc's Information Display 
Division (Wilsonville, Ore). Conducted by letter 
appeal in Computer Graphics (ACM/SIGGRAPH's 
quarterly publication), the study revealed that the 
GKS is extensible because its designers can build on 
the experience of Core designers. For example, 
before Core came on the scene, proprietary graphics 
software expressed the graphical rotation of text 
strings as an angle in degrees. 

Core experience proved that this design ap­
proach is difficult for the graphics software person 
to implement in three-dimensional scenarios. So, 
text strings are rotated in Core by the specification 
of a so-called text-up vector. This consists of a two­
dimensional vector for two-dimensional Core 
subsets, and a three-dimensional vector for three­
dimensional Core. In the GKS, text is also rotated 

by a text-up vector that is extendable to three 
dimensions. 

Work on three-dimensional GKS is just starting 
and it will be some time before a fully specified, 
accepted standard is available. Yet, such an event 
will happen. ISO's TC97/SC5/WG2 committee, which 
focuses directly on graphics standards develop­
ment, has told the Netherland Normung Institute 
(NNI) standards-making body (Table 3) to produce 
a document as the basis for a three-dimensional 
GKS. To help ensure compatibility, this specifica­
tion will allow two-dimensional GKS operations to 
be degenerate cases of three-dimensional GKS 
operations. 

Slated for development by mid-1984, this docu­
ment must go out for ISO comments (Table 4) 
before it is further processed on its road to being a 
full-fledged international standard. Of course, 
once the document is available, aggressive graphics 
vendors will be busily searching for products to 
design around it, in order to gain a market edge. 
This approach is quite typical, as vendors cannot 
afford to wait for a final document (see the 
technical articles that follow for examples of this 
philosophy). 

Further complications 
While three-dimensional GKS will be compatible 

with two-dimensional GKS as a degenerate state, 
it will not be the only three-dimensional graphics 

TABLE 3 

Organization 
(Mnemonic) 

(Region of influence) 

International Standards 
Organization (ISO) 
(International) 

American National 
Standards Institute (ANSI) 
(United States) 

Deutsche Institute fUr 
Normung (DIN)(Germany) 

Netherlander Normung 
Institute (NNI) (Netherlands) 

Association for Computing 
Machinery (ACM) 
(United States) 

Industrial firms 

Notes: 
• About 1 2 countries active 

Who's Who In Graphics Standards 

Membership 

voluntary by country* 

voluntary 

voluntary 

voluntary 

voluntary 

self 

Representation 

standards bodies in 
participating nations. U.S. 
representative is ANSI 

manufacturers 
organizations 
end users 

manufacturers 
organizations 
end users 
government 

manufacturers 
organizations 
end users 
government 

dues-paying individuals 

self 

• • ACM has voted to generate standards much like IEEE starting this year. 
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Standard-making 
task and influence 

creates world standards 

U.S. representative to ISO, 
creates U.S. standards 

German ISO representative , 
creates German standards 

Dutch ISO representative , 
creates Dutch standards 

not yet defined* • 

determined by market share 



TABLE 4 

Status of Key Graphics Standards 

Standard Activity Draft International 
(Mnemonic) Level Standard --

Initial Graphics under study by 
Exchange DIN ? 
Specification 
(IGESl 

Graphical Kernel draft standard November 1982 
System (GKS) under review 
two dimensions 
Graphical Kernel work item Fall 1984 
System (GKS) 
three dimensions 

Virtual Device not yet work item -
Interface (VDI) 

Virtual Device work item June 1984 
Metafile (VDM) 

Programmer's not yet work item 1985? 
Hierarchical 
Interactive 
Graphics Standard 
(PHIGS) 

Programmer's deferred 
Minimal Interface -
to Graphics 
(PMIGS) 

North American no activity 
Presentation Layer -

Protocol Syntax 
(NAPLPS) 

l 
standard. As mentioned earlier , ANSI's X3H3 com­
mittee (analogous to ISO's TC97/SC5/ WG2 commit­
tee) is working on PHIGS, a three-dimensional 
graphics standard that is richer than either Core or 
the upcoming three-dimensional GKS. Today's top­
down design principles require that graphics systems 
be allowed to have entities or software commands 
that call or invoke other graphics entities such as 
macros and subroutines at multipla levels. This is 
one rationale for PHIGS. Thus, to facilitate stepwise 
refinement of a graphics program and subsequent 
display, a graphics subroutine should be able to call 
a subroutine, and so on. 

Such a hierarchical approach is unavailable in 
either Core or GKS. Both have what is known as 
single-level segmentation. In this design philosophy, 
picture storage and manipulation facilities (ie, seg­
mentation) are limited to a single list of indepen­
dent subpictures or segments. 

Just how the PHIGS will interact with the GKS is 
unclear. And, the thought of yet another graphics 
standard pains many observers. The graphics in­
dustry continually comes up with state-of-the-art 
standards before formalizing the previous ones. In 
any case, PHIGS proponents say it better represents 
what is needed in three-dimensional top-down 
graphics design because it is a hierarchical struc­
ture. In addition, ISO and ANSI members are 
already looking into how the PHIGS, GKS, and Core 
may be made compatible. 

International 
Standard 

-

September 1984? 

-

-

-

-

-

-

When all is said and done, neither the Core, the 
three-dimensional GKS, nor the PHIGS will dis­
appear-all will be used to some extent. Which will 
become a "market leader" is an open question. 
Core, of course, already has an established consti­
tuency. Three-dimensional GKS will most likely be 
an international standard. For its part, the PHIGS is 
in the early design stages and could end up being a 
"competing" standard, abandoned, or be made 
compatible with the three-dimensional GKS. Only 
time will tell. 

The great debate 
However, there is more to the controversy be­

tween Core and the GKS than mere parochial inter­
ests, the not-invented-here-syndrome, and wounded 
egos. Core came first, is three-dimensional, and is 
a de facto standard with some limited (if incom­
patible) versions in the marketplace. For its part, 
the GKS is first making its two-dimensional mark. 
Critics say it is taking too long to reach the market, 
a three-dimensional GKS will take even longer, and 
Core already exists. 

First and foremost is the question of whether the 
ACM is in the standards business (See Fig 4). It has 
not been in the past but ACM voted in February to 
become a standards-making body this year, just 
like IEEE. 

Traditionally, U.S. national standards-making 
activities belong to ANSI, which is the U.S. delegate 
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to ISO. As far as the international voluntary stan­
dards system is concerned, U.S. proposals can only 
be made from ANSI to ISO. Thus, since ANSI has 
opted for the GKS, even if ACM adopts Core as its 
"standard," there is no chance it will be an ISO 
standard . 

There is as much heat as light being generated in 
the Core versus GKS debate . Passions run high on 
both sides (ACM/SIGGRAPH versus almost everyone 
else, more or less) and arguments soon leave a level 
of technical detail that is comprehensible only to 
experts, and which approach religious zeal. 

For some, Core is an attempt by a U.S. body to 
dominate the graphics standards arena. Others say 
Core, if made a standard, will confuse users by 
competing with the GKS, which will be a U.S. 
national and ISO standard. Thus, a standard Core 
is seen as an anti-standards step. 

There are technical issues too. Designed in 1979, 
Core has deficiencies and ambiguities, and represents 
that year's art. More specifically, it lacks provisions 
for the performance, structuring, portability, and 
device independence ideas that have evolved in the 
last five years. Of course, it may be that such things 
will be said about the latest proposed ANSI/ ISO 
standards if they are not quickly adopted. And, with 
time, any graphics standard will need upgrading. 

Core lacks the language bindings that are essential 
for real standardization and application portability 
between different implementations of a standard. In 
contrast, the GKS has bindings under development 
for Ada, Basic, C, Fortran, Pascal, and PL/l. 
Unfortunately, each Core implementation today has 
its own set of routine names, ordering parameters, 
and so on. In short, a program written for one Core 
implementation cannot run on another. Of course, 
a revised Core need not have this problem. 

Core has not been the subject of the extensive 
peer review process that awaits both the GKS and 
PHIGS. Core's sponsors , however, intend to review 

ACM BECOMES 
STANOAROS-MAKING 

BODY 
ADVOCATES CORE 
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COSPONSOR 
CORE' 

Core this year when they bring it up as an ACM stan­
dard . They will use the ANSI review procedures. 

The lack of an extensive international review 
process by members of many interested technical 
communities implies that Core may not satisfy the 
needs of experts in related software areas such as 
programming languages, virtual terminals, trans­
mission protocols, and text processing. Thus, its 
compatibility with these disciplines is open to ques­
tion. The GKS, in contrast, is going through a for­
mal procedure. 

Those who have labored long and hard in the na­
tional and international graphics standards effort 
(where diplomacy is as important as in the inter­
national political arena), see ACM/SIGGRAPH as 
circumventing their efforts. It is doing this by first 
trying to get Core through ANSI, and then declaring 
it a standard on only ACM's say-so. Consider the 
evidence. The consensus of the computer graphics 
community is against a Core standard, as evidenced 
by the recent ANSI committee 47-to-l vote sup­
porting current graphics standards projects. ACM/ 
SIGGRAPH was the lone dissenter. 

Firms point out that multiple graphics standards 
restrain trade because harried graphics system pur­
chasers limit the number and diversity of systems 
that they buy since these systems cannot readily 
talk to one another. They use this as an anti-Core 
argument. Other observers view this argument as 
weak since "official" ANSI and ISO standards 
already proliferate at the same hierarchical level as 
Core. Finally, in another counter-argument, some 
say that since Core exists now, if it were a stan­
dard, manufacturers would design to it and inter­
graphics system communications would be a reality 
quicker than if the industry awaits a three­
dimensional GKS. 

Other technical differences can be discussed until 
all but the afficionado are bored. Indeed, the 
technical arguments become endless and, what 

Fig 4 Not able to convince ANSI to 
opt for Core as a U.S. standard , 
ACM tried to get the IEEE as a 
cosponsor. This year, ACM may 
become a standards-making body 
on its own and promote Core. 



When you're designing a 
first-rate computer system, 
It doesn't make sense 
to compromise with 
a second-rate monitor. 

Consider PGS instead. We 
make three no-compromise mon­
itors, all fully compatible with the 
IBM-PC, to match your require­
ments and your budget. 

High resolution PGS set the 
price/performance standard for 
high resolution RGB color monitors 
with the HX- I 2: .3 I mm dot pitch, 
690 dots horizontal resolution, and 
precise color convergence for a 
crisp, sharp image. 

Monochrome For price/perform­
ance in a monochrome monitor, 
we've set the standard with the 
MAX- I 2: our amber monitor with 
dynamic focusing circuitry which 
ensures sharpness not only in the 
center but also in the edges and 
corners. 

The monitor to meet your 
needs 

All three PGS monitors are 
engineered for no-compromise 
performance to offer you a cleaner, 
sharper image than any other 
monitor in the same price class. 
The HX- I 2 and the SR- I 2 both 
feature uncompromising color con ­
vergence for crisp whites without 
color bleed. The MAX- I 2 offers im-
pressive clarity in an amber phos­
phor monitor that runs off a 
standard monochrome card-
no special card is required . 

At PGS, our no-compromise 
approach includes all the details, 
too, from non -glare screen to a 
shielded cable-standard features 
on all PGS monitors, color or 
monochrome. 

Call us at 800-221-1490 
Compare your specifications to 

ours, listed below. Then call us at 
800-22 I - I 490 and we' ll send you 
a fully detailed spec sheet plus 
everything else you need to know 
about all three no-compromise PGS 
monitors. 

Don't compromise . Look to PGS 
for the image your eyes deserve. 

P~s Princeton 
&111 Graphic Systems 

I I 0 I -I State Road 
Princeton NJ 08540 
(609) 683- I 660 
TLX 6857009 PGS Prin 

Super resolution And, when 
your specifications call for super 
resolution, there's our no-compro­
mise SR- I 2: an RGB monitor with a 
horizontal scan rate of 27 .5 KHz 
which supports 690x480 resolution PGS 
in non-interlaced mode. 

Nationwide service provided by 
Bell and Howell Service 
Company and MAI Serbus 
Service Company. 

delivers 3 no- compromise 
ways to improve your image 

HX-12 SPECIFICATIONS 

MAX-12 SPECIFICATIONS 

SR-12 SPECIFICATIONS 

CRT 12" D iagonal, 76 degree, In-Line Gun, .31 mm dot pitch 
black matrix, non-glare surface (NEC 320CGB22) 

Input Slgnals R, G, 8, channels, Horz Sync, Vert Sync, Intensity­
all positive TTL levels 

Video Bandwidth I 5 MHz 

Scan Frequencies 

Olsplay Size 

Resolutlon 

Mlsconvergence 

Dlsplay Colors 

Characters 

Input Connector 

CRT 

Input Slgnals 

Video bandwidth 

Scan frequencies 

Olsplay size 

Resolutlon 

Input Connector 

Horizonta l: 15.75 KHz Vertical : 60 Hz 

215mm x 160mm 

Horizontal : 690 dots 
Vertical: 240 lines (non-interlaced) 

480 lines (interlaced) 

Center: .6mm max Corner: I . I mm max 

16 colors (black, blue, green, cyan, red, magenta, 
ye llow, white, each with 2 intensity levels) 

2000 characters (80 characters x 25 rows-8x8 dots) 

9 Pin (DB9)-cable supplied to plug directly to IBM PC 

I 2" Diagonal, 90 Degree, non-glare surface 
(P 34 Phosphor) 

Video signal, Horz Sync, Intensity-positive TTL lev 
Vertical Sync-negative TTL levels 

18 M Hz 

Horizontal: 18.432 KHz Vertical : 50 Hz 

204mm x / 35mm 

Horizontal: 900 dots Vertical : 350 lines 

9 Pin (DB9)-cable supplied to plug directly to IBM PC 

CRT 12" D iagonal, 90 Degree, In-Line Gun, .31 mm dot pitch 
black matrix, non-glare surface 

Input Signals R, G, 8 channels, Horz Sync, Vert Sync, 
Intensity-all pos itive TTL levels 

Video bandwidth 25 MHz 

Scan frequencies Horizontal : 31 .5 KH~ Vertical : 60 Hz 

Dlsplay size 2 I 5mm x I 60mm 

Resolutlon Horizonta l: 690 dots 

Mlsconvergence 

Dlsplay colors 

Characters 

Input Connector 

CIRCLE 80 

Vertical : 480 lines (non-interlaced) 

Center: .5mm max Corner: I .Omm max 

16 ~olors (black, blue, green, cyan, red, magenta, 
yellow, white, each with 2 intensity levels) 

2000 characters (80 characters x 25 rows) 

9 Pin (DB9)-cable supplied 



amounts to personal preference-an admittedly 
valid and important factor-plays a strong role. 
The bottom line is that Core cannot, and will not, 
be a national and international standard as these 
terms are understood. And, in the long run, that is 
the end of the matter as far as large firms in the 
multi-billion dollar computer graphics industry are 
concerned. Yes, they have used Core and will con­
tinue to support it as market demand indicates. 
But, in the long run , a graphics standard that is 
officially accepted worldwide is needed in these 
days of international trade dependence. 

Not dead yet 
It should not be thought that Core has no chance 

to compete with the GKS in modern graphics 
systems. Core has enough power to make designers 
of the most modern workstations incorporate it 
into their products, regardless of standards or 
political questions. A case in point is the Berkeley 
Unix 4.2 bsd-based workstation recently introduced 
by Sun Microsystems, Inc (Mountain View, Calif). 
It is a good example for system integrators and 
computer designers to analyze and see if the com­
pany's thinking affects what it does in its next 
graphics system design (for different approaches 
read the technical articles to follow). 

While many disagree with their choice, the com­
pany's use of Core is an example of what the firm 
and the industry perceive to be a need for a delicate 
balance between tracking the state-of-the-art of 
standards technology and adhering to established 
technological standards. Not enough of the former 
renders a product obsolete. Not enough of the 
latter makes it difficult to use the product with 
other gear. 

Fully aware of this problem, the company's 
compromise workstation graphics solution (known 
as Sun Core) is an implementation of the Core stan­
dard at the so-called output level 3C, input level 2. 
Like the GKS, Core allows a variety of input and 
output levels (see Fred Langhorst 's article, "VDI 
promises graphics software portability," p 197). 

For Sun 's Vaughan R. Pratt, who discussed Sun­
Core at the Spring CompCon meeting in San Fran­
cisco (February 27-March 1), the problems with 
Core for the designer and system integrator of a 
state-of-the-art, high end workstation/computer 
system are threefold . One problem is that the seg­
ment is the only structured graphical data object. 
This means that once they are placed in segments, 
neither primitives nor their attributes (except for 
nonappearance attributes) can be individually 
modified . If a change is needed, the segment must 
be rebuilt from the beginning. 

The second objection lies in that the only global 
modifications that can be performed to affect Core 
primitives are limited to changes in image trans­
forms. Moreover, since image transforms are 
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limited to translation, rotation, and scaling, with 
no view transform, rotation other than around the 
z-axis is not useful in most cases. 

Finally, as far as hierarchy is concerned, a seg­
ment is the end of the matter. Simply put, a seg­
ment cannot be part of another segment. In Pratt's 
opinion, limitations one and two swamp three but 
are tolerable. But, one and two can be fixed while 
three cannot. If one and two were fixed, three 
would become an important limitation. 

As mentioned earlier, three limits what can be 
done using today's top-down design and program­
ming techniques. Clearly though, for Sun, design 
alternatives available to Core are flexible enough, 
three dimensions are absolutely necessary, and most 
importantly, the Core standard exists, and has a 
strong base in the computer graphics community. 
Finally, the SunCore started when two-dimensional 
GKS was even more uncertain than now and three­
dimensional GKS was mere speculation. 

The bottom line is that Core cannot, 
and will not be a national and 
international standard as these terms 
are understood. 

Sun did not stop at "minimal" Core standards 
and the firm has also implemented a major portion 
of the proposed raster graphics Core extensions in­
cluding shading, polygons, and rasters. Thus, yet 
another version of a graphics standard-the com­
pany has added further embellishments-is seeking 
a market niche. 

Moreover, the firm's design philosophy has still 
another lesson for computer system integrators. 
While Core is concerned with continuous linear 
figures embedded in three dimensions, raster oper­
ation (which originated at Xerox's Palo Alto 
Research Center some 10 years ago) is concerned 
with rectangular regions of binary pixels. As a 
result, while Core is concerned with what amounts 
to linear transformations in three dimensions to go 
from one ''world'' to another, a raster operation is 
concerned with Boolean combinations of rectangu­
lar regions. 

The Boolean combination raster operation is of 
interest for one major reason. It is a two-dimensional 
resolution-dependent operation, closely matched 
to modern software, hardware, and VLSI-chip tech­
nology for raster-oriented or bit-mapped graphics 
devices. 

Since there is no generally accepted raster opera­
tion graphics standard, neither proprietary, national, 
or international, Sun has developed its own proprie­
tary raster operation, object-oriented standard based 
on what it calls the pixrect or rectangle of pixels . 
Indeed, SunCore achieves raster device indepen­
dence based on pixrects. 



No Hardware or Software Interface High Aesolution 
Now you can have an instant printout of anything displayed 

on a CRT screen with absolutely no hardware or software interface. 
That's because our new TX-1000 thermal printer plugs directly into the video 
connector on most display terminals. You can print complex graphics, alpha­
numerics of any size or font, mathematical symbols and even hieroglyphics -
whatever is on the screen. 

Resolution is excellent! 
Horizontally or vertically switch­

selectable to 40, 50, 80 or 160 
dots per inch. 

No Chemicals or Toners 
Because Ol,Jr videoprinter 

uses advanced thermal tech­
nology, messy chemicals and 

toners are not needed, all of which 

Highest Black-White Contrast 
Using 8-1/2-inch wide paper, the TX-1000 turns out crisp, high contrast 

printing for ful I size reproduction of forms, reports and graphs. Our blacks 
are blacker and our whites are whiter. You'll be amazed! adds up to less down time and no 

warm-up time. Fast and Quiet 
The TX-1000 is fast. Takes just 20 seconds to print a complete 

CRT screen. Quiet too, making it ideal for office and lab 
environments. 

4to1 Zoom 
Two simple controls provide complete 

freedom to zoom, move the image on the 
paper and vary the aspect ratio to adjust for 
screen distortion. 

Built-in Test Pattern and Signal Diagnosis 
The TX-1000 is the easiest-to-use videoprinter on 

the market. It even has a built-in test pattern and input 
signal diagnosis to let you know exactly what's 
going on. 

Smaller Model Uses 5-lnch Wide Paper 
Our compact EX-855 videoprinter uses 5-inch 

wide paper - ideal for many logging and instrumen­
tation systems. 

Advanced Thermal Printing 
Technology 

Because of it's advanced fixed 
head thermal technology, the TX-1000 
is the finest videoprinter available at 

any price. However, the cost is 
low. Just $3395 to the end user. 

Axiom printers are backed 
by distribution and service 
centers in the USA and 21 
foreign countries. 

AXIOM CORPORATION 
1014 Griswold Avenue • San Fernando, CA 91340 
Telephone: (818) 365-9521 •TWX: 910-496-1746 
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What this all amounts to is that the graphics in­
dustry now has the equivalent of an in-house stan­
dard being used as an alternative means to give 
raster device independence to an industry standard. 
Clearly then, private firms, who as mentioned 
earlier cannot wait for standards to be perfect, can 
still innovate and try to establish a new de facto 
standard. Of course , whether SunCore will be suc­
cessful remains to be seen. 

National and international standards-making 
bodies establish standards, and, as has been seen, 
computer-interested professional societies and 
graphics-oriented manufacturers can get into the 
act. Indeed, anybody can get involved since there is 
no law against it. For example, aircraft manufac­
turers and the National Bureau of Standards were 
behind the Initial Graphics Exchange Standard 
(IGES), a metafile-like graphics standard now part 
of the ANSI Yl4.26M standard. 

The IGES exists because it was impossible to com­
municate design and data files between different 
CAD/CAM systems used in the aerospace industry. 
It has been adopted by computer system designers 
and integrators interested in serving this industry. 
With the IGES, for example, an engine mount 
design tape, built up on one CAD machine can be 
modified on another. 

As shown in Fig 1, the IGES is a graphics stan­
dard that allows database information to be used in 
an application program in a standard way. Once 
GKS evolves, it is expected that standard software 
will allow IGES to "talk" to GKS. 

What is really available 
It is all well and good to talk about best-case stan­

dards. But, firms that want to put products on the 
marketplace today cannot wait for the last word 
from ANSI or ISO. Moreover, they may have custo­
mer bases to protect. The five technical articles that 
follow well represent the details of what both new 
and well-established firms are doing with the evolving 
graphics standards. Because they are relatively easy 
to implement, offer many applications, and are the 
most advanced, and therefore off er the least risk of 
major change, the GKS and VDI have received the 
most vendor interest. 

Communication Dynamics's (Wilsonville, Ore) 
Terry Hamm and Gar Bergstedt explain how they 
took another graphic software firm's implementa­
tion of the VDI and designed application software 
to enable managers to prepare personal computer­
based illustrations for their presentations. No mere 
happy end-user story, the article shows how the 
choice of an implementation was made, what the 
practical problems were in developing the applica­
tion software, and what pitfalls the previous user 
of a VDI implementation must look out for. 

VDI is one of the standards that has been quickly 
adhered to by the graphics software industry and 
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Digital Research Inc's (Pacific Grove, Calif) Fred 
Langhorst explains why, and how his firm im­
plemented its version to make device-independent 
graphics application software for hardware 
manufacturers, software designers, and end users 
alike. His careful explanation of what portability 
really means is must-reading for those overwhelmed 
by unrealistic portability claims by vendors. 

Private firms can still innovate and try 
to establish a new de facto standard. 

Integrated Software Systems Corp (San Diego, 
Calif) more commonly known as ISSCO, has had 
proprietary graphics application software for years 
and, like other firms with de facto standard soft­
ware, must protect its market and its customers 
from obsolescence. Therefore, as explained by 
Thomas Wright, it has opted to incorporate its ver­
sion of the GKS graphics standard in its products. 
The company's comparison of the minimal capa­
bility, low end GKS with its full-function, high end 
product points out just what can be expected from 
standards and what they can do, in contrast to 
what may be obtained from a mature product. 

Lexidata Corp (Billerica, Mass) also has a prod­
uct line that has a well-defined market share. With 
one eye out on standards, the firm has chosen, at 
least for the specific product line discussed in its 
article, to emphasize the line's open-system architec­
ture and extensibility as a top-of-the-line offering. 
According to Jack Huisman, it offers accommoda­
tion of graphics standards such as GKS as "concep­
tual constructs." The firm's article emphasizes the 
upgrading approach as a way to incorporate new 
graphics functionality. 

For its customers, Tektronix, Inc (Wilsonville, 
Ore) is offering a GKS implemented in software as 
part of its proprietary, high end graphics software. 
Author Andrew Davis explains how the two graphic 
software systems work together to provide all the 
advantages that one might expect from combined 
packages. Tektronix's Level 2B GKS is a company­
enhanced version that offers such features as 
memory management. Its existence well represents 
the real-world evolution of graphics standards as 
the firm changes with the times and supports (and 
continues to support) first its own de facto stan­
dard, then the ACM's graphics standard known as 
Core, and then the national and international 
standard-to-be GKS. 

Please rate the value of this article to you by 
circling the appropriate number in the "Editorial 
Score Box" on the Inquiry Card. 

High 722 Average 723 Low 724 



The most sensible price around for Tek 4010/4014 graphics emulation. 
And, for a few dollars more, Tek 4027 emulation. 
With our invention, the RG512 Retro-Graphics 
terminal enhancement, we've converted more than 
30,000 conversational terminals into Tektronix®­
compatible bit-map graphing stations. 

This means simple English-like commands, such 
as !POLygon, !C!Rcle, or !PIE, allow you to quickly 
draw complex graphs. And to label these graphs 
with dot-matrix or vector characters that can be 
sized and rotated to suit the plot. We'd now like to introduce you to our latest 

Retro-Graphics innovations for TeleVideo® and 
Lear Siegler® displays: 512 Series, the one that sells 
for $749. And RGJOOO Series, our second generation 
(GEN. II™) enhancement with expanded graphing 
power. 

As for graphics I/O, both product lines feature a 
built-in crosshair cursor and are locally compatible 
with some 20+ popular printers and DE light pen. 

Retro-Graphics. For powerful yet affordable 
Tektronix emulation. 

512 Series. For low-cost Tek® 4010/4014 
emulation. 
Our newest enhancement, 512 Series, 
enables you to quickly generate dot­
ted, dashed, or solid vectors. Incre­
mental point plots. And graphics text 
in four character sizes. 

Compatible with graphics programs 
such as PLOT 10 ™, DISSPLA ®, and 
SAS/GRAF'" , 512 Series ensures your 
existing - or future - software 
investment. 

RGlOOO Series. For powerful Tek 
4027 emulation. 
With RGIOOO Series, you get 4010/ 
4014 emulation plus 4027 graphing 
features. 

A choice of Retro-Graphics models. 
Retro-Graphics - a user-installed PC card - provides 
Tektronix emulation and multiple I/O on TeleVideo 910, 910 
Plus, 912, 920, 925, and 950 and Lear Siegler ADM 3A, 3A +, 
and 5 displays. 

NEW 
512 SERIES 
• Tek 4010/4014 emulation 
• 512x250 resolution 
• Vector drawing and point 

plotting 
• Compatible with programs 

written for DE's RG512 
• User-friendly set-up menu 
• $749 each 

DIGITAL 
ENGINEERING 

GEN.II 
RGlOOO SERIES 
• Tek 4027 and 4010/4014 

emulation 
• 640x240 resolution 
• Primitives drawing, solid 

or pattern fill 
• Multiple character sets 
• User-friendly commands 
• $995 each 

630 Bercut Drive, Sacramento, CA 95814 
(916) 447-7600 Telex: 910-367-2009 

Retro-Graphics is a registered trademark and GEN.II ts a trademark of Digital Engineenng, Inc. ~ 1984 Digital Engineenng, Inc. 
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Tektronix. 
The higher the 

visual resolution 
of a color display, 

the more difficult it 
becomes to converge 
the color beams at a 
precise point. 

Yet, without precise 
control of convergence, 
productivity gains 
promised by high reso­
lution graphics simply 
can't be realized . 

That's why Tek 
designed the 41158 
with AutoConvergence 
as our engineering 
prerequisite. 

The engineering work 
environment is tough on 
high resolution displays. 
A shift in display angle 
for better viewing . Mild 
vibration from a stray 
elbow. Minor tempera­
ture change. Circuit drift. 
Tube aging. The earth's 
magnetic field. 

They all can cause 
the color line blurring 
effects commonly 
called misconvergence. 

Loss of detailed infor­
mation, especially in 
corners. Fuzzy, fringed 
colors. And visual ambi­
guity. All of which can 
lead to user fatigue, 
error and loss of 
productivity. 

Until the 41158, man­
ual reconvergence was 
typically up to an hour­
long task for a service 
technician- resulting 
in even more lost time. 

No wonder most 
display manufacturers 
won't talk about the 
problem. But Tek will. 
Because we solved it 
with our exclusive 
AutoConvergence. 

Push one button on 
the 41158 and all three 
electron guns are con­

-----------4 verged automatically. 

A photodetector picks 
up light from the indexing 
phosphors A microcom­
puter then compares 
instantaneous beam posi­
tions with factory specifica­
tions. Convergence 
corrections are generated 
to make the two co1nc1de 

In 20 seconds. Not 
just in the screen 
center but from corner 
to corner. 

Convergence accu­
racy is within .25mm, 
as compared to the 
0.3mm to 1.0mm 
achievable by man-
ual or other techniques. 
There's no interruption 
to work, so there's no 
loss of productivity. 
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The 4115B's high per­
formance doesn't stop 
with AutoConvergence. 
It just begins there. You 
can apply its 60 Hz non­
interlaced, 1280 x 1024 
display, 50,000 vector/ 
second redraw speed 
and user selectable 32-
bit coordinate space to 
optimize productivity on 
any application. 

Large area fills 
are accomplished at 125 
million pixels per sec­
ond. Standard host 
communications is 

19.2K baud. 
So if you want to start 

with the highest resolu­
tion and work at your 
best all day, every day, 
call your Tek Sales 
Engineer. For literature 
or the location of your 
local Tek sales office, 
call toll-free: 
1-800-547-1512. 
In Oregon, 
1-800-452-1877. 

CallTek 

lektronix 
COMMITTED TO EXCELLENCE 
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• UNPARALLELED 8-INCH WINCHESTER DRIVE 
CAPACITY AND PERFORMANCE. 

The drive is on. Your 
customers expect more 
and more from computer 
systems today. And one 
of the best ways to stay 
ahead is to specify 8-inch 

Winchester drives from 
NEC Information Systems. 

Take the D2257, for 
example. It provides 167.7 

megabytes of storage with access 
time of 20 milliseconds. It's the 

highest capacity available at any 
speed. And it's available right 
now - in volume. 

Proven reliability from the 
people who make Spinwriter. 

Throughout the computer industry, 
NEC's Spinwriter means superior 

quality and reliability. 
So its not surprising 

our 8-inch Winchester 
drives perform at two 
to three times the 

industry's MTBF. 
And our average 

repair time is 
just 30 minutes. 

That means 
lower service 

costs and in­
creased customer 
satisfaction. 



We use a conventional SMD 
interface. 
So our drives are easy to use. 

It's simple to integrate NEC's 
8-inch Winches.ter drives into your 
system. The reason is our standard 
Storage Module Device (SMD) 
type interface. 

In addition, you wind up with 
significant savings in installation, 
packaging, maintenance and cost­
of-ownership. 

NEC. Technology drives us. 
NEC has been pioneering 

advancements in electronics for 

Choose from four high 
performance capacities: 

25.7, 42.5, 85.0 and 167.7 MB. 

almost 85 years. We've been developing 
disk drives since 1959. 

Our8-inch 
Winchester drive 
technology is state-of­

the-art, .while other 
NEC drives 

An evaluation 
unit will be shipped 
within 72 hours from the 
time your PO is received. 

incorporate such advanced technology as 
plated media, thin-film heads and optical 
recording. 

Clearly, NEC remains at the leading 
edge. 

For more information on NEC 8-inch 
and 51/4-inch Winchester and flexible 
drives, or the name of your nearest NEC 
representative, call 1-800-343-4418 (In 
Massachusetts, call 617-264-8635). You'll 
find out why more and more OEM's are 
saying "NEC and me." 

A standard SMD interface, 
standard forms factor and 
low de power requirements 

NEC 
AND mean easy system 

integration. 

ME 
NEC Information Systems, Inc. 
1414 Massachusetts Avenue 
Boxborough, MA 01719 
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SPECIAL REPORT ON GRAPHICS TECHNOLOGY 

ANATOMY OF A 
GRAPHICS EDITOR­
THE INSIDE STORY 
Designers can benefit from a detailed analysis of how 
standard-based software creates a real world graphics 
application. 

by Terry Hamm and 
Gar Bergstedt 

Research proves that the use of overhead presenta­
tions can greatly enhance engineering or business 
presentations. However, there is a problem in 
developing such presentations. Currently, managers 
have three means of obtaining transparencies. They 
can hire a graphics artist, scribble out something of 
their own, or use one of the few available computer 
graphics software packages. 

Unfortunately, fees for graphics artists are high, 
and waiting for the finished product is time con­
suming. Many computer graphics software packages 
require large mainframe systems and/or the equiva­
lent of a college degree in computer graphics to run 
them. This leaves the most-used method-scribbling 

Terry Hamm is vice president of engineering at 
Communication Dynamics, 8532 SW St Helens Dr, 
Wilsonville, OR 97070 where he is responsible for 
product design and development. He holds a BA in 
mathematics and an MS in computer science from 
Washington State University. 

Gar Bergstedt is vice president of research at 
Communication Dynamics, Wilsonville, OR, where 
he is responsible for new product ideas and user 
interj ace design. He holds a BA from Evergreen State 
College. 

out the overhead by hand. This last option can cause 
frustration for speaker and audience alike. 

To solve this problem, Communication Dynamics 
has created a graphics editor known as Sound 
Presentations. As the company recognizes, to be 
useful, a graphics editor must be easy to learn (30 
min for the average first-time user), easy to use (an 
infrequent user should be able to produce output for 
a presentation in just a few minutes), and able to 
do graphs, maps, and text with diagrams. Further­
more, the editor must be portable and, without 
changing the developed program, be able to run on 
multiple microcomputer systems. 

A graphics editor must also have certain function­
ality, such as the ability to create text, lines, boxes, 
circles, and polygons. It must also copy, delete, 
move, scale, rotate, group into symbols, ungroup, 
and change attributes on these objects. Additional 
functions needed are the ability to save, restore, 
preview, and list pictures and symbols, and undo any 
action taken (ie, delete a line and then bring it back 
again). Finally, the editor must provide online help 
for all its functions. 

How to design a graphics editor 
With these functional constraints in mind, the 

primary graphics editor design consideration is 
deciding on an appropriate development approach 
(Fig 1). The major question here is the usual one 
of "make versus buy." This dilemma focuses on 
whether the program can be built from the ground 
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(a) (b) 

Fig 1 The Sound Presentations graphics editor can be developed from the ground up (a), or with the aid of a 
graphics tool kit (b). Tools allow a faster time-to-market while custom design offers only incremental technology 
advantages. 

up or if use can be made of graphks software 
development tools currently on the market. 

For Communication Dynamics, time-to-market 
proved to be more important than the incremental 
advantages that could be obtained by its own cus­
tom graphics utilities. Therefore, the firm set about 
establishing the need for a graphics tool kit, and 
creating the requirements for these tools. They had 
to be complete, easy to use, efficient, and portable. 
It is important to define these four attributes of a 
graphics tool kit. A complete set of tools offers a 
full set of utilities that enable developers to concen­
trate on construction of the specific application. 
They need not spend time developing the tools 
themselves. 

An easy-to-use set has a good match to the de­
velopment language in use. Its primitives blend well 
with the application being developed. Of course, an 
efficient tool kit is such that the data structures and 
code for its primitives are not costly in memory 
utilization nor in runtime performance. 

Finally, portable tools make transporting the 
application between different microcomputer systems 
easier. This means that an application is source­
code-portable between machines (assuming language 
compatibility between machines), and the applica­
tion can continue to deal with hardware-specific 
graphics devices in a device-independent manner. 

Making a choice 
Two approaches were available to the company 

to take care of the requirements and constraints 
already mentioned. The company could use a 
language with built-in graphics capabilities, such as 
Microsoft's Gwbasic; or it could use a library of call­
able graphics primitives. The second option was 
selected as no language with built-in primitives 
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existed that would provide support for multiple 
devices, nor did one exist that was portable to a wide 
variety of hardware environments. 

The next decision focused on which library to use. 
There were just two graphics utility packages 
available at the time the choice was made on micro­
computers-Graphic Software Systems' (Wilsonville, 
Ore) ass-Drivers, and Digital Research Inc's 
(Pacific Grove Calif) DRI-asx. Experience with both 
packages, and the importance of versatility, led to 
the choice of the ass-Drivers. This choice also 
offered a window system called ass-Toolkit:Window 
Manager to assist in creating what the company 
felt was the most friendly, and easy-to-use, window 
interface. 

There were several other reasons for the choice 
of ass-Drivers. For one, it works under both MS­
DOS and Unix and supports a high level C language 
interface to its library. In contrast, asx is available 
in CP/M and MS-DOS, but only has an assembly 
language interface. For another, as mentioned, 
ass-Drivers offers performance and user- and 
developer-friendly features not included in asx. 
These include symbolic driver names, preserving 
aspect ratio so that pictures will map from one device 
to another, and additional graphics input features 
like rubberbanding. 

ass-Drivers also provides error indicators back to 
the calling routine. This feature lets the program 
catch certain runtime errors and respond accordingly. 

Explaining some ass-unique features can aid in 
the understanding of their utility. For example, a 
symbolic driver name is a name like "display" or 
"printer." ass-Drivers uses these names rather than 
a preconfigured device number because they can be 
equated to other devices. Thus, system reconfigu­
ration is simplified. 



If you want the best image 
processor, get the best software. 

From the day Gould's Library of Image pro­
cessing Software (LIPS) is installed with your 
IP8500, you'll have an interactive system with 
help files, command sequence files, discrete 
image directories, and full interactive control of 
all hardware components. You can begin filter­
ing or Fast Fourier Transform (FFT) operations 
immediately on our sample files, or capture and 
load your own images from an RS170 camera 
or our new Real-Time Digital Disk. Look-Up 
Table manipulation is precise, convenient, and 
fully interactive, including storage and retrieval. 

LIPS is the "package deal" to meet your im­
aging needs. 

LIPS also provides interactive software for 
measurement of pixels, lines, or regions of any 
image. Once you've analyzed your images, call 
a filter of anysizeorshapefromthe LIPS kernel 
database and execute it entirely on ciur four­
channel Digital Video Processor at video rates. 
Or do spatial modifications such as rotation, 
translation, or warping. All interactively, all 
starting installation day. That's the difference 
between Gould software and any other pack­
age in the industry. 

LIPS Version 3.0 and LIPS Plus 

To assist LANDSAT, specialized classification, 
and recognition applications, Gould proudly 
announces LIPS Plus with the following 
features: 

• Filters: Median, Wallis (Local Area Adaptive His­
togram Equalization), Sobel, kernel of any size, 
block average filters, Roberts, Prewitt, Laplacian, 
FFT. 

• Topological Operations: Thinning, exo­
skeleton, thick, hollow, fill, cut tail, raster-to-vector, 
vector-to-raster. 

• Statistics: Histogram, mean value, standard de­
viation, variance, covariance, matrix, scattergram 
for training set generation and edit. 

• Classification: Bayesian maximum likelihood, 
parallelepiped, Parzen window, Mahalanobis, min­
imum distance, Fisher discriminant, principal com­
ponents, RGB to IHS transforms. 

LIPS version 3.0 features the following 
highlights: 
• Convenient system operation and image database 

management. 
• Real-time inputs from camera or digital disk (up to 

3200 images). 
• Flexible radiometric operations for intensity display 

and modification (up to 16-bit look-up table) . 
• Thorough measurement and analysis-spatial and 

radiometric quantification. Near real -time histo­
gramming. 

• Powerful filters and transforms for mathematical 
data alteration. 

• Geometric operations- changing the spatial re­
lationship of data. Warp hardware will perform a 
2nd order geometric transform of up to 4K x 4K 
images (8, 12 and 16-bits) using cubic convolution 
resampling . Typical warp time for 512 x 512, 8-bit, 
4 x 4 cubic convolution resampling is 1 second. 

• Artistic and graphic functions-embellish, rear­
range, create images. Auxiliary Graphics Proces­
sor: 800,000 points/second. 

• Support-training, installation, software sub­
scription. 
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Write or Call and let us tell you what else is 
new at Gould Imaging and Graphics Division. 

Gould Inc., Imaging and Graphics Division, 
1870 Lundy Avenue, San Jose, CA 95131 , 
(408) 263-7155, TWX (910) 338-7656, 
Eastern: (516) 736-3440, Southwest: 
(214) 458-0052, Western : (408) 263-7155, 
European: (089) 769-5037, Telex: 05-29-628 
mod-d. 

IMAGE CAPTIONS 
Top: 
• Left back corner: 2-D FFT processed in 2 minutes with 

LIPS Plus. 
• Four 1024' medical images: multimodality, split screen 

display. 
• Face: CT scans in 3-D modeling, plastic surgery at 

Mallinckrodt. 
• Mountains: LIPS assists fast graphics hardware and large 

memory matrices with GKS-based Auxiliary Graphics 
Processor. Courtesy S.A.I. 

• Pseudo-colored flowers: shows LUT manipulations. Note 
graphic load display plus intensity reference scale. 

• Same 10242 flowers: shows color cut and paste in 1 frame 
time. 

• Jars and pens: Synthetic image like #4, courtesy Pacific 
Data Images. Photo by Jim Weil. 

Bottom: 
• Two corners: LIPS driver supports 10242 LANDSAT 

imagery, courtesy NASA-Ames Research. 
• Top bas relief: Matrix filter, the basis of classification and 

recognition. LIPS allows kernels of any shape and size 
and executes at video rates. 

• Histogram: line or pixel analysis under LIPS. 
• Spheres: fast Z-buffer merge courtesy Rensselear. 
• Cake and strawberries: 102i looks good enough to eat. 
• Bottom: mesh algorithm, courtesy Lunar & Planetary. 
• Weather satellite: shows graphics overlay, courtesy 

MacDonald Dettwiler. 

