


AS BRIGHT AS YOU ARE! 
You're doing everything you can to stay 

ahead of the competition. Shouldn't your IC 
company do the same? 

We think so. 
In 1983 we spent a record-breaking 

18. 7% of sales on research and development. 
That's more than any other major IC 
company. 

And that's why 40% of our total sales 
come from products that were invented here. 

Our Arn8052 CRT controller lets you 
squeeze every last drop of performance out 
of a video tube. 

And our Am7910 is the only modem 
you can program for any major telephone 
system anywhere in the world. 

We make the first perfectly matched 
VLSI Ethernet chip set and the only 
complete kit solution to super high speed 
digital signal processing. 

We make the world's first 512K EPROM 
and the world's fastest microprocessor. 

We're even an innovator when it 
comes to quality. 

While other guarantees run on and on, 
ours is short 
and sweet. The International Standard of 

Quality guarantees a 0.1% AQL on all 
electrical parameters, AC and DC, 

over the entire ope. ange. 

ll'fSJ,v. 
So, if you've 

got a product 
you want to 

really shine, call us. We can put you as far 
ahead of the competition as we are. 

Advanced Micro Devices ~ 
901 Thompson Place, P. 0. Box 3453, Sunnyvale, CA 90488 

(408) 749-5000, outside California, call toll free (800) 538-8450, ext. 5000. 
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61 Data communications: Local network responds to changing system needs 
by Ashraf M. Dahod-A local area network that dynamically adjusts to 
changes in the nature and volume of system traffic ensures that devices 
can obtain timely network access. 

7S Computers: Tagged architecture supports symbolic processing 
by Abraham Hirsch-Even though the Lisp programming language 
enables artificial intelligence functions on large computers, efficient 
processing necessitates a different architecture. 

87 Integrated circuits: IC decoder paves the way for videotex revolution 
by Gregg Ledford-Cost is key in public acceptance of videotex 
information systems. With a presentation-level standard ensuring 
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lOS Peripherals: Shift register maneuvers data to add print features 
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SS The National Computer Conference, like its predecessors, offers a 
varied menu of technical sessions and seminars. Of particular interest to 
computer-based system designers are sessions such as those on hardware 
and architecture, computer communications, office automation, and 
artificial intelligence. Concurrently in the schedule, typical professional 
development seminars of interest include artificial intelligence, software 
engineering, computer graphics, supercomputers, and local networks. 
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The first true Multibus single ... board computer 
The MPA-2000 is highly qualified for 

the top slot. It's the first to offer the iAPX-186 
CPU. The first to offer 512KB of dynamic 
RAM. And, the first with architecture that 
allows plug-in modules with multiple OMA 
channel support. 

That makes it the first CPU and 1/0 
processor that combines: data processing, data 
communications, local area networking, disk 
1/0 and similar peripheral functions. Standard 
data communications packages available 
include; CCITT-1980 X.25, IBM-3270 SNA 
(LU 1, 2 & 3), SDLC, HDLC (LAPB) and 
IBM-3270 BISYNC. Operating system 
portations include; PC-DOS, iRMX-86, 
VRTX/86 and MTOS-86. In all, it has the 
performance and capability to replace 2, 3 or 
4 board members in most applications. 

With that outstanding resume, it's 
easy to see how the MPA-2000 became the 
unchallenged Chairman of the Boards. 

For complete specifications and ordering 
information, call or write METACOMP, Inc., 
9466 Black Mountain Road, San Diego, 
California 92126, (619) 578-9840. 
TWX 910-335-1736 METACOMP SDG. 

Ask for the resume of the Chairman of 
the Boards. 

The MPA-2000 is a trademark of METACOMP , Inc., Multibus, and iRMX-86 
are trademarks of In te l Corp., PC~DOS is a trademark of IBM Corp., MTOS~86 is 
a trademark of Ind ust ria l Programming, Inc . V RTXl86 is a t rademark of Hunter 
and Read y, Inc. 
© Copyright 1984 METACOMP , Inc. A ll righ ts reserved . 

THE MULTIBUS BREAKTHROUGH PEOPLE 
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UPFRONT 
Superminicomputer features a realtime Unix operating system 

The fact that AT&T's just out-of-the-closet 38200 superminicomputer is 
suitable for a lot more than just telephony applications-the firm uses 
it for switching and database control-is clear to savvy computer 
system designers. They are already looking for it to compete with DEC 
and Data General's traditional offerings . What is not so well known is 
that the 3820D's RTR operating system provides a realtime environment. 
To do this, the 32-bit processor-based (24-bit virtual and physical 
addressing) machine's Unix, in contrast to standard Unix, sports three 
partitions-process, kernel, and kernel process . The extra kernel 
process partition provides the realtime capabilities while the process 
partition supports the Unix Version v, Release 2 environment with up 
to 128 segments of 128 Kbytes each. The kernel process is equivalent 
to taking the device drivers out of standard Unix and giving each its 
own address space. Each kernel process can also have 128 of the 
128-Kbyte segments but will not handle swapping. Realtime control is 
provided by 16 execution levels with a preemptive priority structure. 
Computer designers interested in RTR alone will have to wait to see if 
it will be unbundled from the 38200.-H.H. 

Texas Instruments to produce National Semiconductor's 32-bit micro family 
In a move to accelerate design-ins of the NS32000 family of 
microprocessors and peripheral chips, National Semiconductor (Santa 
Clara, Calif) has signed an agreement with Texas Instruments (Dallas, 
Tex) for TI to produce currently designed chips and to coordinate 
future designs in the NS32000 family of chips. The long-term agreement 
culminates in the development of the NS32C432, a CMOS 32-bit 
microprocessor that will run 7 million instructions/ s compared to 
1 MIPS for the currently available NS32032. All new collaborative 
designs will use CMOS processing, and TI plans to include all new 
designs in the company's extensive cell library of computer aided 
design tools. According to J. Fred Bucy, Tl's president, the NS32000, 
which has now been relabeled the Series 32000, is the only 
commercially available true 32-bit microprocessor with a minicomputer 
VAX-like architecture that runs Unix and offers demand-paged virtual 
memory. These factors are essential for designing high performance 
products such as engineering workstations, some of which already 
incorporate the National part.-N.M. 

Cell library creates 32-bit CMOS microprocessors 
Using a semicustom CMOS library of 60 logic and memory cells, Sperry 
Corp (St. Paul, Minn) has designed an externally microprogrammable 
32-bit microprocessor called Proteus. As presented in the Rochester, 
NY Custom Integrated Circuits Conference, the chip has nearly 42,000 
transistors implemented in 1.2-micron double-level metal CMOS. 
Although originally designed to demonstrate the CMOS cell library, 
Proteus has the practical potential of emulating other processors. The 
chip has a specified cycle time of 120 to 200 ns, dependent on the set 
of microcode used and the access time of the external RAM or ROM 
that stores it. A major goal of the project was to show that 
semicustom design methodology permits fast low cost design. With less 
than four man-years of development time, Proteus has demonstrated 
to system designers the possibility of "rolling their own" 
microprocessors from standard cell libraries.-1.B. 
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IPFROIT 
The VMEbus rolls as agreement is forged 

A salvo of Motorola VMEbus product introductions has been 
reinforced by a multiple-source agreement with Signetics/ Philips. 
Motorola Semiconductor Products Inc (Phoenix, Ariz) will become a 
second source for Signetics (Sunnyvale, Calif) VME boards, such as the 
System Controller Board (SMVMEISOO) and the Intelligent Multiple Disk 
Controller Board (SMVME4300). Signetics will in turn produce a version 
of the Motorola designed 68010 microprocessor. At the same time, 
Motorola has added nine new VME modules to its line. These include 
an Ethernet controller that connects VMEbus nodes to Ethernet, and a 
monoboard microcomputer based on the 68010.-J. V. 

ISO computer communication protocols to replace proprietary standards 
Practical application of the International Standards Organization (ISO) 
software protocols for computer communications is no longer a gleam 
in the standards maker' s eye. For example, stimulated in part by the 
predicted success of next month's National Bureau of Standards 
sponsored ISO protocol demonstration at the National Computer 
Conference in Las Vegas, Data General will replace the proprietary 
network and transport protocols in its Zodiac networking package 
with the ISO Internet and Class 4 Transport protocols . Not to be left 
behind in what is becoming a race to "go ISO," Burroughs Corp will 
make the ISO protocols an integral part of the Burroughs Network 
Architecture. And, Tektronix says it will implement ISO software to 
allow its terminals, instrumentation controllers, and development 
systems to be ISO compatible. All of these conversions mean that 
computer system designers will be able to hook up more and more 
disparate computer-based gear regardless of manufacturer-without 
expensive protocol converters.-H.H. 

System design lags, VLSI advances 
Setting the tone for the Custom Integrated Circuits Conference in 
Rochester, NY, General Electric (Triangle Park, NC) vice president 
James E. Dykes in his keynote address pointed out the growing gap 
between VLSI designers and system designers. He called for the 
establishment of standards for design systems VLSI and CA D tools as a 
first step toward bringing the two disciplines together. He also noted 
the need for better CA D systems to allow direct translation of systems 
to the chip level. Finally, Dykes proposed greatly expanded training 
for system designers to increase the number of engineers from the few 
thousand currently involved in the VLSI design to the hundreds of 
thousands needed to make VLSI system design meet its promise.-J.B. 

Motorola adds a chip to the 256-Kbit pot 
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Introduction of Motorola's 256-Kbit dynamic RAM chip at this year's 
Electro conference is one more signal that U .S. manufacturers are 
finally responding to Japanese incursions. With substantial numbers of 
256-Kbit RAMs from Japanese producers (including Fujitsu, Toshiba, 
Mitsubishi, NEC, and Hitachi) already on the market, stateside 
companies have to overcome a long lead. Samples of Motorola's chip 
will be available in the second half of 1984, with quantity production 
beginning late in the year. Mostek already has samples of a 32-K x 8-bit 
RAM in the field and will introduce a 256-K x 1 device next year. And, 
a few customers of both Texas Instruments and Intel have received 
some 256-Kbit chips for sampling.-}. V. IS.F.S. 



8-quad slot 
Q-BUS card cage 

Supports RT-11, RSTS, 
RSX-llM-PLUS, 

UNIX, and 
TSX-PLUS 

Two fans in card cage 
area (vs. one in 
Micro/PDP-11) 

Cartridge tape 
capability 

•$8,845 is single-quantity domestic price for AZZ with LSl -11 /23, 
256 KB, 10 MB Winchester and RX02-compatible 8" floppy. 

RL02-compatible 
514'' Winchester disk; 

IO MB, 20 MB, or 
40 MB capability 

DEC, LSl -11. Micro/PDP, PDP, RSTS, RSX , and RT-11 are trademarks o f D igital Equipment Corporation. 
TSX-PLUS is a trademark of s&h computer systems, inc. 
UNIX is a trademark of Bell Laboratories. 

1.0 MB floppy disk 
back-up (vs. 2 x 400 KB 

for Micro/PDP-11) 

rOnly better., 
You can buy DEC's Micro/PDP-11 with its impressive 
array of features ... or you can get Dataram's A22 -an 
LSl-11/23 based minicomputer that gives you a whole 
lot more ... for a lot less dollars! Like an 8" 
RX02-compatible floppy . 40 MB 51,4" Winchester and 
1,4" cartridge tape capability. And two fans that 
provide push-pull air flow in the card cage area. 
For more information, forward this coupon to us, or, 
for faster response, call (609) 799-0071. 

D Send information. D Contact me immediately. 

Name 

Company 

Address 

City State Zip Phone 

L 
Dataram Corporation, Princeton Road, Cranbury, NJ 08512 

CD684 I 

--------------------~ 
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UPFROIT 
Algorithms to be developed to match new parallel computer speeds 

Pipelining, data flow, multiple processors, and other parallel hardware 
architectures for tomorrow's faster computers show much promise. 
However, it ' s a poorly kept secret that the classic algorithms used to 
solve design problems are made for serial machines and just don't 
work well in parallel architectures. But, parallel hardware designers 
need not despair; the Air Force Office of Scientific Research at 
Bolling Air Force Base in Washington, DC is starting what it calls a 
Fast Algorithms Initiative. The program will address (and support) 
good algorithm ideas for large scale computation that are also suitable 
for emerging parallel hardware architectures. Both hardware and 
software designers will need to keep track of what this project turns 
out and may even want to submit some ideas themselves.-H.H . 

Versatec enters the world of CAE 
A well-known manufacturer of high end plotters, Versatec Corp 
(Santa Clara, Calif) , is in the process of transforming itself into a 
computer aided engineering company. The company, owned by Xerox, 
is adapting schematic capture, place-and-route, and logic simulation 
software to the Xerox Star system, known in the office automation 
world for its window management in an Ethernet-based environment. 
Versatec is still in the process of getting a full suite of design software 
running on the Star system, but intends to incorporate the Star's 
flexible user environment along with such engineering packages to 
generate test vectors for ATE equipment. In addition, the company will 
call upon the existing software (eg, word processing and data 
management) already available on Star office systems to use as a 
competitive edge .-T. W. 

"Safe" ROM BIOS for IBM PC-compatible computers 
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Designers developing personal computers to be "100 percent" 
compatible with the IBM PC do not have to spend tedious hours 
writing the Basic 110 System (BIOS) code and risk infringing upon 
IBM 's copyright any longer. They can instead buy a PC-compatible 
BIOS package for $100,000, embed it in ROM, and be assured via a 
$2-million insurance policy against a copyright infringement suit that 
their newly designed PC-compatible computer does not infringe on 
IBM's BIOS. Phoenix Software (Norwood, Mass) went through 
meticulous procedures that company president Neil Colvin says was 
"a technologically unchallenging effort but an overwhelmingly difficult 
legal hurdle to overcome." Part of the procedure was to develop a 
functional specification for the IBM PC BIOS from IBM's reference 
manual and hand this specification to an independent software 
developer who knew nothing of the BIOS. Phoenix became the single 
interface point between the developer and the test group that was 
geographically distant from the developer and that developed the test 
procedures to ensure that the new BIOS was compatible with the PC. 
Only written communications describing problems were transmitted 
between test group and developer. Phoenix followed all these 
steps at the advice of legal counsel after numerous PC-compatible 
manufacturers were challenged in court by IBM with the claim that the 
BIOS written by their engineers infringed upon IBM's copyright.-N.M. 



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 EXOS™, 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. 

With EXOS, you can be up 
and running in as little as 12 
days - even sooner. 

EXOS, or EXcelan Open 
Systems, is a family of Ethernet 
front-end processor boards, 
standard high-level protocol 
software which runs on the front
end processor, and network ap
plication software which runs on 
the host computer. 

' 'Excellence in Local Network Technology' ' 

2180 Fortune Drive 
San Jose,'California 95131 

(408) 945-9526 TELEX 176610 

~s 
front-end processors 
bus,• VME bus, Unibus• 
Q-Bus based computers an& 
software supporting the stan 
TCFYIP high-level protocol. And 
if your host system supports any 
variety of UNIX,• then half a 
dozen network applications are 
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 is a trademark of Xerox Corporation. Multibus is a trademark of Intel Corporation Unibus 1s a trademark ol Oig1ta1 Equipment Corporation_ Q.Sus 1s a trademark of Digital Eqlllpment Corporation 
UNIX is a trademark ol AT&T Belt Laboralones. EXOS is a irademark of Excelan, Inc Copyright© Excelan, Inc_, 1984. AD nghts Reserved 
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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. That's 
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. 

ShUt(Brt 
Right from the start. 

Milpitas, CA (408) 263-2600, Costa Mesa, CA (714) 979-1935, Thousand Oaks, CA (805) 496-5388, Mmneapohs, 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 1416) 475-2655, 

Pans, France(!) 687-31-41; Munich, West Germany (089) 786-021, London, UK (44) 4862-24527 © 1984 Shugart Corporat ion 
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EDITORIAL 

WHAT'S A COMPUTER JOURNALIST? 
One unfortunate by-product of the Watergate crisis was the emergence of a new gener
ation of journalists who saw the profession as a shortcut to fame and fortune. Of 
course, journalism no more provides an automatic ticket to success than does engi
neering or any other profession. But, the new journalists are a determined crowd. 
In search of big bucks, the post-Watergate kids have swarmed to each and every new 
fad-most recently, personal computers. 

Because objectivity, detachment, and humility don't carry much weight in their 
lexicon, the new journalists find ample opportunity to promote themselves and each 
other ("you mention me in your column and I'll mention you in mine"). In addi
tion, to co-opt the glamour of the industry they claim to cover, they call themselves 
"computer journalists." A few weeks ago, for example, the Boston Globe ran an 
article in which the writer raved about a young woman who had taken over a suc
cessful newsletter and turned it into a slightly less successful one by renaming it and 
shifting its emphasis from semiconductors to personal computers. The Globe writer 
characterized the woman as the "doyenne of computer journalism." 

This could all be dismissed as just another passing fad, except that one of the "computer journalists" has 
reached a new level of arrogance by choosing to question the ethics of the technical trade press-the 
magazines that have been covering the technology while the "computer journalists" were writing their gossip 
columns. In his "Periscope" column in the San Francisco Sunday Examiner and Chronicle, John Dvorak 
launched his offensive with the headline: "The sorry state of high-technology journalism." After crediting 
himself with having written the most thorough analysis of Apple's Macintosh, he continued as follows: "Most 
of the specialized journals are written primarily by public relations firms for their clients . When you see an 
article in Byte or Electronics, for example, and it is supposedly written by some engineer or corporate 
president, you are being fooled. With few exceptions, the article was ghost-written by one of the many Silicon 
Valley hi-tech PR firms and put into the magazine because the company advertises a lot. .. Even most of the 
so-called news items are simply rewritten (if that) press releases. The public relations firms grind them out, 
and the "journalists" lightly edit them." Since Dvorak's column appeared on April Fools' Day, it is just 
possible that the joke is on me. However, the friend who sent me the clipping didn't think it was a joke-and 
I doubt if the editors of Byte and Electronics did either. 

Unfortunately, there is just enough truth in what Dvorak says to trap the unwary reader into believing all 
of it. It is true that not all engineers write the articles that carry their bylines-just as not all celebrities write 
their own memoirs. Some do not have the time, and some do not have the ability. In Computer Design, for 
example, I would estimate that 20 percent of the contributed articles are initially ghost-written. But , the 
articles are then heavily rewritten by our editors and checked for accuracy by the bylined authors . Of course, 
if the manuscript is too commercial, it is not accepted. Articles are solicited, accepted, and edited solely to 
inform readers and fulfill our editorial plans-not "because the company advertises a lot." 

The main reason magazines do a lot of editing, research, and original writing (and scrupulously avoid 
pandering to advertisers) is simple. It is known as competition. A magazine must serve its readers and 
maintain a high readership or it will soon die. The only publications that can get away with running unedited 
press releases are newspapers. By the time a monthly magazine appears, its readers already know the basic 
facts-they need in-depth and technically knowledgeable news analysis. Of course, Dvorak doesn't have to 
worry about competition because he works for a monopoly newspaper. 

Furthermore, magazines such as Computer Design are able to do a better job because they hire engineers as 
editors. We have six graduate engineers on the editorial staff, and most of them worked as design engineers 
before switching to journalism. For example, John Bond-who wrote the staff report in this issue-is an 
engineering graduate of the U.S. Naval Academy. He has worked as an engineer for General Dynamics, the 
Air Force, and Texas Instruments. He also worked for two competing magazines and for Digital Equipment 
Corp, before joining our magazine. His report on 32-bit microprocessors certainly doesn't follow a script 
handed out by PR people of the companies advertising in Computer Design. In fact, less than half of the 
companies mentioned in Bond's report advertise in our magazine . And, their PR people don't send out press 
releases saying they are having trouble making 32-bit processors or that they won't be introducing them until 
next year. That sort of information has to be dug out the hard way. 

So, if anyone can claim to be a computer journalist, I would think that a professional like John Bond 
should take precedence over a gossip columnist like John Dvorak. In fact, he may even be a doyen . 