•} GOULD 
Electronics 
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Preserving the aspect ratio means that the graph­
ics software is cognizant of the relative dimensions 
of the output device it is using. For example, a 
printer has a longer vertical dimension than horizon­
tal. On the other hand, a plotter and display usually 
have a longer horizontal dimension than vertical. 
Drivers takes this into account when graphical data 
is displayed. 

Simply put, ass-Drivers is a set of subroutines 
that provides a standard· way of communicating 
computer graphics to devices. As a proposed stan­
dard, it is also known as the virtual device interface 
(VDI). 

Indeed, this VDI is an implementation of the 
proposed American National Standards Institute 
(ANSI) device interface level graphic_s standard (a 
proposed international protocol by which a program 
communicates to graphics devices like displays, 
printers, plotters, and mice). It provides Sound 
Presentations with two advantages. 

First, ass supports a large number of graphics 
devices. Second, if this VDI is accepted as an inter­
national standard, then the Sound Presentations 
product can run on even more devices. 

ass-Toolkit:Window Manager, the other part of 
the graphics development tools, offers a set of 
routines to ease development of an interactive graph­
ics application. A window is a logical 110 device 
(Fig 2). It appears on a screen as a rectangular area 
in which output can be drawn, and to which input 
may be directed. 

There may be several (potentially overlapping) 
windows on a screen. The window manager controls 
the input and output from each window and regu­
lates the visibility, overlapping, and other window 
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Fig 2 The Windows 
package, under the control 
of a window manager 
program, offers logical 110 
devices. As shown, they 
may overlap and perform 
a variety of functions for 
the graphics designer. 
Their size can vary and 
they can switch in and out 
of the screen. 

characteristics. For this design, the combination of 
ass-Drivers (VDI), and ass-Toolkit:Window 
Manager meets the previously mentioned require­
ments for completeness, ease of use, efficiency, and 
portability. 

Implementation process 
With the selection of a graphics utilities package, 

the development cycle for Sound Presentations 
began with the prototyping of several user interfaces. 
Here, ass's tool saved development time. Indeed, 
the graphics primitives were extensive and power­
ful enough so that it was easy to build most of the 
interface prototypes in less than two days. 

These prototypes also played an important role 
in the user interface design. For example, they 
showed aspects of the interface that would other­
wise be difficult to envision. These aspects include 
hand and screen coordination for menu selection, 
object creation and selection, and inconsistencies in 
design event sequencing. Other prototyping aids were 
valuable in the best placement of text input, and the 
determination of the visual feedback needed during 
line drawing. 

As with any design, proper placement of text 
input is important and should enable users to see 
text as they enter it into the graphics editor. Initially, 
Sound Presentations used the bottom line of the 
display as a text buff er. Then, the text was moved 
to a specific location after it was typed in. 

The font, color, alignment, and size of the text 
were then changed. After prototyping this approach, 
the designers saw that it did not provide sufficient 
user feedback. In a new approach, designers made 





a change in which the text appears immediately with 
its attributes at any location the user chooses. The 
tool feature allowing this design is the ability to 
input characters one at a time, and then write them 
out in either a visible, or in an erase mode. 

The much-needed visual feedback during object 
creation comes from actually seeing the line that is 
about to be drawn. The first design approach was 
to have the user select points, and then correct them 
after they were selected. By using the vm mode 
known as rubberbanding, the user can see the line 
as it is being drawn. 

Once it was determined which design details 
performed well, and which did not, the software 
designers were able to complete the design proq::ss. 
In this way, the design was verified with the firm's 
marketing department and continued to the imple­
mentation stage. 

The two sides of device independence 
The implementation stage demonstrated the 

double-edged sword of device independence. When 
tools designed to run on many different graphics 
devices are used, the designer has to pay the price 
of generality. Simply put, generality means that the 
tools may not support the special features of any 
one device, but rather support the broadest feature 
range of all devices. 

In one case, sampling input from the keyboard 
and mouse in order to move the text cursor with the 
mouse and, at the same time, type text to the screen, 
was desirable. This feature is currently beyond the 
tools' capability. In another case, it was valuable to 
use various text rotation angles. However, neither 
the tools nor the device hardware supported such 
a feature. 

The beneficial side of device independence can 
bring more than what is initially expected. First, 

WORKSHEET Window 

'\ Line 
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there are the expected benefits like portability (ie, 
being able to run on a large number of devices 
without any program changes). Then, there are 
others such as a graphics mode that makes it possible 
to move the company's own cursor across the screen. 

In a new approach, designers made 
a change in which the text appears 
immediately with its attributes at 
any location the user chooses. 

Throughout the implementation process, the oss 
tools really do the job. The graphics primitives like 
polyline, circle, polygon, and text are used to create 
graphics. For file access, the l/O package included 
in ass-Drivers is used to connect to a directory, list 
a directory, open, read, and write. In fact, most of 
the attributes associated with displayable objects, 
such as color and size, are supported with the un­
derlying vm structure. As mentioned, the single, 
most beneficial aspect of the oss tools, however, is 
the time saved in design and development. 

Inside sound 
Out of the development and implementation cycle 

emerges a graphics editor that is easy to use, easy 
to learn, portable, and extensive. Its four parts 
comprise a worksheet window (where pictures are 
composed and edited), an options or attribute win­
dow (where line colors and text size, among others, 
can be changed), a file support window (where a 
designer can save or restore pictures or parts of a 
picture), and a help window which provides online 
help for the current set of menu items. 

\ 

The worksheet window is used for picture compo­
sition and editing. In this window, the user creates 

~ 
~ Fig 3 It is in the 

worksheet window that 

lams I 
users create, edit, refine, 

I and finalize, their graphics 
I application program. The \ 

~ 
\., typical objects shown can 

be combined or deleted in 
an interactive process that 
takes only minutes to 

LE learn. 

'EXIT I 
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objects such as text, lines, boxes, circles, and poly­
gons (Fig 3). All of these creation processes can be 
undone with the backspace key. Moreover, each of 
the worksheet objects can be deleted, moved, scaled, 
rotated, copied, grouped, or ungrouped. These 
functions, like the creation functions, can also 
be undone. 

Move and scale were combined through the use 
of "tag" points [(Fig 4 (a)]. When an Xis selected, 
the object can be moved. When a box is selected, 
the object is grown from that edge. When the 
diamond in the center is selected, an object is scaled 
[Fig 4 (b)]. In the option window, attributes of a 
selected object or the default object can be changed. 
The option window also controls a grid- and text­
quality override mechanism. 

For its part in the graphics software design 
process, the file window is the user interface for 
saving and selecting picture files to graphically edit. 
It provides an interface to the computer file system. 

Fig 4 As shown, tag 
points allow the combining 
of move and scale 
operations in a worksheet 
window (a). When a 
diamond is selected (eg, 
with a mouse) the 
corresponding object is 
scaled (b). The "grow" 
feature is useful for 
sophisticated picture­
making. 

With it, directories can be specified, and files can 
be previewed, loaded, saved, or deleted. 

Finally, the help window is displayed whenever 
Sound Presentations is executed. It can also be 
accessed anytime during execution. And, based on 
the current context, the help window can provide 
help for whatever action is being performed. The 
help window models the other three windows by 
presenting the same menus and selection method. 

Please rate the value of this article to you by 
circling the appropriate number in the "Editorial 
Score Box" on the Inquiry Card. 

High 725 Average 726 Low 727 
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Real-time analysis in any 
hi~-level language speeds your 
software development projects. 

If you're developing software for 
complex microprocessor designs, the 
HP 64000 Logic Development System 
lets you take full advantage of the 
productivity benefits inherent in high­
level languages such as Pascal and C. 
Not only can you save time during 
software generation, but with the 
HP 64620 Logic State/Software Anal­
yzer, you can now speed through 
debug and analysis as well. The 
HP 64620 is an integral part of the 
HP 64000 Logic Development Sys­
tem, and is the first real-time soft­
ware analyzer to offer detailed trigger-

~!ii r·~ HP-18: not juM IEfE-488, but lhe 
"-Ow-we.~and 

support tNt dehers the shortest 
SYSTEMS ~th to a meuumnent 1pttm. 

ing and store qualification based on 
high-level statement line numbers 
and module names. The previous lim­
itation of having to debug high-level 
source code in tenns of its assembly 
language translation is now elimi­
nated. You can debug programs in 
the same high-level language in which 
you develop them. 

Best of all, because virtually all 
high-level language compilers can in­
terface with it, the HP 64620 analysis 
package is source-language indepen­
dent. You can now develop code on 
your favorite mainframe computer, 
then download portions of the code 
to the HP 64000 system (with an in­
stalled HP 64620 subsystem) for 
detailed real-time program flow anal­
ysis. The perfect solution for very 
large development team efforts. You 
get the economy of mainframe time­
sharing, along with the powerful 
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diagnostic, emulation, and analytical 
features of the HP 64000 Logic 
Development System. 

Now's the time to learn how the 
new HP 64620 Logic State/Software 
Analyzer enhances the Hewlett­
Packard productivity multiplier- the 
HP 64000 Logic Development Sys­
tem. For more information on the 
HP 64620 or the HP 64000, contact 
your local HP sales office listed in 
the telephone directory white pages. 
Ask for the electronic instruments 
department. 

F//O'I HEWLETT 
~~ PACKARD 



New CRT 
ultra-high resolution 
is now possible. 

A major hurdle in developing ultra­
high resolution video graphics has 
been the absence of a fast, high 
voltage video driver transistor. Now 
TRW clears the way with three 
new bipolar CRT drivers! They're 
designed to meet the needs of graphic 
display systems for CAD/CAM, 
CAE, medical or other applications 
requiring ultra-high image definition. 

Get video bandwidth beyond 
100 MHz with new TRW drivers. 

These new CRT drivers combine 
high (120 volt) breakdowns with low 
output capacitance (<2 pf), and 
high speed (fm> 2 GHz@ 80 mA). 
They're exceptionally rugged to 
withstand large amounts of current 
in BVcbo or BVces modes, and 
incorporate a proven reliable all gold 
monometallic metallization system. 

Our new bipolar high resolution 
transistors come in three packages: 
T0-39 (LT1839), T0-117 (LT1817), 
and T0-220 (LT1820). These new 
transistors are priced in the $4 to $8 
range in small quantities. 

For additional technical information, 
and/or samples, contact Dan Brayton , 
Product Manager, RF Devices 
Division, TRW Electronics Group, 
14520 Aviation Blvd., Lawndale, 
California 90260, phone 213.536.0888. 
©TRW Im: 1983- TRF 3104 

··~·· 
RF Devices Division 
TRW Electronic Components Group 
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SPECIAL REPORT ON GRAPHICS TECHNOLOGY 

VOi PROMISES 
GRAPHICS SOFTWARE 
PORTABILITY 
Hardware manufacturers, software designers, and users benefit 
when application software using graphics is display-device 
independent. 

by Fred Langhorst 

The natural evolution of more sophisticated graph­
ics hardware features and the need to migrate appli­
cation software from one computer to another define 
the necessity for a full-function graphics interface 
standard. An ideal standard would provide an appli­
cation program with access to future graphics devices 
without any limitations on resolution, the number 
of colors, performance, or the technology used in 
the display or hardcopy device. Such a graphics 
standard would also make object-code portability 
possible so that recompiling or relinking of appli­
cation programs would not be required when the 
standard is combined with industry-standard oper­
ating systems. Unfortunately, the attributes of this 
standard are just now becoming available with to­
day's microcomputer graphics and products such as 
the Digital Research Graphic System Extension, or 
osx (see Panel, ''Real-world microcomputer 
graphics''). 

Fred Langhorst is director of corporate planning and 
development at Digital Research Inc, PO Box 579, 
Pacific Grove, CA 93950. Dr Langhorst holds a BS in 
mechanical engineering from General Motors Institute 
and an MS and PhD in mechanical engineering from 
Purdue University. 

Having graphics application software that is 
computer-system independent is the goal of graphics 
standards. Indeed, it would benefit both the soft­
ware developer and the consumer. To achieve appli­
cation portability, the differences between computer 
systems that have to be accommodated include com­
puter CPU instruction set, operating system inter­
faces, and graphics device 110 functions and 
protocols. In fact, three levels or degrees of 
computer independence can be defined as far as 
graphics standards are concerned. These are source­
code portability, object-code portability, and com­
munication protocol commonality. 
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Real-world microcomputer graphics 

Until five years ago, the use of computer-generated 
graphics was limited primarily to engineering design 
and scientific applications where the high cost of hard­
ware could be justified. The Apple 11 lowered the cost 
barrier substantially, and a number of games as well 
as entry-level commercial applications began using 
Apple's bit-mapped graphics. 

Today, the Apple, the IBM PC, and other second­
generation microcomputers have brought computer 
graphics to millions of desktops. However, the device 
dependence of most programs has restricted the avail­
ability of high quality software products employing 
graphics. 

The widespread acceptance of the IBM PC, with its 
optional color graphics adapter, has established an 
interim bit-mapped display standard. Moreover, many 
PC-compatible computer manufacturers have 
designed their display hardware to be identical with 
IBM's hardware, and can run the many graphics 
applications that address the PC. 

There is both good and bad news in this strategy. 
The good news is that the number of PC graphics 
applications is significant and users have a choice. The 
bad news is that hardware manufacturers are not fr'ee 
to differentiate their machines with higher resolution 
and more colors. Also, most of these applications are 
unable to drive high quality peripherals such as ink­
jet printers, plotters, and slide cameras to their full 
capabilities, if at all. 

Clearly, .a hardware-based graphics standard can­
not last, even if it is based on IBM hardware . The IBM 
PC will naturally have increased graphics capabilities 
at some future time and, at that point, all of the 
graphics applications will be left behind. Even if a 
compatibility mode is provided, the old software will 
not access the new hardware capabilities and will lose 
its competitiveness to new programs that utilize the 
latest features . 

The relationships between these three levels of 
application software portability are straightforward 
(Fig 1). For example, portability across CPUs 
and operating systems dictates high level languages 
and is limited to source-code portability. Object­
code portability means that software can be moved 
from one computer system to another in load­
module form. 

Source-code portability allows programs to be 
ported from one computer to another through the 
use of a common language compiler. For example, 
applications written in languages like Pascal, C, or 
Fortran can be recompiled and linked to operate on 
any computer systems that support compatible com­
pilers. Source-code portability also provides software 
developers with a convenient means for moving their 
programs to new computers. However, retail distri­
bution requires custom load modules (object code) 
for each computer system. Moreover, source code 
is seldom distributed to retail customers for two 
reasons. First, users typically do not have the tools 
or skills to build executable modules. Second, 
proprietary technology would be revealed. 
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Graphics standard activities over the1ast 10 years 
have almost exclusively focused on a means for 
accomplishing source-code portability. The challenge 
is to create a set of graphics primitives that is 
simple, consistent, and can be applied across a wide 
range of graphics devices. 

In the mid-1970s, the Association for Comput­
ing Machinery /Special Interest Group on Computer 
Graphics (ACM/SIGGRAPH) took the initiative and 
formed a graphics standard planning committee. In 
1979, it published the first comprehensive functional 
specification for a graphics programming interface 
called the Core graphics system or simply, Core. The 
Core system has been implemented by many uni­
versities and firms. However, it is not a national 
standard and it will not be. A stronger international 
standard, the Graphical Kernel System (OKS) 
has emerged. 

The OKS was initially defined in Germany and 
was subsequently adopted by the European com­
munity as a draft International Standards Organi­
zation (ISO) standard. In late 1982, the U.S. 
representative to ISO accepted the draft OKS stan­
dard and it is now on its way to becoming both an 
American National Standards Institute (ANSI) and 
ISO standard. The first OKS standard contains a 
comprehensive set of two-dimensional graphics and 
text functions along with bindings to the Fortran lan­
guage, and potentially others. A language binding 
defines subroutine names and argument syntax so 
that complete source-code portability is feasible. 
Future OKS standards are expected to include three­
dimensional primitives that will be_helpful in scien­
tific and engineering applications. 

Object-code portability 
Software can be moved from one computer system 

to another in load-module form when compatible 
operating environments exist. This is the most com­
prehensive form of device ii:idependence and makes 
it possible for software to be distributed in a single 
version for a number of different computers. An 
identical CPU chip and operating system are, of 
course, required to accomplish object-code porta­
bility across a number of different computer systems. 
The first large-scale example of object-code porta­
bility in the microcomputer industry is the combi­
nation of CP / M and the 8080 or Z80 chips in 
thousands of personal computers, thus causing rapid 
growth of software products. 

Graphics standards that accomplish object-code 
portability are still in the definition stage. ANSI's 
committee on graphics programming standards 
(X3H3) has a subcommittee pursuing a Virtual 
Device Interface (VDI) standard to accomplish the 
object-code portability chore. The VDI's functional 
ability is concise, yet comprehensive, and represents 
the best interface model for accomplishing object­
code portability. Furthermore, the VDI functions 
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Fig 1 The graphics standards 
proposed by national and 
international standards-making 
bodies are hierarchically related. 
Each of them bears a specific 
relationship to the software 
portability problems that many 
firms are currently addressing. 
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HARD COPY NORTH AMERICAN 
PRESENTATION LEVEL 

PROTOCOL SYNTAX 
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represent a good set of capabilities to be incorpo­
rated at the operating system level where the appli­
cation program object code-to-system interface exists. 

Standards that define the serial flow of graphics 
information from a computer to an output device 
are communication protocols. There are a number 
of de facto communication protocols in the indus­
try today as a result of the success of their respec­
tive graphics terminals . The most widely used is the 
Tektronix 4010 terminal protocol. Others include the 
IBM 3279 color terminal control interface and the 
Digital Equipment Corp Remote Graphics Interface 
Standard (Regis). 

ANSI's X3L2 committee is active in standardizing 
a graphics protocol called the North American Pre­
sentation Level Protocol Syntax (NAPLPS). The 
NAPLPS protocol was designed for videotex services 
by the Canadian government's Telidon project dur­
ing the 1970s. In 1981, AT&T endorsed the Telidon 
work and added some functional ability to arrive at 
the current NAPLPS. 

The X3L2 standard is now in the final approval 
stage and should be published later this year as the 
U.S. videotex standard. This protocol standard will 
be widely used in host computer-to-remote termi­
nal communication of graphics images. Indeed, 
home banking and video shopping services in North 
America will be NAPLPS based . This protocol may 
also find applicability in transmitting graphics over 
corporate computer networks and local networks. 

A second ANSI standard, the Virtual Device Meta­
file {VDM), may also become significant as a 
communication protocol. The VDM is a project of 
the ANSI VDI committee. It is a protocol made up 
of the VDI functions encoded for disk storage or net­
work transmission. 

As summarized in Fig 1, the discussed standards 
form a graphics software hierarchy. Each of these 

DEVICE 
METAFILE 

(ANSI) 

standards will have an impact on different aspects 
of computer graphics and some will no doubt be 
more significant than others. According to Digital 
Research, for example, the VDI and NAPLPS will 
have the greatest impact on the microcomputer 
industry. 

Microcomputer vo1 
In light of the various developments in national 

and international standard activities, Digital 
Research has created its Graphic System Extension 
(asx) product strategy. To provide a graphics stan­
dard with the aforementioned attributes in micro­
computer graphics, the company (which began 
extending its system software line with graphics in 
1982) has defined six goals. The first is to accom­
plish object-code portability for graphics application 
programs. Second, the company wants to support 
device-independent graphics 110 with its own oper­
ating systems and provide consistent interfaces for 
other operating systems such as PC-DOS, MS-DOS, 
and Unix. Third, the firm wants to follow the oper­
ating system model that made CP / M so successful 
and extend it to include function calls for graphics. 

Two of the last three goals focus on supplying 
independent software vendors with a compact and 
high performance graphics interface that would off er 
them significant value, and providing device­
independent access to graphics hardware from the 
company's line of high level language compilers. 
Finally, there is the goal to design graphics inter­
faces to comply with national and international stan­
dards where ' possible. 

The first-listed objective is seen as the key to suc­
cessful device-independent graphics in the microcom­
puter industry. As the basis for the rapid growth in 
the CP/M software market, object-code portability 
continues to be an important factor in the MS-DOS 
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software market. Object-code portability is particu­
larly significant in the microcomputer market be­
cause only a few CPU chips control the major 
industry share. In contrast, in the mini- and main­
frame market, manufacturers almost always use 
proprietary CPUs and load-module portability is a 
moot point. 

In considering the origin and functions of CP/ M, 
Digital Research concluded that the operating sys­
tem's calls (opcodes) were designed to support the 
hardware that was commonly available at the time 
of CP/M's invention. For example, having bit­
mapped graphics was not a common microcomputer 
feature and no support was required. However, the 
need for the extension of a microcomputer operat­
ing system to include graphics I/O functions became 
obvious as computer manufacturers started offer­
ing graphics displays. The osx' s design focuses on 
fulfilling the need for such an extension. 

The GSX is designed to comply with the emerg­
ing ANSI VDI because the VDI provides the minimal 
functionality required and because there are no other 
alternatives. For example, the GKS is a high level 
language interface that employs a floating point 
coordinate system and has too many functions to 
be a compact and efficient operating system inter­
face. For its part, NAPLPS is a serial protocol that 
requires too much coding and decoding to be an effi­
cient interface between a bit-mapped display and a 
CPU on the same bus. 

In January 1983, the GSX for CP/ M-80 was 
released as the first microcomputer industry VDI. 
According to the company, this GSX also 
represented the first time object-code portability for 
graphics applications had been accomplished on any 
size computer. A GSX for CP/ M-86 was released in 
April, and in September, the first support for 
PC-DOS and MS-DOS was available. Future versions 
of the GSX will provide an identical graphics VDI 
on Unix. 

APPLICATION { 
LOAD 

MODULE 

SYSTEM 
SOFTWARE 

1/0 
DEVICES 

GSX 

INTERNAL 
DISPLAY 

BIT·MAPPEO 

DISPLAY 
CONTROLLER 
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PRINTER KEYBOARD 

PLOTIER MOUSE 

TABLET 

In designing the GSX, the company built on two 
principal architecture components of CP/M and 
MS-DOS-the basic disk operating system (BDOS) 
and the basic I/O system (BIOS). The BDOS compo­
nent is the device-independent part, and the device­
specific parts such as disk drivers and keyboard 
interface are BIOS contained. Moreover, the GSX is 
designed with two analogous parts, the graphics 
device operating system (GDOS), and the graphics 
I/O system (GIOS). Fig 2 shows the relationships be­
tween an application program, GSX, the operating 
system, and I/O devices. 

Inside the GSX architecture 
Access to all graphics functions is through the 

GDOS in a manner identical to disk or keyboard calls 
to the BDOS. Specifically, BDOS function number 115 
is reserved as the entry point for all GDOS calls. In 
addition, information defining graphics functions 
is passed into GDOS in five arrays. These are known 
as the graphics operation code, input parameter 
array, input points coordinate array, output 
parameter array, and output points coordinate array. 

All graphics data points are passed to the GDOS 
in a normalized device coordinate (NDC) space ex­
tending from o to 32767 in both x and Y directions. 
The GDOS processes these points by first convert­
ing them into the device coordinate space of the tar­
get device and then passing the graphics commands 
on to the GIOS. This transformation is possible in 
the GDOS because the necessary information about 
the device is passed from the GIOS to the GDOS at 
device initialization. Such a design provides a VDI-. 
compatible method of passing coordinate values. 
Moreover, the use of integers makes a high perfor­
mance interface possible. 

The GDOS is also responsible for the dynamic 
loading of GIOS device driver files. Each graphics 
device is associated with a workstation identifier 
number (WIN). When GDOS receives a request to 

Fig 2 The GSX graphics software 
standard is a Virtual Device 
Interface (vm) implementation that 
is closely tied to , and has parts 

OPERATING SYSTEM analogous to , a microcomputer 
operating system. As shown, its 
two major parts are the graphics 
device operating system (GOOS) and 

MASS graphics 110 system (Glos). 
STORAGE 

METAFILE 
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FORA REFRESHING 
NEW LOOK AT COLOR GRAPHICS 
PUT A GENISCO G-2200 IN YOUR SYSTEM. 
lMPELL CORPORA.TION DID! 

The G-2200 is truly a refreshing 
approach to raster color graphics. It 
combines vivid colors, flicker-free pic­
ture clarity, and big screen readability 
with high speed graphics and exten­
sive software support. The result is the 
most cost effective system on the mar­
ket. Thats why Impell Corporation 
selected it as the perfect color graphics 
companion to CAEMIS, their Com­
puter Aided Engineering & Manage­
ment Information Services package. 

Impell is a major supplier of 
computer software and computer based management and engineering 
services to the utility industry worldwide. CAEMIS is a modular, three 
dimensional engineering design and data base management system which 
provides simultaneous access for all design functions and on-line access 
to design information. And, the Genisco G-2200 is its window to the world. 

The G-2200 has all the features desired for CAD/CAM, CAE, scientific 
and business graphic applications including built in peripheral support 
for mouse, tablet and printer. It is software compatible with the Tektronix 
4014 and supported by third party software. It will also emulate the DEC 
VTlOO for text editing and data entry. 

But the best reason to put a G-2200 in your system is picture quality. 
Up to 16 colors can be selected from a palette of 4,096 hues with a unique 
black matrix glass bringing them vividly to life. Graphics are displayed 
on a big 19 inch screen that is refreshed at 60Hz for flicker-free viewing 
while the 1024 x 792 resolution ensures sharpness and clarity. No compar­
ably priced system can match the picture quality of the G-2200. 

The G-2200 is available as an attractive, ergonomically designed 
desktop terminal, or it can be integrated in your 
own system as a board or as a controller. What­
ever the configuration, you can be sure of 
Genisco's commitment to design and production 
excellence and to on-site support by its interna­
tional network of offices. 

For details on how the G-2200 can color 
your system, call us for a demonstration. It will 
be a most refreshing experience. 

Genisco 
GENISCO COMPUTERS CORPORATION 
3545 CADILLAC AVENUE 
COSTA MESA, CA 92626 
(714) 556-4916 
TWX 910-595-2564 
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GSX Operation Codes 

Opcode description 

Open workstation: initialize a graphics device (load-driver 
routine if necessary) 

2 Close workstation: stop graphics output to this 
workstation 

3 Clear workstation: clear display device 
4 Update workstation: display all pending graphics on 

workstation 

5 Escape: enable special device-dependent operation 
(eg, cursor control) 

6 Polyline: output a polyline 
7 Polymarker: output markers 

8 Text: output text starting at a specified position 

9 Filled area: display and fill a polygon 
10 Cell array: display a cell array 
11 Generalized drawing primitive: display a generalized 

drawing primitive function 
12 Set character height: set text size 
13 Set character-up vector: set text direction 
14 Set color representation: define the color associated with 

a color index 
15 Set polyline line type: set line style for polylines 

open a workstation, it determines which mos mod­
ule corresponds to the WIN and loads that file into 
memory. The new mos is loaded into memory in 
the same location occupied by the previous driver 
to minimize memory requirements. 

The logical association of WIN to a particular 
mos module is made in an assignment table. This 
is a text file stored on the system disk. New devices 
can be added or the correspondence between logi­
cal WIN and physical mos file can be altered simply 
by editing the assignment table file. 

The mos component of the osx contains the 
device-dependent code that translates from the VDI 
functions to the unique functions of a real graphics 
device. This VDI model makes all graphics devices 
appear identical to application programs using the 
osx. The application programmer has 33 graphics 
operation codes available with the GSX. The Table 
lists these opcodes, some of which have a number 
of subfunctions. 

Often, the capabilities specified by the VDI stan­
dard are not provided by a particular graphics 
device. In these cases, the device driver software 
emulates the required function. For example, line 
styles specified by the VDI include solid , dashed, 
dotted, and dashed/ dotted. If a graphics device can­
not produce these styles directly , their generation is 
emulated in the mos software. Thus, a dashed line 
can be produced by generating a series of short solid 
lines with intervening spaces. 

The extension of operating systems to include 
graphics device-independent features provides 
benefits to all involved: consumers, computer origi­
nal equipment manufacturers, independent software 
vendors, and graphics peripheral manufacturers . 
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16 Set polyline-line width : set width of lines 

17 Set polyline-color index: set color for polylines 

18 Set polymarker type: set marker type for polymarkers 

19 Set polymarker scale: set size for polymarkers 
20 Set polymarker-color index: set color for polymarkers 

21 Set text font: set device-dependent text styles 
22 Set text-color index: set color of text 
23 Set fill-interior style : set interior style for polygon fill 

24 Set fill-style index: set fill style for polygons 

25 Set fill-color index: set color for polygon fill 

26 Inquire color representation: return color representation 
values of index 

27 Inquire cell array: return definition of cell array 

28 Input locator: return value of locator 

29 Input valuator: return value of valuator 

30 Input choice: return value of choice device 

31 Input string: return character string 

32 Set writing mode: set current writing mode (replace, 
overstrike, complement, erase) 

33 Set input mode: set input mode (request or sample) 

Consider, for example, the osx features of object­
code portability for graphics applications across 
computers with the same CPU chip, and source­
code portability across many other computers. The 
benefits of these features include reduced cost of 
application program development, maintenance, and 
distribution (benefits independent software vendors), 
and a greater number of applications on the market 
(benefits users, original manufacturers, and graphics 
peripheral manufacturers). 

The virtual graphics interface between application 
programs and graphics hardware is also beneficial. 
This interface layer makes the evolution of graphics 
hardware capabilities (resolution and color) possible, 
without requiring application program rewrites-a 
benefit for original manufacturers and independent 
software vendors. In addition, application programs 
can access many graphics peripherals with little or 
no effort. This is a great benefit for users, indepen­
dent software vendors, and graphics peripheral 
manufacturers. Because system software suppliers 
and hardware manufacturers will develop the device 
drivers, independent software vendors will not have 
to do their own. 

In the osx, dynamic loading of device driver 
(mos) modules is part of the operating system and 
not part of the application. Thus, different devices 
can be selected at run time without requiring them 
to be always resident, thus benefiting users and 
independent software vendors. And, applications 
written today will be able to access new devices in 
the future and benefit from most, if not all, of the 
new device capabilities-advantageous to users, in­
dependent software vendors, and graphics peripheral 
manufacturers. Finally, there is the benefit of high 



performance and compact device drivers. This 
benefit allows good application software perfor­
mance on computers that are commonly available, 
and is thus of great value to both users and indepen­
dent software vendors. 

Future directions 
The osx product family represents a first­

generation VDI. The interface functions are designed 
to be consistent with the emerging ANSI VDI standard. 
However, in order for a standards committee to 
reach a consensus, the technology covered must not 
be controversial. Therefore, standards usually lag 
technology by several years and graphics are no 
exception. 

Within the rapidly evolving computer industry, 
leading-edge technology is required to remain com­
petitive and software products based solely on 
standards may not be competitive. Thus, a second­
generation osx is under development and will be 
available later this year. This osx 2.0 product family 
will include many functions that go beyond the ANSI 
VDI. For one, there will be advanced text attributes 
and formatting functions such as superscripts and 
subscripts; underline, boldface, and italic; line 
spacing and margin definition; and font size, pitch, 
and style. There will also be bit-block transfers and 
raster operations from screen to screen, screen to 
RAM, and RAM to screen. Finally, osx 2.0 will allow 
optional normalized device coordinate systems, 
which are possible because of the economies of scale 
in one vendor supplying the software to be used 
by many. 

Over 70 microcomputer manufacturers have 
licensed the osx and many independent software 
vendors are using it. Moreover, when IBM in­
troduces its next-generation graphics card for the 
PC, the benefits of the osx will become even more 
apparent than they are today. Digital Research will 
be developing GIOS modules for new IBM hardware 
as well as other manufacturers' hardware. Indepen­
dent software vendors who have built their products 
on a osx will be able to quickly port to the new 
hardware. In contrast, independent software vendors 
who have not built on a osx may find that months 
of conversion effort are required and multiple prod­
uct versions will need to be maintained. 

Please rate the value of this article to you by 
circling the appropriate number in the "Editorial 
Score Box" on the Inquiry Card. 
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AT AT&T, 
WE TEACH 

OlJ[K]D~™ OPERATING SYSTEMS 
AS IF WE INVENTED THEM. 

Announcing 
training from the 
creators of the 

UNIX Operating Systems. 
Now everyone can get top quality 

UNIX Operating Systems training , 
from the people who created 
them-AT&T Bell Laboratories. 
Along with our certified instructors, 
we offer a complete curriculum for 
UNIX Operating Systems, including 
UNIX System V. 

These courses are the same 
as those conducted internally at 
AT&T Bell Laboratories. And we 
furnish them at your location or at 
one of our conveniently located 
centers: Princeton , NJ; Chicago, IL; 
Columbus, OH; and Sunnyvale, CA. 

We provide an individual termi­
nal for each student. And in the eve­
ning , the use of our facilities and 
terminals is available at no extra 
cost. In addition , volume discounts 
are available. 

All UNIX Operating Systems 
courses are designed and devel­
oped to high quality standards by 
AT&T, as part of a total commitment 
to UNIX Operating Systems support. 
Now with our training , you can learn 
firsthand , what everyone else has 
been teaching secondhand. 

For information , call us at 
800-221-1647 or write to AT&T, PO. 
Box 2000, Hopewell , NJ 08525. 

AT&T 

© 1983 AT&T Technologies. Inc. 
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FOR OEMs, THE GREATEST 
STRENGTH OF OUR TOWER IS OUR 

TOWERING STRENGTH. 
To build a successful system, OEMs need 

more than just a strong product. You need a 
strong product backed by a strong company. 

A company like NCR. 
NCR designed and manufactures Tower 

1632 especially for OEMs. But that's only the 
first of many reasons why you should put 
your name on our famous shape. 

NCR is a high volume, high speed, high 
reliability manufacturer. We're deeply com­
mitted to 16 and 32-bit VLSI technology. 
With truly significant R&D expenditures 
that only a multibillion-dollar, international 
corporation can sustain. And long-term dedi­
cation to the UNIX* market. 

That means you can rely on getting all the 
product you need from us, when and where 
you need it. It means that you get quality 
control from a company that knows real 
quality and can afford to build it into every 
product. For example, our field engineers 
participate in the design of our products 
to ensure exceptionally cost-effective 
serviceability. 

Our award-winning design engineers 
packed Tower's 7"-wide cabinet with up to 
2MB of ECC memory, 7 controller slots, 
standard interfaces, power-fail recovery and 
92MB of Winchester disk storage. Not to 
mention maximum software compatability 
and flexibility. 

But the real reason Tower is becoming the 
industry standard for multi-user, 16-bit and 
32-bit UNIX-based systems is the strength 
of NCR. 

Which proves that the shape you're in is 
determined by the company you keep. 

•UNIX is a trademark of Bell Laboratories. 
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And wave goodbye to the 
competition. 

Presenting the Shugart 712. 
Our new 5.25" half-height 10 Mbyte 
Winchester. 

It's a high performance compact 
that redefines reliability. So much 
so, it outdistances all other half-height 
Winchesters. 

For starters, it runs at an MTBF 
of 20,000 power-on hours. Thats 
60% longer than other drives. 

And it's roomy. With 10 Mbytes 
of formatted storage. 

Plus four-point shock and vibra­
tion mountings, for a very smooth 
ride. And rugged enough to with­
stand up to 40 G's. 

The 712 is based on 3370 flexure 
technology, bringing mainframe 
horsepower down to size. 

And our new, low-mass head 
design complete with pre-amp is 
standard equipment, too. This makes 
flying height more uniform. And 
data integrity a given. 

All this was made possible by 
our venture group approach. A spe­
cially chartered engineering and 

manufacturing team that makes sure 
the bugs are out the first time out. 

And we make sure they have 
everything they need. Like the $40 
million investment we made in 
capital equipment. 

Which includes more progressive 
assembly lines. Class 100 clean 
tunnels . Even a more advanced 
spindle motor. 

In short, everything you need for 
single-user personal computers. 
Intelligent workstations. And, down 
the road, multi-tasking software. 

You won't have to reinvent the 
wheel every time you want to 
redesign, either. Thanks to our 1600 
controller with built-in SCSI. Plus 
the drive level interface standard. 

So test drive the 712 today. Or 
its 5 Mbyte version, the 706. 

Just call your local Shugart sales 
office. Or, contact Hamilton/ Avnet, 
our authorized distributor. 

And find out how a little drive can 
take you a lot further. 

S/JUfl.Blt 
Right from the start. 

Milpitas, CA (408) 263-2600; Costa Mesa, CA (714) 979-1935; Thousand Oaks, CA (805) 496-5388; Minneapolis, MN (612) 546-4411, 
Richardson, TX (214) 234-3568; Framingham, MA (617) 879-1700; Saddle Brook, NJ (201) 368-8445; Atlanta, GA (404) 436-0953; Toronto, ONT (416) 475-2655, 

Paris, France (1) 687-31-41; Munich, West Germany (089) 786-021; London, UK. (44) 4862-24527. © 1984 Shugart Corporation 
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WE MAKE OUR S'A' HALF· 
SATISFY THE TOUGHEST 

,5 

95 

4.8 85 

Ourselves. 
NEC manufactures 
some of the most 

advanced computer 
systems in the world 

today. And inside 
every one of them, 
you'll find some of 

the most advanced 
disk drives. 

All designed 
and made by 

NEC. 
You'll also 

find the same 
NEC drives in a 
lot of other well-

known computer 
systems. Because 
system builders 
know every NEC 
drive is made by 

people who look at drives the 
same way they do. 
One reliable source 
for 51fa" drives. 
The latest additions to the NEC 
disk drive line are 5~" half­
height Winchesters and flexible 
drives. The Winchester is avail­
able now with 12. 91 MB of stor­
age; flexibles with 1.0 MB. 
Even larger capacities will be 
introduced in the near future. 

If you use both drives in your 
systems, now you can count 
on one reliable source for all 
your needs. 
20 years in the 
driver's seat. 
NEC was one of the first to 
develop magnetic recording 
devices, back in 1959. But NEC 
has been pioneering advance-

12. 9 MB of storage is available in Winchester drives 
(Mode/05124) . . 5and1. 0 MB is available in flexible drives 

(Model FD1053 and F01055). 



HEIGHT DISK DRIVES TO 
OEM Ill THE BUSINESS. 

ments in electronics for almost 
85 years. Today, we're a world­
wide company with over $6 
billion a year in sales. 

NEC is one of the few who 
make a full range of disk drives: 
8-inch and 51fo" Winchesters 
and flexible drives, along with 
a new high capacity 9" Win­
chester. Some drives incorpo­
rate such advanced techno-

logies as NEC manufactured 
plated media and thin-film 
heads. Clearly NEC is at the 
leading edge of disk technology. 

For more information on 51fo" 
drives or other sizes, or product 
literature, call 1-800-343-4418. 
(In Massachusetts, call 617-
264-8635.) You'll discover why 
more and more systems build­
ers are saying, "NEC and me." 

r-=
1 

Pie: send me :re inf:ation =---------ll 
_ 51,4'' Half-height Winchester _ 8" Winchester drive I disk drive I 

I 
_ 51,4'' Half-height floppy drive _ 9" Disk drive 520 MB I 
Name ____________________ _ 

I Title I 
I Company ___________________ _ 

I Address ___________________ _ 

I City State __ Zip Tel. (_ ) ______ ---1 

I NEC Information Systems, Inc. 
1414 Massachusetts Avenue 
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SPECIAL REPORT ON GRAPHICS TECHNOLOGY 

IS GKS POWERFUL 
ENOUGH FOR THE 
APPLICATION? 
For a minimal standard or proprietary product, making the 
graphics software choice depends on the application. 

by Thomas Wright 

The emergence of standards in the computer graphics 
industry provides the technically educated computer 
system integrator or designer with a challenge. While 
some will blindly adhere to all available standards 
regardless of application, others will configure com­
puter graphics systems that address the real needs 
of the users being represented. Graphics vendors can 
lessen the problems by helping educate the buyer in 
forming the best combination of standards and 
proprietary products. 

As standards have merged in graphics software, 
Integrated Software Systems Corp (ISSCO) has been 
one company faced with this challenge. For over a 
do;zen years, the company has been marketing its 
graphics software subroutine library known as 
DISSPLA. This system is, in effect, a de facto stan­
dard, with over 1200 active installations. Yet, there 
is now the question of how it can be combined with 
the new standards under development. 

At first glance, the Graphical Kernel System 
(OKS), which will achieve American national stan­
dard status within months, seems to address the same 
graphics needs as DISSPLA. ISSCO is prepared for the 

Thomas Wright is director of the research and 
development center at Integrated Software Systems 
Corp, 10505 Sorrento Valley Rd, San Diego, CA 
92121. He holds a BS in applied mathematics from 
the University of Colorado. 
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Fig 1 The primitives or basic drawing functions in the 
Graphical Kernel System (GKS) standard are limited to 
the five capabilities shown. As the GKS is designed, these 
may be called in a program through standard Fortran 
language binding. 

OKS's emergence and sees a healthy relationship 
between the OKS and DISSPLA that will make both 
useful to the computer graphics community. 

The two graphics software routine packages form 
a pair of complementary products. They allow an 
application programmer to choose between a small, 
fast, lean system (the OKS) that may sacrifice 
programmer productivity to attain performance and 
portability, and a large, powerful system with high 
end graphical quality and flexibility. In addition, 
both the OKS and DISSPLA are useful tools for the 
graphics application programmer. As such, a graphics 
system integrator or designer should carefully review 
the capabilities and advantages of each when config­
uring a system. It will often be desirable to use these 
and other systems to support the diverse applications 
under the heading of computer graphics. 

DISSPLA versus GKS 
The first hurdle a graphics system integrator faces 

is properly applying-or not applying-standards to 
the various subsystems within a graphics software 
configuration. Conforming to the OKS standard in 
a turnkey, end-user system achieves none of the 
benefits of software standards, such as program 
portability, programmer portability, or product 
synergism. This is because the vendor writes the 
application, and access to the underlying graphics 
system is unavailable to the user. 

In the case of a software library supporting graph­
ics application programming, the OKS quite properly 
rates careful attention. The OKS is a system specifi­
cally created to support graphics application pro­
gramming. It is being published with a Fortran 
language binding that lists the data types and call­
ing sequences for the OKS functions. Thus, pro­
grams and programmers should move with relative 
ease among different implementations. Such ease of 
movement means that multiple applications can be 
built on a common base to create a graphics system 
of greater value than the sum of its parts. But, the 
OKS is a low end system, while DISSPLA has held its 
position as a high end graphics software library for 
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over a decade because it contains many useful capa­
bilities not found in the OKS. 