Michael Elphick 
Editor in Chief 

COMPUTER DESIGN/June 1, 1 984 1 3 



TEK 9100 R~ll¢~1s SYSTEM 

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. 

Copynght (' ' 1983, Teklrornx, 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 

Circle 7 for Literature 
Circle 85 for Sales Contact 

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 ANAL VZERS 

7i*WttJ.-
For further information , contact: 
U.S.A., Asia, Australia, Central & South America , 
Japan Tektronix, Inc., P.O. Box t 700, Beaverton. OR 97075. 
For add1t1onal literature. or the address and phone number 
of the Tektronix Sales Office nearest you. contact Phone: 

~~5~i o'.~Jh0/8g~nl~~\Y5~?~~:~~~1~; 7TEKTRON IX 

Europe, Africa, Middle East Tektronix Europe B.V. Euro
pean Headquarters , Postbox 827 , 1180 AV Amslelveen, The 
Netherlands. Phone. (20) 471146, Telex: 18312-18328 
Canada, Tektronix Canada Inc., P.O. Box 6500. Barne, 
Onlano L4M 4V3. Phone: 705/ 73 7-2700 
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Ask him about MEGALINK for LOCAL AREA NETWORKS. Because 
only these LAN systems from Computrol are specifically 
designed for Industrial real-time applications - from 
CAD/CAM to process control and factory automation. 

Megallnk Systems Include both hardware and software and 
Interface to virtually any processor you have on line: 

• PDP·11 Serles 
• LSl·11 Serles 
•VAX Serles 
• DEC PR0/350 
• All Multibus 
systems 

So call the specialists in 
"network communications 
for Industry:· Coll the man 
from Computrol. 
Ask him to explain how 
modular Megalink solves 
networking problems by 
providing custom solutions 
that are as economical 
as they are Innovative. 

Call Ken Still. At 
(203) 544-9371 . If his line 
Is busy, talk to Don Babbitt. 
Or to one of our systems 
engineers. tPDP. LSI. VAX and PRD/350 are trademarks of Digital 

Equipment Corp. Muttlbus Is a tr1d1m1rk of Intel Corp. 

*LAN= local area network 
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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-400,000vectors persecond
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 SIGGRAPH, 
Booth 606, July 24-26. 

That's 
Meg~.~~~~~~"y~ 

European Headquarters · 34, avenue du Tribunal-Federal · CH-1005 Lausanne, Switzerland · Telephone: 41121120 70 55 · Telex: 25 037 mega ch 
Vf·IOO is a trademark of Digital Equipment Corporation 

•••MEGATEK 
••• CORPORATION 
••• A lNTEDTEl..ECOM COMPANY 

Making History out of State-of-the-Art 
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Free poster 
Colorful 29" x 21" wall poster 
shows the Harris family of 
CMOS circuits from a dramatic 
new viewpoint. It's out of this 
world! To obtain your free copy, 
send letterhead request or your 
business card to: 
Harris Semiconductor 
Digital Products Division, P.O. 
Box 883, MS 53-035, Melbourne, 
Florida 32902-0883. 

Harris. Exploring new 
frontiers in CMOS. 
Taking CMOS to greater dimensions. 
Harris has your total CMOS system solution. 
No one comes close to Harris when it comes to CMOS. 

Since the very beginning, Harris has been your competitive 
edge in low-power CMOS !Cs. Making more technical 
breakthroughs than anyone-including the first 4K CMOS 
RAM, first 256K RAM module, first 16K CMOS PROM, and 
most recently, the world's first 16-bit CMOS microprocessor
the 80C86. 

Right now, Harris offers a complete line of CMOS products. All 
available in commercial, industrial and military temperature 
ranges, in a variety of package options. Ready to give you that 
low-power CMOS edge in your new system designs and 
upgrades. 

80C86 16-Bit CMOS CPU and Peripheral Family 

All the performance of NMOS circuits but only 10% of the 
power required. It's yours with the Harris 80C86 series. Full DC 
to 5 MHz frequency range with low operating (10 mA/MHz) and 
standby (500 µA) current requirements. Static design and low
power SAJI CMOS combine for outstanding performance 
characteristics with complete 8086 hardware/software 
compatibility. 

Synchronous and Asynchronous CMOS RAMs 

Low power or high speed, Harris has the CMOS RAM solution 
for you. Six-transistor cell construction assures you of data 
stability and low standby power operation. With access times as 
low as 70 ns. 

CMOS Fuse-Link PROMs 

Nothing beats Harris CMOS fuse-link PROMs for long-term 
data stability. And with 15 mA/MHz operating current (50 µA 
standby) and 120/90 ns access times, your competitive edge in 
system design is guaranteed. 

At Harris, CMOS isn't slow anymore. 

Isn 't it time you put the total CMOS system solution to work 
for you? Contact your local Harris sales office, representative or 
distributor to find out more about the full spectrum of Harris 
CMOS microprocessor and memory products. 

Harris Semiconductor Digital Products Division, 
P.O. Box 883, MS 53-035, Melbourne, Florida 32902-0883. 

Harris Semiconductor Sector: Analog- Bipolar Digital 
CMOS Digital-Gallium Arsenide-Semicustom-Custom 

Harris Technology ... Your Competitive Edge 

:it HARRIS 
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LETTERS TO THE EDITOR 

Predicting microprocessor reliability 
I read with interest Carl P. Oppenheimer's 
article, "Reliable Designs Begin with the 
Basics" (Aug 1983, p 93). The article 
treats microprocessor reliability predic
tions as a lost cause because design flaws 
can cause erratic operation. However, one 
of the basic rules of any reliability predic
tion is that the design be in accordance 
with generally accepted practices. Then a 
prediction can be made based on the relia
bility of the individual components. 

This prediction can be quite realistic, 
since it is based on data that has been 
accumulated for over 20 years. In fact, 
many manufacturers are now using pre
dicted MTBF as a part of their specifi
cations. These predictions are also used 
to determine service and spare parts 
requirements. 

Since it is relatively easy to predict 
microprocessor system reliability with the 
data base that is available today, one 
wonders why it is not used more as a sales 
tool. I have noticed it advertised heavily 
for many Japanese digital products. 
Could it be that they are about to beat 
us in this area too? 
Michael Hordeski 
Siltran Digital 
2250 Monterey Rd 
Atascadero, CA 93422 

Educating the public 
The February 1984 editorial, "The Com
puter Illiteracy Threat," is very much to 
the point. But it is not just excessive hype 
that is ruining the bright future for the 
industry. Just about everyone is ignoring 
that the public has been offered a tool 
that it does not know how to use. 

Graphics capabilities are not only use
less, they are a threat to a public that has 
been left untutored in the meanings of 
visual communication. Willful color 
manipulation because it is available and 
technically possible, is worthless for most. 
One must know how to channel, what the 
subliminal metaphor is that has been trig
gered, and what the human factors of the 
psychological response are. 

Indeed, by creating this magic tool, and 
pushing it on the public, it is the respon
sibility of the industry (made up of those 
who have often detested the humanities) 
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to explain and relate, to equate and sim
plify. And, if the members of the industry 
cannot do this, then they should hire 
someone who can. 

Odeda Rosenthal 
East Hampton, New York 

Industry teams up with academia 
The increasingly common alliances between 
industry and academia (Apr 1984, p 6) 
portend further economic hardships for 
working engineers. Too much of the work 
previously assigned to industry's engineers 
is now diverted to the campus, where it 
is performed, in the guise of "research," 
by greedy professors and grossly under
paid graduate students. 

It is a trend that must be resisted. 
Irwin Feerst 
Committee of Concerned EEs 
PO Box 19 
Massapequa Park, NY 11762 

There's more than one DSP chip 
I have just finished reading Surendar 
Magar's article "Signal Processing Chips 
Invite Design Comparisons" (Apr 1984, 
p 179) . I was very disappointed to dis
cover that Computer Design would print 
an article that appears to contain tech
nical information, but turns out to be 
nothing more than a slanted opinion or 
an advertisement for a particular system. 

The author ignores other DSP chips 
that are commercially available and which 
may be superior to the TMS32010. How
ever, because of his choice of chips, the 
TMS320IO appears to be the best DSP chip 
available. That is far from reality. 

For example, the Fu jitsu MB8764 DSP, 
which is currently available, was not mem
tioned. Furthermore, the author com
pletely neglected to mention the AT&T 

Bell Labs DSP chip which, although it 
may not be commercially available to any
one outside of AT&T, was the first DSP 
chip developed. In fact, recent generations 
of the chip continue to lead in the area. 
Also, any customers within AT&T would 
be comparing any other chip to the Bell 
Labs DSP chip. 

My disappointment is that I expected 
that at least an editor of the article would 
catch the omissions. 

Salomi T. Charalambous 
AT&T Information Systems 
307 Middletown-Lincroft Rd 
Lincroft, NJ 07738 

Letters to the Editor 
should be addressed: 

Editor in Chief 
Computer Design 
119 Russell St. 
Littleton, MA 01460 
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Your future is ensured when you make Western 
Digital your partner in storage management tech-

s S 0 
nology. We've led the way with 

WH AT' IN ~o RE F R n_on-stop}nnovation_, from the first ff I I 1 1 single chip floppy disk controller 
nearly a decade ago to the broad-

D ISK S:roRAGE? est offering of chip and board-level floppy, Win
chester and tape controllers today. 

• Systems in Silicon. 
What makes us unique are our extensive VLSI 

capabilities. Designing and manufacturing our own 

THE FUTURE proprietary chips enables us to 1) pack more perfor-
mance into our controllers than is possible using 

• • • general purpose LSI , 2) continuously integrate more 
and more functionality into fewer and fewer 
devices, 3) and provide you with an unending path 
to lower cost and higher performance as we ride the 
experience curve. 

Chip-to-board synergy. 
Solutions are what we offer systems builders. 

Having us build you a board-level disk controller 



based on our chips does more than get you to mar
ket more quickly. It enables you to make us your 
technology partner at the systems integration level. 

Whether you choose one of our standard 
boards, with more than a dozen combinations of 
host and drive interfaces, or have us design and 
build a custom, proprietary version for your system's 
special needs, our engineers work as a vi rtual 
extension of your own engineering capabilities. 

Leading edge manufacturing. 
To meet your high volume needs, we've invested 

in new, state-of-the-art automated board manufac
turing and test facili ties in the U.S. and Europe. 

To keep you competitive, we're constantly • • 
integrating more functionality onto our board-
level products, driving down cost while we boost per
formance. Our investments in surface-mount tech
nology, and commitment to stay at the leading edge 
of this revolutionary approach to board manufacturing, 
will accelerate the integration process, enabling us to 
pack dramatically more into dramatically less space. 

Take control of the future. 
More leading manufacturers of personal com

puters and office automation systems buy storage 
management controllers from Western Digital than 
from any other company. Make us your source for 
disk and tape controllers and you get more than 
high technology products. You get a corporate com
mitment to do all we can to see you succeed. Take 
control of the future. Call our Controller Hotline, 
714/863-7827. And ensure your success. 

. STARTS HERE. 
For the complete story of our storage management capabilities and a 
poster-size reproduction of the illustration above, send your business card 
to Western Digital. SM Li terature. 2445 McCabe Way, Irvine, CA 92714. 

llVESTERN DIGITAi. 
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Because 
You need to run 

FORTRAN programs 
IOX to IOOX faster ... 

Mini-MAP makes it practi
cal to apply array process
ing to general-purpose sci
entific and engineering 
co:nputing. 

P ractical in terms of use: 
Mini-MAP's compiler allows 
you to program the array 
processor directly in FOR
TRAN. An assembler, a 
linker, and a debugger are 
also part of the package. 
Plus you can use our library 
of over 250 highly opti
mized scientific subroutines. 

P ractical in terms of 
th rough put: Because it is 
an array processor, Mini
MAP increases the computing speed of a mini or super
mini computer as much as 10 to 100 times. Where it takes 
a typical minicomputer minutes to perform tasks such as 
image rotation, Mini-MAP reduces interactive response 
times to seconds. Your computer may require hours to 
perform each step of a trial-and-error-process such as simu
lation, but Mini-MAP, can zip through in mere minutes. 
DEC. POP-11. LSI· I I, anJ VAX-I I arc traJemarb. o( D11,;1ral Equ1rmenr Corp. 
Mm1-MAP i~ n traJcmark of CSPI. 

Practical in terms of cost: 
Mini-MAP is available as 
an economical, four-board 
set or as a packaged sys
tem. Now, with Mini
MAP, OEMs can offer 
their customers a better 
product at lower costs. 
Mini-MAP's low power 
demands, small size, and 
high reliabil ity make the 
package extremely attrac
tive. And end users will 
find our FORTRAN com
piler and other software 
tools minimize program 
development costs. 

Some practical things to 
know about Mini-MAP: 

32-bit DEC" floating point format D Interfaces to DEC 
PDP-1 1, LSI-11, and VAX-11 series D Up to 16 MBytes 
of data memory D 1024 x 1024 2-D FIT in 8.8 seconds 
D Extensive software tools plus dedicated applications assis
tance including training, convenient parts depots, and field 
service staff support our worldwide installations. 
To find out how Mini-MAP can work for you, call toll 
free 1 800 325-3110. 

CSPI 
THE ARRAY PROCESSORS 

40 Linnell Circle, Billerica, Massachusetts 01821 • 617/272-6020 • TWX 710-347 0176 
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Superminis assert superiority through superior numbers 
The flurry of recently released 32-bit 
minicomputers dampens rumors that 
micros have taken over the minicom
puter world. Some say this renewed 
vitality stems from recognition of the 
need for an intermediary in the 
micro-to-mainframe link. Others 
maintain that minicomputers have 
always occupied a special niche 
because of their superior price/ 
performance ratios, and interactive 
natures. 

Heading for top ranking in the 
supermini field, Gould extends its 
Concept 32 family with the addition 
of the 32/97xx, and Digital Equip
ment Corp puts together a machine 
that supplies more raw power than 
the familiar VAX 111780. Meanwhile, 
Harris Corp extends its 48-bit line 
with the entry level H60, and Modular 
Computer Systems Inc joins the 
32-bit ranks with its Clas~ic 32/85. In 
addition, AT&T launches its long
awaited line of mini and supermini 
machines. 

Even more diverse than the com
panies promoting them, these 
machines fit every conceivable need. 
Common to all is a smaller sized 
package. This is made possible by 
increased use of VLSI to replace dis
crete IC packages, and the heavy use 
of 256-Kbit RAM in main memory. In 
addition, most support Unix, and re
main compatible with other family 
members by running proprietary 
operating systems. 

Cutting down on package size 
Harris Corp's (Computer Systems 

Division, 2101 W Cypress Creek Rd, 
Fort Lauderdale, FL 33309) H60 has 
a 48-bit CPU, which is contained on 
on ly two boards. The 256-Kbit RAM 
allows 6 Mbytes of memory to reside 
on a single board, while retaining all 
standard error detection, error cor
rection, and diagnostic features. An 
example of this is the optional single 
board integrated scientific arithmetic 
unit (ISAU) hardware processor that 
supplies a 50 percent increase in float
ing point performance over equiva
lent software routines. The ISAU 
contains 900 fewer ICs than the previ-

ous 5-board implementation, a reduc
tion achieved through heavy use of 
VLSI and custom gate arrays contain
ing more than 8000 gates. 

Inside this 30- x 19- x 30.5-in. 
(76.2- x 48.3- x 77.5-cm) cabinet is a 
CPU, an 80-Mbyte, 8-in. Winchester 
disk drive, a 23-Mbyte cartridge tape 
drive, and a communication con
troller. The unit can support up to 32 
interactive users, and its performance 
is rated at 80 to 110 percent of that 
provided by a v AX 11 1780. 

Operating at nearly J MIPS, the Ha rris 
60 uses VLSI/LSI ci rcui ts, custom gate 
arrays with over 8000 gates, and a 
256-Kbit RAM to decrease bul k. 
Per fo rma nce enh ancements such as the 
integra ted scientific arithmetic unit 
( ISAU) increase reliab il ity. 

To supply this performance level, 
the CPU includes a 6-Kbyte cache 
memory formed of 150-ns bipolar 
RAM-half storing instructions, half 
operands. The unit currently runs the 
proprietary virtual memory operating 
system (vos) to maintain software 
compatibility with more powerful 
family members. Unix support should 
appear by the end of the year. 

Aiming for a similar sized box, 
Gould (Computer Systems Division, 
6901 W Sunrise Blvd, Fort Lauder
dale, FL 33313) fielded the Power
Node 6000 series. Composed initially 
of PowerNode 6030, 6050, and 6080, 
the series' performance is rated from 

1.5 to 3 times that of the 11 1780. The 
entry level 6030 packages 2 Mbytes of 
main memory with an 80-Mbyte Win
chester drive and 60 Mbytes of car
tridge tape in a 30- x 29- x 30-in. 
(76.2- x 73.6- x 76.2-cm) cabinet. It 
is based on a 3-board, 32-bit CPU. 

The supermini architecture of the 
high speed TTL CPU accommodates a 
32-Kbyte, 2-way set associative cache 
memory. This memory provides 
150-ns effective access time. Virtual 
addressing for up to 16 Mbytes, in 
conjunction with demand-paged hard
ware memory management, allows 
handling of large programs. 

A second processor in a tightly 
coupled configuration raises the com
putational power of the 6080 by as 
much as 80 percent. As in the Con
cept series, thi s internal processing 
unit handles computation-bound tasks 
for the CPU. The UTX/ 32 operating 
system for the series is based on the 
Berkeley 4.2 BSD Unix, with features 
from Unix System v. This operating 
system supports virtual memory man
agement, as well as the tightly coupled 
dual processors used in the 6080. 

The Classic 32/ 85 marks Modular 
Computer's (Modcomp, 1650 W 
McNab Rd, Fort Lauderdale, FL 
33310) first venture into the high per
formance 32-bit world. With the 
CPU's effective cycle time of I 00-ns 
and extended microinstruction word 
length that allows parallel internal 
operation, Modcomp leaves its tradi
tional 16-bit realm. Aimed at answer
ing needs for realtime response, this 
machine provides rapid movement 
between priority based tasks with 
extremely fast context switching. 

The 32/ 85's instruction set proces
sor is a complete ALU that consists of 
a functional microprogrammable 
processor with hardware multiply 
and floating point arithmetic. Its con
text file is a high speed RAM con
taining 128 sets of 15 general purpose 
registers. Operating under the control 
of independent status words, the vec
tored interrupt system is able to 
switch up to 16 mapping caches (each 
128 registers) and up to 128 sets of 

(continued on page 28) 
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Superminis assert superiority 
(continued from page 27) 
15 registers (each 32 bits wide) within 
a few microseconds. This arrange
ment eliminates the need to save and 
restore environments under software 
control, and allows the machine . to 
handle fast changes when performing 
in realtime environments. 

The system's multiported memory 
enables concurrent parallel transfers 
through up to six ports. Multiported 
memory also allows shared memory 
and multiprocessor configurations to 
be built. Such units fill needs for high 
performance applications by pro
viding load sharing and high avail
ability. This memory is overlapped, 
not interleaved as in other systems. 
Thus, failures are confined to a single 
memory module, rather than allowed 
to spread throughout multiple mod
ules. In addition, the system uses 
cache memory to speed effective 
memory access time. This 64-Kbyte, 
4-way set associative memory is 
broken into 16 Kbytes per set. A least 

CPU 

EXECUTION 
INSTRUCTION 

UNIT WITH 
INTEG RAL 

HARDWARE 
FLOATING 

POINT 

MULTIPLY 
ACCELERATOR 

(MACC) 

SH BUS 

IPU 

MULTIPLY 
ACCELERATOR 

(MACC) 

EXECUTION 
HARDWARE 
UNIT WITH 
INTEGRAL 
HARDWARE 
FLOATING 

POINT 

MEMORY 
MODULES 
I TO 16 

Functional units within the central ancl 
internal processing units that form the 
Concept 32/ 9780 are connected by 
internal buses that have 75-ns cycle 
times. During each 75-ns cycle, 4 
macroinstructions are in various 
phases of execution, increasing the 
effective throughput of the system. 
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recently used algorithm is used to 
maintain a record of the least recently 
used set for each group of four 32-bit 
words in the cache. 

Raising the stakes 
Gould's high end contribution to 

superminicomputer class machines 
supplies all the performance of pre
vious Concept 32 systems, plus 16-
Mbyte task addressing capability and 
modular performance enhancements. 
Moreover, in its basic configuration 
(with CPU, 4 Mbytes of main 
memory, and 32 Kbytes of cache 
memory), the 32/9705 provides perfor
mance rated at up to 4.67 million 
instructions per second (MIPS). 

Low end machines in this family 
are based on an instruction unit / exe
cution unit CPU architecture. The 
10-K ECL CPU has a 75-ns cycle time 
bolstered by the use of a 4-way set 
associative cache memory and a 4-
stage instruction pipeline. Optional 
performance enhancements-ie, mul
tiply accelerator, additional cache, 
shadow memory, and dual proces
sor-raise CPU performance to the 

. 10-MIPS level. 
A floating point processor based 

on high speed ECL is an integral part 
of the CPU. Handling single- and 
double-precision floating point com
putation, its 64-bit wide buses permit 
high speed operation. The optional 
plug-in multiply accelerator (MACC) 
adds I MIPS to the CPU's computa
tional power by computing products 
for nine integer and floating point 
instructions. Comparable to a two
board plug-in VAX, but transparent 
to the software, the MACC makes its 
presence known only by the speed 
with which multiply computations 
are executed. 

Main memory's 300-ns read, 
150-ns write cycle is reduced still 
further by the use of cache memory 
that resides between main memory 
and the processor. The optional 
32-Kbyte cache, structured with 4 
banks of 8 Kbytes each, provides a 
double word to the CPU in 75 ns. 
Another option, user-controllable 
cache or shadow memory, consists of 
from 128 to 256 Kbytes of high speed 
RAM. Used in conjunction with the 
cache controller, shadow memory 
(like cache) can be accessed within a 
75-ns cycle time. 

MEMORY 
SUBSYSTEMS 

0 TO 7 

CPU 0 

INSTRUCTION 
SET 

PROCESSOR 

INTERRUPT 
CONTROL 

SERVICE 
PROCESSOR 

The CPU in Modcomp 's 32/ 85 executes 
two instructi on sets; one compatible 
wi th the 16-bit Classic 11175, the other 
providing 32-bit addressability. The 
instruction set processor is a complete 
ALU consisting of a fu nctional 
microprogrammable processor with 
hardware multiply and fl oating point 
arithmetic. Microinstructions are 
contained in a wri table control store . 

However, whereas addresses con
tained in cache are a function of 
recent processor utilization, shadow 
memory always contains the same set 
of addresses . This can raise the hit 
rate from the approximately 95 per
cent attained with a large cache to 100 
percent, thus guaranteeing a certain 
level of performance in time-critical 
applications. 

The long-awaited arrival of AT&T's 
(Computer Systems Division, 222 
Broadway, New York, NY 10038) 
promised contributions to the 
superminicomputer world let estab
lished vendors breathe a sigh of relief. 
While extensions to the family prom
ise significantly increased perfor
mance, the three mini level systems, 
the 3B20S, the 3B20A, and the 38200 
use readily available technology. 

These systems use bit-slice bipolar 
technology and 64-Kbit RAM. The 
3B20S architecture relies on program
mable micro store with capacity for 8 
Kbytes of 64-bit long instructions as 
well as cache memory, to attain speeds 
of 1 MIPS. With 8 Kbytes of cache 
enabled, the CPU can access its maxi
mum 12-Mbyte memory in a 400-ns 



effective access time. The single pro
cessor 3820S machine that supports 
up to JOO users and performs at a rate 
of roughly 1 MIPS grows into a 3820A 
attached processor system that nearly 
doubles performance. Rated at 1.8 
MIPS, the 3820A uses parallel pro
cessing, with both processors per
forming operating system calls 
independently. The unit supports 50 
to 180 users and costs only 30 percent 
more than the 3820S. 

The 38200 is a dual processor unit 
that provides fault tolerant perfor
mance. To supply high reliability 
(minimum downtime), one processor 
acts as a hot standby for use only 
when the other malfunctions. This 
unit runs the Unix realtime reliable 
(RTR) operating system to provide its 
fault tolerant features in a realtime 
environment. These reliability fea
tures are supplied by a fully duplexed 
architecture. Redundant self
checking logic allows automatic fault 
detection. All peripherals are dual 
ported and the operating system pro
vides for automatic reconfiguration 
after failure. A crashproof file system 
and mirrored disk volumes ensure 
data integrity. 

To stay compet1t1ve, DEC (146 
Main St, Maynard, MA 01754) has 
introduced a new VAX, not the antici
pated "Venus," but an adequate 
extension to the line. Along with this 
extension come promises that further 
additions will be made later this year . 
The new VAX I 11785 provides perfor
mance 50 to 70 percent greater than 
the 11 1780, bringing it up to the 
1.7-MIPS range. Improved circuit 
technology and internal performance 
enhancements in the traditional VAX 
architecture provide increased power. 
Improvements include implementa
tion of the CPU from high speed 
advanced Schottky circuits, larger 
cache memory, new floating point 
accelerators, and writable control 
store for microprogram instructions. 

CPU cycle time has been shortened 
to 133 ns to match the switching capa
bility of the advanced Schottky logic. 
This accelerated cycle time allows 
operations to occur 50 percent faster. 
Synchronization circuitry allows the 
system to use unmodified 1780 syn
chronous backplane interconnect in
terfaces, controllers, and peripherals. 

Injection of a 32-Kbyte cache into 
the CPU reduces bus traffic by in-

creasing the probability that data will 
be in cache. This reduces data trans
fers from main memory and improves 
I/O performance. Using the same 
technology and timing as the CPU, 
the FP785 floating point accelerator 
can improve floating point perfor
mance 47 percent. 

Another change is the storage of 
microcode in RAM, instead of in ROM 
as in the 1780 . This provides enhanced 
CPU performance and facilitates 
microcode updates . All in all, this 
system can support 50 workstations 
or 100 interactive terminals, while 
maintaining compatiblility with exist
ing software and peripherals. 

In spite of all this activity, the per
formance improvements displayed by 
these machines are marked more by 
evolution than revolution, and may 
disappoint those looking for great 
strides forward. However, recogniz
ing that these incremental achieve
ments were enabled through simple 
circuit tweaking makes speculation 
about future advances even more 
exciting. 

-Peg Killmon, Senior Editor 

Simpler clusters emerge as local area network alternative 
Monolithic local area networks may 
give way to a cluster concept. Based 
on multiple clusters, each operating 
within narrow geographical and 
organizational boundaries, the con
cept simplifies peripheral sharing and 
cuts connect costs. Simplicity results 
from tying fewer terminals together. 
The cost per connection is reduced 
because less data travels shorter dis
tances at slower speeds. 

This cost reduction is the goal of 
vendors such as AST Research with 
PCNet, Network Development Corp 
with its Device Network Architec
ture, and IBM with PC Cluster. These 
offerings serve fewer users (typically 
no more than 32) and run shorter dis
tances than high speed networks such 

as Ethernet. However, they guarantee 
access to network resources with 
lower system overhead . 

Developing alternative networks 
Meanwhile, a related development 

focuses on cheaper implementations 
of the IEEE 802.3 baseband (read: 
Ethernet) specifications. National 
Semiconductor (Santa Clara, Calif) 
hopes that its upcoming network con
troller chip set will find its way into 
"Cheapernet" systems using inex
pensive RG58AU coaxial cable rather 
than the more costly RGSOAU cable 
Ethernet requires. Advanced Micro 
Devices and Seeq Technology, Inc 
(both in Sunnyvale, Calif) may also 
support this alternative, which lowers 

cost while retaining the 10-Mbit/ s 
data transfer rate of its cousin. 

Rather than competing directly 
with their more expensive counter
parts, cluster nets actually increase 
high speed network effectiveness. By 
focusing on natural work settings (eg, 
groups of offices or a department), 
they concentrate resources where 
needed. Up to 95 percent of commu
nication traffic involves accesses to 
local data bases or local peripherals, 
according to Albert Wong, vice presi
dent of AST Research (2121 Alton 
Ave, Irvine, CA 92714). Clustering 
reduces the amount of traffic over 
high speed networks. Network traffic 
consists only of requests to central 

(continued on page 30) 
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Simpler clusters emerge 
(continued from page 29) 

Comparison of Clustered Networks 

Cheapernet PCNet II PC Cluster Device Network 
Architecture 

Transmit 10 Mbits/s 800 kbits/s 37 5 kbits/s 800 kbits/s 
speed 

Topology bus bus bus bus 

Access CSMA/CA* CSMA/CA* * CSMA/CD polling 
method 

Transmission coaxial twisted- coaxial coaxial 
medium cable pair wire cable cable 

Maximum no. of 512 160 64 64 
connections 

.. Carrier sense multiple access/collision detection 
.. •Carrier sense multiple access/collision avoidance 

data bases and access to peripherals 
too expensive to dedicate to one 
cluster (eg, laser printers and SNA 

gateways). 
Many local networks encourage 

contention among users since all users 
must contend for a single resource
the bus. Fairly inexpensive resources 
(eg, dot-matrix printers, 5 Yi -in. rigid 
disk drives) are connected to the same 
link as the expensive resources. As a 
result , it takes as much time to sub
mit a print job to a $600 printer as 
it would to a $60,000 one. 

Cost-the big issue 
Clusters promote efficiency by 

attacking connection costs that 
approach $1000 per node for typical 
network implementations. Factors 
affecting these costs include the num
ber of nodes on the network, network 
topology, access control method, 
overall distances that the network 
must cover, and the transmission 
speeds needed to support many nodes 
over extended distances. Faster 
speeds are needed to shorten delay 
times between nodes. 

Of these considerations, distance 
and the number of nodes have the 
most impact. Long distances require 
extensive transmission medium 
shielding so that spurious noise from 
the environment does not disrupt 
transmission. 

This is the major reason that the 
RG50AU cable used for Ethernet is 
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much more expensive than the 
RG58AU cable used in Cheapernet. 
The more expensive version allows 
packets to be sent as far as 5000 
cable-ft. RG58AU, however, limits 
transmissions to 2000 cable-ft maxi
mum. The less expensive cable can
not be used in noisy environments, 
such as wiring conduits and ventila
tion shafts. 

Total distance also impacts the 
number of nodes supported because 
a minimum gap between nodes (eg, 
the 36 in. required in Ethernet) is 
needed for sufficient delay between 
transmissions. Distance affects trans
mission speeds in a similar manner by 
determining the amount of delay in
curred in sending a message from one 
node to the other. Higher transmis
sion speeds (such as the 10 Mbits/s 
dictated by Ethernet) are needed to 
support a large number of nodes in 
geographically dispersed locations. 

Network controllers must be more 
sophisticated (and hence more expen
sive) when many nodes are intercon
nected. This is because the probability 
of collisions rises. Access control sur
faces as an issue with more nodes 
contending for overtaxed bus band
width. Prevalent schemes used to 
handle this challenge-collision detec
tion and token passing-incur signifi
cant overhead that may be bypassed 
if there is a decrease in the number 
of nodes. 

(continued on page 32) 

What is "The Alps Advantage", and why 
is it important to you. our customers? 

Essentially, The Alps Advantage 
encompasses a whole series of customer 
benefits. brought together to help give you 
a competitive edge in your marketplace. 

W lcom For design e e engineers. it means 

To The a vast a~ray of electro
mechanical components 

Alps and system products
particularly noteworthy 

Advantage i~~~~=~~ve 
technology. state-of-the-art performance. 
high degree of miniaturization. built-in 
quality and long-life reliability. It also 
means a never-ending flow of new 
product introductions and helpful 
application engineering assistance from 
our Technical Product Managers. 

For purchasing and production 
people. The Alps Advantage takes on 
other meanings - competitive pricing. 
automated manufacturing facilities and 
on-time deliveries. Equally important. 
it means a special kind of philosophy 
based on a spirit of teamwork and 
cooperative customer relations. 

The Alps Advantage is everything 
you need to improve your products and 
enhance your competitive position -
and everything you'd expect from a 
world-class supplier. Since its founding 
in 1948. Alps Electric Co .. Ltd . has 
experienced steady, stable growth - to 
a level of world-wide sales now up to 
$1-billion per year! 

We look forward to the opportunity 
of putting The Alps Advantage to work 
for you - to get started. please contact 
the Alps Sales Rep nearest you: 
AL Huntsville (Jack Harvey & Assocs.) . 
AZ Phoenix (Eltron) 
CA San Diego (Harvey King. Inc.) .. 
CA Santa Clara (Nova-Tronix,lnc.) .. 
CA Garden Grove (West Electronic Sales). 
CO Englewood (Nelligan Co.) .. 
CT Yalesville (Technology Sales, Inc.) .. 
FL Clearwater (Jack Harvey & Assocs.) .. 
FL f't . Lauderdale (Jack Harvey&Assocs.). 
GA Norcross (Jack Harvey & Assocs.) . 
IL Arlington Heights (Micro Sales. Inc.) . 
IN Indianapolis (Jack Harvey & Assocs.) .. 
IN Kokomo (Jack Harvey a. Assocs.). 
KS Kansas City (BC Electronic Sales, Inc.) . 
KS Wichita (BC Electronic Sales. Inc.) .. 
KY Prospect (Jack Harvey & Assocs.) . 
MD Baltimore (Burgin-Kreh Assocs .. Inc.). 
MA Waltham (Technology Sales. Inc.) .. 
Ml Oak Park (A. Blumenberg Assocs .. Inc.) 
MN Minneapolis (RS.I.) . 
MO St. Louis (BC Electronic Sales. Inc.) . 
NC Greensboro (Wallace Electronic Sales) 
NJ Boonton (PAF Assocs.) . 
NY Smithtown (PAF Assocs.) .. 
NY Albany (Reagan/Compar) 
NY Endwell (Reagan/Compar) ... 
NY Fairport (Reagan/Compar) . 
NY New Hartford (Reagan/Compar) .. 
OH Rocky River (Norman Case Assocs.) 
OK Tulsa (Norcom. Inc.) . 
OR Aloha (Venture Electronics) .. 
PA Willow Grove (Harry Nash Assocs.) . 
TN Knoxville (Jack Harvey a. Assocs.) . 
TX Dallas (Norcom.lnc.) .. 
TX Austin (Norcom. Inc.) 
TX Houston (Norcom. Inc.) . 
UT Salt Lake City (Nelligan Co.) .. 
VA Lynchburg (Burgin-Kreh Assocs .. Inc.) 
WA Bellevue (Venture Electronics) ... 
WI Milwaukee (Micro Sales. Inc.) .. 
CANADA: St. Laurent (Vite! Electronics) . 
CANADA: Mississauga (Vite! Electronics) . 
CANADA: Kanata (Vitel Electronics). 

(205) 536-4414 
(602) 266-2164 
(619) 566-5252 
(406) 727-9530 
(714)898-0120 
(303)761-2121 
(203) 269-6853 
(813) 725-1B41 
(305) 763-1945 
(404) 449-4643 
(312) 956-1000 
(317) 872-1031 
(317) 453-4260 
(913)342-1211 
(316) 942-9840 
(502) 228-4100 
(301) 265-8500 
(617)647-5700 
(313) 968-3230 
(6 12) 944-8545 
(314)291-1101 
(919) 996-2742 
(201 ) 335-0680 
(516) 360-0940 
(5 18) 489-4777 
(607) 723-8743 
(7 16) 271 -2230 
(315) 732-3775 
(2 16) 333-0400 
(918)832-7747 
(503) 642-9090 
(2 15)657-2213 
(615)524-7057 
(2 14)386-4888 
(512) 451 -2757 
(713) 778-0392 
(802)261 -1121 
(804) 239-2626 
(206) 454-4594 
(414)782-1171 
(514)331 -7393 
(416)676-9720 
(613) 592-0090 
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Advanced Multibus Products 

Powerful 68000 
SBC, Graphics 
Complete Software 
Development Tools 

Featuring a 10MHz 68000 processor, a high 
performance Multibus'" graphics controller 
and add-on memory. The board level 
products of Forward Technology combine 
low price to keep your systems cost down, 
and high performance to keep your 
customer satisfied. 

Single Board Computer .. . FT-6BX 
- 10MHz MC68000 
- 2 level MMU 
- 256 KB No Wait State Memory 
- Dual Port DMA 
- 8 MB Addressability 

Fast High-resolution Graphics ... FT-1024 
- 1024 by 1024 by 1 frame buffer 
- Bit-map organized in (X,Y) coordinates 
- Simultaneous access to 4 different 

graphical objects 
- On-board "raster OP" implementation 
- One 1&-bit update executed each 

microsecond 

Large-capacity Add-on Memory ... FT-768 
- Add-on memory for FT-68X 
- Single board 
- 768 KB of no wait state RAM 
- Supported by FT-68X DMA 

XENIX'" Operating System 
- FORTRAN 77, C, PASCAL, APL and 

BASIC language support for multiple 
users. 

Forward Technology products for forward 
looking OEMS. Send today for full information. 
2175 Martin Ave .. Santa Clara. CA 95050. 
14081 988-2378 

'"Multibus is a registered trademark of Intel Corp 
'"XENIX is a registered trademark of MicroSolt Corp. ... ....,., ...... 
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Simpler clusters emerge 
(continued from page 30) 

Fewer nodes also mean shorter 
cable lengths and slower transmission 
speeds. Shielding becomes less impor
tant since the chance of collsion 
decreases due to shorter distances 
traveled. Furthermore, terminals and 
personal computers can also be con
nected more closely together. Vendors 
such as AST Research, IBM, and Net
work Development Corp use these 
benefits to their advantage and lower 
connection costs to as little as $200 
per node. 

Much of this cost reduction comes 
from the use of cheaper transmission 
medium (cable TV-type coaxial and 
twisted-pair wire) and connectors. 
Simpler controllers can handle the 
slower transmission speeds (typically 
1 Mbit/ s) and simplified access con
trol schemes . 

Using predefined time slots 
Instead of relying on probabilistic 

schemes that determine access by 
generating random numbers (eg, 
Ethernet back-off), the aforemen
tioned vendors allocate predefined 
time slots to each user. The most 
popular schemes use the carrier sense 
multiple access (CSMA) method 
popularized by Ethernet. But they 
also employ collision avoidance tech
niques rather than collision detection. 

With collision detection, more than 
one user can transmit a message con
currently. Errors are detected when 
collisions create a large voltage on the 
bus. Collision avoidance schemes, on 
the other hand, require that a user 
transmit a message request before 
actually sending the message. If the 
message returns without collision, 
then the user has sole control of the 
bus for transmission. To prevent one 
user from hogging the network, both 
AST Research and IBM Entry Systems 
Division (PO Box 2989, Delray 
Beach, FL 33444) implement priority 
schemes so that time slots are reallo
cated periodically. 

National Semiconductor claims that 
collision avoidance schemes incur an 
overhead penalty not justified by 
traffic conditions. Design manager, 
R. V. Balakrishnan, says that collision 
avoidance schemes work best in net-

works where transmissions tend to be 
"bursty" rather than sustained, and 
peripheral services are seldom re
quired. He notes that servicing mul
tiple requests on collision avoidance 
networks requires that the peripheral 
wait for its turn, as determined by the 
priority scheme. Here, collision 
detection networks are better suited 
since requests can be serviced as often 
as each peripheral can transmit a 
message. 

Network Development Corp imple
ments a polling scheme whereby a 
master station periodically checks 
each satellite for requests. Multiple 
transmissions are avoided by allowing 
variable-sized packets (as large as 4 
Kbytes) that fully utilize the timeslots 
allocated to each satellite. 