Some of the functions not included in OKS may 
be surprising. The system is without axis generation, 
nonlinear transformation support (eg, logarithmic 
scaling, mapping, and data coordinates), or interpola­
tion. Also, the OKS is strictly a two-dimensional 
system. Other omissions may be more expected in 
a minimal system. There is no pie chart or bar chart 
generation utility. Moveover, the OKS is without 
blanked-out area capabilities, map generation, con­
touring, shaded fonts, or user-supplied transforma­
tions. Yet, with the addition of ISSCO's Dynamics 
graphics software to DISSPLA, both the OKS and 
DISSPLA will gain segmentation and contemporary 
graphics input mechanisms. 

The differences between DISSPLA and the OKS are 
clear. The former is a larger, more robust system 
with greater functionality and resulting higher pro­
grammer productivity. The latter is a more linear 
system for minimal environments and highly dy­
namic applications. Here, lower programmer pro­
ductivity is acceptable because of other graphics 
system requirements . Since 1ssco users will have the 
choice of which system to use, its OKS (offered as 
a DISSPLA option) is free of extensions that could 
impact performance, both in size and speed. Poten­
tial purchasers of OKS systems should carefully 
examine any extensions to the standard and see how 
these affect the graphics system and its needs. 

Inside the GKS 
A more detailed description of OKS functions will 

help potential users assess its capabilities. The out­
put capabilities of the OKS are limited to primitives: 
polyline, text, filled areas, polymarker, and pixel 
arrays (Fig 1). There is also the concept of gener­
alized drawing primitives in the OKS but these primi­
tives cannot be depended upon from one installation 
to another because they are not fully specified. This 
severely limits their utility. 

A polyline is a set of coordinates to be linked with 
straight line segments. User-selectable attributes of 
the straight line segments include color index, width, 
and dash-pattern. In the Fortran binding of the 
OKS, a polyline subroutine is called OPL. (All OKS 

SHDPIE 

Fig 2 1ssco offers not only the standard GKS graphics 
software but also its proprietary DISSPLA graphics software. 
DISSPLA allows the equivalent of graphics software macros 
to substitute for thousands of lines of GKS code. 
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TRILOG's patented multicolor technology provides full color 
as well as conventional printing on plain fanfold paper at 100 
dots per Inch resolution. 
COLORPLOT"'Il provides CAD/CAM and/or business graphics 
hard copy In full color - quickly, reliably and accurately. 
With TRlLOG'S TIP series of dot matrix line printers, there's 
no need to sacrifice anything. Available now are Impact 
printers with all the quality, versatility and reliability that any 
mini/micro computer system needs. 

For more information call or write today: 

TRILOG,INC. 17391 MURPHY AVE.,IRVINE,CA92714 
(714) 863-3033 1WX (910) 595-2798 

With COLORPLOT"'ll the extras are free: 
• Full color hard copy output 
• CAD/CAM graphics 
• Business graphics 
• Bar code generation 
• Fonns generation 
• Data processing print @ 300 LPM 
• Compressed print @ 220 LPM 
• Letter quality print@ 75 LPM 

And TRlLOG puts It all into one printer with proven reliability 
from the pioneers of NON-STOP-PRINTING•. 
COLORPLOT"'ll is sold and supported through our worldwide 
distribution network. 
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Fig 3 It is difficult and time consuming (if even possible) 
to write the thousands of lines of code the GKS or its 
variations require to produce a three-dimensional figure like 
the drawing shown. For programmer productivity, DISSPLA 

graphics macros reduce the effort. 

routines start with the letter o at the time when their 
Fortran binding is named.) 

As might be expected, text (called OTX) is a string 
of characters to be drawn. The many attributes of 
text include color index, height, and orientation. For 
its part, a filled area is a set of coordinates enclos­
ing an area to be colored-in with a solid or cross­
hatched pattern. Attributes for filled areas are color 
index and pattern. This routine is known as OFA. 

A polymarker is a set of coordinates, each to be 
marked with a symbol such as a dot or a plus. The 
attributes are color index, marker type, and marker 
size. The routine is known as OPM. Finally, a pixel 
array is a rectangular (before transformation) area 
to be filled-in with a specified, repeated pattern of 
different colors. Its routine name is OCA. 

Comparing these, the lone OKS graphics­
producing routines, with just three of the software 
routines in DISSPLA, shows why DISSPLA represents 
a substantial increase in programmer productivity. 
For one, SHDPIE (Fig 2), produces a shaded pie 
chart with complete external or internal annotation. 
External annotation can be justified to the pie or 
to an external imaginary rectangle. 

With SHDPIE, collisions that might result from 
small pie slices are automatically avoided. Moreover, 
internal annotation is automatically switched to 
external when the slice is too small to hold the anno­
tation. Finally, slices are solidly shaded in different 
colors or cross-hatched, and individual slices can be 
exploded or slightly off set from the pie center for 
emphasis. 

SURMAT is another good example of DISSPLA 
capabilities. It draws a wire-mesh styled representa­
tion of a two-dimensional data array, treating the 
data values as heights. Lines that would be invisible 
if this representation were a real object are automat-
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ically suppressed. Annotated axes corresponding to 
the three space coordinate directions can easily be 
added with a SURMAT software system call. 

As the last example, consider BLPOL Y. It protects 
a polygonal area from further drawing. This routine 
can be used for generating effects such as drop­
shadows for shaded-in characters, and removing hid­
den lines in three-dimensional figures. It also allows 
cut-and-paste effects that give the appearance of one 
piece of graphics having been pasted over another. 

Some DISSPLA functionality can be duplicated in 
the OKS; some cannot. To duplicate any of the three 
described functions would take considerable effort­
perhaps many thousands of lines of code. Clearly, 
such reinventing of the wheel is not cost effective 
for many applic~tions. As mentioned, DISSPLA has 
scores of functions like SHDPIE, SURMA T, and 
BLPOLY; whose duplication would also involve a 
major effort. 

Other considerations 
To make matters worse, implementing DISSPLA 

functions on top of the OKS dilutes some of the 
advantages of a standard. Nonlinear scaling is a good 
example of this additional problem. Often, an appli­
cation uses data in a form that the OKS cannot 
directly handle. Thus, the scientist can have data 
with such a large range that it requires logarithmic 
scaling. Or, the business application programmer can 
have data with a date component. 

If a software utility is added on top of the OKS 
to handle these transformations for drawing lines, 
for example, then programmers will be writing pro­
grams that invoke the utilities rather than the OKS 
function OPL. The portability and understandability 
of these programs are thereby greatly reduced. On 
the other hand, in DISSPLA, the subroutine CURVE 
is used to draw a polyline regardless of the trans­
formation in effect. An application program re­
mains readable to anyone familiar with DISSPLA. 

Both the OKS and DISSPLA will have a place in the 
market. The OKS is a long-needed step toward 
graphics standards for the application programmer, 
and it will grow more powerful as time passes. But, 
the OKS is a two-dimensional system. Many applica­
tion programmers must produce sophisticated 
graphics displays (Fig 3) requiring, for example, 
three dimensions in either Cartesian or spherical 
coordinates. Thus, high end, proprietary packages 
such as DISSPLA will remain the graphics systems of 
choice for the foreseeable future. 

Please rate the value of this article to you by 
circling the appropriate number in the "Editorial 
Score Box" on the Inquiry Card. 

High 731 Average 732 Low 733 



From the front, you know us for high-fidelity 
color reproduction. 

But behind those pretty pictures is an equally 
important part of our story-superior technology. 
You see, Mitsubishi Electronics pioneered high· 
resolution CRTs. We've continued to advance the 
state-of-the-art with design refinements. And, in the 
process, we've earned a reputation for innovation 
and leadership. 

When you get technical, you won't find a better, 
more reliable CRT. Or a broader product range. Our 
unsurpassed selection covers all sizes and perform· 
ance criteria for applications including CAD/CAM, 
computer graphics, imaging, process control, MIS 
and more. Check the chart for a brief overview. And 
note that we're very cost competitive, even when 
compared to less capable CRTs. 

Of course, our story wouldn't be complete without 
mentioning our large network of knowledgeable 
sales representatives. There's a Mitsubishi Electronics 
professional near you for fast response to your needs. 
One call is all it takes for pricing and delivery infor· 
mation, as well as technical and applications assist· 
ance. 

To get the full story, get in touch today. We'll send 
complete technical information and the location of 
your nearest represen tative. Just contact: Mitsubishi 
Electronics America, Inc., Industrial Electronics 
Division, 991 Knox Street, Torrance, CA 90502. 
Telephone (213) 515-3993. 
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THE WRIGHT BROTHERS 
THEY WERE JUST THE 



WEREN'T THE FIRST TO FLY 
FIRST NOT TO CRASH. 

December 17, 1903. As Wilbur and others look 
on, Orville eases the Kitty Hawk Flyer down to 
the first soft landing in history. 

Why did the Wright brothers succeed? 
Because while others were busy jumping off 
cliffs, the Wrights were busy conducting experi­
ments. They built a wind tunnel. Collected data. 
Tested hypotheses. And went down-gently­
into the history books. 

At Priam, we build high-performance disc 
drives the same way. Instead of pushing far-out 
technologies to the very edge, we take the most 
advanced technology and make sure it works. 
It's a commitment that has made us the leading 
U.S. manufacturer of high-quality 811 voice-coil 
Winchesters-from 35 to 500Mb. A commitment 
we're now making to our new 86Mb 5 ;4" drives 
as well. It's why we provide total, industry­
standard interface support, including ST412, 
SMD, ANSI, SCSI, IPI-3, and our own Priam 
interfaces. And it's why we've just opened a new, 
automated production facility, one of the largest 
and most modern in the OEM world. 

Whatever your disc drive needs, look to 
Priam. You can trust us not to crash. 

~ ... ,,..~ . .. ... ..,.,. ~ -
-~ -- -~ --

JUST THE RIGHT DISTANCE FROM 
THE LEADING EDGE. 

20 West Montague Expressway, San Jose, CA 95134 
West Coast (408) 946-4600; East Coast (617) 444-3973 
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Stackpole Components COlllpUf 
P.O. Box M, Farmville, VA 23!101 
Phone (804) 392-4111 TWX 1t(l..8 
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"World Standard Software" 
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When the world 
of computer graphics 
required standards, 
the world of standards 
acquired NOVA*GKST: 

Computer graphics takes an 
unprecedented step into reality with 
NOVA*GKS TM software from Nova 
Graphics International. 

Years of innovative research 
make NOVA *GKS today's most 
advanced, full implementation of the 
Graphical Kernel System (GKS), 
the international graphics standard. 
Because of its unique, distributed 
archi tecture, NOVA *GKS allows 
multiple hardware configurations in 
host, workstation, and microcomputer 
environments. 

A graphics development tool, 
NOVA *GKS makes it easier to 
design and construct graphics 
applications . In a fraction of the 
traditional time. In addition, 
applications using NOVA *GKS 
are totally device independent. 
Even portable. 

To learn more about NOVA *GKS 
and its bottom-line competitive 
advantages, contact us today. We'll 
show you how NOVA*GKS and the 
Nova Graphics International support 
team can put your products on 
the leading edge of an escalating, 
worldwide market. 



SPECIAL REPORT ON GRAPHICS TECHNOLOGY 

PIPELINE MODEL 
PROMOTES EXTENSIBLE 
DISPLAY SYSTEM 
An open system architecture allows computer system 
integrators to upgrade as new graphics software and 
hardware debut. 

by Jack Huisman 

Recent trends in the design of interactive graphics 
systems for computer aided design, computer aided 
manufacturing, and computer aided engineering 
applications have placed new demands on display 
subsystems. These demands are, in turn, changing 

.the way such subsystems are designed. The display 
subsystem can no longer be viewed as merely an 
electronic pen plotter that accepts and displays 
precomputed vectors with the host computer carrying 
the major burden of the interactive graphics task. 
Instead, high performance interactive graphics 
subsystem design requires that the display sub­
system be viewed as an integral, coprocessing part 
of the entire graphics system. In fact, the display 
subsystem must be viewed as sharing the interactive 
task with the host computer, in what amounts to a 
distributed processing system. 

As an example, one group of raster display systems 
was designed with this system requirement in mind. 
Using multiple buses, multiple processors, and an 
open architecture, Lexidata's Lex 90 family has its 

Jack Huisman is manager of product marketing at 
Lexidata Corp, 755 Middlesex Tpk, Billerica, MA 
01865. He holds a BA in mathematics from 
Dartmouth College, and an MBA from Amos Tuck 
School of Business Administration at Dartmouth. 

own proprietary, high end graphics that conform 
only conceptually to the various proposed national 
and international graphics standards. On the other 
hand, the family now fits the needs of high perfor­
mance interactive graphics systems, from boards to 
terminals to workstations, in a cost-effective manner. 
And, because of its modular design, it can perform 
the same chores for tomorrow's graphics systems. 

Surveying the system models 
The graphics display pipeline (GDP) model of an 

interactive graphics system is at the heart of this 
family design (Fig 1). The GDP is a functional 
model of how all interactive graphics systems are 
built (from a conceptual viewpoint). It is a series of 
data representations and processes arranged in a 
pipeline, beginning with the user's application 
model and ending with the displayed graphics image. 

The application model is a data base containing 
both graphical and nongraphical object data in a 
structure suitable for the user's application system. 
Besides containing a graphical description of the 
user's design, the application model supports 
nongraphical information such as part numbers, 
material properties, performance characteristics, 
and other data relating to the entire design, 
engineering, and manufacturing task. 

The display file compiler maps the application 
model into a hierarchical graphics representation 
known as the structured display file. For its part, 
the structured display file is a world coordinate-
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What's new in graphics hardware 

In recent years , all the major hardware components 
of an interactive graphics system have undergone 
significant technological changes. For example, disk 
drives have increased in performance and capacity , 
and at the same time, have decreased in price . 

Semiconductor RAM has been one of the strongest 
forces in graphics system design . It too has increased 
performance and lowered prices . Th is, in turn , has 
led to the almost universal use of high level lan­
guages. RAM developments have also given rise to 
the higher quality and performance of the raster scan 
graphics systems that are replacing older 
technologies such as the direct-view storage tube. 

Clearly , single-chip microprocessors and related 
VLSI technologies are the other major hardware forces 
in graphics system design . Not only do they replace 
minicomputers at a fraction of the cost, they make it 
possible to assign separate processors to separate 
processes in the graphics pipeline. 

based graphical object description of the object be­
ing designed . It builds a graphical description of an 
object through reference to proprietary graphics 
primitives and sub-objects that , in turn , reference 
other objects and primitives. 

The structured display file is processed by the 
display processing unit to build a linear display file. 
In doing so, the display processing unit carries out 
the expansion of the hierarchical structured display 
file, and any geometric transformations of coordi­
nates to account for scaling, rotation, translation, 
clipping, and perspective transformations. The 
output of this operation is a linear display file con­
taining primitives in display-device coordinates. As 
expected, these primitives include vectors, arcs, 
circles, and polygons. 

Also included are display attributes such as color 
and texture. The display controller processes the 
linear display file sequentially to produce a 
displayed image. This image is stored as a pixel array 
in a frame buffer that refreshes the raster display 
system's CRT . 

Adapting to specific system needs 
In a typical interactive graphics display system, 

not all of the data representations just discussed 
for the GDP need to exist in explicit terms. For ex­
ample, the application model and the structured 
display file may be identical in a simple system. 

Moreover, the linear display file may only be 
calculated and processed for display without being 
saved as an intermediate data base. Generally 
however, each of the data bases is at least 
calculated in a typical computer aided design 
(CAD), computer aided manufacturing (CAM), or 
computer aided engineering (CAE) system. 

Most past, and many present day, systems have 
been designed so that not every process in the GDP is 
executed in a separate processor. For example, in a 
system that has a simple display device that accepts 
only vector data, the display file compiler, the 
display processing unit, and much of the function 
of the display controller, are all processes handled 
by a single processor-the host computer. This 
burden on the host computer severely limits its per­
formance, the number of terminals that the host 
can support, or both. 

Recent progress in the performance of interactive 
graphics systems (regardless of the manufacturer) 
has been achieved, not only by increasing the per­
formance of hardware in the GDP, but by explicitly 
allocating a processor to each process in the pipe­
line (and even multiple processors to a single pro­
cess). All other hardware and software being equal, 
the more processors per process and per worksta­
tion, the higher the system performance will be. 

The GDP model provides another valuable insight 
into the design of an interactive graphics system. 
The model makes it clear that total system perfor­
mance is limited by the lowest capacity pipeline ele­
ment. In fact, optimum system design requires that 
the performance of pipeline processors be matched. 
Thus, if one pipeline element has significantly 
higher performance than the others, it probably 
costs more than it needs to for the overall level of 
system performance. Determining the narrowest 
pipe-the system bottleneck-allows the system 
designer to improve performance by moving part 
of that element's burden to another pipeline part. 
This design procedure improves that element's per­
fo rmance by splitting a subsystem into two or more 
processors and processes. 

This family of display and graphics systems is 
designed with the graphics pipeline in mind. System 
designers can choose from single or multiple pro­
cessors to build a system with a performance level 
matching individual application requirements. 
Moreover, designers can ensure that total system 
cost is consistent with performance. As needs 
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Fig 1 An interactive graphics system can be modeled by means of the GDP. All the parts of this linear, conceptual 
model need not be implemented in separate modules, but the functionality is usually present somewhere. 

2 2 2 COMPUTER DESIGN/May 1984 



ETHERNET 

DISTRIBUTED 
WDRKSTATIDN 

SUPERMINI 
OR 

MAINFRAME 

change, upward migration paths within the family 
of display systems allow compatible products up­
grade with controlled software costs since all family 
members share a software architectural standard. 

The pace of technological change as it affects 
graphics system design has never been quicker. In 
the past, the graphics industry has relied on tech­
nology developed for the computer industry. This 
is changing so that new technology, such as VLSI 
display controllers and memory organized for 
display systems, is aimed at the needs of graphics 
system designers. Future industry success will be 
highly dependent on architectures that can take 
advantage of new technology (Panel, "What's new 
in graphics hardware"). 

Plotting the technological trend 
The result of all this technological change has 

been the unmistakable trend toward standalone, 
multi-function distributed workstations that are 
loosely linked to each other in a network or to a cen­
tral host computer (Fig 2). The standalone work­
station depends on the network or central host for 
batch-processed application software, archival 
database access, and access to expensive, seldom­
used peripherals such as plotters. 

All of the interactive graphic applications, 
however, are supported locally in the individual 
workstation. The advantages of a distributed archi­
tecture include lower initial cost, lower incremental 
cost to add a workstation, reliability, performance, 
and maintainability. 

Typical of this generation of workstations are the 
recent emergence and rapid growth of the CAD/ CAM/ 
CAE workstations from new, startup enterprises. 
Unburdened by past product history, designers at 
these firms have used the best available architec­
ture that fits the available technology-the 
distributed, intelligent, standalone workstation. 

The established interactive graphics system ven­
dors have been slower to adapt this new technology 
because of their existing product investment 
(especially in software). While many of the older 
systems still consist of a shared central computer 
with relatively unintelligent terminals or worksta-

DISTRIBUTED 
WORKSTATION 

Fig 2 An interactive graphics 
system may consist of a network of 
workstations, with a host computer 
providing archiving, batch 
operations, and access to expensive, 
seldom-used peripherals. 

tions, system designers are developing architectures 
for use with more price- and performance-effective 
technology. 

Such movement generally results in a partially 
distributed architecture with the display system in 
the workstation off-loading some of the host com­
puter's load (Fig 3). Again, the trend is clear-more 
processors per GDP and per workstation. In time, 
nearly all interactive graphics systems for CAD, 
CAM, and CAE will probably be totally host depen­
dent for all but the centralized functions. This 
evolution will be accelerated with the widespread 
use of new 32-bit microprocessors that support the 
same type of virtual memory operating system and 
software available on today's superminicomputers. 

The design of the Lex 90 product family encom­
passes both the needs of the newer distributed 
graphics system architectures and the older, cen­
tralized, host-based designs. For example, rack­
mounted models within the user's host computer 
satisfy the needs of the central host architecture. 
These models can be configured to provide only a 
simple display controller function to the GDP. They 
can also be upgraded to provide more processing 
within the display system to off-load the host com­
puter and provide an evolutionary step toward a 
distributed workstation architecture. 

For a distributed processing workstation architec­
ture, models are available both in rackmount and 
floor-standing models, depending on the system 

SUPERMINI 
OR 

MAINFRAME 

Fig 3 Open system architecture supports host-<'.ontrolled 
graphics, distributed network graphics, or a partially 
distributed system architecture in which major portions 
of the graphics display pipeline are off-loaded from the 
host computer. 
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designer's needs. Building a fully distributed work­
station is aided by the family's open system elec­
trical and mechanical architecture. Typical of its 
open system de1;ign, the family provides an industry 
standard 32-bit computer bus, both electrically and 
mechanically. This VMEbus is supported by 
numerous third-party vendors, providing many 
choices for selecting computer modules, disk con­
trollers, local network adapters, other communica­
tion controllers, and a wide variety of peripherals. 

Providing hardware for many needs 
The hardware in the display system family is 

designed around a series of modules for each part 
of the GDP. By design, a limited set of modules can 
be configured to meet the needs of a wide variety of 
system design situations. These modules accommo­
date variations in processing needs; different display 
resolutions and numbers of colors; dynamic displays; 
and special needs for the display of three­
dimensional shaded surfaces. The limited number of 
modules simplifies inventory, spares for mainten­
ance, and system upgrade as requirements change. 

All printed circuit cards are based on Eurocard 
form-factor standards. These include the VME stan­
dard as well as the larger sizes more suited to the 
needs of a high performance, raster graphics dis­
play controller. System performance is enhanced 
through the use of multiple buses. For example, 
multiple buses reduce bus contention and allow the 
graphics display controller to have its own high 
speed synchronous bus. 

Technological change has resulted in a 
trend toward standalone multifunction 
distributed workstations. 

Actual internal package design depends on the 
application. For example, a typical system might 
be supplied in a six-slot chassis wherein four slots 
are reserved for the display processor's private bus 
and two slots are VME compatible. All slots and 
boards use Deutsches Institut fiir Normung (DIN) 
connectors. 

The hardware heart of every system is the system 
controller module (SCM), which controls frame 
buffer operation. This 16-bit microprogrammed 
bipolar processor is based on Advanced Micro 
Devices 2901 bit-slice technology. Processor cycle 
time is 175 ns, matching the processor well to the 
frame buffer memory, which supports pixel update 
rates of 375 to 750 ns with an average update time of 
600 ns. The SCM supports 8 Kwords of 56 bits of 
control store in PROM, 8 Kbytes of character PROM, 
and 16 Kbytes of scratchpad static RAM. The SCM 
also contains a VLSI video/memory controller, a 
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host parallel interface, a 9600-baud RS-232-C serial 
port, and a 6801 microprocessor for onboard diag­
nostics and serial communication control. 

A minimal display system includes the system 
controller module and one or more display memory 
modules of one of two types. Just two display 
memory module types are required to configure a 
system with almost any of the commonly used 
frame buffer organizations. 

The dual-resolution display module (DRDM) con­
tains four planes of 1280 x 1024 pixels with 30 Hz 
interlaced refresh or it can be switched by software 
to 640 x 1024 pixels. Of this, 640 x 512 pixels are 
usable at 60-Hz noninterlaced refresh supporting 
two buffers of eight image planes. 

Multiple modules can be configured in the 
same system to support 1024 and 512 line images 
simultaneously. This feature allows high resolution 
line drawings to overlay medium resolution images. 
The DRDM includes a color lookup table that 
allows up to 256 simultaneous colors from a palette 
of 16. 7 million. It also supports an overlay lookup 
table for four overlay planes, a blink lookup table 
for flexible blink-by-plane, by-pixel, or by-area 
operation, and an edge flag register that allows 
solid areas to be displayed rapidly by describing 
only their outlines. 

The second type of display memory is the high 
resolution display module (HRDM) which, in its basic 
configuration, supports eight planes of 1280 x 1024 
display memory at a 60-Hz noninterlaced refresh 
rate. The HRDM contains ail 8-bit color lookup 
table, is software-configurable to four-plane 
double-buffered operation, works with 60- or 
30-Hz monitors, and supports 2X zoom. Combina­
tions of DRDM or HRDM memory modules can be 
used to achieve a wide variety of display memory 
organizations including double-buffered and Z­
buffers for three-dimensional surface processing. 

The Lex 90 display system frees the SCM and the 
host computer from the burden of interfacing to 
system peripherals or a host serial interface by 
means of an 110 processor. The 110 processor con­
tains a Motorola 68000, four RS-232-C serial ports, 
an RS-422 interface to optionally connect remote 
peripherals up to 4000 ft away, and electrically 
erasable PROM to save baud rate, parity, and other 
local parameters during power-down. It also has 
sufficient PROM and RAM to execute 110 processor 
interfacing tasks. 

To increase system performance, the GDP can be 
augmented with an additional processor to off­
load the host processor. This display list processor 
module resides on the VMEbus. It contains a 68000, 
a DMA controller, RS-232-C serial communications, 
and a parallel interface to the SCM. It also supports 
a serial or parallel host computer interface and 256 
Kbytes to 1 Mbyte of memory on the display list 



RS-232 DISPLAY LIST ALGORITHMIC SYSTEM 
INPUT LOCAL HOST PROCESSOR PROCESSOR CONTROLLER OVERLAY 

DEVICES 
CPU MODULE MODULE MODULE 

VMEBUS LEX BUS 

DISK MEMORY Z-BUFFER FRAME 
CONTROLLER BUFFER/LUT 

LOCAL AREA NETWORK 

Fig 4 In this architecture, the disp1ay system supports workstation design with a range of options for both the GDP 

and the 32-bit VMEbus-based open system architecture. The hardware options take care of medium and high resolution 
graphics designs. 

processor module with expansion of 2 to 8 Mbytes 
per board through additional expansion modules. 
The display list processor module supports expan­
sion and transformation of the user's display list 
with minimal host computer interaction. 

Further performance increase is provided by an 
optional hardware accelerator. This module, 
known as the algorithmic processor module includes 
a bipolar, bit-slice processor and floating point 
hardware to support 32-bit, IEEE standard, floating 
point data bases. With the optional arithmetic pro­
cessor module, a display system is capable of near 
realtime generation and manipulation of three­
dimensional images in its display list. 

Both the software and firmware for 
the product family are as modular and 
flexible as the hardware. 

Together, modules supplied with the family of dis­
play systems, modules designed for the family's open 
system architecture, and VMEbus-based modules 
from third parties, form a strong base for medium 
to high resolution interactive graphics systems. 
Indeed, the entire GDP is provided for, including 
the decomposition of pipeline processes into separate 
processors for increased performance (Fig 4). 

Software versatility 
Both the software and firmware for the product 

family are as modular and flexible as the hardware. 
Again, by design, the system designer can choose 
from upward-compatible sets of software function­
ality, depending only on the application and the 
distribution of processes in pipeline implementation. 

At its most basic level, the system implements 
simple, but complete sets of two-dimensional 
display functions for vectors, text, circles, arcs, 
polygons, and area-filling. Users can select colors, 

patterns, and textures. Advanced display functions 
process three-dimensional data including points, 
lines and polygons, with removal of hidden sur­
faces, visible surface shading (constant, Gouraud, 
or Phong), and surface texturing for transparency 
and translucency. 

With the expansion of the processing pipeline to 
include the display list processor module or algo­
rithmic processor module, the basic software is 
augmented with advanced functionality to build, 
maintain, and invoke a hierarchical, segmented 
display list for two- or three-dimensional applica­
tions with local coordinate transformations and 
linear display file generation. Besides off-loading 
graphics display functions, this graphics display 
capability locally processes graphics inputs, drags 
objects, and provides other local dynamics. 

Regardless of the level of software functionality, 
the display system is supported by a host software 
interface that resides on either a host CPU or a local 
processor on the VMEbus. The host library support 
insulates the designer from system operation 
details and provides facilities for application 
debugging. 

System software also supports many of the con­
ceptual constructs of standards such as the Graph­
ical Kernel System, while giving system designers 
control over low level functionality without sacrific­
ing flexibility and performance. The resultant soft­
ware architecture allows the display system to be 
adapted to almost any new or existing two- or three­
dimensional CAD, CAM, or CAE application no mat­
ter what its distribution of processes and processors . 

Please rate the value of this article to you by 
circling the appropriate number in the "Editorial 
Score Box" on the Inquiry Card. 

High 734 Average 735 Low 736 
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Heres a powerful newway 
to reduce parts count. 

Want to develop a reputation in the fast­
paced computer peripheral marketplace for high 
reliability and extremely competitive pricing? 

One secret is to reduce the number of parts 

These two boards 
perform the same 

functions. The smaller 
one combines several 

TTL and power driver 
circuits onto one custom 

monolithic chip. 

circuitry. It's actually quite simple 
Just call in Silicon General. We'll 

produce a monolithic circuit that combines 
the functions of many TIL and power driver 

circuits in your motor interface. 
We're one of very, very few companies in the 

world who currently have the ability to combine 

Function 

'h H Bridge 

H Bridge 

Dual 
H Bridge 

Quad 
Darlington Driver 

Driver Arrays 

Dual Power Driver 

Part 
Number 

SG3635 
SG3635A 

SG3636 
SG3638 
SG3638A 
SG3639 
SG3639A 
SG3640 
SG3641 
SG3643 
SG3643A 

SG293 
SG293D 
SG298 

SG2064·77 
SG2841 
SG3637 

SG20Q0.25 

SG3700 

Internal 
Clamp 

Volts Amps Logic Diodes 

35 2.0 Yes Yes 
40 2.0 Yes Yes 

35 1.5 Yes Yes 
40 4.0 Yes 
50 4.0 Yes 
40 4.0 Yes 
50 4.0 Yes 
40 4.0 Yes 
40 4.0 Yes 
40 4.0 Yes 
60 4.0 Yes 

40 1.0 Yes 
40 1.0 Yes Yes 
46 4.0 Yes 

50 1.5 Yes 
50 1.75 
50 2.0 Yes Yes 

50 0.5 

40 1.0 Yes Yes 

Standard motor controllers are also available. 

Current 
Feedback 
Control 

External 
External 
External 
External 
Internal 
Internal 
External 
External 

External 

low level logic and high power driver circuitry on a 
single LSI chip. 

We're winning the contracts for our com­
petitive pricing as well as our extraordinary turn­
around time. Most of our custom products go from 

start of design to silicon in less than six months. 
This compares to 12 and 18 months for our 
competitors. 

Give your products a competitive edge. 
The only way to be a standout among the 

tide of "me-too" products is to go for every competi­
tive advantage you can get. That's when a high 
level of LSI integration really makes a difference. 

The surprise is that you don't have to be an 
expert to order a custom linear circuit. 

As more companies are discovering, all you 
need to know is your own circuit function. 
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FAILURE RATE ~ 
Reduced parts count improves 
reliability. 

disk drives ... you name it. 

We do all the rest. 
Silicon 

General has been a 
leader in the power 
management business 
for over 7 years. We 
have the resources to 
customize a power 
control circuit for 
any kind of equip­
ment that uses a 
fractional hp motor. 
That includes 
printers, plotters, 

We also have a number of standard motor 
controllers that may already solve your problem. 
A sampling is shown in the box. 

If you want to be a fast-stepper in the com­
puter and peripheral marketplace, we're good 
people to know. 

For information contact Silicon General, 
Semiconductor Division, 11651 Monarch St., 
Garden Grove, CA 92641. (714) 892-5531. 
TWX: 910-596-1804. 

SILICON 
GENERAL 

IC Solutions for Data Conversion and Power Management. 
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At last, color djsQlayunits 
equal to the minds that use them. 

Too often, great ideas are lost or diluted in 
the translation from mind to monitor, dimin­

color displays ensure unsurpassed image de­
tail and quality. 

ishingthe capabilities and produc­
tivity of the people behind it all. 
But, not any longer. Not with color 
displays from Barco Industries. 

Premium Barco high resolution 
color display units and monitors 
bring ideas and information to 
vivid life with extreme clarity, 
stability and precision. From the 
simplest tables for process moni­
toring to the most highly complex 
graphic material, the high techni­
cal specifications and deflection 
technologies inherent in Barco 

Simulated Display 

Barco provides a full range of color dis­
plays, from 14" to 26~ with horizontal 
scanning systems from 15 to 37.5 Khz, 
and vertical scanning from 40 to 120 
Hz. Oioose between standard and high 
resolution (0.31 dot triad pitch) CRT's 
with normal and long persistence phos­
phors, available in both delta gun and 
the most advanced in-line gun technol­
ogy. And, of course, Barco is expert at 
manufacturing to your own specifica­
tions and requirements. 

BARC-<TI> 
lnDUSTRIES 

CIRCLE 102 

From textile pattern design to 
complex data interpretation and 
beyond, Barco's strength in qual­
ity control, research, design and 
production keeps our color dis­
play units and monitors on the 
leading edge of technology, meet­
ing and exceeding the demands of 
a progressive market ... and pro­
gressive minds. 

For more information, contact 
Barco Industries, Inc. , 2818-G In­
terstate 85, Charlotte, NC, 28208. 
Ph: 704/392-9371 Telex: 802-019. 

INC. 



SPECIAL REPORT ON GRAPHICS TECHNOLOGY 

PROPRIETARY/STANDARD 
GRAPHICS SOFTWARE 
MIX TO GIVE MORE 
A Graphical Kernel System implemented in software provides 
a tool, used in a family of high end plotters, that increases 
programmer productivity. 

by Andrew Davis 

The history of graphics standards is one of evolv­
ing solutions. These solutions came early in the form 
of def acto standards to answer the hardware and 
software compatibility problems brought about by 
the proliferation of graphics devices. In the begin­
ning, every computer graphics device spoke a differ­
ent language; the more successful a device was, the 
greater the chance of that language, or protocol, 
becoming a de facto standard. 

Such was the case with the Tektronix 4010 graph­
ics terminal, the PLOT 10 Terminal Control System 
(Tes), and CalComp's plotting utilities. But, as the 
market grew and users became more sophisticated, 
these standards were not enough. With the appear­
ance of new technologies, the market saw the neces­
sity of device independence and software portability. 

Recognizing this trend, Tektronix has imple­
mented its version of one of the emerging standards, 
the Graphical Kernel System (GKS). This PLOT 10 
OKS package represents a logical extension of the 
PLOT 10 family of graphics software tools. 

Andrew Davis is marketing manager of graphics 
software products at Tektronix, Inc, Information 
Display Group, Wilsonville Industrial Park, PO Box 
1000, Wilsonville, OR 97070. He is responsible for 
the marketing of the PLOT 10 family of graphics 
software tools. 

Examining the decision to design such a package, 
with all the design details and capabilities, can 
provide useful information to the computer system 
integrator, software designer, and end user alike 
because each is faced with similar problems. Inte­
grators, for example, must decide if combined 
graphics packages are suitable for their system, while 
software designers must understand how high and 
low end graphics software subroutines are best 
combined. Moreover, users need to understand just 
what they can gain from an integrated high and low 
end package. 

In the last few years, there has been a great deal 
of graphics standard effort. Standards have been 
studied, proposed, and are now being adopted. Sim­
ply put, formal graphics standards bind the concept 
and functionality of graphics hardware and software 
and everyone benefits. Today's graphics standards 
are a direct result of market demand. For example, 
users demand protection for their software invest­
ments, and the graphics industry is responding to 
this need. 

The realization of computer- and device­
independent graphics also presents an opportunity 
for writers of graphics application programs, who 
will enjoy a wide base of compatible systems for 
which they can market their products. This avail­
ability creates an environment that will draw soft­
ware and hardware together to provide versatile 
system solutions to graphics-oriented problems. The 
benefits will be software compatibility, and host and 
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device independence-all of which add up to using 
graphics to increase productivity. 

Compatibility: the problem 
The hardware and software compatibility issue, 

as well as the consistent interface problem, is being 
addressed on different levels by new American 
National Standards Institute (ANSI) proposed stan­
dards. These standards support all the basics of 
graphics programming methodology that have been 
proven by thousands of real-world applications. In 
fact, for Tektronix, the new standards are not so 
much new as they are a formalization of the best 
of industry practices (Fig 1). 

The GKS is a perfect example of the graphics stan­
dards evolutionary process. It is the programmer­
level standard and addresses the problem of software 
compatibility. With its roots in earlier graphics stan­
dards proposals, including the ANSI/Special Interest 
Group on Computer Graphics (SIGGRAPH) Core 
proposal, the GKS has been influenced by many 
national organizations like ANSI. It is in the final 
editorial process before formal adoption. 

GKS provides source-code portability. It allows 
graphics application programs to be transported 
between different installations by dictating a con­
sistent interface. It does this with a high level lan­
guage binding that defines the exact calling syntax 
for each graphics function. An exact calling syntax 
ensures that graphics programmers will be able to 
work on different application implementations 
without going through a costly learning curve. GKS 
also provides a common graphics model to the 
programmer by standardizing the way graphics func­
tions are accessed, and by providing graphics out-

GRAPHICS APPLICATIONS 

put on a virtual device. This approach allows the 
application program to control the way individual 
workstations interpret a graphics representation. 

Two other standards address the hardware com­
patibility issue and focus on the device interface 
level. The first, the North American Presentation 
Level Protocol Syntax (NAPLPS), is based on the 
videotex concept. Developed in Canada, this idea 
was adopted by ANSI and provided by AT&T as a 
standard for transmitting text and graphics over tele­
communication lines. 

The NAPLPS is primarily aimed at providing a 
way to connect television sets and other low cost 
raster devices to telephone lines or cable television 
networks. In this w.ay, consumers can access pub­
lic, commercial data bases. Providing only one-way­
at-a-time communication, the NAPLPS precludes 
interactive graphics applications. On the other hand, 
its powerful data-compaction facilities allow com­
plicated graphics to be quickly transmitted over low 
cost communication lines. 

The NAPLPS may become available in many low 
cost terminals, and application programs may soon 
be developed to utilize those terminals. For this 
reason, computer graphics vendors are starting to 
look at NAPLPS with keen interest. Although 
NAPLPS is important because of the number of 
devices that could potentially use it, it is not an opti­
mal interface for general computer graphics applica­
tions. It is inferior for this purpose to another, more 
general device interface called the Virtual Device 
Interface (VDI). 

The VDI is being developed by the ANSI X3H3 com­
mittee as a standard interface between device­
independent software and graphics devices. It makes 

PROGRAMMER 
---------------------------- ---------------------------- INTERFACE 

PLOT 10 
GKS 

GRAPHICS UTILITIES/TOOLS 

----------------------------!----------------------------

----- ----------- ___________ \ ___________ -----------}----
HOST 110 ROUTINES 

*NORTH AMERICAN PRESENTATION LEVEL PROTOCOL SYNTAX 
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LEVEL 

OEVICE 
INTERFACE 

LEVEL 

HOST 
INTERFACE 

LEVEL 

Fig 1 There are multiple graphics 
software interfaces, as shown in this 
hierarchy of standards. For 
example, the Tektronix PLOT 10 
GKS operates at the programmer 
interface level but includes the 
device interface and host interface 
levels as well. 



How Can We Do It? 
Our confidence in the product you 
receive from Omnibyte begins with a 
solid, well thought-out design. All non­
socketed components are pre-burned-in 
and pre-tested. 
All our boards pass these extensive tests: 
• A thorough visual inspection of all 

completed P.C. board assemblies. 
• Bed of nails testing on our Zehntel 

Troubleshooter Automatic Testing 
Equipment (more complex boards). 

• In-circuit Functional Testing. 
• 72 hr. burn-in at 65 •c. under power. 
• A second in-circuit Functional Test 

following Burn-in. 
Each Omnibyte board level product must 
pass these tests before shipping. 
Is it worth it? The results speak for 
themselves. 
• Less than I% of our boards are returned 

for repair. 

• In over 90% of the cases where a 
return is necessary, your board is 
repaired, tested and sent back to you 
within 24-48 hours. 

Reliability is only one of the benefits of 
our board level and system products. 
They are loaded with state-of-the-art 
features like those on our OB68K I A 
shown above. 
The OB68KIA is an extremely powerful 
stand-alone microcomputer board. It is 
designed for applications requiring high 
performance at lowest cost. 
Important features include: 
• 1 OM Hz 68000 16/32 BIT CPU. 
• 32K/128K/512K-bytes of dual-ported 

zero wait state on-board RAM. 
• Up to 192K-bytes of EPROM. 
• (2) R5232C serial ports. 
• (3) 16-BIT timer/counters. 
• (7) prioritized-vectored interrupts. 
• Switch selectable memory mapping. 

• Software/hardware selectable baud rate 
generator (50-19 .2 K Baud). 

• Directly addresses 16M~bytes. 
• IEEE-796 (MULTIBUS)** compatible 

(MASTER/SLAVE DI 6 M24 116 VOL). 
• Low noise multilayer design. 

SOFTWARE SUPPORT 
A variety of software packages are 
available for the OB68K 1 A. They range 
from the optional VERSABUG* or 
MACSBUG* monitor/debuggers to 
Realtime Executive and Target Operating 
Systems in silicon. 
At Omnibyte, quality control is extremely 
important, resulting in performance so 
reliable we back each and every board 
level product with a 2-year warranty. 
For more information, ask for our free 
summary sheets or send $ 10 for a detailed 
technical manual. Contact Sue Cochran, 
Sales Manager. 



all devices appear as "identical" graphics devices 
by defining a standard 1/0 protocol for them. 
Moreover, the vm is intended to do for graphics 
what the ANSI standard X3 .64 or the vnoo compati­
bility standard did for text editing. Thus, the VDI 
offers the potential to eliminate the need for numer­
ous device-specific drivers. 

A VDI interface is a part of the graphics utility 
itself. As such, it can directly communicate with the 
device supporting the interface standard (VDI). This 
elimination of a layer of code has obvious through­
put benefits to the end user. 

There is yet another interface layer known as the 
Virtual Device Metafile (VDM). The VDM appears at 
the same level as the VDI in the graphics standards 
hierarchy. Because application software speaks in 
only one form of generic graphics commands, the 
VDM must be able to accept the same information 
as the VDI. In addition, the VDM is intended to be 
a standard file format for graphics. Thus, it con­
tains the output functions of the VDI. However, it 
does not contain the input or control functions 
associated with interactivity. 