Clusters can increase high speed 
network efficiency by handling the 
bulk of local processing, as well as by 
packaging individual packets into 
larger messages. As a result, traffic 
going across the high speed network 
would consist of intercluster mes
sages, requests destined for central 
data bases, or services rendered on 
expensive peripherals. Thus, clusters 
and networks can work hand in hand 
to better serve the user. 

-Joseph Aseo, Field Editor 

SYSTEM TECHNOLOGY 
(continued on page 36) 

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. 





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 IOKH-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 information, 
call us TOLL FREE at 1-800-556-1234, ext. 188. In California, call 1-800-441-2345, 
ext. 188. 

NEC national sales offices: Woburn, MA (617) 935-6339 · Melville, 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 
(612 ) 854-4443 ·Austin, TX (512) 346-9280 · Dallas, TX (214) 931-0641 · 
Orange, CA ( 114) 937-5244 ·Cupertino, CA (408) 446-0650 
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Partial pixel addressing increases effective display resolution 
Using a proprietary technique called 
pixel phasing, a graphics display can 
provide a significantly clearer image 
than conventional raster monitors 
and at little added cost. The tech
nique allows portions of pixels to be 
addressed in order to smooth jagged 
lines. Pixel phasing thus overcomes 
the major disadvantage of raster-scan 
displays compared to vector drawn 
displays-aliasing. 

Aliasing describes the stepped or 
jagged lines that occur for oblique 
lines, typically less than 20 degrees 
from the horizontal or vertical axis. 
Since pixel coordinates are locked 
into fixed locations within the raster 
plane memory, they cannot deviate 
from the locations of idealized pixels 
that lie along the line displayed. 

Aliasing solutions versus pixel phasing 
The conventional solution to alias

ing calls for increasing the vertical 
and horizontal resolution (ie, number 
of lines scanned, or number of pixels 
per line). However, this incurs greater 
cost because raster plane memory 
must also increase. In addition, 
system throughput suffers because it 
takes longer to draw lines and fill 
m areas. 

On the other hand, the partial 
pixel addressing technique within 
Megatek's (9605 Scranton Rd, San 
Diego, CA 92121) Merlin 9200 
addresses the problem without atten
dant handicaps. Like its namesake 
from Arthurian legend, the Merlin 
graphics workstation uses sleight of 
hand to increase the effective resolu
tion of its 1024- x 1024-pixel physical 
display to 3072 x 2304 points . 

A Jess conventional method, 
favored by Advanced Electronics 
Design (440 Potrero Ave, Sunnyvale, 
CA 94086) for its AED767 color ter
minal, optically smooths the lines by 
blending vector slopes with the back
ground. Firmware resident in the 
terminal (see Computer Design, May 
1982, p 24) uses a process called 
ramping. This process involves a 
transition from one color to another 
so that both blend together. The 
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With pixel phasing, a graphics workstation can address portions of individual 
pixels and eliminate jagged lines. For example, the Merlin 9200 offers an 
effective resolution equivalent to 3072 x 2304 pixels (left). Using conventional 
techniques results in vectors as shown on right. 

vector slope determines the adjacent 
pixels to be blended, as well as the 
individual intensity. As a result, the 
vector color gradually fades into the 
background color (usually black). 

Major drawbacks to this approach 
include the fuzziness of altered lines, 
and the restriction on user-defined 
colors. Only 8 of the 256 simultane
ously displayable colors can be anti
aliased because 16 intensity values for 
each color are used in the blending 
process. Furthermore, the gray scale 
used to blend the color table is not 
user alterable . 

In contrast to this method, pixel 
phasing handles antialiasing through 
a process known as micropositioning. 
Individual pixels are divided into a 
grid of 16 smaller subpixels, each 
addressable within a 4 x 4 grid. In 
addition, the grid boundaries can be 
shifted from one-quarter to three
quarters of its width or height. 

Consequently, the shape of each 
pixel can be altered by shrinking or 

stretching. The pixel can also be 
shifted to better approximate the 
slope of the line. Microdeflection of 
the CRT beam within the monitor 
alters the vertical displacement of 
subpixels. This corrects lines within 
45 degrees of the horizontal plane. 
Likewise, lines within 45 degrees of 
the vertical axis are drawn by dis
placing the left or right boundaries 
between pixels . 

The real thing 
Real-world objects replace visual 

trickery when it comes to modeling 
and displaying three-dimensional 
solids. Unlike many three-dimensional 
display systems that portray objects 
as collections of endpoints, the 
Merlin 9200 stores in its data bases 
representations that have such attrib
utes as topology, surface texture, and 
depth. The amount of attribute infor
mation associated with the objects is 
so extensive that shading and hidden 

(continued on page 38) 
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16x13 character font 
640x325 graphics built in 

Software: 
MS™-DOS, GW-BASIC™, 
assembler 

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 110 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 Corporation. 
IBM 1s a registered trademark of lnternat1onal Business Machines Corporation . 
MS and GW-BASIC are trademarks of Microsoft Corporation. 
Product features subject to change without notice. 

Materials Development Corporation 
21541 Nordhoff Street• Chatsworth, CA 91311 • (818) 700-8290 •Telex: 662438 
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Optelecom's family of fiber 
optic modems provides high 
speed, high quality data 
transmission between 
terminals or modems. These 
modems offer you optical 
communications advantages 
with low error rate operation , 
convenient mounting and 
simple connection . 
Optelecom's un ique status 
lights , standard on each 
model , ensure fast and 
accurate system checkout. 

Each modem converts 
standard asynchronous 
RS232 data signals into 
optical pulses for noise-free 
transmission over one 
kilometer fiber optic cables 
and back to RS232. 

Take the enlightened path 
to data communications ... 
the fami ly of Optelecom 
modems include: 
• Model 4110-Cable 

mounted RS232 or 
MIL-STD-188 versions. 
El iminate optical 
connectors. 

• Model 4121-SMA Style 
Optical Ports-switch fo r 
terminal /modem capabil ity. 
RS232 only. 

• Model 4122- SFR AMP 
Ports-switch for terminal/ 
modem capabi lity. RS232 
only. 
Optelecom-high 

performance quality fiber 
optic communications. For 
more information, please 
contact us at: 

o~~!!!S!ecm 
15940 Luanne Drive 

Gaithersburg, MD 20877 
(301) 840-2121 
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Partial pixel addressing 
(continued from page 36) 
surface removal occur automatically 
in hardware as objects are rotated 
or moved. 

Typical graphics data bases, as 
illustrated by the company's own 
Template package (see Computer 
Design, July 1983, p 66) define real
world objects around a 3-axis coor
dinate system (ie, length, width, and 
depth) and as a unique entity (eg, 
three connected line segments fo rm 
a triangle). Raster coordinates or vec
tor endpoints generate an image of 
this object after absolute coordinates 
(independent of view orientation) are 
used to describe the image. This dis
play list is what the user actually 
sees onscreen. Any changes the user 
makes to the screen do not alter the 
underlying mathematical model. In 
other words, raster coordinates are 
changed, not the mathematical 
model's coordinates. 

This approach's primary weakness 
is that users must consciously define 
visible features to remove hidden fea
tures. Working wi th the display list, 
users must first describe the order in 
which polygon faces are defined 
(clockwise or counterwise). Users can 
then calculate normal vectors to each 
face, enabling all or a part of the 
polygon faces to be erased as they 
point into the screen. 

Increased memory requirements 
Defining hidden features for many 

views results in having to store mul
tiple display lists. In addition, 
changes made directly to the under
lying mathematical model require 
that new display lists be generated 
and displayed on the user's screen. 
Memory requirements further in
crease, because the three-dimensional 
model itself must be saved at the end 
of the session. 

In contrast, the graphics data base 
found on the Merlin 9200 more closely 
resembles that used in the Anvil 4000 
(see Computer Design, July 1983, 
p 66) from Manufacturing Consul
tants and Services (Irvine, Calif). In 
this case, the three-dimensional 
model also contains the graphical 
attributes. Thus, three-dimensional 
coordinates replace the two-dimen
sional coordinates that display lists 
typically use. This means that the 

physical characteristics (ie, height, 
width, and depth), geometrical rela
tionships (eg, one face is perpendiular 
to another), and textual information 
(eg, parts lists) are all retained. 

Even with an underlying three
dimensional mathematical model, 
implementations such as Template 
lose attribute information when dis
play lists are generated. On the other 
hand, users can create classes of ob
jects within the Merlin data base and 
then produce different versions. They 
accomplish this by merely altering the 
display list or the model itself (eg, 
defining a rectangle and then creating 
squares). Rather than work with 
polygon faces that only approximate 
the object (like Template), users 
manipulate that object's mathemati
cal definition. 

Associating graphics information 
with the three-dimensional model lets 
polygon faces hide all or a portion of 
other polygons without computations. 
The graphics data base recognizes 
each view to be displayed. Changes 
in one view, therefore, do not affect 
the display of other views. 

In fact, the Merlin has a Z-buffer 
that features depth information on 
each displayed object. This buffer 
contains the Z-value (depth) closest 
to the front of the terminal for each 
X, Y coordinate. Where there is an 
overlap, the polygon point closest to 
the viewer is stored. Consequently, 
automatic hidden feature removal 
occurs as objects are translated or 
rotated to appear in front of each 
other. The system can also display 
translucent objects to allow back
ground objects to show through. 

Fitting the pieces 
The Merlin 9200 distributes pro

cessing across several boards linked 
by a proprietary 32-bit bus. The 
80186-based local task processor 
handles communications with all 
external interfaces (RS-232 serial ports, 
Centronics parallel port, floppy disk, 
and Multibus for memory or 110 

expansion) and provides local task 
execution. An 80286-based database 
processor manages the local graphics 
data base, any symbolic references to 
named entities within the data base, 

(continued on page 40) 



You choose from all the best technologies at 

KEYlllll 
HEllllllTEIS 

DIN compatibility in the most advanced keyboard technologies. 
Only from Cherry: Where we are ready today to meet 1985 ergonomic standards. 

Only from Cherry: Where we make all the most cost-effective technologies for 
your application. 

Sealed Contact Layer 

Only from Cherry: Your Keyboard Headquarters. Worldwide. 

Full Travel Hard Contact 
Gold crossbar contact configuration re-
1 i ed on in millions of applications 
worldwide. A first from Cherry more than 
a decade ago. Now proven and improved 
to meet the low-profile challenges of the 
80's. 

Full Travel Sealed Contact 
NEW: A next generation keyboard that 
combines full travel with the quality and 
reliability of sealed si lver contacts for long 
life, low cost. Conical steel spring ac
tion with linear feel . .. or elastomeric ac
tion with tactile feel. 

Full Travel Capacitive 
Pad capacitive in a uniquely simple 
design requiring only five parts and a 
snap-in angled pad . Another keyboard 
technology alternative from Cherry ... the 
folks with the most logical alternatives. 

Flat Panel Membrane 
Unlimited design options thanks to our 
state-of-the-art production techniques 
and in-house fabrication . Thin , light
weight , reliab le, low cost. All this and 
sealed contacts, too! 

SEND FOR COMPLETE DATA 

GBoEWf.-
'K'E'Y'B'O'A'R'D' IHIEIAlolalulAIRITIEIRlsl 
CHERRY ELECTRICAL PRODUCTS CORP. 
3614 Sunset Avenue, Waukegan , IL 60087 • 1-312-578-3500 
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Partial pixel addressing 
(continued from page 38) 

LOGICAL 
110 

PROCESSOR 
(80186) 

LOCAL 
TASK 

PROCESSOR 
(80186) 

COMMUNICATION 
PROCESSOR 

(80186) 

DATABASE 
PROCESSOR 

(80286) 

GRAPHICS 
ENGINE 

(64-BIT CUSTOM) 
VDT 

Distributing functions among several processors, the Merlin 9200 increases parallel processing. A 32-bit backplane 
serves as the network for interprocessor communications. 

as well as graphics editing and text 
formatting . It also manages the rout
ing of display instructions and data 
to the raster-display processor. 

vector or discrete pixel data. It then 
ships the information to the digital 
vector generator. There, three
dimensional vector information is 
converted into pixel representations. 
The result is then stored in frame 
buffer memory. Each frame buffer 

supports 1280 x 960 pixels with two 
planes per board. As many as 256 
colors can be displayed when four of 
these boards are connected together. 

This processor actually interprets 
and executes the graphics instructions 
by first breaking them into absolute 

• Runs Intel Series 111 software on 
a PC . XT or any MS-DOS 
computer. 

• PC I Series Ill 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 

PC/iRMX- REAL-TIME 
MULTIUSER MULTITASKING 
OPERATING SYSTEM FOR IBM 
PC 

• 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 

FORCON - BRING DOWN MAIN 
FRAME FORTRAN PROGRAMS 
TO RUN ON THE PC 

• 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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-Joseph Aseo, Field Editor 
SYSTEM TECHNOLOGY 

(continued on page 45) 

• Source code interface. 
• 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 RTCS 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 . 



1511 Tape Co11troller ... 
Because the world is changing 

We're on this journey together. We have been since 
MDB first en~anced DEC systems with our interfaces 
to the PDP-11 in 1972. 

This dynamic new world requires that we antic
ipate what system designers will need to take 
advantage of the new micro architecture. Today and 
tomorrow. 

And this is just the beginning. The MLSI TSll/ 
TSVOS has the capability tape controllers of the future 
must offer. It interfaces the Qbus family of processors 
to the new generation of tape drives with embedded 
formatter. And it allows up to eight different magnetic 

f:1[)13 
SYSTEMS INC. 

Corporate Headquarters 
1995 N. Batavia Street, Box 5508 
Orange, CA 92667-0508 
Te l. 714-998-6900 TWX: 910-593-1339 
FAX: 714-637-4060 

tape drives with data densities of 800, 1600, 3200 or 
6250 BPI to be connected to a single quad board . 

Its out of this world capability includes 16K byte 
buffer for streaming tape drive connection and software 
configurable operating modes that can be changed at 
the operator's console . 

We've made a commitment to the future . The 
immediate future . One that will see us introduce several 
compatible products that are interchangeable. They 
not only keep pace with the new micro system archi
tecture advances ... but lead the way. 

Just watch this space . 
·TM Digital Equipment Corp 

MOB Systems Europe, Inc. Geneva, Te l. 41 22 439410 
MOB Systems U.K., Ltd. Berksh ire, Tel. 44 06286 67377 
MOB Systems Germany Mun ich , Te l. 49 89 9101272 
MOB Systems Australia Neutral Bay, Te l. 612 929-6526 

In the western states MOB products are also distributed by WYLE ELECTRONICS MARKETING GROUP 
LABORATORIES 
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Of course, we're talking 
about the MULTIBUS® 
architecture. The most 
widely accepted, best sup
ported bus architecture 
in the world. 

But since you've 
already made the wise de
cision to use MULTIBUS 
as your road to riches, 
we're now going to show 
you the best place to start 
your journey 

Right here. Because 
as you n1ight suspect, we 
know just about all there 
is to know about MULTI
BUS. After all, we invented 
it. And we have the larg
est selection of MULTIBUS 
products to be found. 
Anywhere. 

For starters, there are 
our boards. We've pro
duced over a 1nillion 
since 1976.Which should 
give you an indication 
of the experience we have 
in manufacturing quality 
boards. Quality that's 
not easily achieved. 

Our boards are scrutin
ized at every level of 
integration. From chip 
through system level. And 
each board is tested to 
n1ake sure it does its job 
in every one of its config
urations. We even pull 
finished product from our 
warehouse for retesting 
and inspection.Just to 
n1ake certain nothing 
slips by 

You can count on the 
road being s1nooth for 
a long tin1e to come, 
too. Reliability is assured 
fron1 start to finish. We 
continually monitor each 
board throughout its 
entire production life. 
Even going so far as lot 
sampling older boards 
and putting them through 
5000-hour life test 
studies. 

Then there's the selec
tion. A big one. 

Over 115 different 
© 198'1 Intel Crnporation 

board-level products. 
Supporting 15 CPUs (from 
our 8080 to 80286). So 
you won't get stuck into 
one or even two design 
approaches. A tranquil 
thought when you consid
er how fast things change 
in the n1arketplace. 

What's more, you can 
count on getting every
thing you need. From 
peripheral controllers to 
memo1y expansion, data 
communications and 
graphic boards. Plus card 
cages and software (in
cluding iRMX 861; the 
most popular real-time 
operating system in 
the MULTIBUS world). 

One more fact about 
our MULTIBUS products. 
You can get fast service 
anywhere along the road. 
We've got one of the 
largest field engineering 
forces in the world. Over 
600 factory-direct people. 
Not to n1ention localized 
support from our world
wide network of trained 
distributors. 

So don't miss the bus. 
Travel safely And arrive 
sooner. Call toll-free (800) 
538-1876. In California, 
(800) 672 -1833. Or write 
Intel, Lit. Dept. C-20, 
3065 Bowers Ave., Santa 
Clara, CA 95051. 

We'll be happy to 
welcome you aboard. 
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SOFTWARE DEVELOPMENT TOOLS 
··One-Stop Shopping·· 

OASYS provides a "One-Stop 
Shopping" service for software 
developers and managers in need 
of proven , cost effective, cross
and native- development tools . 

OASYS can save you time, energy 
and money! We understand what it 
means to be a developer. Over the 
past 3 years, we've built over 1 MB 
of working code. 

We not only develop our own tools, 
but also specialize in evaluating , 
selecting and distributing the best 
complementary tools from other 
suppliers. 

Our tools are currently in use in 
over 1,000 installations worldwide 
on micro-, mini-, and mainframe 
computers for a variety of 8-, 16-
and 32- bit UNIX (and non-UNIX) 
systems. 

Most likely, we have what you 're 
looking for (even if it doesn 't 
appear in the tables shown). But , 
if we don't , we'll be glad to tell 
you who does. 

So, call or write today for more 
information and start shopping the 
smart way, the fast way , the 
economical way. 

"The One-Stop Shopping Way." 

g~~~~ENUE 
CAMBRIDGE, MA 02138 
(617) 491-4180 

ROSS TOOLS 

c 
COMPILERS 

PASCAL 
COMPILERS 

FORTRAN 
COMPILERS 

(4) 

ASSEMBLERS 

SIMULATORS 

VAX, PRIME 

VAX 
PDP-11, LSl-11 

PRIME 

VAX 
PDP-11, LSl-11 

VAX, PDP-11, 
LSl-11, PRIME, 
IBM/PC, IBM 370 

VAX, PDP-11 
LSl-11, PRIME, 
IBM/PC, IBM 370 

68000 
16000 

8086/88 

68000 
16000 

8086/88 
68000 

' 16000 
8086/88 

68000, 16000, 
8086/88, Z8000, 
680X, 808X, Z80 

68000, 8086/88 
808X, Z80 

(1) WE DISTRIBUTE PRODUCTS FOR : GREEN HILLS SOFlWARE. VIRTUAL SYSTEMS. 
COMPLETE SOFlWARE. PACER SOF1WARE ; SOFlWARE MANUFACTURERS 

(2) HOST OPERATING SYSTEMS INCLUDE : VMS. ASX. RT-11 . PRIMOS. UNIX V7. 
Ill , V, BSD 4.1, 4.2, UNOS, IDRIS, XENIX , MS/ DOS, VM / CMS, CPM 68K 

(3) OTHER TARGETS ARE : M6801-6803, 6805, 6809, 8080, 85, 28, 35, 48, 51 ; Z-80 
(4) ALL ASSEMBLERS INCLUDE LINKER, LIBRARIAN AND CROSS-REFERENCE FACILITY 
(5) AVAILABLE ON : CALLAN, OMNIBYTE, CHARLES RIVER DATA, PLEXUS, 

SAGE, FORTUNE, WICAT . . to name a few. 

fUNIX NATIVE TOOLS 
• NATIVE ASSEMBLERS FOR 68000s 14 . 5l 

• SYMBOLIC C SOURCE CODE DEBUGGER 
• C-TIME PERFORMANCE UTILITY 
• UP/DOWN LINE LOAD UTILITIES 
• COMMUNICATION UTILITIES 
• C-BASED FLOATING POINT MATH 

PACKAGE 
• BASIC-TO-C TRANSLATOR ... AND MORE 

TAAOEMAAKS: UNIX IS A TRADEMARK OF BELL LABORATORIES, XENIX ANO MS/ DOS ARE MICROSOFT 
CORP'S: IBM / PC, VM/ CMS, AND 1BM 370 ARE INT'l BUSINESS MACHINES ; VAX, POP-1 1, LSl· 11, VMS, ASX , 
ANO AT·11 ARE TRADEMARKS OF DIGITAL EQUIPMENT CORP : CPM MK IS DIGITAL RESEARCH'S ; PRIMOS IS 
PRIME'S; UNOS IS CHARLES RIVER DATA'S : IORIS IS WHITESMITH'S LTD. 
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Multistage compilers move from mainframes to micros 

FRONTENO 
PROCESSOR 

INTERMEDIATE 
CODE 
FILE 

OPTIMIZER 
(OPTIONAL) 

BACKENO 
PROCESSOR 

EXECUTABLE 
MACHINE 

LANGUAGE FILE 

OPTIMIZER 
(OPTIONAL) 

RUNNING 
APPLICATION 

PROGRAM 

Multistage compilers first process source-language (text) files to produce 
intermediate code files. These files can be further processed for efficiency by an 
optimizer. The intermediate code file is then processed by a "back end" that 
generates and (optionally) optimizes executable machine code files. 

Although multistage optimizing com
pilers have been available on main
frame computers for a number of 
years, they have only recently become 
available for micros . A recent 
announcement from Language Pro
cessors, Inc, and forthcoming 
announcements from TeleSoft and 
Digital Research, Inc serve to illus
trate this trend. 

There are several advantages to 
multistage compilers. A multipass 
compiler creates intermediate code 
files, which describe the program as 
written for a simple abstract machine, 
rather than going directly to machine 
code for a particular microprocessor. 
This additional step allows the com
piler writer to optimize the program's 
logic and storage use. Common inter
mediate code files also let the pro
grammer "mix and match" routines 
from different languages to produce 
a given program. An example given 
by Language Processors includes 
writing the main logic of a program 
in Pascal, and including a Cobol 
routine for handling files. 

Frontend compilers for transforming 
source files to intermediate code files 
can thus be given more time and 
attention. 

Single-stage compilers generally 
handle functions including processing 

the source-code file, optimizing code, 
and generating machine code. 
Including these and other functions 
makes compilers large, complex, and 
difficult to program and debug. A 
multistage approach breaks the vari
ous functions into separate programs, 
making the programming effort much 
more manageable. Such modules are 
smaller and easier to understand, and 
more effort can be devoted to making 
them powerful and efficient. 

Global versus peephole optimization 
There are two different approaches 

to optimization-global and local (or 
peephole). Global optimizers look 
at the whole program structure, 
identify and eliminate sections of 
code that will never be executed, opti
mize register usage, and generally 
streamline the logic . Peephole opti
mizers, on the other hand, generally 

(continued on page 46) 

If you're looking for high speed and low 
power in drivers, receivers, multiplexers, 
ALUs, latches and registers, think FAST!'M 
Fairchild Advanced Schottky TIL. 

Come to think of it, contact your 
nearest sales office and ask to see our 

FAST circuits and applications videotape 
seminar. Fairchild Digital Products Division, 
333 Western 
Avenue, South FAIRCHILD 
ortland, Maine 

106. A Schlumberger Company 

Writing compilers for many lan
guages also becomes easier. The archi
tecture of the abstract machine, 
though simple, can be made powerful 
enough to handle all high level lan
guage constructs while still mapping 
easily onto a given microprocessor's 
instruction set. Furthermore, for a 
given microprocessor (eg, the 68000), 
only one machine language-gener
ating "back end" needs to be written. 

FAST is a trademark of Fairchild Camera and Instrument Corporation for Digital Prcx:lucts. Fairchild Camera and Instrument Corporation 
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Multistage compilers 
(continued from page 45) 
look at only a few instructions at a 
time. These optimizers move constant 
expressions out of loops and find 
more efficient machine instructions 
to perform a given function. In gen
eral, global optimizers are more suit
able for processing intermediate code 
files, while peephole optimizers 
polish and accelerate machine lan
guage implementation . 

Optimizing causes trade-offs 
As with any technique, there are 

trade-offs in optimizing. The opti
mizer can be designed to produce fast 
code (reducing runtime) or compact 
code (decreasing storage require
ments). A balance point exists be
tween the two, and choosing depends 
on the experience and judgment of 
the compiler writer or designer. There 
are trade-offs in the degree of optimi
zation too-the more detailed and 
thorough the optimization, the more 
time that compilation will take. Alter
nately, a fast compiler with an un-

sophisticated optimizer will produce 
less than optimal code. 

Language Processors, Inc (400-1 
Totten Pond Rd, Waltham, MA 
02154) has announced compilers that 
run on 68000-based Unix systems for 
Cobol, RPG-II, Pascal, and C, with 
PL/ I and Basic to follow soon . All 
use what the company calls its "com
ponent architecture," a modular 
architecture with five standard sub
systems: a front end, an optimizer, a 
code (machine language) generator, 
a runtime library, and a high level 
debugger. The programs all use the 
same indexed sequential access 
method (ISAM) to handle data files. 
Thus, programs written in one lan
guage can address and use files written 
in another. 

Common intermediate code files 
allow integration of routines written 
in different languages and simplify 
creation of runtime libraries. A multi
language debugger recognizes the lan
guage in which a particular routine is 

MORE STORAGE 
FOR LESS 

DEC 
USERS 

il . 

LSl-11 
COMPATIBLE 

EMUIATION RK06/RK07 EMUIATION RL02 
42MB Winchester/Floppy (8") ... $6995.00 lOMB Winchester/Floppy (8") $4495.00 
70MB Winchester/Floppy (8") ... $7195.00 20MB Winchester/Floppy (8") .... $4995.00 

140MB Winchester/Floppy (8") ... $8195.00 40MB Winchester/Floppy (8") . ... $5995.00 
ALL SYSTEMS CONTAIN 2MB OF FLOPPY BACKUP 

CALL FOR DETAILS ON RM02 EMULATION AND/OR TAPE BACKUP 

* NEW * MORE MEMORY ON A SINGLE CARD lliEN ANY OTHER MANUFACTURER* NEW * 

512KJ3 TO 2MB QBUS ERROR DEJECTING AND CORRECTING MEMORY 

CALL FOR MORE DETAILS! 
See us at NCC '84 Booth Nos. 03530 & 03532 
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written, and lets the programmer cor
rect errors at the source level, rather 
than in the machine code. 

The compilers are being offered to 
hardware manufacturers at $50,000 
plus royalties, based on the size of the 
system on which they are used. Single 
copies with runtime distribution 
licenses are also available. 

TeleSoft (San Diego, Calif) has 
made multistage compilers part of its 
Ada development effort from the 
start. Since Ada is such a large and 
complex language, the sheer magni
tude involved in developing a compiler 
for it almost mandates a stage by 
stage approach. 

Building on experience gained with 
the ucso p-System, the company 
developed a proprietary operating 
system, called ROS. It has since 
moved on to produce compilers that 
run under Unix, IBM mainframe 
operating systems, on the VAX, as 
well as on the IBM PC and its clones. 
All of these implementations are 
presently in beta testing with Depart
ment of Defense validation expected 
very soon. 

Digital Research, Inc (Pacific 
Grove, Calif) has announced its 
adherence to the philosophy of multi
stage compilers, and the firm is 
expected to introduce a C compiler 
early this summer. The compiler will 
run under the company's CP/ M-86 
and, presumably, CP/ M-68K operating 
systems. With the ability of CP/ M-86 
to emulate MS-DOS, these C compilers 
should become widespread and 
affordable . 

The company has announced that 
all of its languages will henceforth 
have multistage compilers, and be 
able to exchange object modules. It 
is also working on the Intel 80286 
processor Unix implementation for 
AT&T, and has announced language 
and application support for Unix sys
tems. Thus, a great many interesting 
developments can be expected in the 
next 18 months. 

-Sam Bassett, Field Editor 
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MULTIWIRE® 
DESIGN CENTERS 

Working with a sophisticated 
CAD system, your Multiwire 
Design Center can shorten your 
design cycle by weeks, saving 
you thousands of dollars. 

We offer a variety of design 
services, depending upon your 
needs. Your boards are designed 
from as little input as a logic 
diagram or net list, along with 
board geometry and special 
parameters. 

Multiwire designs and fab
ricates finished boards to meet 
both your routine and accel
erated delivery requirements. 
In fact, you can receive a 
finished board from schematic 
in as little as four to six weeks, 

PROVIDE 
SCHEMATIC 
REDUCTION. ...--------, 
I MULTIWIRE 110 Andrews Rd., Hicksville, NY 11801 I 
I D Please send me your 8-page sales brochure. I 

D Please have a salesman call. 

I Name I 
I Title I 
I 

Company I 
Address 

I City/State/Zip I 
L:phone ~ 

!"l-M~~-;E. 
TTDIVISION 

KOLLMORGEN CORPORATION 

including design time. 
And when you need 

changes, they will be sim 
and fast. That's because 
wire boards only use art 
to distribute the power an 
ground potentials. So a I 
change is simply keyed into 
computer, creating new flo 
for wiring and drilling, and 
circuitry is rerouted for your 
next board. 

When it comes to moving 
project from paper to prototype 
to production, nobody does it 
faster or more economically than 
Multiwire. To learn more, return 
the coupon, or circle the reader 
service number. 

MULTIWIREINEW YORK-31 Sea Cliff Ave., Glen Cove, NY 11542 (516) 448-1428; MULTIWI REINEW ENGLAND-41 Simon St., Nashua, N H 03060 (603) 889-0083 
MULTIWI RE/WEST 3901 East La Palma Ave., Anaheim, California92807(7l4)632-7770; MULTIW IREIADVANCED MANUFACTUR ING GROUP IO Andrews Rd., Hicksville, NY 11801 (516)938-2000 

M ulliwire is a U.S. registered trademark of the Kollmorgen Corporation. 
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As densities increase, EEPROMs grope toward standards 
Electrically erasable PROMS have 
evolved dramatically in recent years. 
From relatively simple parts that 
needed a lot of peripheral support cir
cuits, they have progressed to very 
dense (now reaching 64 Kbits) devices 
with most necessary functions con
tained on a single chip . On the way, 
a serious lack of function and pin 
assignment standards led to extensive 
incompatibility. With the advent of 
the 64-Kbit EE PROM, however, 
manufacturers appear to be reaching 
tacit agreement on most points. 
Thus, designers may soon be able to 
select chips based upon the presence 
or absence of certain features but 
remain relatively unconcerned with 
hardware compatibility. 

Major issues affecting EEPROMs as 
they approach higher densities in
clude protecting the device against 
false writes during power-up and 
power-down, providing a means of 
quickly writing the memory, and 
defining pin 1 in the 28-pin Joint 
Electron Device Engineering Council 
(JEDEC) standard package. The issue 
of pin 1 appears to be the most easily 
resolved . Some early 64-Kbit 
announcements define pin 1 as a 
ready/ busy signal for sending an 
interrupt to the microprocessor when 
the write cycle is complete, but this 
may change. Although ready/ busy 
was popular in 16-Kbit versions using 
a 24-pin package, the 64-Kbit designs 
tend to preserve their 28-pin site for 
anticipated 256-Kbit versions. A dif
ferent method of signaling the micro
processor is used, reserving pin I for 
an address pin (A14) in 256-Kbit 
designs . 

Determining the write cycle complete 
Xicor Corp (851 Buckeye Ct, 

Milpitas, CA 93035) has introduced 
DAT A polling, a software method for 
determining if a write cycle is com
plete. A polling method of some sort 
has become necessary in EEPROMs as 
density has increased. Given the 
10-ms typical write time per byte, 
microprocessors would be idling for 
far too long unless they performed 
other tasks while writing . DAT A 
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PRECISION 
Vee 

SENSOR 

As EEPROM densities have increased , peripheral circui ts and features 
incorporated onchip have grown . Features at the 16-Kbit level evolved through 
several stages. The 64-Kbit level has demanded even more. (Source: Xicor Corp) 

polling allows the processor to look 
at the data being written. If a write 
is still in progress, the buffers return 
the 2's complement of the data that 
is being written. 

This offers two advantages. First, 
it frees the processor to perform 
other tasks during the write cycle. 
Second, it lets the system optimize the 
actual time consumed by write oper
ations. Since systems may incor
porate relatively large numbers of 
dense EEPROMs, the savings may be 
considerable. 

EEPROMs are specified at a given 
time to perform a write, typically 10 
ms for a byte, or in the newer parts, 
for a page of data . Since the devices 
are self-timed , however, the actual 
time needed to perform a write may 
vary over a range of shorter times. 
This depends on differences in tem
perature and manufacturing. DATA 
polling allows the processor to deter
mine when a write cycle is complete 
without taking up an extra pin for a 
ready / busy signal. 

Some manufacturers (eg, Intel) 
have assigned pin 1 as a ready/ busy 
pin in their 64-Kbit, 28-pin designs. 
They apparently expect designs in the 

256-Kbit range to use 16-bit word 
widths . This would require a differ
ent package altogether-possibly a 
40-pin type . 

Cutting write cycle time 
The increased densities of 

EEPROMs have made their use con
ceivable in an ever-expanding range 
of applications . However, the time 
needed to program a single byte has 
become a major hindrance. At 10 ms 
per byte, the time it takes to program 
an entire 64-Kbit part exceeds 81 s. 
Where smaller devices latched single 
bytes to free the processor, the newer 
devices buffer and latch groups of 
bytes and write each group en masse 
while the processor is busy elsewhere. 
The method is called page mode. 

There is a trade-off to consider 
here. Most applications do not require 
that the entire EEPROM be rewritten 
very often. Each time a group of 
bytes is changed to alter one byte, the 
erase/ write endurance for the whole 
group is diminished. Although endur
ances typically reach 10,000 erase/ 
write cycles per byte, not all design
ers feel entirely comfortable with that 

(continued on page 50) 



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 bu~ 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 SUQermicro 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. 

~ ll1JITDD~l1CIDIT 
*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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EEPROMs grope toward standards 
(continued from page 48) 
figure. This is especially true in the 
newer application areas that are 
opening up for the larger capacities. 

The page mode approach is thus a 
compromise between the desire to 
gain speed in writing data to the 
EEPROM and the reluctance to use up 
a given byte's erase/ write cycle allot
ment. The balance seems tilted in 
favor of speed in writing data. Page 
sizes for Intel's projected 64-Kbit 
device and Xicor's 2864A are 16 bytes. 
The Inmos 48e64, on the other hand, 
and the Advanced Micro Devices 
AMD 2864 will have 32-byte buffers. A 
64-Kbit part from Inmos, the 3630, 
sports a 64-byte page size. 

Time savings for write operations 
using page mode can be dramatic. 
Xicor, for example, specifies a write 
cycle time of 5 ms. By latching and 
writing data 16 bytes simultaneously, 
the time to completely write 64-Kbits 
is cut to 2.5 s. EEPROMS with 32-byte 
pages would, of course, require half 
that time. 

One manufacturer, Exel Micro
electronics (2150 Commerce Dr, San 
Jose, CA 95131) has opted to dedi
cate its pin 1 to a special status word 
(sw) function. This locks its 28-pin 
package out of the 256-Kbit arena, 
but gives it extra software features to 
support page mode in its 64-Kbit 
XL48e64. A set of onchip registers can 
be read or written by the micropro
cessor when sw pin 1 is low. This 
allows the chip to supply ready/ busy 
status information to the processor 
when it reads a register during SW 

active. The processor can also write 
commands into the XL48e64 to set it 
for page, fast write, or chip erase 
mode. 

Banning unwanted writes 
Protecting an EEPROM against 

inadvertent writes during power-up 
and power-down calls for a combina
tion of voltage threshold sensors, 
noise filters, and timeouts. In addi
tion to disabling write functions until 
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the memory reaches Vee, it is neces
sary to keep the write disabled for a 
certain amount of time thereafter to 
allow Vee to settle. Intel and AMD 
for example, disallow writes if Vee is 
below 4 and 3 V, respectively. Xicor 
has implemented a precision Vee 
sensor that the user can use to set the 
threshold voltage by writing and 
locking an EE cell. 

These companies also include a 
typical power-up timeout of 100 ms 
on initial power-up before the chip 
can be written. Thus, Vee can 
become stable and noise does not 
initiate an unwanted write . Exel 
makes use of its status word pin by 
requiring that a pattern be written 
into a register that enables the charge 
pump to provide the 21-V program
ming voltage from the 5-V supply 
before a write can take place. An 
inadvertent write on power-up can
not take place because the registers 
are static, but the chip must be 
initialized. 

It appears that, although higher 
density EEPROMs are inducing agree
ment about onchip features, there are 
several areas of choice among 
hardware-compatible parts, and 
areas of noncompatibility still exist. 
Users of the 28-pin JEDEe packages 
can be reasonably sure of hardware 
compatibility at the 64-Kbit level. 
There will, however, be software con
siderations in the use of Xicor's 
DATA polling and Exel's status word. 
As densities move to the 256-Kbit 
level, two distinct approaches are 
emerging. One will retain the 28-pin 
device using pin 1 for an address line, 
while those manufacturers who have 
already played their pin l card will 
pursue a different packaging 
arrangement. 

-Tom Williams, 
West Coast Managing Editor 

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. 



Special Report From aaac 
New Dual Height Function Cards For Q-Bus Boost Density 
And Performance For Data Acquisition And Control. 
ADAC continues to expand the industry's widest line of function cards for Q-Bus (LSI-11 and MicroVAX 
compatible) . The most recent additions represent significant advancements for high speed data acquisit ion, 
both in terms of improved performance and lower system costs . 

Battery-Backed 22-Bit Address CMOS RAM Improves 
Density 4 Times. PROM Board Added. 
In its maximum configuration of 128K bytes, Model 1822CMOS provides 4 times the 
density previously available. Model variations from 32K to 128K bytes are offered. 

Compatible with 16, 18 and 22-bit addressing, Model 1822CMOS features 
on-board batteries and power loss protection for 30 days or more. Batteries have 
a m inimum 3 year life . 

Model 1822PROM, another new high density memory board (to 512K bytes) , is compatible w ith 16, 
18 and 22-bit addressing backplanes Sixteen sockets accept EPROMS or ROMs of 2K x 8 , 4K x 8 , 16K x 8 , 
and 32K x 8 configurations . Ideal for non-volatile program storage, 1822PROM can be used to configure 
unattended systems on automatic re-start after power interruption. 

Both boards can be selected for addressing at any 4K boundary by switches on the edge of the board, 
that are accessible even when the board is in the backplane. For volume buyers, combinations of 
battery-backed CMOS RAM and PROM are available on a single board. CIRCLE 32 

Most Flexible Wide Range A/D Allows Software To Configure 
Inputs ... Provides 280 Volt Common Mode Protection. 
With sampling rates of 200 per second, ADAC's new Model 1114AD is both the most 
flexible and fastest wide range ... 10 millivolts full scale to 10 volts full scale ... AID 
converter on the market. Multiplexer modules 1114SX and 1114VX permit system 
expansion to 128 channels with up to 250 volt common mode isolation. 

The 1114 12-bit AID system is so flexible that it allows unrestricted mixing of high 
and low level analog input signals and 7 different thermocouple types simultaneously. Direct connections 
of RTDs and strain gauges, as well as thermocouples, are possible . 