The VDM's power lies in its ability to compress 
graphics information into a small memory space and 
save it-usually on disk. Since the input to the VDM 
is device dependent, the ability to replay a VDM pic­
ture on any device is a natural result of the VDM 
structure. The VDM also addresses an important 
aspect of picture portability by having versions 
of itself that are both host computer dependent 
and independent. 

Standards implementation 
Together, all of these standards define the inter­

faces and protocols that will eventually define hard­
ware functional ability. Clearly, they must be 
implemented in a way that takes into account the 
overall architecture of standards, as well as the inter­
relationships of'the individual levels. At first glance, 
the implementation options seem to be wide open. 
Upon closer inspection, however, it is clear that a 
responsible implementation, both from a technical 
and economic point of view, has certain constraints. 

First, not all the standards have been formally 
adopted by the participating standards bodies. Some 
are further along the cycle than others. For exam­
ple, the NAPLPS has been adopted. In contrast, the 
GKS, its Fortran binding, and the VDM are out for 
review. Unfortunately, the VDI standard is lagging 
behind. This lag is a result of the real-world problems 
of implementing standards in hardware. 

Since some of the standards are not finalized, the 
interrelationships between all of them are blurred. 
Today, any implementation of a proposed standard 
needs to be able to take future changes into account. 
To minimize the risk associated with standards not 
yet adopted, it makes sense to choose the most stable 
and nearly complete standards. 
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Initially implementing any standard in software 
offers flexibility to both the developer and the user. 
A software layer makes it easier to adjust to user 
needs, and it insulates the user from the inevitable 
shift in evolving standards. And, once the standard 
is fixed, the implementation focus can change from 
the software's flexibility to the hardware's speed and 
efficiency. This move should not occur until the stan­
dards have settled and it is known how users 
apply them . 

Using the GKS 
The problem of implementing new and evolving 

standards is compounded for a company whose 
products supplied the de facto standard for over a 
decade. Tektronix has the added responsibility of 
providing a growth path for its past and current 
graphics users as well as future customers. Conse­
quently, as might be expected, Tektronix chooses 
to implement the GKS in software. 

The GKS gives the application programmer a com­
mon graphics model and syntax to speed up the pro­
gramming task and increase productivity. To the 
experienced graphics programmer, Tektronix's 
PLOT 10 GKS is a natural evolution of past tools that 
requires only short study. To the new programmer, 
it is the foundation on which most graphics tools, 
hardware, and applications will be built. 

Since GKS provides the conceptual model of com­
puter graphics and because it is out for a final review, 
it is the most secure standard. Viewed in conjunc­
tion with the GKS Fortran binding, NAPLPS, and 
VDM, the basis exists for the implementation of a 
powerful, standard-based graphics tool. 

Functions supported by the GKS in its Tektronix 
PLOT 10 software implementation provide a wide 
range of basic graphics capabilities. Since the For­
tran GKS language binding is fully specified, PLOT 
10 GKS is implemented as a library of ANSI Fortran 
77 graphics subroutines adhering to the GKS Fortran 
binding. Tektronix opted for an implementation of 
GKS Level 2B (Fig 2) and supplies all the tools the 
programmer needs to create and manipulate graphics 
segments and software text fonts. Level 2B also 
allows standard digitizing input functions and multi­
ple windows and view ports to be utilized. 

The GKS itself supports a full set of drawing 
primitives and the setting of primitive attributes. The 
basic drawing primitives in the GKS are the polyline, 
polymarker, and text primitives. The polyline primi­
tive draws vectors (straight lines) between a sequence 
of points specified as an array. A single line is merely 
a special case of the polyline defined by specifying 
both end points. Note that the polyline marker 
primitive is similar to the polyline except that it draws 
a marker symbol at each specified point rather than 
connecting the points with lines. 

For its part in the GKS, the text primitive displays 
text strings at any position or with any orientation. 



GKS LEVELS 

Fig 2 To satisfy a myriad of applications and interests, 
there are nine parts (not just one) to the Graphical Kernel 
System (GKS). The PLOT 10-based GKS implementation in 
software represents Level 2B and is based on a Fortran 77 

binding. 

PLOT 10 OKS has improved on ,the appearance of the 
OKS text by implementing dynamically filled charac­
ters. This implementation means that, even on 
devices that do not support polygon fill, characters 
will always be filled solidly, regardless of their scale. 

Tlv: uKS supports raster devices with fill and cell 
array primitives. The fill operation paints the interior 
of a closed polyline (a polygon) with a specific color 
or pattern such as a crosshatch. The cell array primi­
tive allows a two-dimensional array of different­
colored pixels to be defined. The cell can be 
replicated by specifying the desired boundaries. 
Replication means that computer graphics can over­
lap imagery data (eg, satellite images) . 

Some graphics devices incorporate powerful capa­
bilities (eg, the ability to draw arcs, circles, {ind bars). 
The OKS allows an application program to access 
these capabilities through a special escape mecha­
nism called the Generalized Drawing Primitive. By 
passing a function number and the required parame­
ters to a device's hardware driver, any unique device 
feature can be invoked. 

Workstation flexibility 
The OKS adds to the concept of a graphics 

workstation, which is traditionally defined as a col­
lection of hardware devices connected in some man­
ner. With older workstations, the controlling 
software knew only one window and one view port 
and only one set of display attributes. In contrast, 
the OKS allows multiple window.,view port transfor­
mations (known as normalization transformations) 
on each workstation. 

The OKS has yet another workstation feature. It 
allows a special transform-known as a workstation 
transform-to easily perform two chores that were 
previously difficult in device-independent graphics. 
The first chore is to produce scaled drawings in 

inches or millimeters. The second is to easily utilize 
a rectangular screen without restricting graphics to 
a square area (Fig 3). 

With PLOT 10 OKS, each workstation (defined as 
an active display or input device) can have its own 
group of display attributes such as line style, line 
color, or character geometry, set to take advantage 
of specific device characteristics. With this design, 
application programs can dynamically assign 110 
devices without having to reset display attributes. 

The OKS also supports a full set of input opera­
tions that allows application programs to receive 
input from a broad range of interactive input 
devices. The OKS's input operations are grouped 
into five classes: Choice, Locator, Pick, String, and 
Valuator. These classes of the OKS support the opti­
mum input device for a particular working environ­
ment. The result of this support is improved 
interactivity. 

The Request Locator function returns a position 
in world coordinates while the Request Valuator 
function indicates the current value of a continuous 
valuator device such as a potentiometer. The Request 
Choice function returns an integer that represents 
one of a set of choices. For its job, the Pick func­
tion returns the graphics segment number that cor­
responds to the objects being selected with graphics 
input. Finally, the Request String function reads 
character input from a keyboard device. The way 
these logical functions are implemented (ie, with 
joystick or mouse) is workstation dependent. 

The OKS has two other input modes besides the 
Request mode supported by PLOT 10 OKS. The level 
structure of the OKS (Fig 2) specifically allows 
implementation of the Request mode only. This is 

Y-AXI S 

' ' ' VIEW PORT ANO WORKSTATION 
WINDOW IN NORMALIZED DEVICE~ 

COORDINATE SPACE WITH ,,. , 

VIEW PORT 

CLIPPING ON / / / ~O:·~~~~!=~E 
1.0 

WORKSTATION WINDOW 
,/"' /'/ 

/ / 

TERMINAL SCREEN 

WORKSTATION VIEW PORT 
IN DEVICE COORDINATE 

SPACE 

UNUSED PART OF SCREEN 

Fig 3 The GKS allows multiple window-view port 
transformations at a terminal screen. This feature allows 
scaled drawings and the use of a rectangular screen without 
restricting graphics to a square area. 
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because Sample and Event modes require 1/0 capa­
bilities unavailable in Fortran 77. These limitations 
provide useful information to the designers of stan­
dard programming languages. 

The OKS also supports graphics segments. A seg­
ment is a collection of output primitives that can be 
manipulated as a whole. Once created, segments 
become graphics entities that can be used as build­
ing blocks to create more complex pictures. Design­
ers can manipulate segments in many ways including 
translation, rotation, and scaling. Segments can also 
be renamed, deleted, inserted into other segments 
or into a stream of output primitives, made visible 
or invisible, and more. The use of segments allows 
a programmer to access a variety of powerful graph­
ics functions. It offers the ability to treat graphics 
data in a logical, picture-oriented manner. 

Although it is not incorporated in the OKS stan­
dard, PLOT 10 OKS implements a VDM to allow the 
designer to have permanent storage of graphics (and 
non-graphics) data. Metafile processing involves the 
retrieval of stored graphics information and the 
manipulation of the ''picture'' into a desired presen­
tation. It can scale, rotate, translate, or modify the 
stored graphics. It can then send the output through 
the VDM again for storage or through the device 
driver to any output device. 

Device independence featured 
The OKS defines a device-independent graphics 

system. Thus, applications can be written without 
concern for a device's physical attributes because its 
specifics reside in device-dependent software mod­
ules. The system integrator's or end user's initial soft­
ware investment is protected and a path is opened 
for upgrading or changing the system. Moreover, 
when new equipment is added, it only requires a new 
device driver. 

PLOT lO's OKS implementation is packaged with 
device drivers for Tektronix terminals, plotters, and 
digitizing tablets, and will also include support for 
non-Tektronix devices. Moreover, the OKS provides 
a device-driver model and documentation. These 
off er the programmer tools to develop drivers for 
more devices. Note that while device independence 
is important, so is host independence. The ANSI 
Fortran 77 language binding of the OKS provides a 
path for host independence. PLOT 10 OKS has been 
implemented in a machine-independent subset of 
Fortran 77 that makes application portability even 
easier. For example, PLOT 10 OKS runs on IBM, v AX, 
Control Data Corp, Prime, and various other major 
host systems. 

The PLOT 10 OKS also incorporates dynamic 
memory management (Fig 4). Since Fortran does not 
support dynamic data structures like Pascal, Algol, 
and other languages, sufficient memory space must 
be allocated (dimensioned) to allow storage for the 
maximum number of workstations with the maxi-
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mum number of allowable input devices. This pro­
cedure consumes a lot of memory that is not likely 
to be used, while the space available for segment 
storage, pattern arrays, and character fonts may be 
very restricted and fragmented. 

SHARED 
MEMORY 

POOL 

-----------, 
I ___ _,I 

SHARED I 
MEMORY : 

POOL I 
I OVERFLOW I 

----------L---------J 
PLOT IO GKS DYNAMIC 
MEMORY MANAGEMENT 

Fig 4 A dynamic memory management facility exists in 
PLOT IO's GKS and allows allocation and reuse of a memory 
pool. When the pool is full, parts are copied to a disk file. 
The parts copied are intelligently chosen for minimal 
system impact. 

To solve this memory problem, a dynamic mem­
ory management system enables allocation and reuse 
of a memory pool. Memory not currently used for 
workstation variables can be used for segment 
storage, pattern arrays, and character fonts. When 
the memory pool becomes full, the system copies 
part of these data structures to a disk file in a 
"smart" way, based on the type of structure and 
its potential impact on system performance. This 
single view of storage is transparent to both 
programmer and user. 

Through the use of installation tools, the PLOT 
10 OKS can enable or disable this memory manage­
ment feature based on the requirements of the in­
stallation and the size of the memory pool. 
Moreover, any disk overflow area can be indepen­
dently configured. This feature offers the strength 
of a "virtual-like" function for nonvirtual machines 
and the benefits of a nonpaging, large, shared pool 
on virtual systems. 

Optimized for implementation in hosts with 32-bit 
or larger word sizes, the PLOT 10 OKS is today soft­
ware based. But, as mentioned earlier, when stan­
dards are stable and it is known how they are being 
used, software functional ability will be implemented 
in hardware. In effect, this implementation will move 
the standards and interfaces down into the graphics 
device itself. 

Please rate the value of this article to you by 
circling the appropriate number in the "Editorial 
Score Box" on the Inquiry Card. 

High 737 Average 738 Low 739 



Fitness Plan for 
Overw i ht Displays 

Introducing the thin alternative. 
New 2000-character 

PlasmaGraphics UO display. 

To meet the demand for ever-smaller footprints and 
more enticing product appearance, today's designers 

are increasingly turning to flat panel displays. 
The new PlasmaGraphic~™ 120 panel is 

perfect for applications that demand a more modern 
approach than bulky, overweight CRTs. There are a 

host of reasons why the PG 120 is the unsurpassed 
leader in flat panel technology. 

0 120,000 addressable pixels (480 x 250). 0 25 lines; 
80 characters/line. 0 highly readable in low, high 
or normal ambient light. 0 combines AC and DC 

technology for better-than-ever flat panel 
performance. 0 compact 7" x 10" x 1 V2" (18 x 25 

x 4 cm) package. 0 cost effective design . 

Find out more today. Use the bingo card 
number below or call for our 'Thin-is­

in" designer's information package. 
PlasmaGraphics Corporation, 

P.O. Box 4903, Mt. Bethel Road, 
Warren, NJ 07060. Telex 83:3456. 

Telephone (201) 757-5000. 

Plasma Graphics 

Circle 154 for Future Reference Only 
Circle 155 for Current Project 
Circle 156 for Possible Project 

Copyright 1984 Plasma Graphics Corporation 
PGC-3 . Printed in U.S.A . 



THE EMULOGIC® EGL ·3211. 
SCREEN 

Automatically updated 
full-screen display of all 

registers and system status. 

MAPPING 
Full-spee~, f1;1ll-range 
mappmg m mternal, 

external, ana mixed modes. 
Single-word resolution. 

BREAKPOINTS 
Eight 78-line real-time 
logical breakpoints for 

every chip, concatenated 
via logical switches 

and counters. FAST KEYS 
They're fast, direct, 

and don't get in your way. 
The most user-friendly 

operator aid available today. 

LOAD 
Selects LOAD screen with 

all options. 

CF/LOG 
Full-range offsets. 

Selects screen with all 
Command File and Log 

function options. 

TRACE 
Breakpoint-controlled 

511 x 72-bit real-time trace 
with precise disassembly. 

SET 
Selects screen with all 

SET options. 

BREAKPOINT 
Selects screen with all 
BREAKPOINT options. 

MEM 
Selects screen with all 

MEMORY options. 

TIMEBASE 
Multi-sourced time base­

internal synthesizer or 
target clock. 

DIS 
Selects screen with 

all DISASSEMBLY options. 



STILL THE BEST MICROPROCESSOR 
DEVELOPMENT SYSTEM YOU CAI GET. 

WORLD'S BEST EMULATOR. 
It's the best you can buy. Pure and 
simple. 

Built around DEC's I.5I-U CPU's, RT-U, 
and a full range of DEC options like 
RL02 hard disks, the Emulogic general 
purpose emulator supports more chips 
from more manufacturers better than 
any other system. 

With the ECL-32U you can find your 
bugs in the lab, before your customers 
find them in the field. It lets you probe 
into things that other systems can't even 
see. In fact, you probably can't define a 
condition that the 32U can't trap. And 
yet it's easy to use. 

"NO-WAIT-STATE" EMULATION. 
Up to the full rated speed of every chip 
with all features implemented. Doesn't 
steal any interrupts, stack pointers, 
stack space, or memory space. Handles 
all types of interrupts in any mapping 
configuration. Logical switches, count­
ers, and trigger outputs manipulated 
in real time at no cost to user program. 

COMPLETE HELP FACILITIES. 
Our new "FAST KEYS" and Advanced 
Command Syntax make it a snap to 

learn to use. You don't even have to 
read the manual to get started. 

And once you've used it for one 
chip, you don't have to learn any-
thing new for the next chip. The 
screen format is uniform for all 
chips, and all system functions 
are the same. All you have to 

learn is the chip itself. 

EMULOGI 
MCROPROCESSOR 
DEVELOPMENT SYSTEMS 

AT ANY PRICE. 
WORLD'S BEST 
DEVELOPMENT SOFTWARE. 
More powerful and easier to use than 
any in the field, the software tools avail­
able with every ECL-32U let you develop 
and debug software as readily as hard­
ware. So system integration gets done 
effectively and on schedule. 
DEC Operating System. RT-U Version 5 
is standard for stand-alone ECL-32U's. 
(RSX-UM and VMS for multi-user 
systems.) It's the latest update of the 
field-proven PDP-U operating system. 
Keypad Editor. Full-screen-oriented 
KED Keypad editor that makes full use 
of DEC terminal functions. 
Assemblers/Linkers. MACRO-U-based 
cross-assemblers and linkers for every 
chip. Mnemonics identical to original 
chip manufacturers. Pseudo-ops and 
directives of MACR0-11. No relearning 
from chip to chip. 
Pascal/C Compilers. Available for most 
chips, they are true cross-compilers that 
produce executable code that can be 
run on the ECL-32U or the target chip. 
Permit linking of assembly-level and 
compiler-level symbols and include 
utilities for standard load module 
format conversions. 
High-Level Debuggers. Permit user to 
modify Pascal and "C" variables in the 
format of the high-level language. User 
can debug completely within th.e high­
level language without reference to 
assembly-level parameters. 
Advanced Command Syntax. 
Expanded HELP facility, new memory 
display and MOVE commands, greatly 
enhanced command file functions. 

Now you can activate command 
files from breakpoints 

as well as the 
keyboard, 

European Distributors: Austria: Walter Re kirsch, (43 222) 235555; Denmark: instrutek, (45 5) 61 1100; 
France: YREL, (33 3)9568142; Sweden: Aktiv Elektronik AB, (46 8) 7390045; Switzerland: Instrumatic AG, (41 I)7241410; 
United Kingdom: Ms.5, (44 494) 41661; West Germany: Instrumatic Electronic GmbH, (49 89) 852063. 
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include pauses for user response, nest 
multiple files up to five levels deep. With 
the new LOG command you can store 
any sequence of operations for later use. 

MORE CHIP SUPPORT. 
Emulation, simulation, and full soft­
ware development support packages 
for the following chips: 
Now shipping 
8080 8086 
8085 68000 
8048 68010 
8088 6809 

In beta test 
Z8001" 
8031 

NSC800 
Z80® 
6502 
6512 

Scheduled for 1984 
80188 68008 
68020 Z8002" 

WORLD'S BEST 
MULTI-USER SYSTEMS. 

80186 

If you need to coordinate the work 
of a team of hardware and software 
engineers, don't forget to check into 
Emulogic's multi-user systems: 
EMUNET'"-1. RSX-UM-based system for 
the PDP-U family of host computers. 
Up to 15 users. 
EMUNET-2. VMS-based system for the 
VAX family. Up to 60 users. Easy migra­
tion from stand-alone ECL-32U's and 
from EMUNET-1. 

For more information on the ECL-32U 
or our multi-user systems, contact 
EMULOGIC, Inc., Three Technology Way, 
Norwood, MA 02062, 617-329-1031 or 
800-435-5001. 
EMUNET is a trademark and Emulogic is a registered 
trademark of Emulogic, Inc. 
LSHI, MACRO-II , PDP- II , RL02, RSX-llM, RT-11, VAX, and VMS 
are registered. trademarks of Digital Equipmen1 Corporation. 
Z80, Z800! and 28002 are registered trademarks of Zilog, Inc. 







THE JETSTREAM™16 IS HERE 
In excess of 100 megabytes 

QIC-02/QIC-24 compatible 
SCSl/QIC-24 compatible 

16 or 9 tracks 

Streaming on 9 or 16 tracks, the 
new high-density JETSTREAM ™ 16 

is fast, dependable, and big in capacity. 
Winchester back-up, data interchange, or 
archival storage are ideal applications for 

this exciting machine that packs in excess of 100 
megabytes on a single data cartridge and takes 

no more space than an 8-inch floppy. OEM 
drives, as well as JETSTREAM ™systems 

are available. Contact us today for full details 
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at North Atlantic Qantex, 60 Plant 
Avenue, Hauppauge, NY 11788 
(516) 582-6060 (800) 645-5292 

1\l north atlantia 
Qantex 



SYSTEI COIPDIEITS 

Fast A-D boards pump data into LSl-11 bus without transfer loss 
A family of data conversion interfaces is 
stepping up transfers to mass storage, 
maintaining data collection rates of 
250,000 samples/s and throughput rates 
to 100 kHz. Traditionally, transfers as 
fast as this suffer from undetectable error 
conditions, such as data loss during data 
buffer switching and time shifts due to 
data gaps-as well as buffer overruns 
from bad sectors or tracks. Together with 
CPLIB and RSXLIB software packages, the 
DT2752 family's continuous-performance 
architecture conquers these problems. 
Moreover, the boards are fully compati­
ble with LSl-11 /23 and LSl-11173 CPUS. 

Taking advantage of true 22-bit ad­
dressing, the boards collect and store 
large amounts of data as a single contig­
uous block in any user-defined memory 
section. This technique differs from quasi 
22-bit addressing, which breaks up large 
data blocks and stores them in separate 
buffers. The 16 LSBs of the starting 
memory address load into the DMA cur­
rent address register, while the 6 MSBs 
load into the DMA extension register. The 
upper 6 bits can be dynamic or static de­
pending on the jumper. If they are 
dynamic, the A-D system increments both 
registers to make room for any volume 
of data up to 4 Mbytes, stored contigu­
ously as a single block. If the upper 6 bits 
are static, the data is stored contiguously 
until a 64-Kword boundary is reached. At 
that point, the address register automat­
ically wraps around to the other end of 
the memory segment. 

For enhanced DEC compatibility, four­
level interrupts and an arbitration 
mechanism allow the board's bus location 
to be independent of its interrupt level. 
When multiple interrupts occur, the 
DT2752 services every one in order of pri­
ority. This is unlike some other boards 
that service only the highest priority in­
terrupt, then clear all others. As part of 
the multilevel interrupt structure, the 
boards have two internal interrupts. Each 
is a separate interrupt source with a 
unique vector. The Done interrupt is 
generated when a data point is collected 
and ready for transport to the CPU. It 
occurs in the DMA mode after all the data 
is transferred to memory. The error inter­
rupt is generated when an error condition 
occurs in the data acquisition process. 

The boards transfer data to memory by 
DMA or programmed 110. In either mode, 
the system can be polled or interrupt 

driven. Setting the DMA and Done inter­
rupt bits through software selects the 
DMA mode. Up to 64 Kwords can be 
transferred without program interven­
tion. After 64 Kwords, the process must 
be restarted. 

Conventional methods of transferring 
more than 64 Kwords usually result in 
data loss while the first buffer transferred 
to disk and the registers on the board are 
reset. Software libraries are instrumental 
in overcoming this problem by providing 
proprietary program techniques that ac­
quire data continuously without gaps. 

Realtime software support runs under 
RT-11 (DTLIB and CPLIB) and RSX (RSXLIB) 
operating systems. The software packages 
consist of two parts: a loadable or resi­
dent device driver and a subroutine 
library. An application can call subrou­
tines to collect, store, and output data. 
Fortran programs call DTLIB and CPLIB, 
while Fortran, Macro, or Basic can call 
RSXLJB. 

Two methods of data conversion are 
available-single conversion per start and 
multiple conversion per start . Clearing the 
multiple conversion bit makes way for 
single-conversion mode selection. In this 
mode, the system collects one data point 

for each start (software or clock) issued. 
After data is collected, it is stored and the 
system waits for another start to acquire 
another data point. 

The multiple-conversion mode can only 
be selected in conjunction with the DMA 
transfer mode. Once data acquisition 
starts it continues automatically until the 
specified words are collected and trans­
ferred. In this mode, data acquisition oc­
curs at the maximum throughput rate. 

To meet applications in signal process­
ing, speech research, high speed process 
monitoring, and laboratory research, the 
boards come in three models. The 50-kHz 
SDl/16SE has optional programming gain. 
Also available are 125- and 250-kHz ver­
sions with the optional gain feature. 

The 50-kHz version is priced at $1495~ 
the 125-kHz version at $1795, and the 
250-kHz version at $2495. The program­
mable gain option is an additional $175 . 
First deliveries are scheduled for mid­
J uly. Data Translation, 100 Locke Dr, 
Marlboro, MA 01752. -M.B. 

Circle 260 
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SYSTEM COMPOIEITS 

Development system based on IBM PC puts 8088/80188 on STD bus 
To strengthen STD bus applications, Zia­
tech is introducing a software develop­
ment package for 8088/80188 processors 
along with a line of STD bus based single­
board computers using the 80188. Ex­
tended capability for the 8-bit bus will be 
particularly useful in controller architec­
tures, where STD systems address a wide 
variety of applications. 

The series 8800 prototype development 
system, which runs on an IBM PC or com­
patible, consists of an 8088-STD target sys­
tem in an eight-slot card cage, a power 
supply, software, and documentation. 
Offering a 16-bit internal capability, the 
ZT 8812 processor board is specially 
designed to work in the STD bus develop­
ment process. It contains the 8088 proces­
sor with a socket for an optional 8087 
floating point processor. An 80130-6 inter­
rupt processor with counters and timers 
provides Intel's iRMX-86 operating system 
kernel. In addition, the DBUG 88 PROM 
monitor resides on the CPU board. 

Software forms the major portion of 
the prototype development system. It 
consists of the DBUG 88 monitor and a 
disk-based development package, PC/STD 
88, which runs on the PC. The user can 

prepare object code for the development 
system, using PC-compatible assemblers 
or compilers, as well as any convenient 
editor. The PC/STD 88 package then struc­
tures the object file for use on the target 
system. It lets the user specify memory 
address positions, links modules for use 
with other programs, and formats the 
files for loading into the target system. 

Once it has loaded the linked object 
code into the target system, PC/STD 88 
sets up the PC as a debug console com­
municating with the monitor on the CPU 
board. Using the debug monitor, the user 
can examine and alter registers on the 
8088 as well as on the 8087 numeric pro­
cessor from the PC. Other normal debug-

ger functions let the user set 
breakpoints, run programs, 
perform 110 operations, and 
examine and alter target sys­
tem memory. When the code 
has been fully debugged, the 
monitor PROM can be 
replaced with a PROM con­
taining the user's routines. 

In addition, the ZT 8814 
and ZT 8815 single-board 
computers are based on the 

80188 and run at 5 and 8 MHz, respec­
tively. Each provides 5 byte-wide memory 
sockets that accept memory chips with ca­
pacities up to 32-Kbyte RAM or 64-Kbyte 
ROM. DBUG 88 resides in one memory 
socket. The same equipment and software 
can develop software for the 8088 or 801 88 
board. 

The prototype development system, 
priced at $2800, is available four to six 
weeks ARO; the ZT 8814 and 8815 are $650 
and $695, respectively, and will be avail­
able this month . Ziatech Corp, 3433 
Roberto Ct, San Luis Obispo, CA 93401 . 

-T. W. 
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Tape subsystem exhibits full-size performance at low cost 
The model 9250 Shamrock group code 
recording tape drive uses advanced LSI 
gate array and microprocessor technology 
to condense its GCR formatter onto two 
circuit cards. These cards are directly 
integrated into the tape drive package to 
support high end performance. 

The 50-in./s, start/stop device features 
vacuum column technology. The brush­
less, direct drive, pneumatic system is in­
sensitive to changes in voltage, altitude 
and line frequency, and day-to-day vari­
ations in barometric pressure. 

Automatic threading, including tip of 
tape detection and column loading, oc­
curs via one button. This feature 
minimizes operator tape handling and 
contamination. Automatic rewind takes 
only 2 min for 2400-ft reels. 

Tape densities start at 6250 bits/ in. in 
GCR and include 1600 bits/ in. in phase 
encoded. Two methods of density selec­
tion are available. The host computer can 
select the density under software control 
or the operating system or interface 
allows the operator to select the density. 
For users with 800-bit/in. nonreturn to 
zero inverted (NRZI) requirements or 
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large existing NRZI libraries, the drive's 
tri-density option eliminates the need for 
additional tape drives. 

For applications requiring multiple tape 
drives, it allows master/slave daisy chain 
expansion to 1 x 2, 1 x 3, and 1 x 4 sys­
tems. Only the master has the embedded 
formatter, saving the expense of duplicat­
ing both the formatter and the interface 
electronics for each additional tape drive. 
For flexibility in the field, any master unit 
can be converted to a slave (or vice versa) 
by moving the two formatter circuit cards. 

Tape drive specs include a tape speed 
of 50 in.ls, a gap size of 0.3 in. in GCR 
for read and write, 0.6 in. in phase en­
coded for read and write, and 0.6 in. in 
NRZI for read and write. GCR access times 
reach 3 ms for a write and 3.4 ms for a 
read. Transfer rates are 312.5, 80, and 50 
kbits/s for 6250-, 1600-, and 800-bit/in. 
tape densities, respectively. 

Using GCR technology has several ad­
vantages. It offers increased data density 
for significant file compaction over previ­
ous industry standard densities. This 
results in less media to store data, less 
library space, and reduced handling. Sys-

tern throughput enhancements occur via 
a high data rate together with automatic 
error correction circuitry to eliminate 
rereads. 

The 9250 costs $7399 with production 
deliveries scheduled for October 1984. 
Telex Computer Products, Inc, 6422 E 
41st St, Tulsa, OK 74135 . 
Circle 262 -M.B. 



Analyzer combines hardware/software tests in one device 
Giving designers a single instrument for 
testing, debugging, and analysis, the HP 

1630G supplies three analysis functions 
for digital development: timing, state, 
and software performance. With its 65 
channels, the analyzer is suitable for ap­
plications involving 16-bit microproces­
sors and multiple bus monitoring. 

The unit provides timing-waveform 
diagrams that simultaneously display up 
to eight channels, and has user-definable 
labels to simplify data evaluation. Ad­
justable parameters include wide magnifi­
cation range, glitch display, and direct 
time readout between cursors. 

State listings display address, data bus, 
and status/ control-line activity. Selectable 
display modes include binary, octal, deci­
mal, hex, ASCII, and relocation, as well 
as user-defined and microprocessor­
specific mnemonics. For easy interpreta­
tion, the user can display and/ or trigger 
on code in terms of relocatable or abso­
lute address or mnemonics. 

Using software performance analysis 
measurements, users can view selected 
portions of code and measure time or 
occurrence distribution. With this tech­
nique, the user can spot bottlenecks in 

operating software, deter­
mine best- and worst-case 
conditions as a function of 
data variables, and establish 
benchmarks for modules or 
an entire program. In addi­
tion, graphs of memory acti­
vity as a function of occur­
rence can indicate infinite 
loops, erroneous jumps, and 
activity in forbidden areas. 

The device contains pro­
grammable nonvolatile 
memory, where the user can 
store an inverse assembler 
(disassembler) plus one setup 
configuration. When turned 
on, it automatically con­
figures for a particular application. Time 
tagging measures the time between each 
stored state in the state analysis mode. It 
can also measure the time from the trigger 
point to each state or the number of un­
stored states between each stored state. 

Histograms measure program flow by 
showing the user where the program 
spends most of its execution time. It 
counts either all acquired states or only 
the instructions in the histogram. This 

eliminates confusion if the program 
generates in line code or if memory blocks 
are interspersed between sections of the 
program. 

The logic analyzer is priced at approx­
imately $12,000. Hewlett-Packard Co, 
1820 Embarcadero Rd, Palo Alto, CA 
94303. -M.B. 
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Peripheral processor removes communication overhead from host 
Providing high speed data communica­
tion, the SI08 intelligent processor uses 
eight serial channels to take over commu­
nication responsibilities from the main 
processor. It is designed for multi-user, 
multitasking systems such as Unix, 
RMX-86, and MPM-86. The Multibus­
compatible serial communication module 
features a 16-bit 8088 microprocessor that 
handles all communications over eight 
serial channels. All channels are individu-

ally programmable and provide asyn­
chronous, bisynchronous, HDLC, and 
SOLC operation. 

A tri-port RAM architecture allows the 
user to place an onboard 16-Kbyte buffer 
anywhere in the 20-bit Multibus address 
space. Once the address is fixed, the tri­
port memory can be accessed from any 
CPU on the Multibus, the processor, or 
via the serial 110 channels through the 
OMA logic. Each of the eight input and 

r-----::===:::;:;:;:;:;::;:;:::;:::;:::::;:::::::;:;:::;:;:====::i eight output ports provides 

OMA 

a separate OMA channel for 
continuous operation at a 
minimum of 9600 baud. 
Each channel also handles 
full duplex OMA operation 
without intervention by the 
onboard 8088 or the main 
system microprocessor. 

In addition to the 16-
Kbyte data buffer, the mod­
ule contains a 1-Kbyte cache 
that operates on an internal 
local bus. The processor 
manipulates information in 
local memory using OMA. 

The 8088 therefore, reads 
and writes to the local mem-

ory together with OMA 110 and can pro­
vide no wait states with either memory 
access. The onboard 16-Kbyte memory is 
designed around a tri-port interface. The 
local memory is accessible by any other 
master on the Multibus as well as by the 
8088 and the OMA serial uo logic. The 
unit contains full interupt logic for all 
channels. Baud-rate generation is pro­
grammable with standard timer 1cs. 

Using a coprocessor 110 control-block 
technique, the host processor places in­
formation in the tri-port RAM and re­
quests an 110 operation. The 8088 

examines and analyzes the 110 requests 
and completes the operation without fur­
ther host intervention. All operations can 
occur from the local buffer or from the 
Multibus. Large blocks of information 
can transfer directly from Multibus main 
memory, completely bypassing the 
buffer. An option loads or removes data 
in the OMA mode from the buffer or 
from main memory on the Multibus. 

The board costs $2800 with immediate 
delivery. Distributed Computer Systems, 
330 Bear Hill Rd, Waltham, MA 02154. 

-M.B. 
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SYSTEI CllPOIEITS 

Supermicros run multiple operating systems concurrently 
By replacing dedicated CPU boards with 
a multitasking terminal server, Molecu­
lar Computers' series 9 and 36 systems 
can each share applications running under 
different operating systems. This intelli­
gent serial multiplexer, called a terminal 
concentrator processor, gives users access 
to any available 8- or 16-bit application 
processor. In tum, the application proces­
sors become system resources that can run 
CP/M-80, MP/M-80, CP/M-86, MP/M-86, or 
MS-DOS programs. 

The multiplexer consists of an Intel 
80186-based processor card with its own 
memory and firmware (photo front) and 
an 8-port serial l/O card (rear). Freeing 
users from dependence on a single CPU 
enables the server to make quick transi­
tions between different applications and 
access programs written for incompatible 
operating systems. Moreover, adding a 
186 CPU with its own memory signifi­
cantly speeds up word processing, spread­
sheet, and database programs originally 
written for the 8088. 

Previous systems (the Supermicro x 
series) tied each user to a terminal con­
nected to a Z80 processor card. This card 
communicated over the backplane bus 
with other Z80 or 8088 processors via the 

MP/ M operating system. 
While this approach pro­
vides good functionality, it 
limits users to whatever 
degree of multitasking the 
operating system or the Z80 
card offers . 

Tabletop series 9 has slots 
for up to 9 application 
processor cards , 20- or 
30-Mbyte hard disk, a 
320-Kbyte floppy disk, and 
an optional streaming tape 
backup. The series 36 comes 
in a free-standing enclosure 
identical to that of the earlier 
x series, and has a 60-Mbyte, 
5 ~-in. Winchester disk (with 
space for two additional 
drives), a 320-Kbyte floppy disk, and 
optional tape. 

The AP/ 186 serial l/O card and terminal 
concentrator processor are fully com­
patible with earlier systems, and work with 
the company's proprietary n/ Star oper­
ating system to let a central file processor 
handle all disk 110 . Containing 64 to 256 
Kbytes of cache RAM, the file processor 
improves overall disk performance by stor­
ing frequently used data "online." 

The price of the terminal concentrator 
processor is quoted under $2000; the 
AP/186, $1700; and individual Z80 proces­
sors, about $1000. Available in May, the 
series 9 (without application processors) 
will cost approximately $7995; the bare 
series 36 (available in June) will be about 
$18,995. Molecular Computers, Inc, 2764 
N First St, San Jose, CA 95134. 

-S.B. 
Circle 265 

Hybrid plasma display simplifies driver electronics, cuts cost 

Using patented self-scan with memory, 
the model 120 flat panel combines the in­
herent memory of ac plasma with the 
powerful addressing of de plasma to 
reduce expensive driver electronics. The 
result is a full-page display, with 480- x 
250-pixel graphics and 80-col x 25-row 
alphanumerics, that promises to compete 
pricewise with high quality CRT moni-
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tors. Moreover, because the 
display subsystem is un­
affected by magnetic fields 
and emits no X rays, it can 
function in industrial 
environments as well as 
office and transportable 
systems. 

The all-points address­
able, 120,000-pixel display 
uses only 40 drivers and 137 
driver-to-panel interconnec­
tions. This compares with 
730 X-Y drivers and 730 
driver-to-panel interconnec­
tions for the same resolution 
on typical ac plasma dis­

plays. Instead of using a driver circuit for 
each row and each column of pixels as ac 
plasma panels do, the hybrid display 
incorporates a de scan section for X-axis 
addressing and an ac memory layer that 
multiplexes y-axis drivers . 

In addition, the 67-pixel/in., 7.2- x 
3. 75-in. (18.3- x 9.5-cm) display area can 
be seen from a 150-degree viewing angle. 

An inherent display storage function 
eliminates the need for refresh. Once data 
is entered, the subsystem maintains the 
image as long as power and an input clock 
signal are applied to the drive electronics. 
Otherwise, only the entry of new data will 
alter the display. Eliminating display 
refresh removes previous panel size con­
straints and flicker effects. 

Overall dimensions of the 3-lb (1-kg) 
flat panel, including built-in driver board 
with all subsystem electronics, are 11 .2 x 
6.52 x 1.4 in. (28.4 x 16.56 x 3.6 cm). The 
display has a standard TTL-compatible, 
8-bit parallel data bus interface to com­
puter systems. It consumes 12.5 W in dis­
play mode, and 20.5 W in data entry mode. 

Evaluation units ($1795) are available 
now, and volume production (under 
$1000 per unit) is scheduled for the second 
quarter of 1984. However, the company 
expects per-unit volume prices to drop to 
between $300 and $400 within two or 
three years. Plasma Graphics Corp, PO 
Box 4093, Warren, NJ 07060. 
Circle 266 -D.H. 





SYSTEM COIPOIEITS 

Single-board computer stores 512 Kbytes with onboard RAM 
Standard OB68K/MSBC1 equipment in­
cludes 256 Kbytes of triple-ported (CPU, 
Multibus, and local memory bus) RAM 

with parity. The zero wait-state RAM uses 
128-K x 4-bit single inline package chips. 
Using these chips allows RAM to expand 
to 512 Kbytes. The board incorporates the 
68000 16/ 32-bit microprocessor operating 
at 10 MHz on the Multibus. Optional 
processors include a 12.5-MHz 68000 and 
the 68010 virtual memory processor oper­
ating at 10 MHz. 

When a parity error occurs, a circuit 
containing a 68230 parallel interface/ timer 
chip identifies the specific RAM bank 
where the error originated. A 24-bit 
timer/ counter in this chip generates sys­
tem interrupts. Four JEDEC-style, 28-pin 
ROM sockets are also provided for moni­
tor, boot, or program PROMS. Total ROM 
capacity is 128 Kbytes. 

The board implements a high speed lo­
cal memory bus over a P2 connector. 
This bus is functionally compatible with 
the Intel iLBX spec. The local bus pro­
vides the 68000 with a high speed 
arbitration-free extension of onboard 
memory. Total capacity is 16 Mbytes with 
the addition of four memory boards. The 

1SBX 

DATA(l6) 

MULTIBUS 

CONTROL ADDRESS(24) OATA(l6) CONTROL AOORESS(24) 

bus-vectored or auto-vectored in any com­
bination. All the ir..terrupt sources route 
to seven inputs in any combination via 
jumper cables. 

The board implements full address and 
bus arbitration for single- and multi­
processor systems, and is compatible with 
a range of existing IEEE 796 products. Om­
nibyte Corp, 245 W Roosevelt Rd, West 
Chicago, IL 60185. 
Circle 267 -M.B. 

Featherweight disk drive protects floppy media in hard shell 
The 1-lb, 3 Y2-in. JU-312 floppy disk drive 
puts a mechanical design that automati­
cally loads or ejects cartridge-style flop­
pies inside a sleek footprint. No 
lightweight when it comes to memory ca­
pacity, however, the low cost drive takes 
single-sided disks that store 250 Kbytes 
each; a single-sided, double-track method 
boosts that capacity to 500 Kbytes. 
Beyond that, the company has near-term 
plans for a double-sided, double-track 
release that will top 1 Mbyte. 

Media stow in a hard plastic case 
featuring button-controlled write protec­
tion and a head window shutter that 
opens when a disk enters the drive. A 
loading mechanism automafr;ally inserts 
or ejects disks when activated by a push 
button on the front panel. This packag­
ing and loading concept makes it easier 
to store and handle the disks, and gives 
the vulnerable magnetic media a measure 
of protection against the environment. 

At 32 x 104 x 161 mm (1 x 4 x 6 in .) 
and 600 g, (1 lb), the JU-312 floppy drive 
is one-fifth the volume and one-third the 
weight of typical 5 Y-1-in. disk drives, yet 
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plug-compatible with its 
bigger brothers. Data trans­
fer rate is 125 kbits/ s FM or 
250 kbits/ s MFM . A three­
phase, brushless motor con­
trolled by a single LSI spins 
the disk at 300 rpm. To 
economize space, this flat 
motor mounts directly on the 
package board. 

Together, the direct-drive 
stepping motor and a steel 
drive band ensure high reli­
ability, and position the 
read/ write head for 6-ms 
track-to-track seeks. Maximum settling 
time is 15 ms, while average positioning 
time is 58 ms. Estimated deviation is ± 1 
percent, and variation, ± 1.5 percent. 

Greatly reduced parts count also im­
proves reliability. In all, three custom LSI 
chips with minimal support components 
control the disk drive; the other two LSI 
circuits manage read/ write and control 
functions. The interface side of the con­
trol circuit sends and receives TTL-level 
signals . In star or daisy chain configura-

tion, up to four drives will attach to the 
controller. 

Gateless drive mechanics consist of a 
die-cast aluminum base plate that con­
nects to signal ground; mountings protect 
drive circuits from electrical noise. In 
quantity, unit price will be about $100; 
the drives are available now. Panasonic 
Industrial Co, Electronic Component 
Div, PO Box 1503, Secaucus, NJ 07094. 

-D.H. 
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All this success 
and w-e haverit 
changed a bit. 

Try to imagine a real-time 
operating system flexible 
eno ugh to handle hundreds 
of different applications. 