Inputs can be unipolar or bipolar with 8 software programmable gain settings and software selection 
of thermocouple cold junction compensation. CIRCLE 33 

SILO A/D Provides Continuous Performance At 100 kHz. 
A new ADAC three-board subsystem provides continuous data sampling to mem
ory, for up to 16 input channels, with 12-bit resolution, at up to 100 kHz aggregate 
throughput. The 1023S consists of a high-speed, high-level AID converter card 
with 64-word SILO buffer, coupled to two 1622 direct memory access controllers. 
A set of RT-11 installable software drivers is included. 

The SILO buffer permits continuous conversion independent of CPU activity. 
The use of the two DMA controllers eliminates the latency induced by single con

troller initialization at the end of a buffer completion cycle. While one controller administers data trans
fers from the AID over the"System bus to memory, the other 1622DMA is available to be set up for the 
next buffer interval. 

The AID converter board features software gain selection of 1, 2 , 4 , and 8 . An optional board allows 
expansion to 64 input channels. 

Unique in its 22-bit addressing capability, the 1622DMA is available separately and in-support of 
other ADAC AID and parallel TTL interfaces . CIRCLE 34 

Bus Repeater Is First To Support 22-Bit Addressing, 
4 Interrupt Levels And Block Mode DMA. 
ADAC's powerful new bus repeater repowers bus signals in both directions for high 
performance Q-Bus backplane expansion. Model 1953 provides completely trans
parent multi-backplane Q-bus operation for up to 21 slave units and up to 462 
dual-heights cards without the need for expensive interprocessor linking soft
ware and multi-processor topography. 

Supporting 16, 18 and 22-bit addressing, four levels of interrupts and block 
mode DMA, cards and/or peripherals in a typical star-configuration system operate 

as if adjacent to the CPU. Model 1953 also features unique backplane co-ordinated power sequencing 
circuitry that assures proper "booting" and orderly shutdown on power turn-off or loss. 

With high noise immunity, controlled rise times and on-board arbitration for both DMA and levels 
of interrupts, the 1953 offers plug-in ease of bus expansion. CIRCLE 35 

U.S.A. Headquarters: 70 Tower Office Park• Woburn, MA 01801 
Tel. (617) 935-6668 • Tlx. 951802 

U.K. Headquarters: P.O. Box 42 •Epsom KT18 7SP •Surrey, England 
Tel. 3727-42577 • Tlx. 918179 JmL 
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IF IT WEREN'T FOR UNIX 
WE NMR 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 ti mes 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 85% of 
performance-robbing 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 compatibility. 
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 





1984 NATIONAL 
COMPUTER CONFERENCE 
Las Vegas Convention Center and Hilton Hotel Las Vegas, Nevada 
July 9 to 12, 1984 

State-of-the-art .. . new developments . . . impact 
of technology . .. Such buzzwords and phrases 
abound in the little preconference information 
available on the NCC '84 technical program. As 
usual , the program seems to be a mixed bag , 
covering a wide range of interest areas. 

There are a number of tracks of particular 
interest to the computer-based system designer. 
For example, among the program tracks 
included are Hardware and Architecture , 
Computer Communications, The Automated 
Office, and Artificial Intelligence. According to 
conference chairman Russell K. Brown, all 
sessions are chaired by " leading professionals " 
and " each will address contemporary issues 
critical to the industry." A sampling of both 
session organizers and topics confirms this. 
Certainly , the session titles and available 
abstracts promise that many sessions in at 
least the four program tracks mentioned above 
could be worthwhile for the system designer. 

The exhibit portion of NCC '84 is a far different 
and far more promising matter. More than 650 
companies have contracted for exhibit floor 
space. Unless NCC '84 differs entirely from 
·previous Nccs, this area will be one of the most 
important for system designers. 

Many U.S. (and a number of foreign) 
companies choose NCC each year as the site to 
introduce their latest products . Each year, 
somewhere on the exhibit floor-with 
appropriate fanfare-or quietly at private suites 
in nearby hotels, at least two or three truly 
notable new products are introduced . In 
addition , exhibitors display hundreds of 
important, but not necessarily revolutionary, 
products. Usually, the exhibit floor products are 
at or near production stage, while most of the 
suite introductions are of prototypes and may 
be shown only to a limited number of special 
viewers. 

A sampling of the information on " to be 
introduced at NCC '84 " products indicates that 
this NCC will follow the trends of previous ones 
regarding new products. A special section in 
the June 15 issue of Computer Design will 
describe most of these products-at least those 
that companies will discuss prior to the 
conference. 

Of course, many other products will not be 
announced until the conference begins, but they 

will be on exhibit at the respective booths. 
Unfortunately, attendees will have to locate 
them on their own. As for the private showings, 
attendees will need to check out the perpetual 
rumors to determine which are real , and then 
find a way to view the actual products. 

The technical program in brief 
Concentrat ion within the Hardware and 
Architecture program track will be varied. Yet , 
the one subject that will appear most noticeably 
is the 32-bit microprocessor. In particular, the 
arch itecture of both existing and near-future 
chip sets will be discussed . For example, one 
session (on Tuesday morning) will compare the 
architectures of five chip sets: two from 
Hewlett-Packard and Western Electric that are 
available only for proprietary products, one from 
National that is now in production , and two 
from Zilog and Motorola that will be available 
late this year or in 1985. (For a thorough 
discussion of 32-bit microprocessors, see the 
article " Architectural advances spur 32-bit 
micros," by John Bond , Senior Editor, on p 125 
of this issue. The next session in this track on 
Tuesday morning concentrates on proposed 
standard P754 , Draft 10.0, which is accepted by at 
least three of the now commercially available or 
near-future 32-bit microprocessors. 

This program track will not ignore 
supercomputer systems and the " fifth 
generation. " On Wednesday, discussions will 
include the parallel characterist ics involved in 
operational supercomputers and the necessary 
upward compatibility of future systems. That 
will be followed by a review and update of the 
predictions made at NCC '83 on fifth -generation 
computers. 

Computer Communications will address 
several key phases of that segment of the 
industry. Dominant in the discussion areas will 
be networks-local area, multi-vendor, and the 
necessary integration. But , much emphasis will 
also be on protocols involved and computer 
integrated automation with personal computers . 
As an example, a two-part session wi ll 
concentrate on the need for manufacturers to 
coordinate their product designs to alleviate the 
problems of multi -vendor networks. These 
sessions will be tied to exhibit floor 

(continued on page 56) 
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(continued from page 55) 

demonstrations sponsored by the National 
Bureau of Standards, Boeing Computer Systems 
(with 13 vendors) , and General Motors (with 7). 

Office automation is another important 
subject for system designers. For example, as 
was discussed thoroughly in Computer Design 's 
Special Edition on " Office Systems Design " 
(Fall 1983), the automated office involves 
system designers at almost all levels. Included 
as elements (ie, products) are the many systems 
and subsystems common to all computer-based 
systems: computers , disk drives, printers, 
terminals , and so on . System designers must be 
aware of both direct and associated 
technologies. For instance, designers must 
include considerations such as ergonomics and 
artificial intelligence either directly or indirectly 
into any office system design. It is impossible 
to ignore either the human element or the 
hardware/software aspects. 

In line with this , participants in the program 
track on The Automated Office will concentrate 
their discussions on the design of office 
systems-in particular, the influence of the 
microprocessor on such systems. Voice 
technology (ie, voice messaging , voice 
synthesis , and voice recognition) and the future 
impact of such expected advances, will 
therefore be a key session (on Tuesday 
afternoon). 

A focus on artificial intelligence 
At least since the World War 11 era, and the 

crushing need to develop automatic 
cryptographic deciphering techniques and 
devices, art ificial intelligence has been almost 
as cryptic a term as its initial application . Now, 
however, at least some phases of Al are 
attaining various levels of feasibility. Some 
could even be considered to be practical. 

This phase of computer science, which 
enables some degree of symbolic reasoning and 
problem solving ability to be attained by 
mechanical/electronic devices (eg , robots) must 
be considered in any attempt to design 
equipment for the present as well as future 
systems. Closely tied to Al, however, is 
computer or machine vision. In many 
applications both must be included in the 
system design considerations. 

The NCC '84 program track on Artificial 
Intelligence will include discussions of both Al , 
per se, and computer vision . In particular, a 
Monday afternoon session on Al techniques for 
signal interpretation is scheduled . Additionally, 
a Wednesday morning session will present 
applications of Al to the field of " expert 
systems." This session will evaluate several 
representative expert systems along with 
examples of their usage. Further discussions 
will encompass natural languages and 
interfaces to software systems. One session , for 
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instance , will emphasize the importance of a 
computer's ability to respond to commands and 
questions in English . Still other sessions in this 
Al program track wil l discuss tools for 
commercial Al systems, software engineering 
techniques, and the impact of Al on 
fifth-generation systems. 

Professional development seminars 
Concurrent with the series of conference 
technical program sessions will be a series of 
18 full-day professional development seminars. 
As with the program tracks , several of the 
seminars will be of value to the system 
designer. For example, the Monday seminar on 
Artificial Intelligence will cover language, expert 
systems, and fifth-generation computers in the 
morning ; computer vision , brain , and robotics in 
the afternoon. 

Wednesday seminars of interest include one 
on Software Engineering with Ada, and another 
on Introduction to Computer Graphics. The Ada 
seminar will cover both the language and its 
applications as they relate to the principles of 
modern software engineering . A full range of 
computer graphics aspects will be discussed in 
the second seminar, which focuses on the 
making and managing of pictures with 
computers . (As an example, see the front cover 
of this and previous issues of Computer Design 
of the past few years.) Portions of this seminar 
will tackle important developments in the field: 
data representation graphics, graphic arts, 
computer aided design and drafting, decision 
support systems, and system design. 

Two other seminars, on Thursday, show 
promise. The first is on Super Computers: Why 
They Are Needed and Where Are They Useful , 
and the second on Local Networks. The Super 
Computer seminar first will provide an overview 
of the history and evolution of fifth-generation 
computers and will define just what a 
supercomputer is-from several different 
viewpoints . Then the attendees will learn of 
future trends, architectures, hardware, software, 
and applications, as well as the advantages and 
disadvantages of special purpose versus general 
purpose computers. In the Local Networks 
seminar, speakers will cover both equipment 
and system developments. The scope will 
include introductions to concepts , and 
illustrations of how those concepts can be 
implemented , as well as trends in both the 
technology and available products.-S.F.S. 

NCC is sponsored by the Ameri can Federat ion of 
Information Process ing Soc ieties, the Assoc iation fo r 
Computing Mach inery, t he Data Processing Management 
Associat ion , the IEEE Com puter Society, and the Society 
for Computer Simulation . For furth er information, contact 
AFIPS. 1899 Preston Wh ite Dr, Reston, VA 22091 . 
Tel : 703/620-8952. 



OPTIONAL 
Locking Clip 

Locks cable connector 
to mating square 

~ 

cu-e board 
and pin costs 

Heep a one-par• inwen•ory 
Unique breakaway feature lets you snap SAMTEC connector 

strips to any number of positions. Just snap to the desired position. 
Or you can get them pre-snapped to your exact 

requirements ... with or without cable assembled. 

1 to 72 positions ... mate with .025" square posts. 
1 to 36 positions with single row strip ... 2 to 72 positions 

with double row strip. Both mate with the popular 
.025" square posts. And you stock only one size. 

PLUS ... SAMTEC SUDDEN SERVICE .. . delivery you can count on. 

Unique contact design 
ehminates need for 
side lock on cap and base 
Pat applied for 

No insulation stnpping 
or soldering 

UL {94V-0) material . 

Single row end stackable . 
Side stackable in less than 
36 or 72 positions 

Actual Size 

Let me send you a sample ..• You can bet I'll make it snappy! 
We can handle your order. Big or small. On time ... in ~time. 
With Samtec Sudden Service. I personally guarantee it. , 

sa 111lec !!:.!!?.!!!~~~~-~~!?.~~~"' 
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New UC02 emulating host 
adapter using Mass Storage Con
trol Protocol (MSCP) 

New CS02 multiplexer for 
LSl-11through11/23 PLUS and 
MICRO/PDP-11 computers. 

Once again, Emulex gives 
you more, while charging you 
less. We're introducing three 
new controllers for QBus users, 
and reducing prices on four 
of our most popular products. 

FIRST, THE NEW 
INTRODUCTIONS. 

Our CS02 is a high
performance asynchronous 
multiplexer for LSl-11 through 
11/23 PLUS and MICRO/ 
PDP-11 computers. Both ver
sions can handle 16 lines-eight 
lines more than DEC's DHVll 
-yet they fit into existing 
space within the DEC system. 

Also available is our TC05 

tape coupler featuring DEC 
TSllsoftware transparency and 
standard operating system sup
port on your QBus. It allows you 
to interface CDC Sentinel Y4" 
streaming tape drives without 
using special streaming software. 

Last, but not least, is the 
UC02 emulating host adapter, 
with unique features like 
automatic drive sizing, 
command stacking, seek order
ing and error control. 

By using the Mass Storage 
Control Protocol (MSCP), the 
UC02 allows the operating 
system to utilize the precise 
characteristics of the Win
chester disk drive without 

New TC05 tape coupler for 
CDC Sentinel W' streaming tape 
drives emulates DEC TSll. 

patches or modifications to the 
operating system. The UC02 
plugs into any single quad 
width QBus slot and provides 
you the versatility of using 
the Small Computer System 
Interface (SCSI) bus. 

NOW, THE PRICE 
REDUalONS. 

First, we've slashed 33% off 
the price of our TC02 TSll
compatible tape coupler. 

Likewise, we've cut 33% off 
the price of our SC02 SMD
interface disk controller. 

Our UCOl emulating host 
adapter for SCSI interface has 
been reduced 21%. 

'"QBus, LSl·ll, PDP·ll, OHVll, T$11 and DEC are trademarks of O!g1tal Equipment Corporation. CDC and Sentinel are trademarks of Control Data Corporation. Eagle is a trademark of Fujitsu Corporation. 



TC02 TSll-compatible tape 
coupler. 

SC02 small/medium disk con- UCOJ emulating host adapter SC03 large disk controller han-
troller for DEC's QBus. emulates DEC's RLOJ/RL02. dies the new 1.8 MByte/second 

drives - like the Fujitsu "Eagle." 

And we've shaved 29% off 
our SC03 SMD-interface disk 
controller. 
NEW PACKAGED 
SUBSYSTEMS, TOO. 

Also available for QBus users 
a re two storage 
subsystems. 

Vault is a 74" 
streaming 
tape that gives · 
you up to 70 
M Bytes of storage at maximum 
block size. 

SABRE™ combines a 31.2 
MByte 574 " Winchester with 
a 10.4 MByte removable 8" 
cartridge disk. It gives you an 

GSA Contract • GSOOK8401S5575 

overall capacity equivalent to 
four (4) DEC RL02s. 
HIGH QUALITY 
WITHOUT HIGH PRICES. 

Over the years, Emulex has 
earned a reputation for per

formance. For 
example, our 
TCOl disk con
troller has a cal 
culated MTBF 
of 41,000 

hours. But field operations have 
proven that its actual MTBF 
is a whopping 164,930 hours. 

That's not bad, considering 
Emulex products are so very 
reasonably priced. And our 
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quantity discounts can lower 
your costs even further. 

Isn't it time you added 
Emulex to your system? Call 
toll-free: (800) 854-7112. 
In California: (714) 662-5600. 
Or write: Emu lex Corporation, 
3545 Harbor Blvd ., PO. Box 
6725, Costa Mesa, CA 92626. 

-x&mm 
EMULEX 

The genuine alternative. 



HORSEPOWER 
Packing greater performance 
into a more efficient package. 

In the semiconductor industry, 
horsepower translates into gate 
array density. And just as the space shuttle 
engines shown above have won a reputation 
by putting more pure power into the most 
compact and reliable package possible, 
so have computer components assembled 
with Honeywell custom and semi-custom 
hardware. 

For instance, the Honeywell HT5000 
gate array packs five thousand logic 
gates on a single chip. Twice that of other 
bipolar arrays. 

Speed figures in, too. With a 0.6nS 
gate delay speed, that 

It took over three decades to 
build the know-how necessary to 

consistently design and manufacture this 
kind of performance. And Honeywell puts 
it into every chip we make. 

For more information on the most 
powerful digital signal processors, semi
custom gate arrays, radiation-hardened IC's, 
and VHSIC I C's, talk to the company that 
has been in this industry since before it 
was an industry. 

The Honeywell Digital Product Center, 
1150 East Cheyenne Mountain Blvd., 
Colorado Springs, Colorado 80906. 

1-800-328-5111, 
same HT5000 operates 
about five times Together. we can find the answers. 

extension #3402. 
(In Minnesota, call 
1-612-870-2142' faster than typical 

ALSTTL chips. Honeywell 
CIRCLE 39 

extension #3402 .) 



LOCAL NETWORI< 
RESPONDS TO CHANGING 
SYSTEM NEEDS 
A local area network that dynamically adjusts to changes in 
the nature and volume of system traffic ensures that devices 
can obtain timely network access. 

by Ashraf M. Dahod 

Today's local area networks must often work with 
a variety of device types and handle a wide range of 
data traffic capa"cities. Unfortunately, most local 
networks are optimized to handle a narrow range 
of network conditions and prove to be inefficient 
in many commonly encountered operating situa
tions. One local area network, however, dynami
cally adjusts to changes in the nature and volume 
of system traffic to maximize efficiency. 

Before examining the details of this network, 
note that most commercial local area networks 
(LANs) are developed to serve specific types of user 
devices and data traffic. For example, devices that 
must perform highly time-critical, synchronized 
operations need a network that ensures access at 
preset, specific times. On the other hand, nonintel
ligent terminals typically generate short, burst-like 
data streams. Such devices require low access delays 
but do not need a LAN that provides time-specific 

Ashraf M. Dahod is chariman of Applitek Corp, 107 
Audubon Rd, Wakefield, MA 01880. He holds a BS in 
electrical engineering from the University of 
Michigan, a BS in physics and mathematics from the 
University of Bombay, an MBA from Harvard, an MS 
in engineering management from Northeastern 
University, and an MS in electrical engineering from 
Stanford University. 

access. Stressing the importance of yet another net
work characteristic, devices that must pass large 
static data files back and forth are best served by 
networks that do not devote undue resources to 
bus contention issues. 

Unfortunately, the devices found on a single net
work might include dumb terminals, graphics 
systems, printers, common files, intelligent work
stations, and mainframes. Each of these could 
benefit from different and often mutually exclusive 
network characteristics. The wide range of data 
traffic capacities further complicates the situation. 
Appropriate network operation at 20 percent of the 
maximum traffic capacity may be wasteful at 85 
percent. Moreover, a single network device may be 
used in different ways, each requiring a different 
type of network access. A personal computer, for 
example, might transfer files at one time and then 
emulate a host computer terminal at another. 

Methods for network access 
Overcoming the drawbacks of LANs that provide 

optimal service only within a limited range of net
work conditions, Applitek's UniLAN incorporates 
the firm's UniLINK universal access method, which 
offers the benefits of three commonly used access 
methods: carrier sense multiple access with colli
sion detection (CSMA/ CD), token passing, and 
slotted-time division multiple access (STDMA). A 
brief look at these techniques can illustrate the 
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benefits and drawbacks of each and provides back
ground for considering UniLINK's operation. 

CSMA/CO, a distributed technique, provides 
immediate access and permits variable message 
length under low network loads . CSMA/ CO is effi
cient for networking devices (such as nonintelligent 
terminals) that infrequently send messages. To 
avoid data collisions, CSMA/ CO requires that each 
device listen to the network . When a device is ready 
to transmit, it proceeds with its message only if it 
does not hear another device transmitting. If, while 
transmitting, it hears another device transmitting, 
both devices stop and wait for a random amount of 
time before trying to transmit again. This random 
back-off time ensures that one device will subse
quently gain access. 

With CSMA/ CO, devices can obtain immediate net
work access if the traffic load stays low. However, 
the probability of collisions increases a:> more devices 
are added , or as the message frequency increases. 
Ten years ago, when most network devices were 
nonintelligent terminals, CSMA/ CO was adequate, 
but as networks began handling file transfers or 
synchronous devices, network efficiency declined. 

Another distributed access technique-token 
passing- provides each device with a guaranteed 
network access . Token passing involves circulating 
a unique bit sequence (the token) among the net
work nodes in a specific order. Only the node that 
holds the token has network access. Because a 
node wishing to transmit must wait for the token 

HEADER DATA UP TO 32 kb1ts 

MESSAGE NUMBER 3 
(PACKET FORMAT) 

NETWORK INTERFACE A B A C A 
UNIT ASSIGNMENTS 
(UNITS A, B, C, D, E) 

(a) 

(b) 

Fig 1 The UniLINK scheme divides time into num bered 
message blocks allocated to specific network interfaces. 
Each message includes a header, data, and cyclic 
redundancy check (CRC), as shown in (a). UniLINK operates 
on either a contention or dedicated basis. In the latter type 
(b), assigning more message numbers to certain interfaces 
gives these interfaces priority, th us improvi ng on typical 
CSMA/ CD schemes. 
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before it can transmit, the method's efficiency 
drops when the traffic load is light. Furthermore, 
the explicit passing of the token makes the tech
nique complex to implement and limits the maxi
mum number of devices on a single network. 

The third technique, STOMA, is a centralized access 
method that suits applications involving highly 
synchronized operations and those covering long 
distances. STOMA breaks the available network 
time into slots of equal duration and assigns these 
slots to specific devices. A device can send mes
sages only for the duration of the time slot; if a 
message requires more than one slot, it must be 
broken up, transmitted in several slots, and reas
sembled at its destination. If a message requires less 
than one time slot, the remaining time in the slot is 
wasted. STOMA requires a central synchronizer, 
which allows all the devices on the network to 
detect the beginning and end of each slot. If the 
central synchronizer fails, the entire network fails. 

Token passing and CSMA/CD 
UniLINK is a distributed technique and does not 

require a central controller. This distributed control 
makes it efficient for a variety of network sizes. In 
accordance with network load and the types of 
devices on the network, UniLINK automatically 
adjusts to perform like CSMA/ CO, token passing, 
or a combination of the two techniques. It supports 
variable- or fixed-length message packets, as does 
the STOMA technique. Thus, UniLINK can support 
the longer distances associated with STOMA. 

UniLINK requires that user devices follow a set of 
rules on the network. Time is divided into message 
blocks, as shown in Fig l(a). All messages-defined 
here as the times during which packets can be 
transmitted-are implicitly numbered and allocated 
(via a process called automatic message number 
allocation) to the network interface units. These 
units connect user devices to the network and keep 
track of the current message numbers. A device can 
transmit a fixed- or variable-length data packet only 
during the message whose number has been assigned 
to its network interface. 

A technique known as pacing, which any network 
interface can perform, allows each interface to 
keep track of current message numbers. An inter
face becomes a pacer when, on power-up, it hears 
no activity and sends a block synchronization mes
sage that returns with no collision and no error. 
The pacer then sends out a block synchronization 
message within each message block. This allows 
each interface to keep an accurate count of mes
sage numbers. When the count value equals acer
tain interface unit's allocated message number, 
that interface is in pace and can transmit. 

Messages are assigned on a dedicated or conten
tion basis [see Fig l(b)]. Assigning a message 
number to only one interface unit results in a 
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dedicated message because only that unit can use 
the corresponding message to send information 
over the network. In contrast, a contention 
message number is assigned to more than one inter
face unit. Those units must contend for that 
message's use. Moreover, each interface unit can 
have multiple numbers assigned to it. 

As in CSMA/ CD, when an interface unit detects a 
collision, it stops sending and waits a random 
length of time before trying to send again. If a 
dedicated message number assigned to that inter
face comes up before the random wait period ends, 
the interface will use the dedicated message to 
transmit. 

In contrast to the CSMA/CD technique, UniLINK's 
ability to assign dedicated message numbers signifi
cantly reduces delays caused by collisions and ran
dom waiting. Simply assigning more message 
numbers to certain interfaces gives those interfaces 
priority, as Fig 2 illustrates. 

A network manager or a distributed automatic 
allocation algorithm embedded in each interface 
can perform the message number allocation func
tion. Interfaces use the common (or contention) 
channel message numbers located within each 
message block to request message allocation. In a 
large network, message number allocation and 
other network management functions can be auto
matically performed by a network monitor unit. 

Adapting to traffic conditions 
When network traffic is light and the active 

devices primarily asynchronous (eg, nonintelligent 
terminals sending short, burst-like messages), 
UniLINK provides immediate network access, as 
would CSMA/ CD under similar conditions. When 
synchronous devices or computers transmitting 
regular, frequent traffic are added to the network, 
UniLINK dynamically adapts to provide guaranteed 
token-passing type access (with bounded transmis
sion delays) for those added devices and com
puters. If increased collisions persist, then all 
devices receive guaranteed access. 

Network interfaces implement UniLAN's 
UniLINK access method. UniLAN supports several 

DEVICE 
INTERFACE 

Fig 2 The network interface 
implements UniLAN's UniLINK 
access method and provides eight 
ports for connecting user devices lo 
lhe network. The network interface 
consists of a media access unit 
(MAU), a network processor, a 
subscriber processor, a device 
interface, and a floppy disk. 

thousand network interfaces, depending on the 
cable chosen. Each network interface (Fig 2), 
which consists of a media access unit (MAU), net
work processor, subscriber processor, and a device 
interface, can perform all the functions necessary 
to keep the network operating. 

The MAU connects the network interface to the 
network cable. Any IEEE 802 baseband transceiver 
for a baseband coaxial cable can serve as the MAU. 
To connect network interfaces to broadband coaxial 
cable, Applitek developed a radio frequency 
modem that provides 10-Mbit/ s operation in one 
6-MHz TV channel. This modem follows proposed 
IEEE 802 guidelines. Another MAU choice, the 
optical-fiber tap, connects the network interface to 
optical fiber cable. 

The network processor employs an 8-bit processor 
as well as firmware to implement UniLINK. The 
receive/transmit buffer has 12 Kbytes of RAM to 
store packets to be received and transmitted. This 
buffer features resettable first in, first out memory 
for increased data throughput. For baseband and 
optical-fiber networks, the network processor fur
nishes Manchester data encoding/decoding. More
over, a Motorola 68000 microprocessor and a 
3 \12-in . microfloppy disk allow the subscriber pro
cessor to connect to as many as four device inter
faces via an IEEE 796 bus (Intel Corp's Multibus). 
The disk stores programs and configuration 
parameters. 

The device interfaces, each of which can support 
up to eight RS-232/449 asynchronous, bisynchro
nous, and synchronous data-link control (SDLC) 
devices, include 68000 processors as well as 32 Kbytes 
of dual-ported RAM. This RAM stores inbound and 
outbound message packets. When one packet is 
being assembled, another can be transmitted. Every 
8-bit segment of RAM within the network interface 
has an odd-parity, error checking function. Net
work interface software generates a checksum to 
perform error checking on all packets in the 
system. 

Software commands allow each interface, or port, 
to be configured individually in order to handle 
certain Electronics Industries Association (EIA) 

COMPUTER DESIGN /June 1, 1 984 6 3 



RS-232 signals (specifically' RTS, DSR, CTS, DCD, and 
RI) in different ways. Table 1 lists the RS-232 signals 
defined by EIA as well as some signals not found in 
the definition. For each interface, software com
mands can separately set such functions and 
parameters as transmit mode, baud rate, number 
of stop bits, character-code selection, and local 
echo. Because of the hardware's modular design, 
UniLAN's software divides between the device 
interface boards and the subscriber processor 
board. Also , each device interface and subscriber 
processor has an independent onchip copy of the 
pSOS-68K operating system kernel, from Software 
Components Group, Inc (Santa Clara, Calif). 

Splitting software into two process groups 
The software further divides into two groups of 

processes (Fig 3). The operating system on the sub
scriber processor supports one group, which includes 
the session layer functions. Meanwhile, the oper
ating system on each device interface supports the 
other group, which includes transport , presenta
tion, and application layer functions. 

The subscriber processor and device interface pass 
data and commands to each other through the dual
ported RAM that resides on the device interface. 
Both the subscriber processor and device interface 
have access to this RAM. Data intended for network 
transmission is transferred to the transmitter RAM 

TERMINAL INTERFACE (Tl) 

DATA MODE PATH 

SERIAL 
COMMUNICATION 

CONTROLLER 
DRIVERS 

DEVICE 
INTERFACE 
PROCESS 

SYSTEM 
CONTROL 
PROCESS 

COMMAND 
INTERFACE 
PROCESS 

COMMAND CONTROL MODE PATH 

Tl/SP 
INTERFACE 
PROCESS 

DUAL· 
PORTED 

RAM 

DUAL· 
PORTED 

PROCESS 

TABLE 1 

The RS-232 Interface 

Pin No. Signal Function Circuit 
EIA CCITT* 

1 PG Protection ground AA 101 

2 TD Transmit data BA 103 

3 RD Receive data BB 104 

4 RTS Request to send CA 105 

5 CTS Clear to send CB 106 

6 DSR Data set ready cc 107 

7 SG Signal ground AB 102 

8 DCD Data carrier detect CF 109 

11 Spare input A 

15 TC Transmit clock DB 114 

17 RC Receiver clock DD 11 5 

18 Spare input B 

19 Spare input C 

20 DTR Data terminal ready CD 108.2 

21 Ext. transmitter clock 

22 RI Ring indicator CE 125 

24 ETC Ext. transmitter clock DA 113 

25 MB Make busy 

* International Consultative Committee for Telephone and Telegraph 

on the network processor board. Data coming from 
the network intended for the subscriber processor 
or a user device is removed from the network pro-
cessor's receiver RAM by the subscriber processor. 

SUBSCRIBER PROCESSOR (SP) 

SP/Tl 
INTERFACE 
PROCESS 

LJ: 

PORT 
CONTROL 
PROCESS 

SYSTEM 
CONTROL 
PROCESS 

SESSION 
CONTROL 
PROCESS 

TX 
RAM 

SERVER 

RX 
RAM 

SERVER 

TX 
RAM 

RX 
RAM 

TX 
RAM 

RX 
RAM 

Fig 3 This modular software design fo llows the layering scheme promulgated by the International Standards 
Organization in its Open System Interco nnection model. Software residing in the subscriber processor supports session 
layer functions while software on each device interface supports transport, presentation, and application layer 
fu nctions. Transmit (TX) and receive (RX) RAM resides on the device interface. 
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High Turbnnance Ethernet Solutions. 
Its written all over our board. 

Presenting the ENP™-10 Ethernet Node Processor. It's 
a VMEbus interface that's one in a series of bus-based 
high performance Ethernet LAN solutions from 
Communication Machinery Corporation. 

Clearly evident on all our ENPs is the CMC commit
ment to setting the pace in LAN technology. 

It's written into the innovative design of the LANCE 
emulator originally built by CMC as a template for the 
evolution of the LANCE chip set. Taking supervisory func
tions from a 16 bit 68000 processor, the LANCE chip 
set gives you maximum network intelligence with minimal 
board real estate. 

The CMC commitment can be seen in the built-in 
advantages of industry standard protocols (XNS and TCP) 
for inter-operability; all ENP boards conform to IEEE 
802.3 specifications. 

You can read it in our performance. The ENP 
series offers Ethernet Host-to-Host transfer rates in excess 
of sustained 1.6 Mbit/Sec and increases Host computer 
performance by over 303. You can achieve this speed all 

the way across the ENP family which includes VERSAbus~ 
MULTIBUS~ and UNIBUS™ interfaces. 

Software flexibility. We've embedded it right into 
our boards with our Kl Kernel communications executive 
that manages memory resources, supervises transmission/ 
reception of messages, and performs sophisticated diag
nostics. We can also provide you with application software 
as part of our complete Ethernet capabilities. 

OEMs, write the highest performance Ethernet 
solutions into your networking 
plans. For delivery of the 
ENP Series, call CMC 
today. (805) 963·94 71 

Communication Machinery Corporation 
1421 State Street 
Santa Barbara, CA 93101 
TWX 910 334-3508 

The ENP-10. Only from CMC. 



TABLE 2 

Software-A lterable Port Configuration Parameters 

Parameters 

Transmit mode : 

Baud rate: 

Stop bits : 

Parity : 

Character code: 

Local echo: 

End of packet 
Condition : 

XOFF threshold : 

Broadcast group 
name 

Flow control : 

Port type : 

Rotary port 
name : 

Terminal mode: 

Options 

Full duplex 
Half duplex 

50 to 19,200 bits/s 

1.1.5.2 

Odd, even , none 

ASCII , EBCDIC, none 
(transparent) 

Echo or no echo 

Normal packet size 
(selectable) and 
end of message 
character (selectable) 

Normal packet size 
(selectable) and 
timer (selectable) 

Echoplex 

16 to 4 ,000 characters 
(selectable) 
(Control mode only) 

X-ON X-OFF (selectable ), 
DSR, CTS 

Asynchronous, 
Bisynchronous , 
SDLC , 
HDLC, DDCMP 

(selectable) 
(control mode only) 

Data mode only 
Data and command 

mode 

To make UniLAN easy to use, the software uses a 
command structure similar to the English lan
guage. This is presented in menu form. A help 
facility provides online support. Software creates 
virtual circuits, called sessions, for passing data 
between devices on the network. By using simple 
software commands, users can connect or discon
nect sessions, configure port parameters, and send 
broadcast messages (or datagrams) to other users 
on the network. 

Software sets parameters 
After a session is connected, data passes between 

devices in packets. The packet size for each port is 
one of the port-configuration parameters that 
software sets. Error detection and error control 
procedures ensure data integrity. Other password
protected functions are available only to the 
network manager, who can reconfigure any port 
on the network, reinitialize the network, connect 
or disconnect users anywhere on the network, 
change port buff er sizes, get status information on 
any device or session, and perform various diag
nostic activities. 

Three modes of operation-command, control, 
and data-provide different types of user services. 
Separate paths handle the flow of data mode data 
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Parameters 

Data mode session : 

EIA control 
signal options 
(NI as DCE) : 

EIA control 
signal options 
(NI as DTE): 

Enable disable : 
User access to 

configuration 
options : 

No predefined 
session 

Permanent predefined 
session 

EIA signal controlled 
predefined session 

ATS-ignored , valid 
TD indicator 

DSR- on , off, follows 
DTR 

CTS-on, off , follows 
RTS 

DCD-on, off, valid 
RD indicator 

RI - on , off , indicates 
connect request 
received , on during 
session, off during 
session 

DTR-indicates DTE 
power-on , ignored 

DTR- on, off 
RTS - on , off , valid 

TD indicator 
DSR- ignored, indicates 

DCE power-on 
DCD-ignored, valid 

RD indicator 
CTS- ignored , 

enables NI transmitter 

(selectable) 
(control mode only) 

and command and control mode data through net
work interface software to ensure high throughput 
and quick response times. 

The command mode allows users to connect or 
disconnect sessions, use a network directory, con
figure port parameters, and send messages to other 
users on the network. Password protected, the con
trol mode provides remote session control, network 
control, and diagnostic functions for the support 
staff. Diagnostic functions include access to an error 
history log, which the system automatically main
tains, and the ability to put ports into a loopback 
mode, thereby helping to pinpoint the location of 
problems. Control mode also allows third-party 
connection and disconnection of sessions as well as 
remote port configuration and renaming. 

Once a session has been established, data mode 
expedites the actual passing of data between 
devices. For devices that communicate solely with 
one destination, predefined sessions can be 
established for that device's port. This procedure 
keeps the device connected to that port in data 
mode, making network operation transparent to 
the user. 

On system initialization, software loads from the 
network interface local floppy disk, which serves as 
each network interface's original source of software 



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 p lug 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
point, our fiber optic 
modem looks just like an 
EIA cable; whether you're 
going 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 DCE) 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 
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Control 
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=t I ::{J-!>-1 i rate and continual signal 
::= ED--<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 beg in to 
shine. You 'll benefit not only 

downtime than ever before. 
Versitron 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 products. 



NOBODY 
KNOWS 
MORE 

ABOUT 
HOW TO 

DISTRIBUTE 
p, WER 

Innovative 
bussing solu
tions. Rogers 
pioneered the first 
laminar bus bars. 
Today, our power 
distribution solu

tions range from MINI/ BUS ® PCB bus bars to 
QLJIK/ BUS ®do-it-yourself laminar busses. 
Fully customized designs. We engineer bus 
bars in a variety of materials and configura
tions for production runs. And of course, 
provide complete prototyping. 
The perfect power distribution package. 
Rogers laminar bus bars provide higher reli
ability than bulky wiring harnesses. They fit 
space requirements exactly. And feature low 
inductance, high distributed capacitance, and 
low characteristic impedance. 
Worldwide service. Facilities in the U.S., 
Japan, France and Belgium offer customers 
around the world the best value in the industry. 
Free design/value analysis. Nobody knows 
more about power distribution than a Rogers 
Design Engineer. Why not consult him or our 
Product Manager today at (6021 830-3370. 

$ROGERS 
Rogers Corporation 
Bus Products Division 
5750 East McKellips Road, Mesa, AZ 85205 
602 830-3370 
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code as well as configuration parameters. Software 
revisions can be downloaded onto the floppy disks 
from other floppy disks, facilitating software 
updates. The floppy disk also holds help files, the 
local network directory and the field-support error 
log file. During network operation, these files are 
accessed when a user requests help with a com
mand or wants to see or alter the network direc
tory, and when the system logs an error. 

Most environments today require a 
LAN to connect dissimilar devices that 
have different communication needs. 

Each port has several characteristics or parame
ters that are configurable to let the port handle 
variations in devices and session requirements. The 
floppy disk retains the port parameters, allowing 
reinitialization of a port with previously selected 
parameters. When port parameters are changed, 
the floppy disk is automatically updated. 

All ports can be reconfigured with software com
mands, either remotely by the network manager, or 
locally by the user. Table 2 provides a list of parame
ters that software commands can alter. In control 
mode, the network manager can select the control 
parameters that users can change in command mode. 

To facilitate field diagnostics, a standard diag
nostic port configuration is stored permanently on 
floppy disk. The disk similarly holds a default port 
configuration. In control mode, the change port 
configuration command allows selection of these 
standard configurations. 

Most environments today require a LAN to conect 
dissimilar devices that have different communica
tion needs. Thus, a large organization must inter
connect many synchronous and asynchronous 
devices as well as intelligent and dumb terminals on 
a single cable. Network traffic generated by these 
devices will range from light to heavy at various 
times. Such applications require a network that can 
adapt to varying network conditions to provide the 
fastest possible response. 

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 



ABLEs ATTACH customers enjoy 
their spaghetti in the dining room, 

not the computer room. 
ABLE's ATfACH, the breakthrough multi-host 

terminal switching system for DEC UNIBUS computers 
that eliminates the spaghetti;like mes.s of cables in your 
computer room. 

One ATTACH host board and a single cable replaces 
16 DEC interfaces, and their as.sociated "spaghetti:' And it 
still supports up to 128 terminals on your system without 
the endles.s tangle of cables that tie-up your computer room. 

One ATTACH host board does the work of many 
multiplexers. The immediate advantage is a dramatic reduc
tion in mounting space and expansion cabinetr)! resulting 
in significant cost savings. And ATTACH can be located up 
to a kilometer away from your computer room. 

Cook up a system to meet your present data communi
cation requirements with ATTACH. At the touch of a key
board, terminals can be dynamically switched among any 
combination of VAX and PDP-ll UNIBUS systems. And, 

ATTACH is compatible with RSX, RSTS/E, VMS and UNIX 
operating systems. 

Expanding your capabilities, or adding terminals is easy 
with ATTACH. As your requirements gro~ simply add 
modular ATTACH units to your system. 

Whether you have 28, or 128 or more terminals, 
ATTACH has the right recipe for cost-effective connectivicy 

ABLE Computer's ATTACH is the most efficient termi
nal interconnection system on the table. 