Without any modificatio n. 
Our VRTX'" microprocessor 

operating system can do just that. Over 200 diverse 
applications, from navigating aircraft to controlling 
disks, to playing video games, have been successfully 
implemented around VRTX. All without tweaking a 
single bit ofVRTX code. 

A good thing, too . 
Because our VRTX operating system is delivered in 

4K bytes o f ROM. Which naturall y makes tweaking a 
little impractical. 

But it does make VRTX the most bug-free operating 
system you'll ever use. And the easiest one you 'll 
ever install. 

In fact, we wouldn 't be surprised if you saved six 
to 12 months of development time using VRTX. 

But protecting our 
100,000 hours of debug­

ging and testing really led 
us to sea l VRTX in silicon . And 

prevent even accidental modifica­
tions from introducing new bugs. So now 

we know, no matter how successful we get, 
we' ll never get spoiled. 

For a free VRTX evaluation package (including 
timings for system calls and interrupts) contact us 
with the details of your application, including the 
microprocessors you're using: Z8000,Z80, MC68000 
or 8086 fam ily. Write Hunter & Ready, Inc., 445 
Sherman Avenue, Palo Alto, California 94306. 
Or ca ll (415) 326-2950. 

HUNTER 
~READY 
Operating systems in silicon. 
© 1983 Hunter & Ready, Inc. 



''There's a Panasonic 
in your future.'' 

SEE US AT COMDEX SHOW BOOTH #0406 

ZU-1801 NA or 02NA 
Partial track 
ZU-1851 NA or 52 NA 
Full track 1 or 2 

Manual insertion read/write 
ZU-2801 NA or 02 NA 
Partial track 

Motor driven read only 
ZU-1201 or02 

Motor driven read/write 
ZU-2201 or 02 

1 or 2 

1 or 2 

1 or2 

Panasonic® 
Industrial Company 

CIRCLE 110 
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Workstation surpasses 
PDP-11/23 processing power 

The APS.RMS uses a 10-MHz MC68000. 
Measuring 5.25 in. high, 19 in. wide, and 
24 in. long (13.34 x 48 x 61 cm), it con­
tains 256 Kbytes of RAM, expandable to 
4 Mbytes. In addition, the unit has 16 to 
48 Kbytes of ROM and 5 to 112 Mbytes 
of formatted high performance, 30-ms 
disk storage. For disk backup, the work­
station offers a choice of 5-Mbyte remov­
able hard disk cartridge or quarter-inch 
streaming tape with up to 60-Mbyte 
capacity. Four serial ports and one com­
patible parallel printer port are included. 
Regulus and C are also covered in the 
$9950 base price. Alcyon Corp, 8716 
Production Ave, San Diego, CA 92121. 
Circle 269 

Networked personal computer 
meshes with 3270 users 
In addition to providing individualized 
personal computing, the Hero creates an 
intelligent workstation cluster at the 
department level. Super 21 interconnects 
the workstations and other terminals in 
LANs while Intelligent 3270 tailors the 
interaction between local and host appli­
cations. User-written programs in the ter­
minal systems retrieve data from the host 
for local processing, store or display data 
at the terminal, then return it to the main­
frame to update the central data base. 
Mohawk Data Sciences, 7 Century Dr, 
Parsippany, NJ 07054. Circle 270 

Virtual memory system 
contains capacity of 32 bits 
The Cerebra system is based on the 
NS16032 micro and runs the Genix system 
complete with demand-paged virtual 
memory. The system uses the Multibus 
for peripheral configurations. Features 
include 8 Kbytes of 45-ns cache memory, 

2 Mbytes of main memory, 84 Mbytes of 
disk storage, 16 lines of intelligent serial 
controller, and a backup. A power 
outage protection system allows 10 to 15 
min for shutdown if power fails. Shut­
downs and restarts are automatic. Cost 
is $36,895. Unidot Systems, 602 Park 
Point Dr, Golden, CO 80401. 
Circle 271 

Mini-array processor competes 
with rackmounted versions 
Fixed point, VMEbus-compatible VAP-64 
achieves 10 million operations/s. The pro­
cessor contains two boards; one houses 
the array processor and control circuitry, 
while the other stores 32 Kwords of high 
speed dual-port RAM. Using 200-ns cycle 
time RAM enhances system throughput 
and simplifies system software because 
each board is independent of the other. 
This cache memory configuration re­
moves temporary data storage, that in 
turn eliminates OMA overhead. Price of 
the array processor board is $2900 and the 
memory board is $1800. DSP System 
Corp, 1081 N Shepard, M/ S-E, Ana­
heim, CA 92806. 

Circle 272 

Computer system provides 
Winchester variety 
The system 4000 contains either 160-, 
300-, 500-, or 800-Mbyte fixed Win­
chester and 80-Mbyte magnetic tape 
drive backup. It offers total emulation 
of RSTS/E, RSXIIM, VMS, Unix, and TSX 
and a memory capacity ranging from 
256 Kbytes to 8 Mbytes. It is compatible 
with Micro 11, 11123 Plus, 11124/44/73, and 
v AX. Additional features include a port 
serial interface for 64 terminals, periph­
eral bus mapping module, and 18- and 
22-bit LSI-I I backplane handling old and 
new controllers. The system runs DEC 
diagnostics. Unitronix Corp, 197 Meister 
Ave, Somerville, NJ 08876. 
Circle 273 

Graphics engine transforms 
images in real time 
Attached to a host processor, WTE 7000 
accepts unsorted bicubic patches from 
the host and returns pixels to any con­
ventional frame buffer. The unit solves 
the ambigous wireframe image problem 
by displaying objects as shaded images. 
The 32-bit floating point chip and tiling 
chips can process objects composed of 
100 bicubic patches and do complete 
transformation, perspective division, 
light modeling, and clipping and shading 
on a 1280 x 1024 color raster station in 
less than 5 s. In quantities of one to nine, 
the graphics engine is priced at $70,000. 
Weitek, 301 Mercury Dr, Sunnyvale, 
CA 94086. 
Circle 274 

Workstation node integrates 
floating point unit 
The 32-bit DN320 features 1.5 Mbytes of 
tightly coupled main memory, windows 
for 25 concurrent processes, and 16 
Mbytes of virtual address space per pro­
cess. A 16-in. monochromatic display 
offers a 1024 x 800-pixel resolution, bit­
mapped graphics, and connections to a 
LAN. In addition to the standard arithme­
tic functions, the unit performs trig and 
transcendental functions. Also available 
are disks featuring Winchester technol­
ogy. The 70-Mbyte version has a random 
access seek time of 45 ms and average 
rotational latency of 8 ms. The DN320 is 
priced at $23,400 and the disk is $12,800. 
Apollo Computer Inc, 15 Elizabeth Dr, 
Chelmsford, MA 01824. 
Circle 275 

Unix-based computer system suited 
for computation-intensive applications 
The Uniqorn uses an enhanced Unix 
System III and offers PDP-11 /44 class per­
formance. It features the LSI-11/73 CPU 
module with 1-Mbyte main memory 
(expandable to 4 Mbytes), 4 asynchro­
nous ports, 32 Mbytes of fixed disk, and 
10-Mbytes removable cartridge storage. 
Software for the Uniqorn includes unify 
relation database/ application generator, 
word processing, virtual memory 
spreadsheet, and Basic. Prices start at 
$22,675. Uniq Computer Corp, 28 S 
Water St, Batavia, IL 60510. 
Circle 276 
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Machine vision system performs 
demanding gray-scale analysis 

,f~ 
I :it ~ 

.. 

Featuring a 640 x 485 matrix array, the 
Vidomet IIE is capable of 256 levels of 
contrast. Its image processor can operate 
at the high speed data handling rates nec­
essary for current online inspection tasks . 
Up to 32 separate cameras, either solid 
state or Vidicon type, can connect to a 
single system. Applications include line 
gauging of dimensional measurements, 
parts identification, or feature verifi­
cation at production line speeds. Penn 
Video Inc, 929 Sweitzer Ave, Akron , 
OH 44311. Circle 277 

Motion controller applies to 
de servo/ stepping motors 
For two-axis, point-to-point or linear 
interpolation applications, the Unidex m 
stores 99 randomly accessible programs. 
The unit includes a set of motion control 
commands, four programmable inputs, 
eight programmable outputs, and five 
operating modes. Front-panel controls 
include keyboard, axis-tracking displays, 
and alphanumeric display . Standard 
remote interfaces, IEEE 488, RS-232-C, and 
RS-422 can be daisy chained. Single­
quantity price is $2250. Aerotech, Inc, 
101 Zeta Dr, Pittsburgh, PA 15238. 
Circle 278 

Programmable controller 
runs with 512 110 points 
The K2E provides sequence instructions 
such as shift, jump, pulse, and master 
control for complex process handling. 
Each controller accepts eight 110 

modules, and additional modules con-
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trol seven KOE controllers or three K2Es. 
110 modules have a range of input 
voltages including 110 Vac, 220 Vac, and 
24 Vdc, in increments of 16 and 32. Out­
put voltages are 22 Vac, 24 Vdc, and 48 
Vdc, in increments of 16 and 32. Base 
unit has memory for 2000 program steps 
and EPROM comes in 2-Kbyte blocks. 
Mitsubishi Electric Sales America, Inc, 
Industrial Products Div, 3030 E Victoria 
St, Rancho Dominguez, CA 90221. 
Circle 279 

Front end is user configurable 
in acquisition and control 
The 24008 interfaces with any main­
frame, personal, or instrument com­
puter. The unit can operate onsite at 
distances up to 4000 ft or more through 
modems or phone lines. A 16-bit on­
board CPU provides the 28 Kbytes of 
RAM that holds an application program 
for downloading or storing in EPROM. 
The device is user programmable and 
features a resident high level language 
designed to manage sequences of stimu­
lus / response operations. The 24008 
mainframe costs $4390. John Fluke Mfg 
Co, Inc, PO Box C9090, Everett, WA 
98206. Circle 280 

Communication processor interfaces 
128 terminals to host port 

The TMC900 frontend processor together 
with Microterminals and associated soft­
ware compose an integrated data collec­
tion system. The processor performs 
basic factory data collection tasks ofter­
minal polling, local data validation, 
error recovery, and transaction process­
ing. The host can download definitions 
for up to 100 transactions, each with 10 
prompt/ reply editing specifications . 
Protocol is command/ response format 
with handshaking. Unit price is $7500. 
Burr-Brown, Data Acquisition and Con­
trol Systems Div, 3631 E 44th St, Tuc­
son, AZ 85713 . Circle 281 

Modular approach to networking 
provides test and repair 

A multifunction computer resource for 
factory data collection, the 700 Net 
workstation is based on a 68010 with 4 
Mbytes of memory. The 700 uses stan­
dard Ethernet and RS-232 communication 
lines. Application packages include Fac­
tory Observer, Program Manager, Pro­
ducer2, and Paperless Repair System. 
Factory Observer collects and analyzes 
factory data. Program Manager is a test 
program and retrieval system. Producer2 
is an auto-test program generator, while 
the repair system electronically links 
testers to the repair station. Average 
configuration sells for $100,000. 
Zehntel, PO Box 8016, Walnut Creek, 
CA 94596. 
Circle 282 

Video image processor uses 
image recognition 
The KR95 system consists of a controller, 
up to four video cameras, illuminator, 
and monitor. The system uses an image 
recognition technique to read and digi­
tize tiny identification numbers on 3-in. 
or larger silicon wafers in real time. It 
permits lot tracking and tracing through­
out the complete semiconductor process­
ing cycle. Reading is at a 25-char/ s rate. 
Designed around a Z80, memory consists 
of 16 Kbytes of PROM, 16 to 48 Kbytes 
of RAM, and 1-Kbyte scratchpad. In 
single units with one camera, the wafer 
identification system is priced at 
$14,654. Key Image Systems Inc, 20100 
Plummer St, Chatsworth, CA 91311. 
Circle 283 
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The new Telex 9250 tape subsystem 

Finally! Full-Performance GCR 
Made Affordable. Telex Shamrocko 

It took Telex to introduce a GCR sub­
system with all the performance, all the 
reliability of larger subsystems - and 
make it affordable for minicomputer and 
mid-range mainframe manufacturers. 

The Telex 9250 GCR tape drive is the first 
50 ips unit to appreciably lower the cost 
of GCR without sacrificing performance. 
Advanced LSI gate array technology and 
vacuum column design offer advantages 
like low cost, low power and low noise 

TELEX* SHAMROCK 0 

The Innovation continues ... 

Telex Computer Products, Inc. 
Terminals/Peripherals/OEM Products 
6422 East 41 st/Tulsa. Oklahoma 74135 
(918) 627-1111 

(before offered only on old tension arm 
systems) - plus all the performance that 
only vacuum column technology can de­
liver. including . .. 

• ANSI standard (0.3") interblock gap 
• Faster access time (0.3 millisecond 

write. 3.4 millisecond read) 
• Higher data reliability 
• Greater media integrity 
• No adjustments 
• Low maintenance 

Telex Regional Offices 
• Amherst. NH (603) 673-9272 
• Garden Grove. CA (714) 898-9833 
• Houston. TX (713) 497-6770 

CIRCLE 111 

Other features include autoload. auto­
thread, 1 x4 option, resident diagnostics 
and tri-density option to offer the most 
ingenious application of vacuum tech­
nology to date. 

Performance and savings - it's what 
you've come to expect from Telex. 

For more information, contact the nearest 
Telex OEM Sales Office listed or phone 
our OEM Marketing Department in Tulsa: 
(918) 627-1111. 

International 
Telex Computer Products, Inc. 
P.O. Box 128/Addison, TX 75001 
(214) 931-8511 /telex: 730612 TL.XINTL ADDI 
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For you, 
anything. 
Enlarge. Expand. Extend. Reduce. 
Reverse. Remove. Replace. 
When it comes to meeting the rigid interconnec­
tion requirements of business equipment, 
there's hardly anything we won't do. Because at 
Amphenol, we know that the best design is often 
a custom design. 

The data must get through. 
Every day your design parameters get tougher: 
Amphenol's Design Group has tackled and 
solved many of the problems you face in data 
communications interconnection. Our design 
selection includes an impressive variety of high 
performance connectors and interconnect 
systems. In fact, we've probably already developed 
a solution close to what you need. 

Mainframes to games. And beyond. 
The LANS connector is but one example of our 
solution capability. There are many more: 

To eliminate interface wiring from a PC board 
to a cabinet mounted connector, we added printed 
circuit contacts to a standard circular connector: 
The connector plugs directly into the PC board 
and has an attractive exterior finish. 

For CATV, we developed a modular eight­
channel fibre optic connector that mounts directly 
on a PC board. It takes the place of eight separate 
optical connectors with less space and com­
plexity-but no loss in performance. 

We developed a low-cost, all plastic D-submin­
iature to meet the need for reliable connections in 
video games and home computers. The connector, 
with selectively-plated, pre-aligned and stiffened 
contacts, snaps easily into a PC board and with­
stands rugged use. 

We designed a computer peripheral inter­
connect harness using shielded planar four­
conductor coax cable. Two additional stress 
members in the jacketing accommodate 360° 
rotational stress. 

We've developed several low-cost solutions to 
EMl/RFI control in business equipment. We added 
a full range of filter functions to our industry 
standard 57 Series ribbon connectors. We coated 
a plastic backshell with nickel and dimpled the plug 
shell of a D-subminiature for RS-232C/RS-449 
applications. Amphenol can help with Docket 
20780. 

An energy saving device. 
Early involvement with the Amphenol Design 
Group can save you a lot of engineering energy. 
Whether your needs call for a standard, modified 
or fully custom connector design, call Am~henol 
for the answer: Your solution may be as close as 
your phone. 

Call the Amphenol Design Line 

1-800-323-7299 

ALLIED Amphenol 
~ Products 

CIRCLE 112 

Amphenol Products world headquarters: Oak Brook, IL 60521 

Make the Amphenol Connection 
ELECTR0/84-Booth 118 
Bayside Exposition Center 

Boston, MA May 15-17 

Planar Coax Interconnect Harness Filtered Ribbon Connectors Shielded D-Subminiature Connector 



Now itS easy_for aD1(0ne 
to pick an "SMD drive 

that works with DG's BMC. 
Zetaco's new BMX-1 makes over 
60 hard disk drives plug-compa­
tible with your Eclipse/MV 
Series mini. 
Our fully emulating BMX-1 Disk 
Controller lets you interface most 
any SMD disk drive with the 
Data General BMC (Burst Multi­
plexor Channel). Regardless of 
capacity. Regardless of speed. 

No other disk controller 
gives you that kind of flexibility, 
that kind of unlimited choice. 
Only the BMX-1 lets you choose 
the disk drives that off er you the 
exact performance you need at 
the price you want to pay. 

Zetaco's BMX-1 offers four 
disk drive connect ports with 
software configurable drive 
characteristics on a port by port 
basis. Breakthrough technology 
in the use of E2-PROMS elimi­
nates switches and makes all 
functions selectable via downline 
loaded software. 

CIRCLE 113 

Like other Zetaco controllers, 
the BMX-1 offers complete FCC 
chassis compliance. 

Get the complete BMX-1 
story from Zetaco, 6850 Shady 
Oak Rd, Eden Prairie MN 55344. 
(612)941-9480. Telex 290975. 
European Headquarters: 9 High 
St, Tring, Hertfordshire, HP23 
5AB, England. 044282 7011. 
Telex827557. 

ZET~ 
ControlJer Div., Custom Systems Inc. 
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Hard disk system works in 
development environment 

The DataSafe-16 is a Winchester for Intel 
Intellec series 11, 111, and MDS-800 micro 
development systems. It provides 10 
Mbytes of formatted storage and three 
directories. Based on a 5 1/.i -in. drive, the 
system is compatible with ISIS-II 
operating system and has 78,336 avail­
able blocks. Blocks are allocated in three 
directories, FO, Fl, and F2. Data 
transfer rate is 625 kbytes / s with an 
average access time of 85 ms. The Z80A 
micro-based controller includes 32-bit 
ECC with transparent 11-bit burst error 
correction. Cost is $6500. Winchester 
Systems Inc, 14 Laurel Hill, PO Box 
545, Winchester, MA 01890. 
Circle 284 

Half-height Winchesters have access 
times of 85 ms with settling 
The 2306H and 23I2H have capacities of 6 
and 12 Mbytes, respectively. Access is 
via a high speed closed loop stepper 
motor. Two-piece design with a rugged 
integral mount provides high shock 
resistance. Bezel-mounted LED shows 
self-test diagnostic results during power­
up, while auto-power sequencing 
reduces starting currents and system cost 
in a multidrive system. International 
Memories Inc, 10381 Bandley Dr, 
Cupertino, CA 95014. 

Circle 285 

Micro floppy disk drives 
record at 140 tracks/in. 
Using a standard 51/.i-in. interface and 
3 1/.i -in . media, models 321 and 322 feature 
single-sided 500-Kbyte and double-sided 
1-Mbyte storage capacities. Track-to­
track access time is 6 ms and MTBF is 
12,000 hours under typical usage. Major 
components include a direct drive spindle 
motor and a long life screw head-actuator 
mechanism. Drives are plug compatible 
with standard double-sided double­
density 96-track/ in., 5 1/.i -in. drives. 
Media are formatted at 80 tracks/ side. 
Model 321 and 322 cost $155 and $190, 
respectively. Micro Peripherals, Inc 9754 
Deering Ave, Chatsworth, CA 91311. 
Circle 286 

Multibus cache memory 
is processor independent 
Offering Multibus and iLBX users a low 
cost way to add fast memory to their 
systems, the cache board images the en­
tire Multibus address space (16 Mbytes) 
through the iLBX extension to the 
Multibus. The access time on a hit is less 
than 100 ns. The memory will store the 
most recent 4 Kbytes of data accessed 
through the bus and provide a fast 
response time for subsequent accesses. 
When a cache miss occurs, the board 
automatically accesses the Multibus, up­
dates the cache, and provides the data to 
the host. Central Data Corp, 1602 
Newton Dr, Champaign, IL 61821. 
Circle 287 

Bubble memory VMEbus 
system builds in reliability 
The VMI-1 allows VMEbus machines to 
use solid state mass storage when elec­
tromechanical media such as disk and 
tape are unsuitable. Storage based on 
nonvolatile magnetic bubble devices are 
unaffected by dust, smoke, and airborne 
dirt. In addition, bubbles consume less 
power than disk systems, eliminate peri­
odic maintenance, and do not require an 
additional chassis or power supply. This 
system provides 256 Kbytes of storage 
on a single PC board that plugs directly 
into a VMEbus micro. Designed around a 
Z-80, the controller handles device for­
matting and control, and soft and hard 
error detection and correction. The 
256-Kbyte version in quantities of 10 
sells for $1799. PC/ M, Bubbl-tec Div, 
Inc, 6800 Sierra a, Dublin, CA 94566. 
Circle 288 

Storage peripheral designed 
around bubble technology 
The Bubble Drive provides either 256 or 
512 Kbytes of non-volatile, high speed 
mass storage on a single card. It plugs 
into any 110 slot in the IBM-PC and func­
tions as a floppy disk. The drive will re­
tain all data without battery backup. It 
is immune to dust and dirt as well as ex­
tremes in temperature, humidity, shock, 
and vibration. The drive can be used in 
one of these modes: to store programs 
that are disk intensive, to store critical 
data, to store programs and data when 
speed and reliability are essential, and to 
store operating systems and files when 
environment precludes the use of 
mechanical drives. The 256-Kbyte ver­
sion is $995, the 512-Kbyte version is 
$1495. Hicomp, 5016 148th Ave NE, 
Redmond, WA 98052. 
arcle 289 

Disk cache accelerates 
RL02 drive performance 
Unlike a RAM disk, the OR-86RLQ is an 
intelligent board that automatically 
caches data accessed by programs. The 
600-Kbyte device for DEC's RLOI / RL02 
drives is totally transparent to the user 
and requires no operating system modi­
fication. Unlike caching schemes imple­
mented in the operating systems, the 
board does not use system memory or 
CPU resources. It is compatible with any 
operating system. For data integrity, the 
board generates and checks parity, and 
computes and checks a CRC for each 
transferred data block. Price is $3300. 
Origin, Inc, 9136 Gibson St, Los 
Angeles, CA 90034. 
Circle 290 

Winchester subsystem offers 
168 Mbytes for the PC 
The 8-in. PC-8002-8 has fast data transfer 
rates and 20-ms average access times for 
maximum performance in network and 
file server applications. Available in a 
stackable PC-style desktop enclosure, the 
drive formatted with DOS 2.0 drivers, disk 
controller, integral power supply, and 
full documentation. It is compatible 
with Compaq, Victor 9000, Eagle PC, 
Columbia, and other PC compatibles. 
Available for immediate delivery, the 
drive is priced at $9000 in quantity. 
National Memory Systems, 355 Earhary 
Way, Livermore, CA 94550. 
Circle 291 
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Eurocard modules offer VMEbus 
links and high performance 

Nine modules based on the 233- x 
220-mm format include seven VMEbus 
cards, a 19-in. rackmountable system 
chassis, and a Unix-based development 
system. Among the seven cards are two 
high performance 68000-based cards, a 
512-Kbyte dual-port memory card with a 
10-MHz refresh port, a universal byte­
wide memory card, and a serial and 
parallel 110 card. In addition, a Z80A­
based intelligent disk controller and a bit­
mapped color graphics card with 256 
Kbytes of memory and a high perfor­
mance graphics controller are available. 
Prices range from $1200 to $5000. Dy-4 
Systems Inc, 888 Lady Ellen Pl, Ottawa, 
Ontario, Canada KIZ 5Ml. 
Circle 292 

Operating systems processor 
handles high volume 
The single-chip S83 os processor system 
has a core Z80 CPU and onchip 64-Kbit 
ROM. The ROM can be programmed with 
proprietary code or a standard software 
version can be purchased. The chip's con­
trol, address, and data signals are func­
tionally equivalent to the original Z80 so 
it is hardware compatible with all Z80 
peripheral chips. Additional logic allows 
the processor to directly connect to 
64-Kbit dynamic RAMS. Pricing is 
approximately $32 in quantities of 100 
(plastic packages). American Micro­
systems, Inc, 3800 Homestead Rd, Santa 
Clara, CA 95051. 
Circle 293 

Single-chip microcomputer 
features CMOS and 8 bits 
The HD6305YO is both software and pin 
compatible with the HD6305X. The micro 
features a 7872-byte ROM and a 256-byte 
RAM. The chip has 32 110 ports, 7 input 
ports, 16 output ports, clock-synchronized 
serial communication interface circuit, 
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and 8-bit timer/ counter with 7-bit 
prescaler. In normal operation at 1 
MHz, it consumes 25 mW. In the wait 
mode, power consumption is reduced to 
10 mW, with other modes available to 
further reduce power consumption. The 
chip comes in 64-pin packages. Its 
minimum instruction execution cycle 
time is 1 µ.s. Hitachi America, Ltd, 1800 
Bering Dr, San Jose, CA 95112. 
Circle 294 

Intel 80188 processor 
enhances STD-bus capability 
The ZT 8814/8815 single-board computers 
use the 80188 containing two DMA chan­
nels, an interrupt controller, timers, clock, 
peripheral/memory chip select logic, and 
a wait-state generator. The boards pro­
vide 5 byte-wide memory sockets. One 
socket accepts a debug monitor that can 
be replaced with a user PROM of up to 32 
Kbytes. Other sockets accept byte-wide 
RAM or ROM devices. Up to 1 Mbyte of 
meipory is directly addressable. The 
bbards also feature an onboard isax 110 

bus connector that will take any one of 
approximately 60 plug-in modules. Prices 
start at $650. Ziatech Corp, 3433 Rober­
to Ct, San Luis Obispo, CA 93401. 
Circle 295 

Integrated Multibus system housed 
in desktop cabinet or drawer 
The PM200 features a PM68D CPU that has 
256 Kbytes of no-wait state memory with 
a 768-Kbyte extension. CPU includes 
dual-ported memory, memory manage­
ment, and mailbox interrupts. It has one 
or more 20-Mbyte Winchesters, a 
1-Mbyte floppy, and an optional 
40-Mbyte streaming cartridge tape. Uni­
soft Unix is part of the system and has 
full-screen editors, text formatters, elec­
tronic mail, and the C language compiler 
with related 68000 assembler support. 
Pacific Microcomputers, Inc, 119 Aber­
deen Dr, Cardiff, CA 92007. 
Circle 296 

Peripheral computer plugs into 
existing s-100 computers 
The PDP-11-compatible PCt 1 is designed 
for s-100-based computer systems. The 
unit is Tl 1 micro based with 64 Kbytes of 
onboard memory. It uses host processor 
and peripherals for 110. The package in­
cludes the RT-11 operating system and an 
110 interface program that ~upports con-

sole, printer, and dual disk drives. It will 
not affect the s-100 computer's normal 
operation. Software is written in 8080 
assembly language and runs CP/ M. Price 
is $795. Abacus Technology Systems, Inc, 
8343 Carvel, Houston, TX 77036. 
Circle 297 

Monoboard micro combines virtual 
memory and memory management 
Incorporating an MC68010 MPU and an 
MC68451 MMU, the VM03 is Versabus com­
patible. Features include 110 channel 
interface for configuration of offboard 
resources, 256 Kbytes of dynamic RAM 
with parity check, and two 28-pin 
sockets for ROM/EPROM devices. Dual­
port RAM controller provides true shared 
memory access. Two multiprotocol 
serial 110 ports with an RS-232-C interface 
handle modems or terminals. Realtime 
software supports the board. In quan­
tities of one to five, price is $3900. 
Motorola Semiconductor Products Inc, 
PO Box 20912, Phoenix, AZ 85036. 
Circle 298 

Powerful 16/32-bit CPU 
meets MIL-STD-883 Class B 
The MKB68000 has a 32-bit architecture 
with upward migration paths. This makes 
it suitable for weapons, control, naviga­
tion, digital signal processing, and multi­
user minicomputer replacement. Features 
include 32-bit data and address registers 
with a 16-Mbyte direct-addressing range 
and high data throughput. In addition, 
the chip has 14 addressing modes for ef­
ficient programming, 56 powerful instruc­
tion types, memory-mapped 110, and 
support of five basic data types. Data 
types range from individual bits to long­
word operation. The 6-MHz device is 
packaged in a 64-pin cerDIP priced at 
$97 .50 each in 1000s. Mostek Corp, 1215 
W Crosby Rd, Carrollton, TX 75006. 
Circle 299 

Talk to the editor 
Have you written to the 
editor lately? We're waiting 
to hear from you. 



Completely Adoptable? Certainly! 
STEP Engineering's STEP-7 is designed 
for High Speed Processor Development 
Support. It is easily adopted by your 
system. 
Communication Protocol Definition? 
Sure! RS232 linkup is a snap. STEP-7 
offers the ONLY general purpose. menu­
driven, communication program avail­
able. And it easily communicates with 
the IBM® PC, VAX~ PDP-11 ® or 
CPIM®-based systems plus many 
others. 

Symbolic Debug? Of course! 
Because the STEP-7 sees labels. you 
don't have to remember hex addresses. 
Object and source code are displayed 
simultaneously. 

CPM ts a registered trademarit of Digital Research Inc. 
POP-11 & VAX are registered trademarks of Digital Equipment Corp. 

Instrumentation? Fast. bug-free 
programs? Simple! STEP-Ts powerful 
logic analyzer, with large 4K buffer. 
captures either all program steps or 
selected snapshots. It displays source 
code with traced data and provides 
event counting, data break, timer 
functions. address tracking. and 64K 
breakpoints. 

Writable Control Store (WCS)? 
Naturally! STEP's thirty-six nanosecond 
WCS supports two independent arrays 
that run your target at full speed. It 
configures to 192 bits wide. 64K deep. 
Software? The best! For example, 
STEP provides a general-purpose Meta­
Assembler with Symbolic Debug Files. 
Performance analysis software ensures 
efficient microprograms. 
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Arewe 
interested in your questions? 

You bet! Our sales engineers quickly 
respond to your inquiries. Mail coupon or 
call us. Toll free in U.S.(800) 538-1750: 
in California (408) 733-7837. 

O Please send more 0 Please schedule 
information. STEP- 7 demo ASAP. 

T~e------------~ 
Company _ _ ______ M.S. __ 

Street ___________ _ 

City _____ State ___ Zip __ 

P.O. Box.61166, SunnyvMe, Ca. 94088 



Transmission test set contains 
receiver and transmitter 

The portable model 275A tests complete 
performance of T3 coaxial cable as well 
as microwave, satellite, and fiber optic 
transmission systems. A single input jack 
and six independent bipolar outputs load 
M34 multiplexers and digital radio equip­
ment. The set permits three test methods: 
test intervals selectable in bit blocks rang­
ing from 10s to 1011 bits, time blocks 
with a timed-test interval ranging from 1 
s through 999 min, and continuous count 
on a nontimed basis. Cost is $5650. 
Bowmar/Ali , Inc, 351 Main St, PO Box 
10, Acton, MA 01720. 
Ci rcle 300 

Local area network 
assumes general purposes 
Flexible LAN comes in either a broad­
band or baseband version and supports 
hybrid LANs. Hybrids combine high 
capacity broadband trunks with lower 
capacity baseband feeders. The system is 
also compatible with the Net/One LAN 
from Ungermann-Bass. Support for data 
terminal device includes asynchronous 
and synchronous serial and parallel, 
32-bit parallel, and IEEE 4SS. Providing 
high speed digital bandwidth at low error 
rates, in broadband version the LAN 
accommodates other types of communi­
cation. Prices range between $450 and 
$750 per port. Codex Corp , sub of 
Motorola, Inc, 20 Cabot Blvd, Mansfield, 
MA 02048. 
Circle 301 

Improved price/performance are 
gains in communication processors 
The 3690 models AS to KS are configured 
with a minimum of 512 Kbytes of 
memory, expandable to 4 Mbytes of 
memory. Up to 512 communication lines 
and up to 8 channel-attached hosts can 
be simultaneously supported. The units 
can be configured for standalone, front­
end, or remote communication environ­
ments. Software includes system control 
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and two operating system versions. Im­
proved packaging produces greater line 
and host connectivity and additional 
logic module space. NCR Comten, Inc, 
2700 Snelling Ave N, St. Paul, MN 
55113. 
Circle 302 

Modemless networks transmit 
voice/ data simultaneously 
Both the DCS-2A and -2B offer a 0- to 9600-
bit/s data rate, asynchronous, bit, or 
serial operation, and a full-duplex oper­
ating mode. Station units transmit at 36 
kHz space, 40 kHz mark, and receive at 
72 kHz space, 80 kHz mark. Dedicated 
data links can be established from a cen­
tralized data processing faci lity to any 
terminal equipment. Terminal types can 
be mixed, operated at different data 
rates, and located at most any telephone 
location within 5000 cable ft of switching 
equipment. Teletone Corp , 10801 !20th 
Ave NE, PO Box 657, Kirkland, WA 
98033. 
Circle 303 

Digital encryption system 
operates at up to 3.152 Mbits/s 
Model cossooA uses the data encryption 
standard. It features an electronic key­
loader, separate master and working 
keys, battery backup for key retention, 
up to 16 standby keys, and automatic 
key change. Alarm reporting circuits 
allow access to 11 status alarm outputs. 
Self diagnostics, system and local loop 
test modes, and bypass operation assist 
maintenance. Califo rnia Microwave, 
Inc, 990 Almanor Ave, Sunnyvale, CA 
94086. 
Circle 304 

Auto-dialing modem uses 
two custom CMOS 1cs 
Popcorn model x100 is a 1200-bit/s 
modem with AT&T 2I2 compatible opera­
tion. A switchable 20-pole filter provides 
tone sensing of dial tone, busy tone, re­
mote ring, and voice. The modem can 
sense when the local telephone handset is 
lifted so it switches between voice and 
data operation on the same call. The inte­
gral smart RS-232 interface senses the 
transmit signal on pin 2 or 3 and switches 
the necessary connections. Price is $475. 
Prentice Corp , 266 Caspian Dr, PO Box 
3544, Sunnyvale, CA 94088. 
Circle 305 

Full-duplex modem is 
microprocessor based 
The R2424 operates over the ooo network 
or two-wire private lines. The modem 
operates synchronously or character asyn­
chronously at speeds of 2400 or 1200 
bits/s. It can perform tests like analog 
and digital loopback, remote digital loop­
back, local self-test, and end-to-end self­
test. Eleven front-panel LEDs monitor the 
EIA interface status, test status, error 
detection, and incoming calls. Rixon Inc, 
2120 Industrial Pkwy, Silver Spring, MD 
20904. 
Circle 306 

Communication processor 
emulates IBM systems 
The MC-S0/602 converts a general KSR 
device or asynchronous ASCII host into a 
full-function terminal. The terminals, in 
turn, communicate with the IBM host 
using the EBCDIC binary synchronous 
communication protocol. The processor 
performs full-screen mapping; data dis­
played on the KSR terminals will be the 
same as the 3277/ 7S display station, with 
virtual screen sizes of 480, 960, and 1920 
chars. The standalone unit has 16 Kbytes 
of ROM, 16 Kbytes of RAM, and one 
serial communication port. Price is $1650. 
Innovative Electronics, Inc, 4714 NW 
165th St, Miami, FL 33014. 
Circle 307 

Dynamic gateway improves 
intercomputer communications 
The ST3703 network processor uses SNA, 
including link-level efficiency, multi-host 
networks, and IBM network manage­
ment. Up to 12 devices can be channeled 
through the unit to save line charges. The 
protocol processor acts as an SNA gate­
way, not a device specific emulator. It 
offers full architectural implementation 
of SNA for a physical unit type 2, coupled 
with a host support program and down­
line multifunction capability. Office of 
the Australian Trade Commissioner, 636 
Fifth Ave, New York, NY 10111. 

Circle 308 





Communication device links 
personal computers 
Microprocessor-based, the Mini­
Exchange enables DEC's small computers 
to transfer information in file or docu­
ment format. The device also allows 
sharing of 110 devices such as printers, 
modems, or multiplexers. It features a 
128-Kbyte read/ write data memory, 

power up and self-test diagnostics, and 
external loop back test. Up to eight per­
sonal computers and 110 devices link 
through ports that are compliant with 
EIA RS-232/432 standards. Speeds range 
from 300 to 19,200 bits/ s. Price is $895. 
Digital Equipment Corp, 10 Main St, 
Maynard, MA 01754. 
Circle 309 

Complete Development Station. EZ-PRO 2.l connecis to )OOr personal computer Via 
RS232 ahd suppor1s lhe widest selection of in-circuit emulators. Check the tobulotion for the microprocessors 
yo1f111 planning to use. 
Slngle-Vendor Responslblllty. Each In-Circuit Emulator is supplied by American Automation 
with cross ossemblet linket and symbolic debugger. With EZ-PRO 2.l you get exceptional development 
copobilily at modest cost El-PRO 2. i SUPPOIR'S: 

Intel: Motorola: 
8031 CMOS NMOS 6800 
8035 CMOS NMOS 68800 
8039 CMOS NMOS 6802 
8048 CMOS NMOS 68802 
8748 CMOS NMOS 146805E2 
8049 CMOS NMOS 6808 
8051 CMOS NMOS 68808 

8085A NMOS 6809 
8085A-2 NMOS 61109E 

8086 NMOS 68009 
8088 NMOS 6lll09E 

80186 NMOS 68000 
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68008 
68010 

NMOS 
NMOS 
NMOS 
NMOS 
CMOS 
NMOS 
NMOS 
NMOS 
NMOS 
NMOS 
NMOS 
NMOS12.5Mhz 
NMOS12.5Mhz 
NMOS 12.5 Mhz 
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Rockwell: 
6502 
6503 
6504 
6505 
6506 
6507 
6512 
6513 
6514 
6615 

RCA: 

CMOSNMOS 
CMOSNMOS 
CMOSNMOS 
CMOSNMOS 
CMOSNMOS 
CMOSNMOS 
CMOSNMOS 
CMOSNMOS 
CMOSNMOS 
CMOSNMOS 

1802 CMOS 
1806 CMOS 
1806 CMOS 

Modem cards are based on 
proprietary VLSI three-chip sets 

The R2424 supports full-duplex com­
munications at 2400 bits/s and meets 
CITT v.22 bis and v.22 A, B, c standards. 
The R1212 transfers data at up to 1200 
bits/ s and meets the same standards. 
Both cards use a micro bus interface and 
an RS-232 interface. Auto-answer and 
automatic pulse-dialing functions are 
available. The boards fit Eurocard racks 
and associated 64-pin DIN connectors. 
They operate from 5- and 12-V supplies 
and consume 3 W. Prices, in 1000 piece 
quantities, are $123 for the 1212 and $166 
for the 2424. Rockwell International 
Corp, Semiconductor Products Div, 
4311 Jamboree Rd, PO Box C, Newport 
Beach, CA 92660. 
Circle 310 

Two-chip set provides 
both modem and filter 
Used in Bell 10311 n frequency shift key­
ing applications, the STC9472C and s2c 
are modem and filter chips, respectively. 
The modem chip includes both half- and 
full-duplex modes, built in self test, and 
TTL-compatible interface. It runs at 300 
baud. The filter is a switched capaci­
tance type, handling both the transmit 
and receive modes. It includes an ad­
justable limiter, adjustable hysteresis, 
and adjustable transmit and receive 
gain. Price for the two-part set is $16 in 
quantities of 100. S MOS Systems, Inc, 
50 W Brokaw Rd, San Jose, CA 95110. 
Circle 311 

June Previews 
Watch for two special 
articles-local area 
networks on June I, 
system testing on June 15 



Communication processor has 
applications in switching 
The CP9000 series 11 uses a multiprocessor 
architecture, capable of supporting 
several thousand communication lines. 
It features 1-for-N redundancy of its 
components for fault-tolerant operation 
and security options to ensure data and 
user access integrity. Software includes a 
complete x.25 packet switching network 
encompassing routing, statistics, billing, 
and extensive network management and 
control features. M/A-COM occ, Inc, 
11717 Exploration Ln, Germantown, 
MD 20874. 
Circle 312 

Satellite communication 
connects to HP computers 
Operating with the HP 3000 minicom­
puter, the Vitalink system functions 
between a satellite and an earth station 
located on the customer's property. 
Applications are for geographically dis­
persed organizations that quickly trans-

Modular development system 
doubles as target hardware 

Based on 3U Eurocards, the MC6809 fea­
tures a 2-MHz 68809 processor with 
extended addressing to 1 Mbyte. Memory 
includes 56 Kbytes of static CMOS battery­
backed memory with 2764 EPROM capabil­
ity . A 5/ 8-in. single, double-sided disk 
controller has digital phase-locked loop 
data separator and individual read/ write 
precompensation. The twin double sided 
(80 tracks/side), 3-ms stepping disk drive 
offers 725 kbytes of formatted storage/ 
drive. A complete software library comes 
with the system. Windrush Micro Systems 
Ltd, Worstead Laboratories, North Wal­
sham, Norfolk, England. 
Circle 316 

fer files and information for decentralized 
inventory control, financial management, 
and CAD/CAM. A distributed system net­
work approach lets the earth station con­
nect directly to the computer's 110 and 
run HP software. Transmission rates 
range from 4.8 to 56 kbits/s. Equipment 
and installation is $120,000 with a monthly 
charge of $1800. Vitalink Communica­
tions Corp, 1350 Charleston Rd, Moun­
tain View, CA 94043. 
Circle 313 

Protocol converter allows 
emulation of 3270 devices 
Combining protocol conversion, line 
concentration, and terminal emulation, 
the 362 gives ASCII terminals and small 
computers 3270 emulation capability. 
The unit features emulation of IBM 3274 
controller operating with SNA/SDLC 
protocol, 19.2-kbit host and terminal 
support, split speed RS-232-C or RS-422 in­
terfaces, and table-driven configuration 
control. The standard configuration 

Advanced graphics system boards 
designed for PC and compatibles 
The multiported memory design of the 
Revolution graphics boards supplements 
the NEC 7220 16-bit graphics coprocessor . 
The display is memory mapped into the 
PC's address space so the 8088 can access 
display memory at all times. Two modes 
are available; the pixel mode for modifi­
cation of a single pixel color value across 
8-bit planes of RAM and plane mode for 
updating 8 pixels at a time in 1-bit plane. 
With a single card, a display resolution 
of 512 x 512 can be obtained with 256 
simultaneous colors selected from a 
palette of over 16 million colors. Prices 
start at $945. Number Nine, 691 Con­
cord Ave, Cambridge, MA 02138. 
Circle 317 

Let's hear from you 
We welcome your comments 
about this issue. Just jot 
them on the Reader Inquiry 
Card. 

contains one host port and 16 terminal 
ports. The price is $9800. ICOT Corp, 
830 Maude Ave, PO Box 7248, Moun­
tain View, CA 94039. 
Circle 314 

Expansion module puts 
voice channels on system 
Designed for use with the Link/ 1 facilities 
management system, the voice digitizing 
option allows analog voice input to be 
multiplexed as part of a data stream. It 
passes over a 1.544-Mbit/s link and uses 
a form of continuously variable slope 
delta modulation at 32 kbits/s . The 
voice option is offered in multiples of 
four channels on a board that occupies 
one slot in the Link/ 1 backplane. Multi­
plexed channels of digital voice appear 
to the PBxs as ordinary wire tie lines. 
Cost is $3550 for the first unit. Timeplex, 
Inc, 400 Chestnut Ridge Rd, Woodcliff 
Lake, NJ 07675. 
Circle 315 

Troubleshooting system converts 
devices to logic analyzers 

The MPA-16 allows scopes, graphics 
recorders, or microcomputers to func­
tion as logic analyzers. It displays up to 
16 digital input channels simultaneously 
on a scope without flicker, produces 
hard copy on a recorder, and transfers 
logic information to a micro. Memory is 
1024 x 16 bits with a 55-ns time. Unit can 
also provide remote diagnostics via tele­
phone. An internal clock carries asyn­
chronous operation up to 20 MHz. Price 
is $990. Sensor Electronics Inc, 105 Fair­
way Terrace, Mt Laurel, NJ 08504. 
Circle 318 
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Measurement and control system 
features fast processing 
The 2452 combines an instrument controller 
and an intelligent computer front end. 
The 16-bit, micro-based controller has a 
touch-sensitive CRT and dot addressable 
graphics. With a 16-bit onboard CPU the 
front end controls measurement and 1/0 
cards. It takes care of digital and analog 
measurements, signal conditioning, out-

put controlling, and decision making. The 
controller provides computing power, 
mass storage via floppy disk, and ad­
vanced graphics. Software allows 10-
channel data acquisition functions. Base 
system is $15,000 with a typical configu­
ration averaging $20,000. John Fluke 
Mfg Co, Inc, PO Box C9090, Everett, 
WA 98206. 
Circle 319 

Cost effective sonic 
digitizing is 
here. 

SAC®GP-8. 
You asked for it, and here it is: The new 

technology and packaging of our Graf/ 
Bar* GP-7 digitizer combined with the 
proven capability of the L-frame micro­
phone array used with our GP-3 and GP-6 
series digitizers. Now we've packaged 
these components as the new Model GP-
8 sonic digitizer with the following new 
features: 

• Five-function menu. 
• Two-way communication. 
• Computer control. 
• RS-232, BCD parallel, or binary 

parallel interface. 
• Remote trigger capability. 
• Optional 16-digit display. 

The GP-8 with active areas up to 60" x 
72" features an eight-bit microprocessor 
which permits the system to perform five 
program functions via menu entry, includ­
ing ORIGIN, LINE, METRIC, STREAM, 
and CANCEL. Either stylus, cursor with 
cross-hairs, or both may be used with the 
GP-8 to take data and to make menu 
selections. 

The L-frame microphone sensor as­
sembly borders the active work area, al­
lowing interaction with a variety of images 

such as CRT and plasma displays, projec­
tions from x-rays and films, maps or draw­
ings on drafting tables, and graphic 
systems for CAD/CAE/CAM. The L-frame 
requires no special digitizing surface, re­
sulting in a transparent, unencumbered 
work area. 

All said, the GP-8 quickly and economi­
cally allows the conversion of graphic in­
formation into numerical or digital form for 
convenient input in data processing, re­
cording, or transition equipment. A typical 
GP-8 system includes a user provided 
host computer, as shown. 

The new GP-8 has broughtthe reality 
of state-of-the-art digitizing closer to 
you. It's a 36" x 36" active area for under 
$2,000.00! And now's the time to let 
us tell you all about it. We're Science 
Accessories Corporation, 970 Kings 
Highway West, Southport, Con­
necticut 06490, (203) 255-1526, Telex 
964-300. 
"Trademark of Science Accessories Corporation . 

SAC® SCIENCE 
ACCESSORIES 
CORPORATION 
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Solid modeling computer hardware 
removes hidden lines 
Hardware compatibility allows Syntha­
Vision to run on existing CADAM hard­
ware-including IBM 3250 graphics 
terminals-with no additional hardware. 
Output lets users automatically create 
any view desired, including planar or 
nonplanar cross sections from any angle. 
Interface enables the output to be passed 
to the CADAM, which in turn processes 
the data as if originally produced by 
CADAM. Mathematical Applications 
Group, Inc, 3 Westchester Plaza, Elms-
ford, NY 10523. Circle 320 

Color graphics system meets 
CAD/CAM applications 
The G-6200 color raster system uses the 
Genco operating system for graphics 
control. The basic configuration provides 
a 1536 x 1024 bit-mapped refresh memory 
for the selection of 16 colors from a 
palette of over 16 million hues. With 
optional memory cards, total color selec­
tions are 4096 with additional overlays for 
graphics and imaging. The operating 
system permits a multilevel display list 
with 32-bit precision to be stored locally 
and manipulated with full 3-D modeling 
transforms. Single unit price is $23,950. 
Genisco Computers Corp, 3545 Cadillac 
Ave, Costa Mesa, CA 92626. 
Circle 321 

Schematic capture and layout 
stations use IBM PC XT 
The CAD 2000 system allows designers to 
enter logic schematics and multilayer PC 
board layouts using a 19-in. color 
display. High resolution (1024 x 768) 
color graphics is a standard feature. The 
CAD 1000 is identical except for its smaller 
13-in. screen and lower resolution (640 x 
400). Editor is supplied with a library of 
commonly used TTL symbols and allows 
the user to create new symbols during 
the design process. The 2000 also con­
tains a netlist extractor for interface to 
tools such as simulators. The 1000 costs 
$13,500; the 2000 is $23,500. Chancellor 
Computer Corp, 1731 Embarcadero Rd, 
Palo Alto, CA 94303. 



A New Definition 
for Laser Printing ... Affordable. 

Our 8/300 sets exciting new levels of perfor­
mance and value for electronic page printing 
systems. 

In the office, type font flexibility and the ability 
to easily merge text and graphics allows the 
8/300 to produce high quality reports, docu­
ments, letters, and even transparencies. In data 
processing, the 8/300 delivers higher quality 
output than line printers, at comparable speeds. 
For graphic arts applications, the 8/300 func­
tions as a proofing device for typesetting and 
provides final output for demand publishing. In 
an engineering environment, the 8/300 delivers 
exceptional plotting capabilities, and produces 
high quality output from intelligent workstations. 

Text, graphics, plotting, font flexibility-for any 

application, Imagen's 8/300 provides a high 
quality, affordable alternative to traditional print­
ing methods. 

Operating at 8 pages per minute, with a 
resolution of 300 dots per inch, the 8/300 prints 
on a variety of papers, including your letterhead. 
The alternate feed facility allows printing odd 
sizes too. From business cards, to envelopes, to 
legal size-or any size in between. 

The 8/300 delivers all this in a compact, 
desk-top size, small enough to put just about 
anywhere-and quiet enough to operate 
anywhere you put it. 

Take a closer look at the 8/300. For less than 
$10,000 it can open up a whole new world of 
printing possibilities for you . 

THE INTELLIGENT WAY TO PRINT 
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Array 
Processors 
• SKYMNK 
• Full 32-bit floating-point format (DEC 

or IEEE-P754) 
• Q-Bus for DEC LSl-11/ 23, 11/ 2, 11/ 03 
• MUL Tlbus for Intel 8086,. Motorola 

M68000 
• VERSAbus for Motorola M68000 
• One million floating point operations 

per second 
• Plugs right into system bus 
• Under $6000, quantity discounts 

available 

Arithmetic 

Floating Point 
Accelerators 
• SKYFFP 
• 32-bit and 64-bit IEEE-P754 standard 

floating point operation 
• MUL Tlbus, VME bus, VERSAbus, 

Q-bus, or S-100 bus plug in board 
• Compatible with MC68000, 28000, 

8086, 8085, 280, and more 
• User transparent no changes to 

FORTRAN, Pascal, 'C' 
• User microprogrammable 
• Under $3000, 

OEM discounts available 
SKYFFP Patent Pending 

SKY'S arithmetic processors are unsurpassed in price/ performance, ease of 
use, and reliability. Our users say so! They'll also tell you that SKY offers the 
best customer support in the industry. 
Don't wait any longer for high performance. Call now for free benchmark 
analysis and further information: (617) 454-6200. 

Programmable 
Math Processors 
• SKY320 
• Fixed·point high speed 

integer processor 
• Q-bus plug-in board 
• Fully user-programmable 
• Based on Tl's TMS320 chip 
• $3500; OEM discounts 

available 

Remember, for truly high 
performance, SKY'S the limit! 

SKY COMPUTERS, INC. Foot of John Street Lowell, MA 01852 (617) 454-6200 TELEX 4991331 SKYMNK 
1199 NASA Rd., Houston, TX 77058 (713) 486-4806/ 1250 Oakmead Parkway, Suite 210, Sunnyvale, CA 94086 (408) 730-0501 

Visit us at Computer Graphics '84-Booth -1772 
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Analyzer helps integrate drives 
with controllers and hosts 

The time interval analyzer, model 150, 
works like a passive bus analyzer to cap­
ture bit-shift jitter, reduce it in hardware, 
and display it in histogram form. First­
generation histograms are displayed, or 
test data may be further reduced in two 
levels. The analyzer connects directly to 
the drive under test. The device can be 
used in evaluation of any kind of high 
speed data stream, regardless of encoding 
method. It combines functions of a preci­
sion ( ± 1 ns) time interval counter, 
event counter, high speed RAM, and pro­
prietary software. Price is $15,000. 
Applied Data Communications, 14272 
Chambers Rd, Tustin, CA 92680. 
Circle 323 

Test diskette comes in 
format for 3114-in. drives 
The analog alignment diskette (AAD) is a 
standard diskette with cat's eye for 
radial alignment. It allows checking of 
index timing, head read resolution, and 
skew error of the head positioning 
mechanism. Currently, only a one-sided 
version is available, but the company 
plans to make the 140 track/ in. diskette 
available in two-sided format. The 
diskette is available directly from the 
company at a cost of $25 in single unit 
quantities. Dysan Corp, 5201 Patrick 
Henry Dr, Santa Clara, CA 95050. 
Circle 324 

Hardware/software converts PC 
to gate array design terminal 
In addition to design software, the 
Unicad-1 includes the 1so 315 library of 
macrocells, a high resolution printer, 
and a graphics driver board. It also has a 
mouse, terminal emulation and commu­
nication package, and operating man­
uals. With the system, a user can 
develop a logic design, capture it, and 
convert it to a network listing. The list­
ing can then be transmitted via modem 
links to a VAX system. After simulations, 
the net list is entered back into the 
system where macrocells are automat-

ically placed and interconnected, rules 
checked, and test program development 
is completed. Package costs $7000. 
Universal Semiconductor Inc, 1925 
Zanker Rd, San Jose, CA 95112. 
Circle 325 

Universal programmer senses 
each pin under variable loads 
The PPZ system uses low cost plug-in 
modules that accommodate high level 
editing for logic device parameter pro­
gramming and testing, Boolean entry, 
and memory mapping. The system's 
enhanced video facilities feature 80-col x 
20-row alphanumeric display with reverse 
arid flashing attributes. It can also mea­
sure small current flow to locate a poor 
contact before programming. The sys­
tem is priced at $3975. Stag Micro­
systems Inc, 528-5 Weddell Dr, Sunny­
vale, CA 94086. 

Circle 326 

Computer aided engineering design 
system integrates simulator 
The addition of HIL0-2 high speed 
universal design simulator to Metheus' 
CAE system provides hierarchical design 
simulation. The ability to analyze and 
verify designs at each development stage 
reduces the number of design iterations 
and improves reliability. HIL0-2'S con­
current hardware description language 
supports a set of gate-level primitive 
elements for various technologies. This 
capability also allows event creation and 
logic circuit analysis for full simulation 
of VLSI devices. Metheus Corp, PO Box 
1049, Hillsboro, OR 97123. 
Circle 327 

Color graphics workstation has 
resident 5114-in. Winchester and floppy 
The Colorware System I I/ IO includes a 
color terminal, a keyboard, color mon­
itor, and an LSI-II CPU. Model I024 ter­
minal offers a 1024 x 768 viewable reso­
lution. The keyboard detaches VT-IOO 

style. The CPU comes with memory man­
agement. The graphics processor is com­
patible with Tektronix Plot IO software. 
Operating systems include RT-II and RSX­
I IM as well as Venix. Graphic input 
devices include an optical mouse and an 
11- x 11-in. data tablet. Single-quantity 
price is $25,995 . Advanced Electronic 
Design, Inc, 440 Potrero Ave, Sunny­
vale, CA 94086. 
Circle 328 

Universal programmer is slave 
expandable for gang programming 
The Z-10008 handles PROM/LOGIC/CPU 
programs, NMOS and CMOS EPROMS, 
EEPROMS, bipolar PROMS, logic devices, 
and Intel's 87XX micros. The unit is soft­
ware controlled, eliminating pinout 
adapters; all devices are keystroke 
selected. The device features an expand­
able RAM, and a 16-char alphanumeric 
display with fast programming 
algorithms for EPROMs. When program­
ming slaves, each will generate three sets 
of four different programs simultane­
ously. Cost is $5500. Sunrise Electronics, 
Inc, 524 S Vermont Ave, Glendora, CA 
91740. Circle329 

At Tauber 
Electronics, We 
run on batteries . 
With Panasonic 
we run farther. 

No other manufacturer gives you 
more choices. And no other distributor 
gives you more service. Our sales 
engineers can help with application 
and design questions. And our pro­
duction department has made us a 
leader in value-added battery assembly 

From prototype to O.E.M. 
production - We deliver. 

Panasonic. 
"J'X\UBERl§l!..l§~(QJ(NJ~llNXC. 
Panasonic 1983 Distributor of the Year­
Battery Sales Division. 
4901 Morena Blvd. ste. 314 
San Diego, CA 92117 
619/274-7242 
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Data acquisition and control 
system displays test data 
As a high speed front end or standalone, 
the model IOKS is compatible with any 
RS-232 or IEEE 488 computer. The system 
offers signal conditioning for any trans­
ducer or signal source. Parallel micro­
processing scans up to 1000 channels of 
measured or calculated data at a 2500-

channel/ s rate . A-D resolution is 16 bits 
(0 .0015 percent of full scale) and overall 
accuracy is 0.02 percent. Features include 
a 12-in. color CRT that uses up to 100 
EPROM-stored format pages, high-low 
limit monitoring on a per-channel basis , 
and formattable hardcopy output. Day­
tronic Corp, 2589 Corporate Pl, Miamis­
burg, OH 45342. Circle 330 
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Workstation designs, analyzes, 
and simulates digital circuits 

Using TEGAStation a designer can quickly 
analyze complex circuitry with high 
speed and accuracy. Powered by the 
32-bit Apollo Domain computer, the 
system brings CAE software to the design 
engineer. Software includes an applica­
tion and file management program, 
graphics editor, interactive waveform 
display processor, and logic and design 
verification. An integrated communica­
tion link allows high speed data transfer 
between the workstation and a VAX. 
Prices start at $50,800. Calma Co, 2901 
Tasman Dr, Santa Clara, CA 95050. 

Voice processing system uses 
proprietary compression 
Unix and Multibus compatible, soc-2000 
VoiceServer reduces voice messages to 
standard microcomputer data rates. It 
offers its own voice mail software to 
record, store, retrieve, and transmit digi­
tized voice messages. The system integrates 
into existing systems, attaches to LANs, 
and serves standalong applications. Voice 
compression occurs from 64 kbits/ s to as 
low as 8 kbits/ s. The architecture allows 
interfacing with 2 to 16 external voice 
ports. Prices range from $13,000 to 
$45,000. Digital Sound Corp , 2030 
Alameda Padre Serra, Santa Barbara, 
CA 93103. 

Let's hear from you 
We welcome your comments 
about this issue. Just jot 
them on the Reader Inquiry 
Card. 



Software: 
MS™-DOS, GW-BASIC™, 
assem61er 

The MDC RM-1600™ Rackmount 
IBM PC-Compatible computer 

At last, an IBM PC-compatible computer for industrial 
and scientific use. The RM-1600 makes available thou­
sands of IBM PC-compatible software and add-on 
hardware products. It also offers the modularity of a rack­
mount housing. 

And the RM-1600 provides four available expansion 
slots and a high capacity 11 O W power supply that let 
you really mix and match all those add-ons. 

For additional storage and speed, an optional 10 MB 
Winchester replaces a diskette drive. Or for speed en­
hancement alone, try the built-in RAM disk, using the 
512 KB on-board RAM capacity. In numerical applica­
tions, you can add an 8087 co-processor for greater speed. 

So whether the application is laboratory instrumenta­
tion, test and measurement, R&D, numerical control, 
process control, or OEM systems, the RM-1600 lets you 
contruct your equipment as you want it. 

MDC has been building process control equipment 
for over 13 years. We first created the RM-1600 for our 
own use, and now offer our advantage to you . Take the 
advantage; give us a call and arrange for a closer look. 

RM-1600 is a trademark of Materials Development CorPorat1on. 
IBM 1s a registered trademark of lnternat1onat Business Machines Corporation 
MS and GW-BASIC are trademarks ol Microsoft Corporation. 
Product features sub1ect to change wtthout nolice. 
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THE ECONOMICS OF LoGIC 
Mainframe Performance 
For Under $43,000. 

A mainframe computer for 
under $43,000 is economical. 
A mainframe computer that 
networks, distributes resources 
and talks to the world is logical. 

The Ridge 32 is both. 
Everything you demand 

frames. Without the headaches. 
And at one-fifth the cost. 

The Ridge 32 is a full 32-bit, 
UNIX™ System V based com­
puter. A computer powerful 
enough for the simultaneous 
operation of as many as four 
high-resolution graphics ter­
minals. But for under $43,000, 

too. And you can expand, one 
Ridge 32 at a time, as your 
needs grow. 

The Ridge 32 comes in a 
logical new package that gives 
you enormous computational 
power without the frustrations 
of timesharing. Or the costs 
of an air-conditioned room. 



Single Precision Puzzle Program HSPICE~ 

And with Ethernet 
Whetstone Benchmark (subscript version) Circuit Simulation 
(1000 Whetstones/sec.) Time (sec.J Time(sec.J 

1,500 2.2 123 and a gateway Ridge32 --''---- - ----- - ------- -you can access _~_X_™_111_1~_FR_~---------------1.100 10.2 143 

the world. All in a "'-oE;_c_™-'-200'-o----'------- -----1,500 5.4 

workstation SUited _Pr_im_e _750 ________ ________ _ 750 7.3 1~ 

for any office environment. 
A quick comparison of com­

monly available benchmarks 
proves the Ridge 32 to be the 
greatest price/performance 
value available. 

The figures say it all. Give 
yourself power at an affordable 

price. Write Ridge Computers 
today: 2451 Mission College 
Boulevard, ---
Santa Clara, C 
95054. Or call 
408/986-8500. 

Make the 
economics of Jog c 



reliability extends beyond our 
....... •,, precision-engineered products. 

It also indudes service, availability and on-time 
deliveries from our worldwide network of 
Authorized Alpha Distributors. And, you 
con always rely on Alpha engineers for all 
the technical assistance you need. 

Data Cable - Rely on Alpha as a 
single1 quality source for a complete 
line ot data transmission cable and 
accessories for comJ?Uter and infor­
mation sntems interfaces. Products 
include 50 to 100-0hm coaxial, 

triaxial, data, individuaHy and/ or overall shielded multi­
pair cables and molded cable assemblies for RS- 2 32C 
and IEEE-488 applications. 

FIT"' Shrinkable Tubing - Alpha is 
Number 1 in the industry with a full 
range of sizes, colors, pre-formed 
shapes, adhesive coatings and 
packaging options that make it easy 
ta seled Ille correct tubing for any 

aDPlicatian. Most meet the perf9rmance requirements 
of MIL-1-23053 and are UL and CSA recognized. 

Flat Cable & Connecton-
Alpha's new 4-woll header; 
center-po_larized female socket and 
metal shell 0-subminiature en­
closure ore just a port of the total 
AIDha S~m for Mass Termination 

that lets you make air the right connections. All the time. 

OMNIGUARD '" Electronic Cable -
Alpha's totally new concept of hoz­
orCl-matched cables provides a 
wide margin of ~on against 
environmental nsks, both indoors 
and out- moisture, cleaning fluids, 

ctlSinfectonts, chemicals, oils, temperature extremes, 
mechanical abuse and many others. 

For more information about the complete line of 
Alpha computer-related products, contact your 
local Alpha Distributor or call Alpha Wire 
Corporation. 

• 

Performance. 
Right down the line. 

N.IM Wiii COIPOIA1'IOM 
711 Lidgerwood Avenue, P.O. Box 711, Elizabeth, New JetSey 07207 USA 201-925-8000 
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Intelligent terminals cope with 
industrial environment 

Both the model 8300 and 8400 offer a 
shielded 12-in. CRT that provides 80 col 
x 24 line display and a 160 x 72 semi­
graphics capability. Both expand to 44 
Kbytes of RAM and 48 Kbytes of user 
EPROM . The 8300 has a sealed keyboard 
with characters arranged in alphabetical 
order. In addition, it contains 12 
programmable function buttons with 
LED active displays and cursor and screen 
controls . The 8400 has a QWERTY key­
board for data entry input. The models 
have all metal nonventilated enclosures. 
Eagle-Picher Industries, Inc, Akron 
Standard Div, PO Box 1869, Akron, 
OH 44309. 
Circle 333 

Versatile printer juggles 
multiple colors and modes 
Featuring IBM compatibility, the DP-9725B 
color/ scribe printer produces both text 
and graphics in a variety of colors. Soft­
ware handles high resolution screen 
dumps. Color printing is accomplished by 
multiple passes and four-color ribbon. 
Moreover, the printer can change colors 
at any point in a printed line. Graphics 
resolution is either 144 dots/ in . or 72 
dots/ in. The four printing modes are en­
hanced, correspondence, data processing, 
and graphics. Cost is $1625. Anadex Inc, 
1001 Flynn Rd, Camarillo, CA 93010. 

Circle 334 

High speed band printer produces 
hard copy at 1200 lines/ min 
Designed for the series 3200, the LP1200 is 
a 132-col, solid-character font peripheral 
that produces printouts on single or 
multiple pages. The printer uses a steel 
band for character sets. The band con­
sists of repeating character sets in an 
endless loop. Band motion is automati­
cally initiated when data is sent to the 
printer, minimizing noise. Touch­
sensitive control panel includes a self­
test unit and features switch-selectable 
80- or 132-col printing. Price is $29,990. 
Perkin-Elmer Corp, Data Systems 
Group, 2 Crescent Pl, Oceanport, NJ 
07757. Circle 335 

Camera works with oscilloscopes 
and video display tubes 

The Primeline model 7000 can be either 
handheld or bezel mounted. A large 
selection of prefitted hoods and bezel 
adapters is provided. The camera 
accepts Polaroid 3 114- x 4\4-in. film in 
color or black and white. Variable aper­
ture control from f3.5 to f32, variable 
shutter control from I s to 1/ 125 s, and 
B (bulb) combine to provide sharp, clear 
photos using a wide range of ASA film 
speeds. The camera matches any one of 
over 60 CRT bezels. It can swing to either 
side or be completely removed, allowing 
the operator an unobstructed view of the 
display. Prices start at $397 including 
hood . Soltec Distribution, PO Box 818, 
Sun Valley, CA 91353. 
Circle 336 

Color graphics terminals offer 
higher performance 
Features of the GTC314 include bit­
mapped display, 4000-color palette, 
polygon-fill in color or pattern, and pro­
grammable character sets. Using a 
4027-compatible protocol, the 512 x 480 
resolution display allows arcs, circles, 
pies, vectors, bars, and polygons. A 4010 
emulation mode permits the use of exist-

ing software. Three character sets are 
available: one fixed and two program­
mable. The standard character set yields 
a 48-line display of 85 chars/line; pro­
grammable sets define font and cell size 
up to 256 x 128 pixels. Price is $2895. 
Psitech , 16902 Von Karman, Irvine, CA 
92714. 
Circle 337 

Smart terminal features low cost 
and emulation capabilities 
The 1021 features a 12-in. screen, 
ergonomic design, 32 graphics char­
acters, and editing functions. The ter­
minal comes in two versions. The first 
emulates the Hazeltine 1500, ADM 3, DEC's 
VT-52, and the ADDS Viewport. Any of 
these emulations can be chosen through 
soft setup and stored permanently in 
RAM. The second version supports the 
ANSI X3.64 standard. Both versions offer 
a 91-key low profile keyboard and a 
display with 24 lines by 80 chars. Two 
communication ports are standard. Cost 
is $399. Zentec Corp , 2400 Walsh Ave, 
Santa Clara, CA 95050. 
Circle 338 

Thermal transfer printer 
works on various surfaces 
The 16-dot TTPl6 produces near-letter 
quality on a variety of papers, even 
vinyl. The thermal head provides high 
resolution 1/ 120 x 1/ 120 in. in a single 
pass. A precision positioning feature en­
sures alignment at 45 chars/s. Operation 
is silent as the printhead never strikes the 
printing surface; all moving parts are 
driven by stepping motors. Other fea­
tures include vertical and horizontal 
tabs, sensor for paper out and ribbon 
end, and multiple color printing. The 
cost is $470. Fujitsu America, Inc, 3075 
Oakmead Village Dr, Santa Clara, CA 
95051. Circle 339 

Graphics display terminal is 
compatible with Plot 10 
The NJC-M1401 11 consists of a high resolu­
tion green or amber monitor, graphics 
processor, communication section, and 
separate keyboard. Features include a 
14-in. nonglare CRT, 1032- x 780-dot reso­
lution, and selective erase. The terminal 
also provides DEC VT-100 emulation and an 
optional graphics package. In single quan­
tity, cost is $2995. Japan Computer Corp , 
Naito Bldg, Nihonbashi Hamacho 2-25-1, 
Chuo-ku, Tokyo, Japan. 
Circle 340 
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Lightweight ink-jet printer 
operates quickly and quietly 

The HP 2225 may be used with portable or 
desktop computers from a variety of 
manufacturers. It combines the printhead 
with the ink reservoir in one disposable 
unit. Key specs include: 150-char/ s print 
speed, 11 x 12 dot-matrix chars, less than 
50 dB of noise , and multiple print sizes. 
Interfaces are Centronics, HP-IB, and HP­
IL and any paper can be used. Dimen­
sions are 11.5 x 8.1 x 3.5 in. weight at 5.5 
to 6 lb . Price is less than $600. Hewlett· 
Packard Co, 1820 Embarcadero Rd, Palo 
Alto, CA 94303 . 
Circle 341 

Fact: 
People 

Dual-format terminal displays 
data-translation capability 
Twist provides 80 col x 72 line or 80 col 
x 24 line formats . Rotating the CRT 

screen 90 degrees to an alternate orienta­
tion enables the dual-format function . All 
data is retained during the rotation and 
the characters automatically reorient 
themselves in less than 1 s. Standard ter­
minal features include 16 user-definable 
function keys, bidirectional pass-through 
printer port, five video attributes , and an 
editing keypad . Cost is $1895. Micro­
Term, Inc, 512 Rudder Rd , Fenton, 
MS 63026. 
Circle 342 

Impact line printer changes 
to three different speeds 
Operating at 3600, 3000, or 2200 
lines/ min, the 4248's printing speeds are 
controlled at the unit's operator panel. A 
microprocessor allows the printer to de­
tect the diagnose potential problems to 
minimize service requirements. The unit 
prints by striking hammers against in-

dividual alphanumeric characters that are 
etched into a rotating steel band. These 
characters strike an inked ribbon to trans­
fer each impression to paper. The basic 
model 1 printer is $99,000. IBM Corp, 
Information Systems Group, 900 King St, 
Rye Brook, NY 10573. 
Circle 343 

Character-recognition terminal 
provides graphics capabilities 
Incorporating the functions of dynamic 
handwritten character and mark/sense 
recognition, the Inforite features a 2-line 
x 32-char LCD that identifies the field 
and data as written. Error messages are 
also provided. Based on a 4-MHz zso, 
the terminal operates independently of a 
host and contains 64 Kbytes of RAM , 56 
Kbytes of ROM , and 48 Kbytes of CMOS 

battery backed RAM . The terminal oper­
ates with a ball-point pen and can 
accommodate three-part forms. Price 
ranges from $1250 to $2000, depending 
on quantity. lnforite Corp, 1670 S 
Amphlett Blvd, San Mateo, CA 94402. 
Circle 344 

MAG 
of all ages die 
of heart disease 
and stroke. 

TAPE 
POWER 

With your help, 
we're out to 
change that. 

/aAmerican Heart V Association 
WE'RE FIGHTING FORYOUR LIFE 

FOR 
YOUR 

Microcomputer users and vendors can now add nine-track, 
main-frame-compatible tape drives 10 their single- and 
multi-user systems and reap the benefi ts ol having the only 
TRUE STANDARD for DATA INTERCHANGE WORLD­
WIDE. Choose tram l wo drives: the hi-performance 751ps 
(non-vacuum coluum) drive, and the auto-loading 45ips 
drive. Both come with the following interfaces. 
• AS· 232C: supports full handshak ing and async/ 

bisyncllsosync protocols 
• IEEE· 488: supports subsets SHl , AHl . TES, LE3. SA1 . 

AL2, PP2, OC1 , OTO and CO. 
• IBM· PC : OMA interface w1lh DOS 2.0 dnver and ut1l1!1es, 

mcluding hard·disk last copy . 

PC! 

--z -ilu-- ~~~==-: .... New 

'

... .. ' ... York Avenue, Halesrte. NY11743 

- ' - ' - - (516) 423-3232 
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Smart graphics terminal 
emulates Tektronix 
The GX-100 is a dual-alphanumeric and 
4010/4014-compatible terminal. In the 
alphanumeric mode, it emulates the DEC 
VT52, VTlOO, and ADM-3A. It provides two 
independent text planes as well as two 
full 768 x 585 graphics planes with in­
dependent alphanumeric overlay. Stan-

dard features include a 15-in. high 
resolution CRT with green P-39 phosphor, 
detachable keyboard with graphics func­
tion keys, and four types of vectors. The 
terminal supports Plot 10 software. 
Modgraph, Inc , 1393 Main St, 
Waltham, MA 02154. 
Circle 345 

... goodbye to backup 
Now you can put big system d isk storage capacity in your 
micro- or min i-based system. Up to 106 Mbytes. For less 
than $10,000'. And half that capacity is removable media . 
So you can say goodbye to all those hours of slow 
backup. And goodbye to the added cost of separate 
tape or disk backup drives. 

HD-26 also reduces disk transfer overhead with its 
average access time of 35 msec. 

The HD-26 is compatible with the industry standard SMD 
interface. It's CDC Lark® compatible. And a version is 
optionally available with an IEEE 696 (S-100 bus) control ler. 
Including cables and host software if your system is Cromix 
based Cromemco. 

HD-26 is also available in a 53 Mbyte configuration for 
less than $6000 ' . · Quantity price with SMD interface 

~ CDC Lork Is a regisTered trademark of Control Data Corporation 

For more information on our complete line of disk systems, 
ca ll us at 703-281-4666. 

VCA CORPORATION 
501 Church Street, NE Vienna, VA 22180 

(703) 281-4666 Telex. 469088 
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High resolution graphics 
terminal includes controller 

The Cadmus 2200 has an intelligent con­
troller with its own 16/ 32-bit processor­
a IO-MHz 68000. Directly connected to a 
Cadmus 9200, it links to the graphic 
monitor with a 10-m coaxial cable. The 
controller contains a 256-Kbyte memory 
for programs and picture synthesis and 
interface for hookup to a serial key­
board or mouse. A pixel processor per­
mits high speed graphic creation. Direct 
coupling to the system bus allows graphic 
images to load directly from disk to mem­
ory. PSC GmbH, Pfaelzer-Wald-Strabe 
36, 8000 Munchen 90, West Germany. 
Circle 346 

Terminals meet ANSI standard 
and DEC software requirements 
The concept A VT+ series provides 
80/ 132-col capability, eight pages of 
memory, 46 programmable function 
keys, windowing, and multiple com­
puter connections. The 101-key key­
board offers function key labeling, 
adjustable tilt, full touch area keytops, 
four programmable LEDs, and a VTlOO­
style numeric pad. The programmable 
keys can transmit data and/or execute 
terminal commands. The display 
memory eliminates unnecessary print­
outs and provides an application tool for 
multiple formats of large volumes of 
text. With a standard four-page memory, 
the terminal is priced at $1295. Human 
Designed Systems, 3440 Market St, 
Philadelphia, PA 19104. 

Circle 347 



This New Fiber Optic Modem 
will Extend a DCE Interface 

to Any Point in Your 
Local Area Network. 

Plus a whole lot more. 
•Can also be used for 
standard modem appli­
cations 

•Automatically accepts or 
supplies DCE/DTE clocks 

•Fully supports all EIA 
handshaking signals 

•Provides secondary data 
channel 

In short , you can use our 
new fiber optic modem be­
tween any two plug compati­
ble units in your local area 
network. And it won't re­
quire any jury-rigging or 
looping clock and interface 
signals. That's because, 
from an operating stand-

t, our fiber optic 
em looks just like an 
pable; whether you're 

from a long-haul 

modem to a remote terminal 
or from a CPU port to a 
printer. And it's just about 
as easy to install as a cable 
- we even provide two 
separate connectors (DTE 
and DC E) on each modem. 
YOU determine how our 
modem will function simply 
by selecting which connec­
tor you use! 

from the advantages inher­
ent with fiber optics (traffic 
security plus noise immu­
nity) but also from the ex­
ceptional operating perfor­
mance. Our very low error 

__r-...__~ ::::::! Data -v-u:=; Clock 
and 
Control 

'----- ------' 

Data 
Clock 

and 
Control 
Signals 

=i I~ I ~ mte and continual signal 
!== W<J- quality monitoring means 
+-- that you'll operate with a 

MODEM (DCE) 
roM-

7 higher throughput and less 

Once our fiber optic mo­
dem is installed and opera­
ting it'll really begin to 
shine. You'll benefit not only 

downtime than ever before. 
V ersitron manufactures a 

complete line of fiber optic 
products for Local Area Net­
works. Our 20 years' experi­
ence in fiber optic is reflec 
ted in the performance cap 
abilities of our pr.«{ 
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Networking software 
supports two protocols 
Fusion Version 2.0 implements the ARPA 
Internet as well as the X protocols . The 
high performance networking software 
runs on the Ethernet LAN. It offers flexi­
bility linking 6800, v AX PDP-I I and IBM-PC 
processors; Unix, MS-DOS, and VMS oper­
ating systems; and network hardware 

Heurikon unveils a graphic solution 
for your microcomputer application. 
On-card Feature Summary 
CPU Section: 
Z80A CPU 
Z80A DMA 
Up to 32K bytes of EPROM/ROM 
Up to I 6K bytes of RAM 
One iSBX mcx:lule mcx:lule 
I 32 byte bi-directional FIFO Buffer 
Multibus™ Multimaster or Slave 

mcx:le 
24 bit address bus 
Memory mapping RAM 
Hardware and software selectable 

bus maps 

from most LAN vendors. The software 
supports the TCP, IP, UDP, and ICMP 
internet protocols. Completion XNS 
implementation includes datagram, echo, 
error, routing, packet exchange, and 
sequenced packet protocols. Network 
Research Corp, 1964 Westwood Blvd, 
Los Angeles, CA 90025 . 
Circle 348 

Video Section: 
NEC 7220 graphlCS controller chip 
5 I 2K bytes of video memory. 

arranged as 4 overlapping planes. 
1024 by 1024 pixels 

640x480 display format standard 
16 Color programmable look-up 

table 
4096 color palette 
Light Pen l/F 
Interlaced video 
Non-interlaced video 
Composite SYNC 
Separate SYNC 
BNC or MOLEX connectors on card. 

for the video 

BN 
3001 Latham Dr Madison. WI 53713 • Telex 469532 

I 800 356-9602 In Wisconsin I 608 271-8700 
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Communication package puts IBM 
mainframes in touch with others 
Using a blocked asynchronous transmis­
sion and sliding window protocol, a 
software release achieves throughput, 
efficiency, and error immunity. It uses an 
SDLC-like full-duplex CRC protocol. Binary 
or text files are transmitted as 8-bit wide 
data with each block checked for 100-
percent data integrity. Software operates 
over standard dial-up phone lines with 
any asynchronous modem, at any modem 
speed, or over direct connections at 
speeds to 19.2 kbits/s . Prices range from 
$250 to $2495. Communications Research 
Group, Inc, 8939 Jefferson Hwy, Baton 
Rouge, LA 70809. 
Circle 349 

File management systems 
enhance performance 
Btrieve 3.0 and N 3.0 have improved file 
characteristics, sorting capability, more 
efficient use of disk space, and high speed 
file handling options. Designed for the 
IBM PC, PC-XT, and compatibles, the soft­
ware also runs on other micros. Keys can 
be defined as having multiple segments 
for multilevel sorts built into a file. A 
utility builds an external index for an 
existing file. Btrieve is based on the b-tree 
file index, an optimum file handling 
structure. Prices range from $245 to $595. 
SoftCraft Inc, PO Box 9802, Austin, 
TX 78766. 
Circle 350 

Floating point libraries 
process via IEEE formats 
The 68000 FPAC/ DPAC is written in op­
timized source assembly language for 
tailoring to specific applications. In ad­
dition to the standard arithmetic opera­
tions and integer to floating point 
routines, the library includes sine, 
cosine, tangent, arc tangent, square 
root, log, and exponents. ASCll to 
floating point and floating point to ASCll 
conversions are also part of the library. 
Maximum-code space for single­
precision routines is under 3500 bytes. 
Prices range from $750 to $1250. U.S. 
Software, 5470 NW Innisbrook Pl, 
Portland, OR 97229. Circle 351 

June Previews 
Watch for two special 
articles-local area 
networks on June I, 
system testing on June 15 



or Off·the·Wall. 
Whether you buy standard stock or our "customerized" 
models, your PacTec enclosure is engineered inside 
and out to look smart, last long, and cost less. 

Because hundreds of PacTec enclosures are available 
from stock, it's likely we've already designed a package 
for your idea. 

But if you have something in mind that's truly out of the 
ordinary, PacTec engineers, with years of packaging and 
design experience, will work with you to make your enclo­
sure attractive, functional, and cost-effective-perhaps 
with just a simple modification to an existing PacTec 
package. 

All PacTec enclosures offer you these benefits: 

© PacTec Corp. 

• Host of standard accessories-handles, carrying straps, 
tilt stands, belt clips, and many more. 

• Low-cost modifications-vents, louvres, and mounting 
flanges-plus, custom front and rear panels and spe­
cial colors. 

PacTec's standard enclosures do away with long lead 
times and secondary finishing, and save money in tooling 
and assembly. 

So if you 're looking for something off-the-shelf or off-the­
wall , give us a call. We have all the in-house capabilities 
for design, production, and secondary operations to pro­
vide you with a single source for any enclosure you can 
imagine. 

PAC TEC~orp. 
Subsidiary of LaFrance Corp. 
Enterprise and Executives Aves. , Philadelphia, PA 19153 
(215) 365-8400 

PAC-139 

CIRCLE 130 
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Pascal and Fortran 77 for 
Unix are written in Pascal 
Current Unix versions target the NSJ6000 

and NSJ2000 microprocessors and 
generate directly executable optimized 
object code. Both compilers are im­
plemented in Pascal and are rehostable 
and retargetable to any architecture . 
Fortran is consistent with the ANSI stan­
dard (X3.9-1978) for full Fortran 77 . Pascal 
compiler is a large superset of the 
ANSI/IEEE standard 770 X3 .97-1983. Major 
extensions include separate compilation, 
external procedures, initial values, and 
string processing. Advanced Computer 
Techniques Corp , 16 E 32nd St, New 
York, NY 10016. 
Circle 352 

Computer aided design package 
runs on personal computers 
Electronic Design Automation software 
turns a general purpose computer into a 
specialized electronic design workstation. 
It integrates the engineering and layout 

Graphics display controller 
produces 16-color display 
The dual-width IV-1651 has a 600 x 800 
resolution display (16 colors) or a 4-color 
display with 1024 x 1024 or 1280 x 768 
resolution. The card features a hardware 
pixel processor capable of plotting vec­
tors and arcs at 800 ns per pixel, integer 
zoom, and OMA port for rapid screen up­
dates. The unit is priced at $1995 with 128 
Kbytes of display memory; $2295 with 
256 Kbytes of display memory. The 
16-color option (analog RGB) is $250. 
Ironies Inc, Eastern Heights Dr, PO Box 
356, Ithaca, NY 14850. Circle 356 

Magnetic-tape controllers interface 
with Multibus-based computers 
The TFC 505A operates with the Storage 
Technology 125-in./s drive 1953/35 and 
the 5058 operates with the 50-in./s 2920. 

The half-in. tape controllers for start/stop 
drives use GCR technology. A modular 
data FIFO, expandable from 4 to 32 
Kbytes, is built with high speed static 
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portions of PC board design. An inte­
grated intelligent data base keeps track of 
electrical and logical connections, device 
attributes, and other data. The same data 
base can be used for schematic design, 
PC board design, and IC floor plans. PC­

CAPS is a schematic capture system for 
development at the logic level. PC-CARDS 

is a layout package. PC-LOGS is a logic 
simulator. Personal CAD Systems, Inc, 
981 University Ave, Bldg B, Los Gatos, 
CA 95030. 
Circle 353 

Database management system 
styled for mainframes 
With built-in calculation, stats, and 
graphics, Aladin can exchange data with 
a variety of existing word processing and 
spreadsheet programs. An integrated set 
of modules standardizes menu options 
and commands . Modules include data, 
report, query, and calculation. The sys­
tem allows up to 2 million records per 
data base with variable-length records 

RAMs. The RAMs together with dedicated 
hardware for bus control achieve high bus 
data rate of 2.5 million transfers/ s. Opti­
mizations are achieved via three program­
mable controls: prefetch, burst size, and 
dead slot. Price for the basic TFC 505 is 
$2950. Aviv Corp, 26 Cummings Park, 
Woburn, MA 01801. 
Circle 357 

Graphics controller supports 
software and STD bus 
As a 64-Kbyte video memory board that 
generates a 640- x 480-pixel display, the 
ST4505 provides the user with selectable 
wirewrap options. They include TTL­

compatible or composite video and sync 
selection, external clock input, and com­
bination of external video and sync from 
other video display products . Memory­
mapped design keeps memory overhead 
to a minimum . The unit appears to the 
host as a series of individually accessible 
2-Kbyte banks, each enabled or disabled 

(automatic data compression on all fields) 
and allows 50 percent more data to be 
stored on disk. Prices range from $595 to 
$795. Advanced Data Institute America, 
1215 Howe Ave, Sacramento, CA 95825 . 
Circle 354 

Software integrates transaction 
processing with development 
The Primeway transaction development 
and management system aims for in­
creased productivity. Cobol 74 provides 
a highly structured, yet flexible interactive 
development environment to accelerate 
and standardize the commercial applica­
tion development process . The control 
system has administrative facilities for 
operational control, security enforce­
ment, and full transaction management. 
An automated application and document 
library frees the developer from source 
and documentation maintenance. Prices 
range from $9600 to $55,000. Prime 
Computer, Inc, Prime Park, Natick, 
MA 01760. 
Circle 355 

by a software programmable 110 latch. 
In 50s, the price is $450. Applied Micro 
Technology, Inc, PO Box 3042, Tucson, 
AZ 85702. 
Circle 358 

Intelligent digital input 
module handles 48 inputs 
Designed to enhance system performance 
through onboard intelligence, the EP-8965 

module can operate as a system slave via 
the 48 opto-isolated inputs. The inputs are 
monitored by an 8088. Data and com­
mands are passed through 4 Kbytes of 
dual-ported RAM for decreased system 
overhead. Supplied with preprocessing 
firmware, the inputs may be configured 
as pulse accumulators, pulse duration, or 
pulse period inputs . Each input is hard­
ware debounced and rolled off to 100 Hz, 
and meets IEEE 472-1973 surge specs. 
Symbicon Associates, Inc, 89 Rte lOlA, 
Amherst, NH 03031 . 
Circle 359 



What do you need for 

your ~nm mo system? 

Find DD at 
DEXPO: 

DEXPo· West 84 
The Sixth National 

DEC--Compab"ble Industry 
Expbsition 

Disneyland Hotel 
Anaheim, CA 

December 11-14, 1984 
Tuesday - Friday 

DEXPo· Europe 84 
The Second European 

DEC--Compatible Industry 
Exposition & Conference 

London, England 
May 30 - June 1, 1984 

If coupon is missing, call or write for complete information: Expoconsul International, Inc., Dept. DE, 55 Princeton-Hightstown Road, Princeton Junction, NJ 08550; 
Tel : 609-799-1661 . 

..... ---------------. r----------------
DEXPO® South 85 

The Seventh National 
DEC--Compatible Industry 

Exposition 

New Orleans Superdome 
New Orleans, LA 
May 26-29, 1985 

Sunday-Wednesday 

1 I WANT TO ATTEND FUTURE DEXPO SHOWS 

I Send me complete information on : 
I D DEXPO Europe 84 D DEXPO West 84 D DEXPO South 85 

1 

Name 

Title _____________ _ 

I CompanY-----------~-
1 Address ____________ _ 

I City ______ State __ Zip __ _ 

I D I am interested in exhibiting. My company sells------

1 Send to: Expoconsul International, Inc., Dept. Di, 55 Princeton-Hightstown Road,-
1 Princeton Junction, NJ 08550 

~---------------~ 
·Registered trademark of Digital Equipment Corp. 



WE COULD GIVE YOU 
A LOT OF TALK ABOUT 

IMAGE PROCESSING. 
OR A LOT OF PROOF. 

IT'S ALREADY HERE. 
High resolution electronic imaging is no 
longer just a designer's dream. 

It's a reality. Right now. 
Datacopy's compact imaging system 

provides both digitizing camera and 
illumination in one neat package, ready 
to interface to your computer system. 

THE USER 
FRIENDLY SCANNER. 
Now, anyone in the 
offiGe can enter 
detailed images, 
such as photos, 
diagrams, docu­
ments, even 3-D objects, into a 
computer, within seconds. 

Producing a crisp, clear, digitized 
image is as simple as pushing 
a button. 

PUTTING PICTURES 
TO WORK 
Now, with Datacopy's 
Word Image Process­
ing System'" (WIPS'") 
you can capture an 

CIRCLE 133 
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image, store it, retrieve it, merge it 
into a document, print, display, enlarge 
or reduce it, or transmit it anywhere. 

With pictures working to illustrate 
an idea, any business will save more 
than 1,000 words. 

It'll save time. And money. 

ONE SOURCE IMAGING. 
As the leading innovator in 

electronic imaging, 
Datacopy offers the 
most sophisticated line 
of OEM products from 

compact office scanners 
to flexible imaging 
systems. 

And that's not a lot of 
talk. At Datacopy we've got 

the products to prove it. 
For more information call 

(415) 965-7900. 
See us at COMDEX/Spring, Booth D258. 

DATACOPY 
The Eye of the ComputerN 
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Mainframe windows on IBM PCS 
a~ailable through add-on interface 
An interface lets PCs function as 3270s. 
The Attachmate-3270 works with up to 
seven different programs and displays 
each in a separate screen window. Main­
frame access security is controlled with a 
lock and key. The interface also allows 
PCs to coax-connect to all 3270 control 
units instead of via Bisync and SNA net­
works. No PC memory is used and 256 
Kbytes are qptionally included onboard. 
The standard interface is available for 
$910. Attachmate Corp , 3241 l 18th SE, 
Bellevue, WA 98005. 
Circle 360 

Dual-port 110 board 
switches transmission rates 
Designed for IEEE 696/S-IOO bus systems, 
8800GF provides two independently 
addressable RS-232-C or 20-mA ports. An 
on board 5 .0688-MHz crystal oscillator 
permits switch-selectable data transmis­
sion rates from 50 to 19.2k bits /s. The 
serial interface employs type 1602 univer-

sal asynchronous receiver transmitters 
for parallel-to-serial / serial-to-parallel 
conversion, error detection, and serial­
data formatting. There are provisions 
for adding capacitors on output driver 
lines to limit slew rate with very short 
cable lengths. Vector Electronic Co, Inc, 
12460 Gladstone Ave, Sylmar, CA 91342. 
Circle 361 

Eight-channel conversion board 
configures for current/voltage mode 
The DSSE8DAl2 12-bit D-A board has a 
conversion time of 3 µs and accuracy to 
± Vi LSB. Maximum nonlinearity is ± 1 
LSB and both gain and offset errors are 
adjustable to zero. Eight software select­
able operating channels are latched . 
Input modes are jumper selectable and 
include bipolar, unipolar, and 20-mA 
current loop . The board takes two con­
secutive memory locations and requires 
power of 5 V at 1.5 A. Price is $1875. 
Data-Sud Systems/U.S., Inc, 2219 S 
48th St, Tempe, AZ 85282. 
Circle 362 

Compact peripheral interface 
features software support 

The SASI-100 board converts an 8255 
parallel port to the SASl/SCSI standard 
for interfacing to intelligent peripheral 
controllers . Primary use will be intercon­
nection to a hard disk controller board. 
The manual gives four programs for 
bringing up a hard disk . The format 
command formats an uninitialized hard 
disk . HBIOS is a complete BIOS for use 
with CP/M. PUTSYS will put CP/ M and 
HBIOS on the hard disk system tracks, 
and HBOOT brings in CP/ M. Price is $95. 
Miller Technology Inc , 647 N Santa 
Cruz Ave, Los Gatos, CA 95030. 
Circle 363 

HALF INCH TAPE BACK-UP 
ON YOUR 0 BUS. s3995_ 

Featuring: 
• TS-11 * Emulation replacing DEC TSV05 ~ 
• 22-Bit addressing support, optional . 
• Start/Stop or Streaming Operation . 
• 1600 bpi density for up to 69 Mbytes capacity. 
• 25/100 i ps for up to 160 Kbs data rate . 
• Up to 4 drives per controller. 
• Price $3995 , quantity one . 
Also available: 
• TS-11 Emulation on Unibus7 replacing DEC TU80 ~ 
• Conventional start/stop 'h'' tape sub-systems for DEC, Data 

General and HP Computers . 
• Y." start/stop cartridge tape systems for Q Bus 7 Multibus;• 

S-100 and RS232. 

•Trademarks of Digital Equipment 

.. Trademark of Intel Corporation 

DIGl-DATA 
CORPORATION 
® ••• First In Value 

Digi-Data Corporation 
8580 Dorsey Run Road 
Jessup, MD 20794 
Tel. (301) 498-0200 
Telex 87-580 

In Europe Contact: 

Digi-Data Ltd. 
Unit 4 
Kings Grove 
Maidenhead, Berkshire 
England SL6 4DP 
Tel. 0628 29555-6 
Telex 847720 
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Module controls four floppies 
and digital input/output 

The GMS6519B manages four 5\4-in. 
drives and provides two full RS-232-C 
ports with modem control functions. The 
ports control terminals or modems and 
other serial 110 devices. The parallel port 
allows control of a Centronics-type 
printer. The controller can format/con­
trol drives in single-sided/ single-density 
(FM) or double-sided/ double-density 
(MFM) modes. It also offers program­
mable sector lengths, motor on, and a 
choice of step rates or extra fast step rates 
for existing and future fast drives. In lOOs 
prices are $295. General Micro Systems 
Inc, 1320 Chaffey Ct, Ontario, CA 91762. 
Circle 364 

Analog system accommodates 
32 input channels through an amp 
Q-bus compatible, model 121 runs at 250 
kHz in channel scanning mode using 
DMA. It accommodates up to 32 single­
ended input channels through an over­
voltage-protected multiplexer I differential 
amp. A sample/ hold allows signal acqui­
sition and a 12-bit A-D converter digitizes 
the information in 2.5 µs. A buffer 
register holds the A-D result for transfer 
directly to the CPU or memory. Pricing 
in quantities of one to nine is $2495. 
Grant Technology Systems Corp, 11 
Summer St, Chelmsford, MA 01824. 
Circle 407 

Multitasking controller manages 
micro and mini disk systems 
Connecting to the host via the SCSI bus, 
the Saber-AP is an ST506 Winchester disk 
controller. The device works in combina­
tion with other SCSI compatible peripheral 
controllers, providing users with a full 
multitasking 110 bus. Configured on a 
single 5\4-in. form factor card, it supports 
two Winchesters and high capacity disk 

drives having up to 16 heads. Standard 
features include SCSI bus parity and error 
recovery messages for accuracy on all bus 
transactions. Parity is also provided on 
the board's internal 1-Kbyte data buffer. 
ECC corrects up to 8 bits . In quantities 
over 500, cost is $408. Adaptive Data & 
Energy Systems, 2627 Pomona Blvd, 
Pomona, CA 91768. 
Circle 366 

Converter guarantees no missing 
codes over temperature range 
The monolithic AD9000 is a 6-bit device 
that dissipates maximum power of 0.82 
W. It guarantees maximum differential 
nonlinearity of ± 0.4 lsb when en­
coding at 75 MHz for S grade and 50 
MHz for J grade. The chip does not re­
quire a track and hold amplifier to 
digitize fast slewing signals. The internal 
data latches go into a hold mode when 
encode input goes high, retaining the last 
state of the comparators. The converter 
has a 10-ns maximum transient response 
time for full-scale step change. Pricing in 
lOOs is $46 to $78. Analog Devices, Rte 1 
Industrial Park, PO Box 280, Norwood, 
MA 02062. Circle 367 

• Runs Intel Series Ill software on 
a PC, XT or any MS-DOS 
computer. 

PC/IRMX- REAL-TIME 
MULTIUSER MULTITASKING 
OPERATING SYSTEM FOR IBM 
PC 

FORCON - BRING DOWN MAIN 
FRAME FORTRAN PROGRAMS 
TO RUN ON THE PC • Source code interface. 

• PC I Series 111 file transfer 
software included. 

• 100% software compatible with 
Series Ill. 

• PCSBC - Upload, download & 
debug target system (Option) . 

• UDEBUG - Onboard debugging 
tool (Option). 

• Over 800 licensed RTCS/UDl 's 
in use . 
PRICE $500 
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• More versatile than Intel's 
System 86/330. 

• Intel Utilities, Edit, Link, Locate, 
Librarian & ASM included . 

• Intel Pascal 86, Fortran 86 , PL/M 
86 and C 86 Languages optional. 

• Ethernet, GPIB and Hard Disk 
options. 

• Available for COMPAQ, Tl 
Professional and DEC Rainbow 
PRICE $2 ,250 

• Pascal, PL/M, Fortran 77/66 
and C compatible compilers . 

• Superior object code optimiza-
tion and in-line 8087 code . 

• Support large arrays (over 64K) . 
• Overlay loading. 
• Object modules run on IBM PC 

and XT. 
• Special large program utilities 

option . 
• Available for COMPAQ, Tl 

Professional and DEC Rainbow. 
PRICE $4 ,850 
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• High level Trace , Single Step 
and Breakpoints. 

• Access to Symbols and Line 
Numbers. 

• Machine disassembly and 
Floating Point support. 

• Goes beyond Intel 's Pscope. 
PRICE $995 

All ATCS Software products support the 
8087 Numeric Data Processor. 
Soft·Scope is a trademark of Concurrent 
Sciences, Inc. 
MS-DOS is a trademark of Microsoft Corp . 
iRMX is a trademark of Intel Corporation . 
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Analog interface boards bring 
low cost 110 to VME micros 

Available in single Eurocard format, the 
RTI-600 and RTE-602 meet factory auto­
mation and process control requirements. 
The 600 offers 16 single-ended or 8 
differential input channels and is expand­
able to 32 single-ended channels. An 
onboard instrumentation amp with user­
selectable gains from 1 to 1000 permits 
direct connection of low level signals. The 
12-bit A-D converter offers ± 0.01 per­
cent accuracy. The 602 offers 4 analog 
output channels, each with 12-bit resolu­
tion. The board contains an option for two 
4- to 20-mA current outputs. In 25-piece 
lots, the boards are priced between $411 
and $535. Analog Devices, Inc, 2 Tech­
nology Way, Norwood, MA 02062. 
Circle 368 

Parallel digital 110 board 
plugs into IBM PC/ XT 
The PI0-12 provides 24 TTL/ DTL compat­
ible lines, along with interrupt input and 
enable. External connections are to the 
PC's 5-, 12-, -5-, and -12-V bus power 
on a half-slot board via a 37-pin D con­
nector. A three-state driver with a 
separate enable takes care of interrupt 
handling. It may be configured to inter­
rupt levels 2 to 7 on the PC bus by a 
plug-type jumper on the board. Three 
programming modes permit standard, 
strobed, and bidirectional 110. In single 
quantities, cost is $89. MetraByte Corp , 
254 Tosca Dr, Stoughton, MA 02072. 
Circle 369 

Floppy controller expands 
mass storage interface 
Capable of supporting any 8- or 5 \/.i-in. 
drive, the BLX-218 can simultaneously 
manage up to four drives. The expansion 
module is fully compatible with any board 
using the BLX onboard 110 expansion 
interface. It supports IBM 3740 single­
density, IBM system 34 double-density, or 
other formats with sector lengths up to 
8192 bytes. The controller operates in 
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either single or multiple sectors and has 
onboard data separation logic for en­
coding and decoding. It also performs in 
either DMA or non-DMA environments. In 
quantities of one to nine, the device costs 
$493. National Semiconductor Corp, 
2900 Semiconductor Dr, Santa Clara, 
CA 95051 . 
Circle 370 

System lets CP/ M software 
run on HP computer 
The HP Bridge allows HP 3000 users to ac­
cess from any terminal the library of 
CP/M software. The complete system 
comprises a coprocessor board, software 
utilities for translating and transferring 
data, and a license to CP/M. Microcom­
puter files are stored on the host mini­
computer's mass storage device. Then 
they are dated, labeled, and backed up 
by the host operating system. Users of 
the virtual microcomputer gain access to 
the high speed central peripherals, thus 
minimizing hardware costs and allowing 
maximum microcomputer speed. Virtual 
Microsystems, Inc, 2150 Shattuck Ave, 
Berkeley, CA 94704. 
Circle 371 

Data bus adapter controls 
signals from IEEE 488 bus 
Compact model DBA-488 adapts TTL­
compatible equipment to the IEEE 488 bus 
for computer-controlled applications. 
The self-contained, preprogrammed 
logic interface unit meets requirements 
of the IEEE488-1975 GPIB standard. Opera­
tion of the adapter is micro controlled 
according to programs stored in ROM . 
The interface controller mediates data 
transfer to and from the bus. There are 
32 identical 110 lines at the instrument 
interface that are independently pro­
grammable. Price is $1162. ILC Data 
Device Corp , 105 Wilbur Pl, Bohemia, 
NY 11716. 
Circle 372 

Printer buffer contains 
64 Kbytes of memory 
The model 500 features a Centronics­
compatible parallel interface, memory 
expandable to 256 Kbytes, multiple copy 
function up to 255 copies, and pause 
function to temporarily halt data out­
put. The buffer has four modes . Manual 
prints the data to manually selected 
printer. Double prints the same data to 
two sets of printers simultaneously. Free 
prints the data to a not-in-use printer 
automatically, and command prints the 

data and / or copy to the printer selected 
by printer software command. Price is 
$325 . Taxan Corp , 18005 Cortney a, 
City of Industry, CA 91748. 
Circle 373 

Single-board interface connects 
to IBM multiplexers 
All circuitry required for complete inter­
face is on the model 8300 and no addi­
tional user hardware assembly is 
necessary to connect to the IBM channel. 
The board operates under control of its 
own onboard processor and can emulate 
any one of several control units. Data 
transfers occur at rates to 500 kbytes/s. 
Other features include an onboard RAM 
buffer with 16 Kbytes . The unit comes 
with diagnostic software, technical 
documentation, and custom program­
ming services. Auscom, Inc, 2007 
Kramer Ln, Austin , TX 78758. 
Circle 374 

Controller for Winchesters 
supports 22-bit addressing 
The woc11-H interfaces to the Micro­
Magnum family of removable cartridge 
Winchester drives. With the 5/ 5 version, 
the controller emulates two RLOl units 
per drive (one removable, one fixed) for 
a 10.5-Mbyte storage capacity/ drive. 
The dual-width card contains an on­
board bootstrap ROM. Transfer rates are 
625 kbytes/s peak, 164 kbytes/s average. 
The card uses write pre-compensation 
and a true vco data separator for data 
reliability. Quantity 50 price is $1312. 
Andromeda Systems Inc, 9000 Eton 
Ave, Canoga Pk, CA 91304. 
Circle 375 

Controller board interfaces 
to four Winchester drives 
The WDC-501 STD bus controller has all 
necessary buffers and receiver / drivers 
for direct communication. Communica­
tion is via nine 110 ports and the onboard 
sector buffers allow data transfer to the 
host computer independent of the 
drive' s transfer rate. Other features in­
clude built-in separator, write pre­
compensation logic with data rates up to 
5 Mbits/s, and 1024-cylinder addressing 
range. It also provides automatic retries 
on all errors, implied seek on all com­
mands, and single-card packaging. Price 
is $495. Jonos International, Inc, 1835 
Dawns Way, Fullerton, CA 92631. 
Circle 376 
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Surge generator tests 
low voltage ac circuits 
Model 587 follows ANSI/IEEE C62.41-1983 

requirements. It allows super imposing 
any of three waveforms on active ac power 
lines. The three signals are a damped 
100-kHz oscillatory waveform of 6000 V 
peak, with greater than 500-A peak cur­
rent; an exponential 6000 V into high 
impedance; and an exponential 3000-A 
waveform into short circuit. Surges trigger 
manually or electrically; surge signal 
phase is adjusted with respect to the ac 
sine wave. Basic price is $11,500. Velonex, 
560 Robert Ave, Santa Clara, CA 95050. 
Circle 377 

Hazard protection is 
automatic for computers 
System 11 automatically protects com­
puters from 14 environmental, power 
line, and security threats. It monitors 
and reacts to overheating, transients, 
multiple power interrupts, and brown­
outs. The control console is equipped 
with LED status indicators and audible 

alarms. A remote status module (a slave 
unit to the control console) allows a 
remote station to respond to fault condi­
tions. The controller handles 75 A per 
phase at 120 to 208 Vac, 50 to 60 Hz. 
Prices start at $13,600. Sentec Inc, 1265 
N Dutton Ave, Santa Rosa, CA 95401. 
Circle 378 

Enclosure matches packaging for 
STD-bus/non-STD-bus components 
The Naked 101 allows users to house non­
STD-bus parts in packaging identical to 
that of STD-bus-based system units. It 
can package other standard buses, on-off 
circuitry, or other components required 
to adapt STD-bus systems to a particular 
application. The enclosure includes fan, 

Talk to the editor 
Have you written to the 
editor lately? We're waiting 
to hear from you. 

1-9 

$315 Piece 
Price 

two auxiliary power outlets, fuse protec­
tion, an on-off switch, and rfi filtering. 
Six threaded inserts on the inside surface 
allow customizing, and removable front 
and rear panels permit installation of 
user-chosen connectors and controls . 
Price is $750. Pro-Log Corp, 2411 
Garden Rd, Monterey, CA 93940. 
Circle 379 

Power semiconductor switches 
with high input impedance 
Suitable for medium current, high 
voltage, low frequency applications, the 
GEMFET has an internal on-resistance 
that is approximately 10 times lower 
than comparable MOSFETs. The line con­
sists of four 20-A devices; two have a 
VDDS of 450 V, the others have a VDDS of 
500 V. Specs include a low on-resistance 
of 0.27 n maximum, turn-on time of 60 
ns, fall time of 4.5 µ.s, and forward 
transconductance of 3.0 mhos. In quan­
tities of 100 to 999, prices range from 
$6.50 to $8. Motorola Semiconductor 
Products Inc, PO Box 20912, Phoenix, 
AZ 85036. 
Circle 380 

Custom 
Models: 

Consult Factory 

100 

$220.50 ~~~~: 

TWO-YEAR WARRANTY Power 
Products 
fmGroup Compower Corp. 

COMPUTER PRODUCTS, INC. 

2220 LUNDY AVENUE• SAN JOSE• CA 95131 TELEPHONE (408) 942-1600 •TELEX: 172760 Companies 

POWBRlnS uau THROUSH THB BO'S ___ Ana seuana I 
CIRCLE 137 COMPUTER DESIGN/May 1984 2 8 5 



High Speed Craft 
No, not the fighter. The 
craft we 're talking about 
is yours . Because with the 
D-SCANGR-2414, you'llex­
perience something you've 
probably never felt before . 
High speed response . 

Gone are the days 
when you had to sit 
around waiting tor the 
host computer to answer 

------"" your commands . 
Quickly. here's the story. Speed . Effi­

ciency. Power. Extraordinary visual acuity. 
And local control! 

We're not done yet either. You can dis­
play up to 1024 colors (not the usual 256). 
Read them flawlessly on our 1280 x 1024 
display (with 60Hz non-interlaced refresh 
rate! ). And expand the 4 bit planes to 10. 

The 2414 also gives you display list stor­
age that 's simply unmatched in its price 
class . Starting with 256K and field-expanda­
ble to over lMbyte! That 's two, three, some­
times even four times more storage than you 
can find in so-called competitive terminals. 

Then, to make sure you get the picture 
you want the 2414 gives you local picture 
manipulation. Local transformations . And 
local graphics tablet support . Which means 
you 'll have true local interactive support . 
You won't get bogged down while the host 
spews out accounting reports . And you get 
instant visual response every time you 
need it . 

There's more to those pictures, too . More 
complexity. More detail. More information 
on the 20" screen at any one time . Plus, the 
handy ability to manipulate the image in 
more ways . And display alphanumerics 
with beautiful precision. 

A very pretty picture indeed. What 's 
more, you get easy interface to our color 
hardcopier. Programmable function keys. 
A user-definable look-up table . And user­
definable hardware anti-aliasing . 

But hardware technology notwithstand­
ing, you also get a powerful software story 
with the 2414. For instance, it 's compatible 
with the TEK 401X instruction set and Plot 10 
package . So you can save a lot of time and 
aggravation implementing graphics soft­
ware . Upgrade quite painlessly. And elimi­
nate costly re-learning curves. 

There 's something heavyweight to 
remember. too . Our service . We design, 
build, sell and service all of our equipment. 
So you never have to wander around won­
dering who to call for help . And waits are 
lifted because you get direct service from 13 
offices across the U.S. 

So call today to learn more about the 
GR-2414. We'll get back to you with utmost 
speed. Just call your local Seiko Instruments 
sales person, or us at ( 408) 943-9100. Write 
1623 Buckeye Drive, Milpitas, CA 95035. 

You'll find there's a new high speed craft 
that 's drawing a lot of attention . Yours. 

SEIKO 
INSTRUMENTS-

0-SCAN is a trademark ol Seiko Instruments & Electronics. Ltd 
TEK and Plot 10 are registered trademarks ol Tektronix. Inc 

1984 Seiko Instruments U.S A . Inc .. Graphics Devices & Systems Division 
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Sockets designed for J-11 
CMOS microprocessors 
Part of the 700 series, the 60-pin socket 
includes a disposable aluminum carrier 
supporting precision machined contact 
assemblies. Socket pins are inserted 
along with the carrier into a PC board. 
This configuration maximizes air flow 
for cooling and eliminates heat entrap­
ment associated with insulation material. 
Inner contacts are seamless and maintain 
a symmetrical four-finger configuration 
to ensure uniform mechanical contact. 
Price is $3.76 each in lots of 100. Augat 
Inc, Interconnection Components Div, 
33 Perry Ave, PO Box 779, Attleboro, 
MA 02703. 
Circle 381 

Tell us what you like 
Did you remember to rate 
the articles in this issue of 
Computer Design? A special 
editorial score box is 
provided on the Reader 
Inquiry Card. 

Silver-plated copper shielding 
meets military specs for emi/rfi 
A composite gasketing material, Multi­
Point VI -SPC consists of silicone 
elastomer containing a homogeneous 
dispersement of silver-plated copper 
particles. This provides a tight environ­
mental seal as well as shielding perfor­
mance over 75 dB through a frequency 
range of 14 kHz to 10 GHz. It is pro­
duced in silicone elastomer of 35, 60, 70, 
and 80 durometer; in fluorosilicone of 
60 to 80 durometer; and in reinforced 
silicone of 80 durometer. Conductive 
Systems, Inc, Dorine Industrial Park, 
Merry Lane, East Hanover, NJ 07936. 
Circle 382 

Power switcher delivers 
2.5 W of output/cubic inch 
The DP-7000 series are available in seven 
voltage/ current output combinations 
ranging from 2 Vat 150 A to 28 Vat 26 
A. The fully enclosed, fan-cooled units 
have a maximum continuous output 
power of 750 W. Because the supplies 
are modular and can be wired in parallel, 
additional output currents are easy and 

1-9 

$119 Piece 
Price 

inexpensive to obtain . Output polarities 
can be either negative or positive modes 
to ground. Internal rfi/ emi noise emis­
sions filtering meets FCC and VDE 0841 

specs. The models sell for under $1 per 
watt in quantity. Datapower, Inc, 3328 
W First St, Santa Ana, CA 92703. 
Orcle 383 

Direct current supply has 
self-contained HP-IB 
The 1000-W HP 6032A auto-ranging power 
supply has a friendly programming for­
mat. It produces 50 A at output voltages 
up to 20 V and develops no fewer than 
1000 W through its 20- to 60-V output 
range. The supply meets VDE 087 116.78 

level B for both conducted and radiated 
emissions. The micro-based architecture 
provides automatic and HP-IB invocable 
self-test and signature-analysis stimulus. 
With the unit, a programmer can read 
back and confirm all programmed func­
tions and values, as well as output voltage, 
current, and power supply status. Price 
is $3100. Hewlett-Packard Co, 1820 
Embarcadero Rd, Palo Alto, CA 94303 . 
Circle 384 

Custom 
Models: 

Consult Factory 

100 

$83 30 Piece 
• Price 

lWO-YEAR WARRANTY 

Stevens-Arnold Inc. 
PoY#er 
Products 
~Group 

7 ELKINS ST• SOUTH BOSTON• MA 02127 (617) 268-1170 • TLX: 95-1465 •TWX 710-339-0855 
COMPUTER PRODUCTS, INC. 

Companies 
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Sockets insert with low force 
for faster production 

Requiring only 3.5-oz. average force per 
pin, sockets come in open- or closed­
frame configurations with 8 through 64 
pins, as well as 20-position single-in-line 
break away socket strips. Terminal styles 
include a choice of solder tail, super low 
profile, and two- or three-level wire­
wrap. Plating combinations of tin/tin, 
tin/gold, and gold/gold are standard. 
They feature four-finger contacts for 
reliability, l 00 percent anti-wicking of 
solder, and tapered entry. Advanced 
Interconnections, 5 Division St, War­
wick, RI 02818. 
Circle 385 

Electrical tape makes 
low current interconnections 
As an adhesive tape based connector 
system, Scotchlink Connector Tape has 
a dielectric backing that consists of 
0.001-in. (0.250-mm) polyester film. 
Overall thickness with conductors and 
conductive adhesive is approximately 
0.003 in . (0.075 mm). The system can 
replace conventional flexible circuits, 
elastomeric connectors, and flat ribbon 
cables tying into components such as 
LCDs and membrane keyboards. Two 
spacings are currently offered: Scotchlink 
H-254 with conductors on 0.100-in. 
(2.540-mm) centers and H-200 with con­
ductors on 0.079-in . (2.000-mm) centers. 
3M, Electro-Products Div, PO Box 
33600, St Paul , MN 55133. 

Circle 386 
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Switching power supply 
features 75 percent efficiency 
In its most common configuration, 
model 4032 delivers 5 Vdc at 60 A, over 
an operating temperature of 0 to 71 °C 
with forced air cooling. Other output 
configurations are available from 2 Vdc 
at 70 A to 48 Vdc at 6.5 A. The standard 
input voltage is 115 ± 15 percent , 47 
to 440 Hz. With internal jumpers, 230 V 
± 15 percent is also an option. Input 
frequency is 47 to 440 Hz. Noise, ripple, 
and spikes are less than 100 m V peak to 
peak. Features include remote sensing 
capability, over voltage, and over cur­
rent. Ceag Electric Corp, Power Supply 
Div, 1324 Motor Pkwy, Hauppauge, NY 
11788. 
Circle 387 

Power supply offers three 
isolated floating parts 

The triple model 1301 consists of a fixed 
5-Vdc supply at I A and two 0.5-A, 5- to 
18-Vdc, continuously adjustable supplies. 
The three outputs can operate indepen­
dently or connect in series or parallel to 
provide up to 18 Vdc at 1 A or up to 41 
Vdc at 0.5 A. Features include a front­
panel ammeter (I A full scale) and volt­
meter (20 Vdc full scale). Current limiting 
protects against short circuits and over­
loads . Global Specialties Corp, 70 Fulton 
Terr, PO Box 1942, New Haven, CT 
06509. 
Circle 388 

Multiple-output switchers 
use heat sinking approach 
Multiple output P90s are 90-W switched 
mode supplies built to industry standard 
8.25- x 4.25- x 2-in. packaging. Model 
401 provides ± 5 V and ± 12 V, 
with the 12-V output surge rated for 
Winchester disk or tape drives. Model 402 
has 5, 24, and ± 12 V, with the 24-V 
surge rated for Winchesters and the 12-V 
tightly regulated with low noise for power 
CRTs. Model 403 has 5, 12, 12, and -12 V. 
One 12-V output is surge rated, while the 
other is designed for flicker-free CRT 
operation. Prices range from $68 to $116 
each in 1000s. Conver Corp, 10629 Bandley 
Dr, Cupertino, CA 95014. 
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Motor featu res 400 steps 
per revolution on 4 in. 
The motor produces twice the number of 
steps per revolution as standard hybrid 
permanent-magnet stepping motors. Full 
step angle is reduced from 1.8 to 0.9 
degrees. The unit uses a high efficiency 
laminated and bonded rotor. Step-angle 
tolerance is ± 3 percent, noncumulative. 
The two-phase/ 8-lead unit is compatible 
with standard unipolar and bipolar 
drivers. Torque ratings are comparable to 
equivalent-sized, 200-step motors. The 
design is also available as a synchronous 
motor, which produces 36 rpm at a 60-Hz 
line frequency. Sigma Instruments, Inc , 
170 Pearl St, Braintree, MA 02184. 

Circle 390 

BiFET op amp lowers cost of 
high precision circuit design 
The AD61 IKH delivers maximum offset 
voltage and offset voltage drift of 0.5 mV 
and 10 µV I °C , respectively. Guaranteed 
maximum input bias of current is 50 pA. 
Specs include minimum slew rate of 8 
VI µs, typical gain bandwidth of 2 MHz, 
and settling to 0.01 percent in 3 µs. 
Performance ensures wide bandwidth and 
12-bit accuracy in high speed buffer cir­
cuits. Other specs include typical voltage 
noise of 2 µ V peak to peak (0.1 to 10 Hz), 
0.0025 percent harmonic distortion , and 
minimum open-loop gain of 94 and 90 dB 
for the Kand J grades. Prices are as low 
as $1 in lOOs. Anaiog Devices, Inc, Rte 
I Industrial Park, PO Box 280, Norwood, 
MA 02062. 
Circle 391 

Crystal clock oscillators span 
wide frequency range 
The DS-C308 series offer frequencies as 
low as 0.5 Hz and as high as 16 MHz. 
Four types are available with the A and 
B models offering a frequency range of 
0.5 to 64 Hz but differing in tolerance , 
stability, and operating temperature 
range. The A and B operate from a 5-V de 
supply and require 10 mA maximum in­
put current. Output voltages are 4.2 Vdc 
minimum for a logic one and 0.2 Vdc 
maximum for logic zero. Rise and fall 
times equal l µs maximum with 50 pF of 
load capacitance. Seiko Instruments 
USA, 2990 W Lomita Blvd, Torrance, 
CA 90505. 
Circle 392 
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Slimline motor saves space 
without sacrificing function 

The TN38 de motor measures 19 x 38 mm 
but provides high power and smooth rota­
tion with low cogging. Typical applications 
are in VTRs, portable VTRs, computer 
peripherals, and other places where space 
is a factor. Rated voltage is 12 V, rated 
torque is 30 g-cm, rated speed is 3800 
rpm, and rated current is 170 mA. No­
load speed is 4350 rpm and no-load cur­
rent is 60 mA. Starting torque is 225 
g-cm. The unit weighs 65 g. Canon USA, 
Inc, Electronic Components Div, 1 Canon 
Plaza, Lake Success, NY 11042. 
Circle 393 

PACKAGED 
• ~ J . 

Monitor's display format 
is vertical or horizontal 
Designed for high density display of up 
to 6000 characters, the HD series offers 
15- and 17-in. screens. They are capable 
of either standard video for bright char­
acters on a dark background, or inverted 
video for dark characters on a light 
background. Features include clear cor­
ner resolution, resulting from dynamic 
and static focusing coupled with an im­
proved CRT and yoke combination. Line 
rates are from 26 to 36 kHz. Ball Corp, 
Electronic Systems Div, PO Box 43376, 
St Paul, MN 55164. 
Circle 394 

Solderless mounted reed relays 
switch multiple circuits 
The series 100150 are 50- and 100-pole 
reed relays for high speed multiple circuit 
transfer. They offer switching of up to 
100 poles simultaneously. Each reed 
switch mounts in a solderless contact 
mounting on the PC board for quick 
replacement. High test voltage capabili-

ties are up to 500 Vdc and carry of up to 
1 A. Applications include automatic test 
equipment, telecommunications, periph­
erals, and data processing. Interconnect 
Devices, Inc, Relay Components Div, 204 
N 6th St, Kansas City, KS 66101. 
Circle 395 

Get your own 
If you 're reading someone 
else's copy of Computer 
Design, why not get your 
own? To receive a 
subscription-application 
form, circle 504 on the 
Reader Inquiry Card. 

From S34 to S114.75 
I 00 Piece Price 

TWO-YEAR WARRANTY 

Power Products Div. 
POYler 
Products 
~Group 

2801 GATEWAY DR• POMPANO BEACH, FL 33060 TELEPHONE (305) 974-2442 •TWX 510-956-3098 
COMPUTER PRODUCTS, INC. 

Companies 
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THE WRONG POWER DISTRIBUTION SYSTEM 
CAN MAKE YOU VERY HIGH STRUNG. 
Some forms of power distribution, such as 
wire bundles and flat cables, can be a real 
pain in the neck. On the other hand, Rogers 
Mektron'" busbars distribute DC power 
simply, reliably and save space, too. 

Our busbars are custom built to tight 
mechanical tolerances. They fit precisely, 
without the need for wire or cable intercon­
nections. The planar configuration of the 
busbars' rugged copper conductors, the 
thinness of their dielectric and insulation 
enable you to distribute up to several hundred 
amps in compact units. 

Most Rogers busbars can be installed in seconds 
with just a few screws. And while initial costs may look 

higher, our busbars will cut labor considerably. 
Not only will you have a more reliable 
power distribution system, but one which 
easily accommodates servicing and trouble­
shooting of the system. 

So before you get caught short with 
a burdensome bundle, look into Rogers 
busbars. 

It's the sophisticated way to handle power. 

$ROGERS 
Rogers Corporation 
Busbar Division, Box 700, Chandler, AZ 85224 
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Analog CMOS/DMOS switches 
have ±10-V output range 
The CDG308 and 309 combine high speed 
CMOS with lateral DMOS to handle signals 
from de through video frequencies. The 
switching devices have at least 10 dB 
better cross talk and isolation than exist­
ing 1cs. Specifications include glitch-free 
operation, cross-coupling rejection ratio 
of 70 dB at 10 MHz, and off-isolation 
rejection ratio of 80 dB at 10 MHz. In 
lOOs, cost is $3.90. Semi P rocesses, Inc, 
1971 N Capitol Ave, San Jose, CA 95132. 
Circle 396 

High speed programmable arrays 
offer 4-ns propagation delays 
The bipolar ECL family is programmed 
on standard PROM equipment. Logic 
functions are customized by blowing 
fusible links to configure AND and OR 
gates. The PLA transfer function is sum 
of products with a single array of fusible 
links. It provides variable 110 pin ratio 
and registers with feedback on future 
parts. The first member of the family 
(DMPALl6P8) offers 16 inputs, pro­
grammable outputs, and 64 product 
terms. National Semiconductor Corp, 
2900 Semiconductor Dr, Santa Clara, 
CA 95051. 
Circle 397 

Programmable op amp designed 
for high gain application 
The OP-32 offers precision performance 
for high gain applications . A single 
external resistor sets supply current to 
any value from l µ.A to 2 mA. This 
allows each amp to be set for minimum 
power consumption. At a 1-mA supply 
current, gain bandwidth is 10 MHz. Fea­
tures include low input offsets, high 
gain, and high common mode rejection 
ratio ( > 100 dB). The chip is fully speci­
fied and characterized for operation 
from a supply voltage of 3 to 30 V. In 
100-piece quantities, the military version 
is priced from $7 and the industrial ver­
sion from $2.25. Precision Monolithics 
Inc, 1500 Space Park Dr, Santa Clara, 
CA 95050. 
Circle 398 

Quad-CMOS version bit-slice 
processor expands IC line 
Power dissipation for the IMI 4X290IB is 
17 5 mW, Jess than one-tenth that for a 
single bipolar four-bit slice. Fully TIL 
compatible on both inputs and outputs, 
the chip consists of a 16- x 16-bit; two­
port RAM, a 16-bit high speed ALU, a 

16-bit Q register, and associated circuitry. 
In addition, the bit slice includes a 2902 
lookahead and carry circuit onchip. The 
cascadable device has three-state outputs 
and various status flag outputs for the 
ALU . International Microcircuits, Inc, 
3350 Scott Blvd, Santa Clara, CA 95051. 
Circle 399 

Floating point chip set 
benchmarks 8 MFLOPS 
Designed for use in high speed floating 
point processors, the WTL 1032-8 multiplier 
and the I033-8 ALU are IEEE 754 compatible. 
The full-function chip set features add, 
subtract, multiply, and absolute value 
capabilities, as well as conversion to and 
from 24-bit fixed-point arithmetic. The 
chips can operate in either pipeline or 
flow-through modes. Data uos transfer 
at twice the pipeline rate so two 16-bit 
inputs and one output operation occurs 
every 60 ns. Circuits are individually 
priced at $442 each or $884 per set in lOOs. 
Weitek Corp, 501 Mercury Dr, Sunnyvale, 
CA 94086. 
Circle 400 

Uncommitted logic array mixes 
precision with performance 
The TMG6004 converter is a silicon-gate 
CMOS semicustom array. The architec­
ture supports both A-D and D-A conver­
sion. Specs in the precision analog range 
are op amp offset voltage of 2 to 5 mV, 
op amp noise of 10 µ. V, op amp band­
width of 5 MHz, and buried Zener of 7 
V. Components include 22 low noise op 
amp comparators, 4 Zener diodes, 52 
switches, 512 capacitors, and 40 flipflops. 
The device is TIL compatible, operates 
from a 2- to 10-V power supply, and has 
62 110 pads. Telmos Inc, 740 Kifer Rd, 
Sunnyvale, CA 94086. 
Circle 401 

GaAs shift register with onchip 
decoder clocks 1.4 GHz 
Based on GaAs technology, the HMD-
11141-1 performs shift right, shift left, 
serial/parallel 110, and hold operations 
using an onchip decoder. Inputs and out­
puts are matched for use with 50-0 
impedance systems (35 to 65 0). Both the 
shift register and divider come indi­
vidually housed in hermetic, metal-glass 
flatpacks. The register contains four 
clocked D flipflops with individual I/Os 
for parallel operation. Prices in lOOs are 
$393 each. Harris Microwave Semicon­
ductor, 1530 McCarthy Blvd, Milpitas, 
CA 95035. Circle 402 

ATTENTION 
MULTIBUS 
USERS: 

YOU CAN NOW HAVE THE 
BEST 

OF ALL WORLDS 

Got old software on 8" 
floppies? 

And new software on 5 1/4" 
floppies? 

Unusal mix of operating 
systems 

ISIS, iRMX, CP/ M-86, MP / M-
86, Concurrent CP I M-86, MS­
DOS, PC-DOS 

And want to run all on a hard 
disk system? 

USE DCS/86 
A Development Environment 
itsel f; 
A translator betw~en the other 
environments. as wel l. 

To place your order or for 
more information call 
(617) 890-8200 

Multibus, 1515, IRMX TM Intel, CP/M-86, Concurrent CP/ M-86, 
MP/ M-86 TM mgltal Research, PC-DOS TM IBM, MS-DOS TM 
Microsoft 

~ Dletrlbuted Computer Syelem• 
• t ~ ~ """\ 330 Bear Hill Road 
~ Waltham. MA 02154 

CIRCLE 142 
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Dynamic RAM controllers 
access 16, 64, and 256 Kbits 
Designated SN74S408/ 408-2/ 409/ 409-2, the 
48-pin controllers feature 160- and 
130-ns access times. The 408 controllers 
have eight address outputs and can 
directly drive and address all 16- and 
64-Kbit DRAMS. The 409S have 9 address 
outputs and drive 256-Kbit versions, 
addressing up to 1 Mwords. The chips 

consist of two address latches, refresh 
counter, and necessary control logic and 
drive functions . The 408 has three access 
modes, one refresh mode, and two setup 
modes. The 409 contains two additional 
refresh modes . Controllers range in price 
from $26.07 to $32. 78 each in IOOs . 
Monolithic Memories, Inc, 2175 Mission 
College Blvd, Santa Clara, CA 95050. 
Circle 403 

Bring distributed processing to your STD Bus system 
for $345 in single quantity. With stock to two week 
delivery, you won't have to wait long. 

190 South Whisman Road, Mountain View, CA 94041 
Telephone: (415) 962-8237 
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Dual-port memory unit contains 
registers for access control 
The 8-bit RAM MC68HC34 enables two 
processors operating on separate buses to 
easily exchange data. Registers are avail­
able to allow each processor to interrupt 
the other. The chip contains six read/ 
write semaphore registers that control 
access to the RAM. Each register arbitrates 
simultaneous accesses with no ambigu­
ities . Simultaneous reads result in proper 
data going to both processors. In quan­
tities of 1000, prices are $25. Motorola 
Inc, MOS Microprocessor Div, 3501 Ed 
Bluestein Blvd, Austin, TX 78721. 
Circle 404 

Core microcontroller is standard 
cell for custom designs 
The 80C49 core is part of the ZyP 
standard-cell library for customizing Intel 
microcontrollers. The 8-bit 8049 family is 
used in industrial control, keyboards, 
robotics, and peripherals . The custom 
designed unit will be attractive to 
customers who use more than 20,000 
standard versions of the microcontroller 
per year. With the Zyp system, users can 
design custom VLSI circuits without an 
extensive knowledge of circuit design. 
ZyMOS Corp, 477 N Mathilda Ave, 
Sunnyvale, CA 94088. 
Circle 405 

Family of EEPROMs comes with 
high density serial device 
The 64- x 16-bit 59308 uses a single 5-V 
power supply for all modes of opera­
tion. An onchip voltage generator 
enables programming without external 
high voltage supplies. Standby power 
consumption is 25 mW. The chip sup­
ports four instructions-read, write, 
word erase, and block erase. The erase 
and write operations are self-timed with 
a ready/ busy indication through the 
data output pin. Other characteristics in­
clude a 500-kHz clock rate, complete 
TTL compatibility, and 8-pin packaging. 
In lOOs, price is $7.50 each. NCR 
Microelectronics Div, 8181 Byers Rd, 
Miamisburg, OH 45342. 
Circle 406 

June will be a two-issue 
month-watch for 
Special Reports on 
Microprocessors and 
Microcomputers-Part 1 
on June 1, Part 2 on 
June 15 



Announcing the WY-75. 

Our new WY-75, Vf-100 software-compatible 
terminal has a style that's truly impressive. 

It offers a combination of features you can't 
find in any other Vf-100 software-compatible 
terminal. Like a compact, ergonomic design. 
A sculpted, low-profile keyboard. And a swivel 
and tilt non-glare 14" screen, tailored with an 
80/132 column format. 

Priced in a class by itself, the WY-75 lists for 
only$795. 

Contact Wyse Technology for more informa­
tion. And discover a great new outfit. 

$795 

All DEC'd out 
and ready to go. 

WYSE 
I I I I 

Make the Wyse Decision. 

Wyse Technology, 3040 N. First Street, San Jose, CA, 95134, 408/946-3075, 
TLX 910-338-2251, Outside CA call toll free, 800/421-1058, in So. CA 213/340-2013. 

DEC is a trademark of Digit.al Equipment Corporation. 

Come see us at Comdex Booth - 4240 CIRCLE 144 



Our UNIX Micro 
GES ustrial 



Systems Fine.:fune 
DC Motors. 

We're Dual Systems. 
And when the people at GE needed a microsystem as an engineering design 

tool for industrial DC motor applications, they turned to us. 
After all, our high speed microsystems have performed in the clutch for 

Boeing and Sony and Ford and United Press International, just to name a few. 
And for three years we've been delivering 68000-based systems, full UNIX* 

Version 7 with Berkeley enhancements, and IEEE-696/S-100 bus conformance. 
That's longer than anyone else. 

Which brings us to our newest high-performance micro, the 83/80. Featuring 
the full UNIX capabilities of Version 7 or System III, the 83/80 can handle up to 
twelve users and provides a standard 512 KB of dynamic RAM with parity that's 
expandable to 3.25 MB. 

And we've backed it with a full one-year warranty. 
Our 83/80 incorporates a high-throughput SMD controller and an 80 mega­

byte Winchester disk drive with 20-25 milliseconds average seek time. And our 
backup memory is well worth remembering - it consists of an 8" floppy disk 
with 1 MB of storage. 

In addition, you11 find our 83/80 delivers increased performance through its 
Dual ported full-track disk buffer and proprietary controller circuiting. More 
users can access with better response time. 

It's also very well-educated. Our 83/80 can read or write up to an entire track 
of data in a single disk rotation, regardless of where the disk-head settles on a 
given track. 

That's smart. 
The C programming language comes standard with UNIX, of course. Other 

optional languages include FORTRAN-77, PASCAL, RM / COBOL®, LISP and 
BASIC. And that's just for starters. 
Optional software includes data base 
and administrative packages like 
INGRES and UNIFY. 

And the sticker price? Quantity 10 at 
$14,693. 

For further information, please write 
or telephone our Marketing Department 
at 415/549-3854. 

We11 be glad to tell you about one 
powerful microsystem that's revved up 
and ready-to-go. 

:>UAL 
Pua! Systems Corporation 
2530 San Pablo Avenue 
Berkeley, CA 94702 

*UNIX is a trademark of Bell Laboratories. 
® RM /COBOL is a registered trademark of the Ryan McFarland Corporation. 
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LITERATURE 

Comprehensive CMOS data Dot-matrix printers 
CMOS reference contains data sheets for 
over 395 items, including 250 microCMOS 
products; organized into 16 sections, the 
data book includes section and alphanu­
meric indexes. National Semiconductor 
Corp , Santa Clara, Calif. 
Circle 410 

Software products 
A 200-page directory offers more than 
2000 software products for microproces­
sors and systems; two cross-referenced 
sections contain alphabetical listings of 
companies with product and service de­
tails. Intel Corp, Santa Clara, Calif. 
Circle 411 

Approved ANSI standards 
Catalog lists approximately 8000 ANSI· 
approved standards in sections catego­
rized by title and designation. Price is $10 
for nonmembers; free to members. 
American National Standards Institute, 
Inc, Communications Dept, 1430 Broad­
way, New York, NY 10018. 

Standards and engineering 
Over 600 different standards and publi­
cations for electronic components and 
equipment developed by over 250 stand­
ing committees are contained in catalog; 
prices and detailed ordering information 
for all EIA documents listed are included. 
Catalog is free to EIA members and $5 
for nonmembers. EIA Standards Sales 
Supervisor , Electronic Industries Assoc, 
2001 Eye St NW, Washington, DC 20006. 

Standard stepper motors 
Catalog profiles units appropriate for 
such applications as floppy and rigid 
disk drives, printers, and plotters; 
typical step angles of 0.9, 1.8, 3.6, and 
3.75 degrees, and frame sizes of 17 
(39 mm) and 23 (57 mm), are featured. 
Shinano Kenshi Co, Ltd , North Holly­
wood, Calif. 
Cirde 412 

Interference control 
Forty-page booklet lists protective 
devices for microcomputer equipment; 
products include isolators, ac power line 
filter / suppressors, line voltage regula­
tors, ac power interrupters, and modem 
protectors. Electronic Specialists, Inc, 
Natick, Mass. 
Circle 413 
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Data sheets describe Durawriter and 
Formwriter series 80- and 132-col dot­
matrix printers; features include simple 
design and high performance compo­
nents. Digital Matrix Corp, Bloomfield, 
Conn. 
Circle 414 

Electronic test equipment 
Catalog contains information on newest 
advanced electronic test equipment, such 
as oscilloscopes, logic analyzers, and 
counter / timers; pictures and diagrams ac­
company text. Philips Test & Measuring 
Instruments, Inc, Mahwah, NJ. 
Circle 415 

Bilingual chart 
English and French chart lists types of 
equipment and system suppliers for elec­
trical installations; alphabetical listings of 
members in the French Electrical Equip­
ment Assoc and Industrial Electronics 
Manufacturers Assoc include full ad­
dresses and are tabulated by 30 product 
divisions. Gimelec, Paris, France. 
Circle 416 

Capacitor engineering 
Application chart and engineering guide 
list full specs for devices rated from 
0.001 to 500 mF, 50 to 200 kVdc, in a 
range of film types; typical uses include 
power supplies, energy storage, motor 
drives, laser and plasma power, and high 
frequency applications . Film Capacitor, 
Inc, Passaic, NJ . 
Circle 417 

Dielectric strength tester 
Brochure gives data on Hypot model 
4040A, which features 0 to 3 kV con­
tinuously adjustable at 25 mA, ground 
continuity test, auto-test sequencing, 
and detachable test leads . Associated 
Research, Inc, Skokie, Ill. 
Circle 418 

Video data acquisition system 
Four-page product selection/designer's 
guide introduces the fully programmable 
PC-EYE System IOOO, capable of digitizing 
video information from EIA RS-170 or 
NTSC sources. Chorus Data Systems, Inc, 
Hollis, NH. 
Circle 419 

Sequential events recorder 
Brochure introduces standard features 
and options of Betalog 12s sequential 
events recorder, a 128-point capacity unit 
that has touchpad front plate for in­
quiries on system status as well as key­
board for programming. Beta Products, 
Inc, Carrollton, Tex . 
Circle 420 

Electronic disk 
Color folder describes and specifies a 368-
Kbyte capacity memory board that emu­
lates an IBM PC or XT floppy disk drive. 
Distributed Logic Corp, Dilog PC Prod­
ucts, Garden Grove, Calif. 
Circle 421 

Digita l force gauge 
Four-page brochure describes features 
and applications of model OFG for elec­
tronic measurement of tension and com­
pression forces; specs cite 10- and 100-lb 
capacity units , as well as companion 2-lb 
model. John Chatillon & Sons Inc, Kew 
Gardens, NY. Circle 422 

Winchester 8-in. technology 
Color brochure highlights 11- to 
47-Mbyte series 06011 / 06023/ 06047 and 48-
to 84-Mbyte series 06048/06084 high­
performance 8-in. Winchester disk drives. 
Thorn EMI Datatech Ltd, Middlesex, 
England. Circle 423 

Chip carrier sockets 
Brochure describes 61 designs of 
3M/ Textool chip carrier sockets for test 
and burn-in; improved design features in­
creased latching area, compliant pressure 
pad, and built-in lid stop. 3M, St Paul, 
Minn. Ci rcle 424 





LITERATURE 

Fiber optic sensing 
Twenty-six page technical brochure out­
lines general principles and definitions of 
incandescent and infrared photoelectric 
controls and fiber optic theory; applica­
tion notes, glossary of terms, and speed 
calculation chart accompany text. Dolan­
Jenner Industries, Inc, Woburn, Mass. 
Circle 425 

Modular terminal blocks 
Six-page folder tabulates series 5000 
dimensions, wire capacities, and electrical 
ratings for a broad selection of standard 
rail mounting terminals in capacities to 
()() AWG; series fits DIN I, DIN 3, and 
CENELEC rails interchangeably. Entrelec, 
div of Cogenel, Inc, Spring Valley, NY. 
Circle 426 

Iris updates 
Newsletter written by and for Iris users 
includes a write-in forum, people and 
software information, product overviews, 
and Iris updates. Point 4 Data Corp, 
Irvine , Calif. 
Circle 427 

Thin-film recording heads 
Two-page data sheet for Cyber 100 series 
of thin-film recording heads describes 
units for sub-5-through-8-in. Winchester 
disk drives that operate on thin-film or 
oxide-coated media; drawings and pho­
tos are included. Cybernex Corp, San 
Jose, Calif. 
Circle 428 

Test instruments 
Full-color catalog of high performance 
instrumentation is divided into six cate­
gories: oscillographic recorders, image 
recorders, signal-conditioning units, mag­
netic tape systems, industrial systems, and 
speciej.I products; each product is 
described and illustrated. Honeywell Inc, 
Test Instruments Div, Denver, Colo. 
Circle 429 

Step/repeat alignment system 
Illustrated brochure describes the SRA-100 
step-and-repeat alignment system, which 
throughputs 45 to 60, 100-mm wafers/ 
hour; features include high resolution, 
overlay accuracy, and productivity. 
Perkin-Elmer Corp, Wilton, Conn. 
Circle 430 
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Data interface cables 

Expanded catalog details data interface 
cables and additional accessories; power 
line protection ranging from surge elimi­
nators to UPSs is summarized. Data Set 
Cable Co, Ridgefield , Conn. 
Circle 431 

Engineering handbook 
Over 700 linear and switching power sup­
plies and de/ de converters are specified 
in engineering handbook; selection tables 
and glossary are included. Power 
Products Group, Pompano, Fla. 
Circle 432 

Signal-conditioning system 
System 616, a 16-channel programmable 
electronic filter system with 5-bit resolu­
tion, is profiled through graphics, filter 
specs and feature descriptions. Precision 
Filters, Inc, Ithaca, NY. 
Circle 433 

Series interface units 
Publications covering series Q-1000 and 
Q-3000 series interface units illustrate and 
detail functions of various models in each 
line; general specs and operational 
schematics are included. Quasitronics, 
Inc, Houston, Pa. 
Circle 434 

Catalog of computer books 
Publisher's guide to over 50 computer 
science books and software. Covers sys­
tem analysis and management, as well as 
language-specific programming refer­
ences. Little, Brown and Co, Boston, 
Mass. 
Circle 435 

Design products for PC boards 
Twenty-page illustrated brochure high­
lights latest advances in state-of-the-art 
PC board design and drafting products; 
dual-inline, subrniniature, silkscreen com­
ponent, and multi-trace patterns are in­
cluded. Bishop Graphics, Inc, Westlake 
Village, Calif. Circle 436 

Advanced Lisp computer 
Brochure details LMI Lambda, which 
configures with Lisp and Unix coproces­
sors along with extended Zetalisp soft­
ware; the computer's features include 
integral Multibus and optional Ethernet 
II interface. LISP Machine, Inc, Los 
Angeles, Calif. Circle 437 

Technology references 
Brochure details 59 books and journals 
covering a wide range of subjects, includ­
ing software technology, data communi­
cations, graphics, system design, 
automated manufacturing, robotics, and 
electronics. North-Holland , Amsterdam, 
the Netherlands. Circle 438 

Technical and design data 
Two pages of technical and design data 
focus on medium resolution in a very 
small optical encoder; options accom­
modating different mechanical and elec­
trical interfaces and two outline drawings 
are provided. Itek, Measurement Systems 
Div, Newton, Mass. Circle 439 

Test accessories 
Electronic test accessories reference fea­
tures specs and photos of 817 products, 
including order and price information. 
ITT Pomona Electronics Div, Pomona, 
Calif. Circle 440 

Heat sinks 
Catalog on heat sinks and accessories 
covers products designed to plug-in, slide 
on, fasten or glue to semiconductor 
devices. AAVID Engineering, Laconia, 
NH . Grcle 441 

Microcircuit packages 
Catalog features all-metal, flat microcir­
cuit packages in one-piece construction 
and gold-plated per MIL-G-45204; variety 
of package sizes measures 0.375 x 0.500 
in. to 1.600 x 1.600 in. Airpax Corp, 
Cheshire, Conn. Circle 442 



Photo courtesy Chromatics. Inc. 

PUT YOUR PRODUCTS IN THE CENTER OF COMPUTER SYSTEMS DESIGN ACTIVITY 
There is only one publication in the world that concentrates 100% on the design , integration, and test of computer based 
systems: Computer Design. 

We define your market in terms of individuals ... those engineering managers and engineers who design systems that 
incorporate computer products. These are the systems creators, the technical experts who put it all together at chip level, 
board level, and box level ... who marry hardware and software and who specify everything that goes into these systems. 

You reach more than 90,000 computer based systems designers - worldwide - in OEM companies, systems 
houses, consulting organizations and Fortune 500 companies. No other computer and/or electronics publication 
penetrates this subscriber base by more than 50%. 

Wherever computer based systems are designed or integrated, Computer Design readers are the key to specifica­
tion and purchase! 

Contact Your Local CD Sales Representative, or Call 
Bob Billhimer, Marketing Director, Toll Free, at 

1-800-225-0556 
In Mass: (617) 486-9501 

COIPUTEI DESIGN 
PennWell Publishing Company, Advanced Technology Group 

119 Russell Street, Littleton, MA 01460 



CALEIDU 

CONFERENCES 
JUNE 4-7-Robots 8 Cont and Expo, 
Cobo Hall, Detroit, Mich. 
INFORMATION: Patricia Van Doren, 
Society of Manufacturing Engineers, 
PO Box 930, Dearborn, Ml 48121 . 
Tel: 313/271-1500 

JUNE 4-8-SID (Society for Information 
Display lnternat'I Symposium), San 
Francisco Hilton, San Francisco, Calif. 
INFORMATION: Lewis Winner, 301 
Almeria Ave, Coral Gables, FL 33134. 
Tel : 305/446-8193 

JUNE 5·7-lntemat'I Symposium on 
Computer Architecture, Rackham 
Building, Ann Arbor, Mich. 
INFORMATION: Keki Irani, ECE Dept, 
Univ of Michigan, Ann Arbor, Ml 48109. 
Tel : 313/764-8517 

JUNE 5-7-Symposium on Mass 
Storage Systems, Marriott Mark Resort, 
Vail, Colo. INFORMATION: Bernard 
O'Lear, NCAR, PO Box 3000, Boulder, 
CO 80307.Tel : 303/494-5151 

JUNE 6·8-American Control Cont, 
Hyatt Islandia, San Diego, Calif. 
INFORMATION: Herb Rauch, Lockheed 
52-56/205, Palo Alto Research Lab, 
3251 Hanover St, Palo Alto, CA 94304. 
Tel : 415/493-4411 X5677 

JUNE 6-8-Communications 
Architectures and Protocols, Montreal, 
Canada. INFORMATION: Rebecca 
Hutchings, Honeywell/FSD, 7900 
Westpark Dr, McLean, VA 22102. 
Tel : 703/827-3982 

JUNE 19·22-lntemat'I Symposium on 
Fault Tolerant Computing, Hyatt 
Orlando, Orlando, Fla. INFORMATION: 
Richard Sedmak, Sperry Univac, PO 
Box 500, MS C1SW12, Blue Bell , PA 
19404. Tel: 215/542-3638 

JUNE 20-22-lntemat'I Cont on 
Computers and Applications, Fragrant 
Hill Hotel, Beijing (Peking), China. 
INFORMATION: IEEE Computer 
Society, PO Box 639, Silver Spring, MD 
20901. Tel : 301/589-8142 

JUNE 21·22-VLSI Multilevel 
Interconnection (V·MIC) Cont, Hotel 
Intercontinental, New Orleans, La. 
INFORMATION: Thomas Wade, 
Microelectronics Research Lab, 
Electrical Engineering Dept, PO Drawer 
EE, Mississippi State, MS 39762. 
Tel: 601/325-3721 

JUNE 24-27-Deslgn Automation Cont, 
Albuquerque Convention Ctr, 
Albuquerque, NM. INFORMATION: 
IEEE Computer Society, PO Box 639, 
Silver Spring, MD 20901. 
Tel: 301/589-8142 
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JULY 9-12-NCC (National Computer 
Conf), Las Vegas Convention Ctr, Las 
Vegas, Nev. INFORMATION: IEEE 
Computer Society, PO Box 639, Silver 
Spring, MD 20901 . Tel : 301/589-8142 

JULY 23-25-Computer Simulation 
Cont, Copley Plaza Hotel, Boston, 
Mass. INFORMATION: Society for 
Computer Simulation, PO Box 2228, La 
Jolla, CA 92038. Tel : 800/225-7654 

JULY 23-27-SIGGRAPH Cont on 
Computer Graphics and Interactive 
Techniques, Minneapolis, Minn. 
INFORMATION: Lynn Valastyan, 
111 E Wacker Dr, Chicago, IL 60601 . 
Tel: 312/644-6610 

JULY 30-AUG 2-lntemat'I Pattern 
Recognition Cont, Montreal, Canada. 
INFORMATION: ICPR Secretariat, 
3450 University St, Montreal , Quebec, 
Canada H3A 2A7. Tel: 514/392-6744 

AUG 12-15-Computers In Engineering 
Cont and Exhibit, Las Vegas Hilton, 
Las Vegas, Nev. INFORMATION: Mary 
Benedict, American Society of 
Mechanical Engineers, 345 E 47th St, 
Suite 13M, New York, NY 10017. 
Tel : 212/705-7100 

AUG 19-24-Technlcal Symposium on 
Optics and Electro-Optics and 
Instrument Display, Town & Country 
Hotel, San Diego, Calif. 
INFORMATION: Rich Donnelly, 
Information Services, SPIE, PO Box 10, 
Bellingham, WA 98225. 
Tel: 206/676-3290 

AUG 21·24-Conf on Parallel 
Processing, Hilton Shanty Creek, 
Bellaire, Mich. INFORMATION: Tse-yun 
Feng, 1604 Stormy Ct, Xenia, OH 
45385. Tel : 614/422-1408 

AUG 30-SEPT 1-Conf on Solid State 
Devices and Materials, Kobe, Hyogo, 
Japan. INFORMATION: Susumu 
Namba, Osaka Univ, Faculty of 
Engineering Science, Toyonaka, Osaka, 
Japan 560. 

SEPT 5·8-Conf on Digital Signal 
Processing, Florence, Italy. 
INFORMATION: A.G. Constantinides, 
Dept of Electrical Engineering, Imperial 
College of Science & Technology, 
Exhibition Rd, London SW7 2BT, 
England. Tel: 01/5895111 

SEPT 10-13-Advanced Control Cont, 
Purdue Univ, West Lafayette, Ind. 
INFORMATION: Edward Kompass, 
Editor, Control Engineering magazine, 
1301 S Grove Ave, PO Box 1030, 
Barrington, IL 60010. Tel : 3121381-1840 

SEPT 11·13-Electronlc Imaging, 
Westin Hotel , Boston, Mass. 
INFORMATION: Morgan-Grampian 
Expositions Group, 2 Park Ave, New 
York, NY 10016. Tel: 212/340-9780 

SEPT 11-13-Mldcon Electronics 
Exhibition and Convention, Dallas 
Convention Ctr, Dallas, Tex. 
INFORMATION: Kent Keller, Electronic 
Conventions, Inc, 8110 Airport Blvd, 
Los Angeles, CA 90045. 
Tel: 213/772-2965 

SEPT 11·13-Mlnl/Mlcro-Southwest 
Computer Cont and Exhibition, Dallas 
Convention Ctr, Dallas, Tex. 
INFORMATION: Kent Keller, Electronic 
Conventions, Inc, 8110 Airport Blvd, 
Los Angeles, CA 90045. 
Tel : 213/772-2965 

SEPT 11-13-Volce Input/Output 
System Applications Cont, Marriott 
Crystal Gateway Hotel , Arlington, Va. 
INFORMATION: Robert Burgess, Public 
Information Office, Lockheed Missiles 
& Space Co, Inc, Sunnyvale, CA 94086. 
Tel : 408/742-6688 

SEPT 11-14-Unix Systems Expo, Los 
Angeles Convention Ctr, Los Angeles, 
Calif. INFORMATION: David Sudkin, 
Computer Faire, Inc, 181 Wells Ave, 
Newton, MA 02159. Tel : 617/965-8350 

SEPT 16-20-Compcon Fall, Hyatt 
Regency Crystal City, Arlington , Va. 
INFORMATION: IEEE Computer 
Society, PO Box 639, Silver Spring, MD 
20901 . Tel : 301/589-8142 

SHORT COURSES 
MAY 31-JUNE 1-Mlcroelectronlc 
Systems Interconnection and 
Packaging, George Washington Univ, 
Washington, DC. INFORMATION: 
Continuing Engineering Education, 
George Washington Univ, Washington, 
DC 20052. Tel: 202/676-6106 

JUNE 6·8 and JUNE 27-29-
lntroductlon to Design of Fault 
Tolerant Microcomputer Systems, San 
Francisco, Calif and Boston, Mass 
(respectively). INFORMATION: William 
Dries, Univ of Wisconsin-Extension, 
Engineering and Applied Science, 
432 N Lake St, Madison, WI 53706. 
Tel : 800/362-3020 

SEPT 6-8-Personal Computer and STD 
Computer Interfacing for Scientific 
Instrument Automation, Washington, 
DC. INFORMATION: Linda Leffel , 
C.E.C., Virginia Polytechnic Institute 
and State Univ, Blacksburg, VA 24061 . 
Tel: 703/961-4848 



You need high performance, innovative 
design data displays. Contact Audiotronics. 
We have what you need. In 3'; 5'; 7'; 9'; 12'; 14'; 
15'; 23" and 5" x 9'; monochrome and color, 
integrated (neck-mounted), chassis, kit or 
cabinet. And if we don't have what you 
need, we'll design it for you. 
Using our basic displays, our engineers 
become your engineers. They custom design 
a display for your specific application, 
meeting your particular system design 
requirements. 
Just give us your specifications and we'll 
solve all your display problems. And 

we'll deliver on time, when you want them. 

Audiotronics has been solving problems for 
almost 30 years, designing thousands of 
custom data displays for important customers 
like you, both large and small. Call us today. 
Turn our engineers loose with your display 
system problems. 

AUDIOTRONICS 

North Hollywood 
California 91605 
(818) 781-6700 
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GENERATING LANGUAGE-BASED 
ENVIRONMENTS 
By Thomas W. Reps 

This book addresses a fundamental software 
engineering issue, applying formal techniques 
and rigorous analysis to a practical problem of 
great current interest: the incorporation of 
language-specific knowledge in interactive 
programming environments. It makes a basic 
contribution in this area by proposing an 
attribute-grammar framework for incremental 
semantic analysis and establishing its algo­
rithmic foundations. 
$27.50 Circle 455 

SWITCHED CAP ACITOR 
CIRCUITS 
By Phillip Edward Allen 
and Edgar Sanchez-Sinencio 

Find out how to design and use switched 
capacitor circuits for many applications. This 
one comprehensive source demonstrates the 
latest developments in circuit design, analysis, 
and implementation. It is thi: first dataguide to 
fully explain MOS analog integrated circuit 
design. Computer programs are included to 
help you design MOS devices. 
$56.50 Circle 456 
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COMPLEXITY ISSUES IN VLSI 
By Frank Thomson Leighton 

First in a new series called "Foundations of 
Computing" . This book solves several mathe­
matical problems in the areas of VLSI and par­
allel computation. In particular, it describes 
optimal layouts for the shuffle-exchange 
graph, one of the best known networks for par­
allel computation. Researchers in the fields of 
VLSI, parallel computation, and graph theory 
will find this study of particular value; it is also 
accessible to anyone with an elementary knowl­
edge of mathematics and computer science. 
$19.95 Circle 457 

HOW TO ORDER: 

15-DAY FREE EXAMINATION 

(U.S. AND CANADA ONLY) 
Simply circle the appropriate num­
ber(s) on the Reader Inquiry Card at 
the back of this magazine. 
Your book will be sent to you for your 
15-day free trial. If you are satisfied, 
keep the book and an invoice will 
follow. Otherwise return the book by 
the end of the 15-day period, and owe 
nothing. 

--

SYSTEMS DEVELOPMENT 
DOCUMENTATION: Forms method 
By Technical Communications 
Associates, Inc. 

This 430 page publication presents a series of 
simple procedures for preparing documenta­
tion that evolve around the use of pre­
structured forms that record the results of the 
task performed during the system development 
cycle. The forms cover a wide range of system 
development functions and are formatted to 
present all types of documentation. Also sug­
gested in this publication are standards for 
documentation preparation. 
S69.50 Circle 458 

SOFTWARE SYSTEM TESTING 
AND QUALITY ASSURANCE 
By Boris Beizer 

Now you have a comprehensive guide to system 
testing that ensures reliable, robust, high-quality 
software. In nontechnical language, Boris Heizer 
covers the gamut from unit testing to system test­
ing. He demonstrates new and effective tech­
niques for security testing, recovery testing, 
configuration testing, performance testing, inte­
gration testing, and debugging. 
$34.50 Circle 459 



NEW 
DEVELOPMENT 

ELECTROSTATIC 

Plotters, Printers New Proprietary 
Mfg. process, lower tooling & mfg. 
cost, Higher resolution 100-500 
dots/inch+ . For more info. Write: 
EQUIPMENT SERVICE COMPANY, 
4 78 West Hamilton #129, Camp­
bell, CA 95008 . 

CIRCLE 4,78 

COM~UTER DESIGN 
SUPER DECKS 

• Now 90,000 circultation - 75,000 
qualified Computer Design U.S . 
subscribers, plus 1 5,000 pass-along 
engineer inquirers 

• Six mailings in '84 - January, March, 
May, July, September and November 

• Less than a penny per card for 6 time 
users. 

•Rates start at $1195 .00 and go down 
with frequency. 

• Closing 21 st of previous month of 
mailing . 

Contact Shirley Lessard, Computer 
Design, 11 9 Russell St, Littleton, MA 
01460. Tel: Toll Free (800)225-0556 . 

CIRCLE 481 

LIKE NEW PRODUCTS 
For free catalog, 

phone toll-free (800)225-1008 
In Massachusetts (61 7)938-0900 
GENSTAR REI SALES COMPANY 

6307 DeSoto Ave, Suite J, 
Woodland Hills, CA 91367 . 

CIRCLE 476 

CBX 232 SERIAL 1/0 iSBX* MODULE 
provides a low power synchronous/ 
asynchronous RS232C serial interface with 
software programmable baud rate generator. 
Two user definable 16 bit programmable . 
counter/timers. All-CMOS design requiring 
only 10mA@ 5V typ. and 5mA@ ± 12V 
typ. $237.00 single-piece price. Contact Bill 
LOng, DIVERSIFIED TECHNOLOGY, PO Box 
748, Ridgeland, MS 39157. Tel : (601) 
856-4121 . 
•TM Intel 

Serial 1/0 Module CIRCLE 479 

Complete line of brushless D.C. fans which 
are available in four standard frame sizes, 
119 mm, 92 mm, 80 mm and 60 mm. The 
fans are available in 12 V and 24 V. They 
have precision ball bearings, brushless 
motors, low noise levels and locked-rotor 
protection. The fans are available from stock 
to six weeks delivery. Contact: BEA COM­
PONENTS, 3190 Coronado Drive, Santa 
Clara, CA 95051. Tel : (408) 980-1844. 

CIRCLE 482 

VME TEST SET 
The TS-805 VME bus test set is a table top 
open frame chassis that is ideal for testing 
or developing VME bus boards. It comes 
complete with a five slot VME Electronic 
Solutions VME card cage , power supply, 
and a control/ indicator panel on a sturdy 
aluminum base. By using lightweight 
aluminum and a switching power supply, 
the TS805 weighs only eight pounds, 
perfect for portable use. The 75 watt swit­
ching power supply provides DC power at 
+ 5, + 12, and - 5 and - 12 volts, with a 
maximum current output of 1 5 amps and 
+ 5 volts. For Technical or Application 
Assistance call : 800-854- 7086 . In 
California 800-772-7086 . CIRCLE 477 

6 

RS232 or 8 BIT PARALLEL 
MINI CASSETTE SYSTEM 

e LOW COST- $388 @ 100 UNITS• 
• Microprocessor Controlled 
• > 200K Bytes Formatted/Tape 
• Variable Baud Rate ( 110-9600) 
• Error Rate 1 in 10 to the 9th 
• Small - 3" x 3.5" x 5" W/0 Case• 

21 OTHER CARTRIDGE, CASSETTE, FLOPPY 
SYSTEMS WITH STORAGE TO 12 MEGABYTES 
Basic Drive with R/W Electronics Start at $150 
ANALOG & DIGITAL PERIPHERALS INC 

(.\r.v;y\ Troy, Ohio 45373 

Il
<'. >Il 815 Diana Drive 

~ 513/339-2241 
<'. > 1WX 810/450-2685 

Branch Off: Oklahoma City OK - Factory: Yucca Valley.CA 

CIRCLE 483 
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(617) 486-9501 

Marketing Director, Robert Billhimer 
Ad Traffic Coordinator, Debra Friberg 
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New England/ Upstate New York 
Barbara Arnold 
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(617) 486-9501 
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Richard V. Busch 
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(609) 921-7763 
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Northern California 
Buckley/ Boris Associates 
Tom Boris, John Sly 
920 Yorkshire Drive, Los Altos, CA 94022 

Northwest 
Buckley/ Boris Associates 
Tom Boris 
2082 SE Bristol, Suite 216, Santa Ana, CA 92707 
(714) 957-2552 

International 
International Sales Manager 
Eric Jeter 
1200 S. Post Oak Blvd., Houston, TX 77056 
(713) 621-9720 
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SOFTWARE ENGINEERS 
IS THIS THE OPPORTUNITY YOU'VE BEEN LOOKING FOR? 

YOU'LL BE CREATING ... 
innovative, state-of-the-art software designs for unique, 
personal computer instrumentation systems! 

YOU'LL BE PARTICIPATING ... 
in a uniquely rewarding environment-a start-up venture 
supported by a strong, growing company! 

YOU'LL BE ENJOYING ... 
one of the leading "quality of life" communities in the 
U.S.- Tucson, Arizona. 

We have exciting plans for leading edge, small-com­
puter-based instrumentation, and we're creating a new 
business venture, from the ground up, to capitalize on 
them. 

We're now putting together a select team of individu­
als-people with ability, ideas and motivation . 

Think about it-

... IJlll!ll., A UNIQUE OPPORTUNITY TO CONTRIBUTE 
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A CHALLENGING START-UP ENVIRONMENT 
A HIGHLY DESIRABLE LIVING ENVIRONMENT 

Interested? Let's talk about it. Send a resume and a 
short letter telling us about yourself. 

Write: 
Burr-Brown Corporation 
1691 W. Grant Road. #102C 
Tucson. Arizona 85745 

BU .... · llNOINN® 

IEIEll 

An Equal Oppo rtunity Employer M/ F/ H 

Like to write? 
The editors invite you to 
write technical articles for 
Computer Design. For a 
free copy of our Author's 
Guide, circle 503 on the 
Reader Inquiry Card. 



General Dynamics Data Systems Division helps shape the future to create a more exciting future. 
of many significant programs at its major locations in San Diego, The Data Systems Division gives you the chance to join one of the 
California; Fort Worth, Texas; and Norwich, Connecticut; as well as at most skilled teams in the industry today, and offers excellent salaries 
satellite locations including Detroit, Michigan, and Pomona, California. and benefits. 
We provide diverse support functions for such high-technology If you're interested in shaping your own future on our innovative 
programs as the F-16 multimission fighter/attack aircraft, the Ml main support team, one of our opportunities listed below may be just right 
battle tank, nuclear-powered submarines, and the entire family of for you. 
cruise missiles. Throughout our division you'll find a variety of For immediate consideration, send your resume to the Vice 
opportunities to apply your own scientific and engineering expertise President/Director at the Data Center of your choice. 

PRODUCT SOFI'WARE CAD/ CAM ENGINEERING SYSTEMS 
- Bachelor's and/ or Master's degree, and 

3-8 years' experience. 
-SKILL.5: FORTRAN, JOVIAL, PASCAL, Ada, 

Assembly Languages, Applied Math, 
Data Bases, Operating Systems, 
Documentation (MIL Standards) . 

- APPLICATIONS: Command & Control 
Software (Guidance, Navigation, C3I, 
Display Systems, Executive & System 
Support Software), Mission Planning, 
Data Handling & Communication, 
Automatic Testing Equipment/ 
Simulations, Image Processing, 
Estimation & Control Theory. 

- Embedded Systems: Real-Time Software. 

- Bachelor's and/or Master's degree, and 
3-8 years' experience. 

- SKillS: FORTRAN, Ada, Assembly 
Languages, IBM, CDC & VAX Operating 
Systems, Computational Geometry, 
Infonnation Modeling & Data 
Dictionaries. 

- APPLICATIONS: Turn-key Graphic 
Systems, Solid Modeling, Robotics, 
CNC-DNC, Real-Time Processing 
Control, Group Technology. 

- CADAM, CAT/A, Computervision, 
SC/CARDS, Model 204, Systems 
Engineering, Group Management. 

- Bachelor's and/ or Master's degree, 
and 3-8 years' experience. 

- SKillS: Simulation Languages, 
FORTRAN, COBOL & IBM Assembler, 
TSO, SPF, DISSPLA, RAMIS, Scientific 
Programming and Microcomputer 
experience. 

-APPLICATIONS: Simulation, SLAM, 
Manufacturing, Operations Research, 
Image Processing, Graphics Application 
Development, Sneak Circuit Analysis, 
Program Marketing. 

U.S. CITIZENSHIP REQUIRED 
Equal Opportunity Employer, M/F 

GENERAL CVNAMICS 

Data Systems Division 

WESTERN CENTER 
P.O. Box 85808, Drawer 002 

San Diego, CA 92138 

CENTRAL CENTER 
P.O. Box 748, Drawer002 

Fort Worth, TX 76101 

EASTERN CENTER 
I 00 Winnenden Rd., Drawer 002 

Norwich, CT 06360 



C-Grid: the Molex .100" x .100"· 
PCB interconnection system. 

Tin plated for-----.....;!~~(!; 
improved solderability 

C-Grid is the most advanced high density interconnection 
system Molex has ever designed for board-to-board, 
wire-to-board and wire-to-wire applications. It features 
selective plating, for the highest performance at the lowest 
cost, and offers you a wide variety of companion products 
for convenient design flexibility and reliability. 

The C-Grid system achieves its high density capability 
by using .025" (0,64mm) square pins for the male 
connector parts, set in a .100" x .100" (2,54 x 2,54mm) 
matrix. The pins can either be placed directly in the board 
or used in volume with wafer bodies. 

To load loose pins into the PC board, Molex offers a 
patented single- or Multi-Pinsetter® capable of up to 
156,000 insertions per hour - the fastest on the market. 

Shrouded and unshrouded headers are available in 
straight and right-angle wafer bodies. 

First in Customer Service . . . Worldwide 

Segmented 
wafer body separates 
into smaller units 

IDT'" insulation displacerr 
terminal accepts discrete 1 

or ribbon cc 

Standard extruded cover. 
Optional polarizing 
cover is available 

Selective go 
plating on conta 
area of dual bea 

contact termin 

The #8676 dual-row, insulation displacement 
connectors are stackable , end-to-end , and feature IDT™ 
terminals with mass termination application tooling 
available to help you achieve greater cost savings 
in your assembly operations. 

Molex closed-or open-end shunts make it easier and 
less expensive to retrofit board circuitry by avoiding DIP 
switches. 

Molex also offers a female connector (7990-series) to t 
soldered to one board and mated with the .025" (0,64mm 
pins on another. Its features include low mating force , ea: 
of insertion and improved solderability. 

For more information on our C-Grid interconnection 
system, contact the Molex office nearest you. 

Corporate Headquarters: 2222 Wellington Court, Lisle, Illinois 60532 Phone: (312) 969-4550 Telex: 27-0072/25-4069 
European Headquarters: Molex House, Church Lane East, Aldershot, Hants, England GU11 3ST Phone: (0252) 318221Telex:851858988 
Far Eastern Headquarters: 5-4, 1-Chome Fukami-Higashi, Yamato-Shi, Kanagawa Pref., Japan Phone: (462) 614500 Telex: 781-03872486 
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Not just 
more capacity; 
more capability 
Motorola's 68000 is a winner, and Advanced error handling: The DR-680 
using this popular microprocessor in provides an on-board control and status 
a VERSAbus/VERSAboard register (CSRl which allows program 
configuration is a smart move. control of ECC functions and contains the 
Dataram's single-board 1.0 MB DR-680 diagnostic information required for error 
can make it even smarter. Increased analysis. The CSR can be read or written 
single-board memory capacity means via the VERSAbus. Additionally, the DR-680 
lower power, less space, higher greatly increases reliability by performing 
reliability, and lower cost ... and the error "sniffing" and error "scrubbing" 
DR-680 provides a lot more! during refresh operations. 

More speed: Ability to perform match compatibility: Dataram's DR-680 is 
cycles reduces access/cycle times by compatible with Motorola's EXORmacs, 
allowing immediate reading of data IBM System 9000, and all other 
registers when adjacent words/bytes are VERSAbus-based systems. 
accessed. EXORmacs VERSAbOard and VERSAbus are registered trademarks of Motorola Inc 

For more information, call oataram today at <609> 799-0071. 

~ 
Dataram Corporation D Princeton Road D Cranbury, NJ 08512 o (609l 799·0071 o TWX 510-685-2542 

CIRCLE 149 



·-

If you want to get technical about it*, call or writE 

INFORMATION TECHNOLOGY INC. 
I I 339 Sorrento Valley Road, San Diego, CA 92 I 21 
(619) 457-2270/TWX: 910-337-1258 

CIRCLE 153 

*A powerful, flexible, networked. multi-user. multiprocessor OEM 
computer system featuring AT&T's UNJXT"". Xerox'sT"" Smalltalk-8tJT"". 
64-bit floating point, alpha-numeric terminal support, and integrated graphics. 
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