Contact the ABLE representative near you, or call 
ABLE toll-free at 800-332-2253. 

(1{1),~ 1 :;fJj i *' 
The communication specialists 

CIRCLE 43 

1732 Reynolds Avenue, Irvine, California 92714. In the Irvine area: (714) 979-7030. Or, TWX: 91(}.595-1729. 
DEC, PDP, RSTS, RSX, UNIBUS, VAX and VMS are trademarks of Digital Equipment Corporation. UNIX is a trademark of Bell Laboratories. ATIACH is patent pending. 



WE MAKE OUR SWI' HJILF
SJITISFY THE TOUGHEST 

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 51fl" drives. 
The latest additions to the NEC 
disk drive line are 51fo" 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 
(Model 05124) . . 5and1.0 MB is available in flexible drives 

(Model FD1053 and F01055). 



HEIGHT DISK DRIVES 10 
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 5 'l'l" 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 5 'l'l" 
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." 

~e=send me more information:- - - - - - - - -,I 
I _ 51fa'' Half-height Winchester _ 811 Winchester drive I disk drive I 
I 

_ 51fa'' Half-heightfloppydrive _ 9" Diskdrive520MB I 
Name. ____________________ _ 

I Title I 
I Company ___________________ _ 

I Address. ___________________ _ 

I City State __ Zip Tel.(_ ) _______ _ 

I NEC Information Systems, Inc. 
1414 Massachusetts Avenue 

~oxboroug~A017:_ __________ · _ _:a~ 

CIRCLE 44 



Now, with 8051 emulation ... the 
• • gives you more microcomputer 

With the introduction of the 
HP 64264S Emulator, you can now 
take full advantage of the versatile 
Intel 8051/31 microcomputer. At the 
same time, if you have opted for the 
Motorola 6801/03/05 you will find the 
HP 64256S or HP 64192S Emulators 
to be powerful allies when developing 
your microcomputer-based systems. Now 
more than ever you can appreciate 
the flexibility .of the Hewlett-Packard 
64000 Logic Development System 
approach to universal emulation. 

Only from HP. .. 
the most detailed 8051/31 
emulation available. 

Our HP 64264S Emulator gives 
you a complete picture of internal 8051 
operation showing you more than 
ever before available. You can monitor all 
activity across the internal data bus, 
includmg data memory accesses (not 
just what's in ROM). You get real
time, nonintrusive tracmg of all Special 
Function Registers. Plus, the HP 64264S 
lets you trace activity on all four of 
the 805l's 1/0 ports. 

Our solution is the only one that 
lets you map the entire 128K bytes of 
the 805l's addressable memory. Plus 
you can resolve activity in blocks of 
only 256 bytes. You get the best of 
both: a significantly refined diagnos
tic vision over a greatly expanded 
field of view. 

FOR 

Trace photo of internal data bus is example of 
how the HP 642648 Emulator shows you more 
of the 8051 internal operation than ever before. 

§Q51 
CEssoRs 



HP64000 
options than ever. 

A complete family of 
emulators. 

Our HP 64000 Logic Development 
System features optional emulation mod
ules for all the most popular micro
computers and microprocessors as the 
the table shows. Plus our universal 
emulation package can give you an early 
start on future microprocessor offerings. 

8-Bit 16-Bit 
Microcomputers Microprocessors Microprocessors 

6801 /03 Z80 68000 

6805 6800 68010 

8048 6802 Z8001 

8051/31 (NEW) 6809 Z8002 

6809E 80186 (NEW) 

8080 80188 (NEW) 

8085 8086 

NSC 800 8088 

Dedicated vs. universal 
development systems. 

Until now, if you wanted to design 
with the 8051 and wanted emulation, you 
had to buy a dedicated development/ 
emulation system as well. But what if 
you don't want to get locked into a 
single vendor's microprocessor line? 
What if you want the freedom of 
choosing the best microprocessor for 
your application, no matter who 
makes it? That's where the HP uni
versal solution comes in. 
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Call us today 
at 1-800-4HP-DATA. 

We're ready to help, with the prod
uct and service support that has made 
HP famous. If you already own an 
HP 64000 system loou can move up 
to 8051/31 or 6801 03 emulation for 
as little as $6,000~ A complete devel
opment sr.stem, with 8051/31 emu
lation built in, costs approximately 
$25,000~ To help you decide if our solu
tion is right for you, outside Colorado, 

call toll free l-800-4HP-DATA. In 
Colorado, call 1-590-3340. We'll send 
you a technical data sheet on the new 
HP 64264S Emulator for 8051 pro
cessors and a brochure that explains 
our comprehensive processor support 
program. Or, call your local HP sales 
office listed in the telephone directory 
white pages. Ask for the electronic 
instruments department. 
'U.S.A. price only. 

HEWLETT 
PACKARD 

DJOl4CM 



A ~ym.bolic Com.puter 
and m.ucb, m.ucb m.ore 
There are two high-performance LISP machines on 
the market today. And one clear choice . 

Both the LMI Lambda™ and the Symbolics™ 3600 are 
based on LISP machine technology originally 
developed al MIT, one of the foremost Al research 
centers in the world . Both machines feature versions 
of the ZETALISP software originally licensed from 
MIT, widely recognized as an extremely powerful and 
productive programming environment. Both 
machines offer a large address space and special 
architecture and microcode for the efficient execution 
of LISP, giving users the symbolic computing power 
needed to deal with applications where program size 
and complexity overwhelm conventional program
ming techniques . 

But today 's users need more than just a LISP machine , 
more than just a symbolic computer. Today's users 
need and demand a LISP machine that protects them 
against obsolescence ; one that allows them to take 
advantage of the wide range of peripheral products 
offered by hundreds of third-party manufacturers ; one 
that allows them to run applications in optimal , 
concurrent, independent processors , rather than 
forcing the translation of existing non-LISP programs 
to LISP architectures . Most of all , they need a LISP 
machine with a flexible design that offers an 
evolutionary path to the increased productivity offered 
by intelligent computing. 

As a careful comparison will reveal , what today's 
user-s need is the LMI Lambda-a symbolic computer 
and much , much more . 

• l'l'ulliprocessor bus architecture - optimal 
environments for applications: LISP + LISP or 
LISP + 68000168010/UNIX . Processors execute 
concurrently and independently. 

• Extended-STREAMS interlace - for 
interprocessor communications at the full speed of 
the NuBus (37.5 megabytes/second) 

• Integral MULTIBUS, gives you access to hundreds 
of third-party peripherals and board level 
accessories for ease of configuration. 

• Virtual control store and microcompiler. Enables 
you to tailor the Lambda's architecture to suit the 
needs of your specific application , without the 
difficulty associated with traditional microcode 
delivery . Makes the application run fast , not just 
the environment. 

• ZETALISP-PLUS™ software , an enhanced version 
of the famous MIT ZETALISP environment. 

• Easy conversion of programs from Symbolics 
3600 to LMI Lambda . 
On-site assistance available at our cost if needed . 

LISP Machine Inc. 
Suite 900, 6033 West Century Blvd., 
Los Angeles , California 90045 

(213) 642-1116 TELEX 66-4608 

Creative Tools for 
Applied Intelligence:M 

Features1 

HIGH-SPEED MULTIPROCESSOR BUS 
ARCHITECTURE 

UPGRADE TO FULL-PERFORMANCE 2-USER 
LISP SYSTEM 

68000 CO-PROCESSOR WIUNIX™ Version 7 
(SWAPPING) 

68010 CO-PROCESSOR WIUNIX™ System V 
(PAGING) 

EXTENDED-STREAMS INTERFACE 

USER-PROGRAMMABLE VIRTUAL CONTROL 
STORE IN LISP CPU 

LISP MICROCOMPILER FOR EASY 
MICROCODE DELIVERY 

BUS SPEED 

MULTIBUS 'M 

IN MAINFRAME 

OTHER LANGUAGES AVAILABLE : 

CommonLISP 

PROLOG 

FORTRAN -77 

c 
PASCAL 

OPTIONAL 1/2-I NCH STREAMING TAPE DRIVE 

IN MAINFRAME 

OPTIONAL 11•- INCH TAPE DRIVE 

HIGH-RESOLUTION B&W DISPLAY 

MEDIUM-RESOLUTION COLOR WITH 
FRAME GRABBER 

HIGH-RESOLUTION COLOR 

WINCHESTER DISK DRIVE(S) - CAPACITY 

LISP PROCESSOR 

TAGGED ARCHITECTURE 

FULL ZETALISP DIALECT, INCLUDING : 

FLAVORS OBJECT-ORIENTED 
PROGRAMMING 

WINDOW SYSTEM, INSPECTOR, ZMACS , 
WINDOW DEBUGGER .. 

ETHERNET-II™ NETWORKING 

VAX™ VMS™ & UNIX™ INTERFACES 

( 1) Some of the features detailed may not apply to certain Lambda 
configural10ns. The LMI lambda system otters many advanced reSO\lrt:es 
not listed here. and a detailed technical summary and software 0Yerv1ew are 
available on request. This table is based on data available lrom SymbOllc::s 
pt.blished data sheets and advertisements. and may not rettect changes or 
improvements made by Symbolics concurrent with Of subsequent 10 the 
releue of ttl1s companson. 
(2) The Symbolics 3600 has an BK X 112·b•I control memory User 
microprogrammabiltty is not encouraged 
(3) A non·m1crocode·ophm1zed PAOLOG version is avatlable for the 
Syn't>Otics 3600 from LISP Machine Inc 
(4) Available August 

LMI Lambda TM Symbolics TM 3600 

YES NO 

AVAILABLE JULY NO 

AVAILABLE NOW NO 

AVAILABLE AUGUST NO 

YES NO 

YES - 64K X 64 BIT N02 

YES NO 

37 .5 MEGABYTES/SEC 20 MEGABYTES/SEC 

STANDARD. INTEGRAL OPTIONAL 

YES NO. ADD-ON CABINET 
REQUIRED 

AVAILABLE MAY ? 

YES/MICROCODED ?J 

IN 68000168010/UNIX ON LISP HARDWARE 

IN 68000168010/UNIX ON LISP HARDWARE 

IN 6800016801 OIUNIX 4 ON LISP HARDWARE 

YES YES 

YES NO. ADD-ON CABINET 
REQUIRED 

YES YES 

YES YES 

AVAILABLE APRIL NO 

AVAILABLE AUGUST YES 

UP TO 1.8 GIGABYTES UP TO 1.8 GIGABYTES 

32-BIT 36-BIT 

YES YES 

ZETALISP-PLUS ENHANCED ZETALISP 

YES YES 

YES YES 

YES YES 

YES YES 

ETHERNET-II is a trademark of !tie Xerox Corp 

LMI Lambda is a trademark of LISP Machine Inc 

MULTIBUS is a trademark ot the Intel Corp 

Nu&s ts a trademark ol Texas lnS1ruments 

SYMBOUCS 3600 is a trademark ol Symbohcs Inc 

UNIX is a trademark of BeH Laboratories 

VAX and VMS are trademarks of 01g1ta1 Equipment Corporation 

ZETAL/SP-PLUS is a trademark of LISP Machine Inc 

LAMBDA~~~ 
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TAGGED ARCHITECTURE 
SUPPORTS SYMBOLIC 
PROCESSING 
Even though the Lisp programming language enables 
artificial intelligence functions on large computers, efficient 
processing necessitates a · different architecture . 

by Abraham Hirsch 

Lisp has capabilities lacking in other computer 
languages in that it'permits manipulation of com
plex structures and symbolic information. Because 
of its ability to manipulate symbols, it is used for 
expert systems, visual recognition, and other sub
categories of artificial intelligence. Its major draw
back, however, is that its large size and flexibility 
can easily swamp a conventional mainframe. This 
flaw is more a result of conventional computer 
architecture than of any shortcomings of the Lisp 
language itself. Efficient Lisp processing thus 
requires a new type of computer architecture. 

Complex knowledge and data are described by 
physical or abstract symbols in natural language (eg, 
words and numbers) with lists of properties to 
describe them. The properties consist of a variety 
of data types, such as text and numbers, that form 
a long itemized list attached to each symbol. This 
is different from most computer languages where 
variables have only one numerical value, because of 
computer limitations. The closest analogue to sym
bols are records in a data base. However, database 
records are full of fixed-length fields that are difficult 
to manipulate. Symbols take the database concept 
several steps further. Fields are totally arbitrary in 
terms of data type, length, and order, with no fixed 
structure among symbols, as in data records. 

As noted, symbols are defined by lists of proper
ties that can be processed dynamically, unlike those 

Abraham Hirsch is manager of product management 
at Symbolics, Inc, 4 Cambridge Center, Cambridge, 
MA 02142. He holds a BS in electrical engineering 
and an MEng from Cornell University. 

in a normal data base-ie, they can be broken apart 
or combined to form new symbols. Also, because 
the symbols are processed dynamically at run time, 
there are certain memory allocation/ deallocation 
problems that do not occur with conventional 
programming languages. 

Most computer languages define variable and 
fixed arrays, and allocate memory space at compile 
t~me. If the computer needs more space than is 
allocated during compile time, and it is unavailable, 
the program will abort. Symbolic processing, how
ever, is so dynamic that the operating system does 
not know at compile time how big the data structures 
are going to be, or what they will look like when 
the program executes. 

Lisp, a mnemonic for list processing language, 
deals efficiently with these lists and data structures, 
but it can bog down the performance of a conven
tional mainframe and use up all its memory trying 
to process symbols dynamically. Despite such diffi
culties, large conventional computers were originally 
used to develop Lisp and prove its viability as a 
symbolic computer language. 

Lisp advantages 
Given the problems that Lisp presents for traditional 

computer architecture, it is only natural to ask 
whether it is worth all the trouble. The characteris
tics of the language as it has developed to support 
symbolic processing provide an answer to the question. 

Lisp, a computer programming language that 
originated as a tool to facilitate artificial intelligence 
(AI) research, was invented in the 1950s by Professor 
John McCarthy of the Massachusetts Institute of 
Technology (MIT), who is now of Stanford Univer
sity. Since intelligence involves thinking about 
objects, how they relate to each other, and their 
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Examples of Generic Operations 

Conventional computers 

A minimum of three add 
instructions in hardware are 
required: 

- Add two fixed point 
numbers 

- Add two single precision 
floating point numbers 

- Add two double precision 
floating point numbers 

Unable to mix integers with 
floating point 

Symbolics 3600 

A single add instruction in 
hardware for all data types 

Ability to mix data types 

Fewer instructions 

Simple software 

Higher throughput 

properties and uses, Lisp represents arbitrary objects 
and the relationships among them. Lisp also allows 
the modeling of procedural knowledge (ie, "how to 
do something" as opposed to "what something is"). 
Procedural knowledge is expressed by functions
computational entities that know how to perform 
some specific action or computation upon supplied 
objects. 

The language imposes no penalty for dividing a 
program into dozens or hundreds of functions, each 
one the expert in some specific task. Thus, Lisp 
promotes ''modularity'' -the clean division of a 
program into unique areas of responsibility-with 
well-defined interaction. Lisp also features extensible 
syntax or notation. This means that language con
structs are not limited to those supplied, but can 
include new constructs. Defining new language con
structs does not involve modification of the supplied 
software, or expertise in its internal details, because 
it is a standard feature. 

Lisp also frees programmers from the detailed 
management of memory in the computer. Although 
it is possible to construct fixed-size arrays, Lisp 
excels in providing facilities to represent arbitrary
size objects, sets of unlimited numbers of elements, 
and objects in which the number of details or 
parameters is totally unknown . 

New computers designed specifically for Lisp 
provide an interactive environment in which both 
data and functions coexist and can be inspected or 
modified easily. Functions can be tested as they are 
written, and problems found quickly. These features 
have made Lisp the preferred tool of AI researchers. 
If Lisp and computer interactions seem flawed, the 
fault lies within the architectural rigidity and limita
tions of conventional computers. 

Lists of properties contain different data types. 
As they are processed, the computer must be able 
to identify which can be added to, subtracted from, 
or combined. This involves an enormous amount of 
data-type checking, which requires the use of long 
strings of instructions at compile and run time. 
Conventional machines cannot do this in hardware. 

Another deficiency of conventional computer 
architecture involves the dynamic nature of property 

7 6 COMPUTER DESIGN/June 1, 1 984 

lists. To use Lisp, a process must be created to 
reclaim user memory at run time. In a normal com
puter, this is a very memory-expensive process; all 
of the list structures in memory must be periodically 
checked to see if they are still in use so memory can 
be reclaimed. Every structure in virtual memory must 
be read. Doing this requires a large program called 
a "garbage collection" algorithm. 

A third flaw of most computers is the size of the 
virtual memory space available. Programs used in 
AI applications are often large and complex, and 
their data sets are even larger. Examples of these are 
satellite images, speech, and sensor input. As a 
result, the total memory requirements of Lisp pro
grams are enormous, outstripping the memories of 
even the largest computers. 

Developing an architecture 
To solve these problems, researchers at MIT's AI 

laboratory began the Lisp machine project in 1974. 
Initially, a simulator was written on a time-shared 
computer to permit software development to pro
ceed while the hardware was under development. 
CONS was the first machine designed, in 1976. It was 
superseded in 1978 by a second-generation Lisp 
machine, the CADR. This machine was a model for 
the first commercially available Lisp machines, 
including the Symbolics LM2. 

The third generation, represented by the 3600, is 
based on a completely new architecture. Like the 
LM2, it runs the Zetalisp dialect for software com
patibility. Zetalisp is a Lisp dialect, developed for 
the Lisp machine project that adds many features 
and improvements. Foremost is the Flavors system 
for object-oriented programming with message pass
ing. A full range of data types, modern control 
constructs, flexible function calling, multiple value 
returns, and stream-oriented 1/0 add to basic Lisp 
features. Additional improvements include macros 
to permit syntax extension, multiple name spaces, 
and predefined functions to support such operations 
as sorts, hash tables, linear equations, and matrix 
operations. 

As the Symbolics first Lisp machine, the LM2 had 
microprogrammed Zetalisp instructions so that it 
was the assembly language on the system. This 
addressed the question of how to build a new 
environment using Lisp. It also allowed Lisp to deal 
with itself as a data structure by taking advantage 
of its power to deal with symbols. In addition, it 
made it very easy to build incremental compilers, 
whereby each function may be compiled as it is 
entered or modified. That makes debugging and 
recompilation faster, more interactive, and allows 
more powerful test and debug tools. 

The LM2, like its MIT prototypes, solved many 
problems with its 32-bit microprogrammed virtual 
memory architecture. However, because it was 
found that a great deal of processor bandwidth was 



expended on data typing and dynamic memory 
allocation and deallocation, a better way was needed 
to deal with these functions. Tagged memory archi
tecture was the method used to solve these remain
ing problems. It proved to be a simple, elegant, and 
very powerful concept that resulted in a new 
machine, the Symbolics 3600 Lisp processor. 

Lisp normally stores data in a complex data 
format. An extra word attached to each data word 
identifies the nature of the data. This can be fixed 
or floating point, a rational or complex number, an 
object known to Lisp, an array, a string, or com
piled object code or source code. Normally, numer
ous data types are tagged in software so that there 
are as many words in memory identifying the data 
type as there are words of data. This is not very 
efficient, however, since a great amount of computer 
time is spent just reading and checking these ''tags.'' 
It is done throughout memory on virtually every 
piece of data and code structure in the system. 

The tagged architecture concept, as implemented 
in the 3600 processor, performs this function in 
hardware. Simply by adding 4 extra bits to the end 
of the 32-bit word as "memory tags," the same data 
that previously was put into memory serially can be 
placed in memory in parallel, and in the same loca
tion. Therefore, the 3600 was built with some unique 
features-ie, 36-bit architecture (register and 
memory) and hardware to handle the memory tags. 
The processor can detect those tags and perform the 
proper operations in hardware and firmware . As a 
result, all the overhead of extra instructions disap
pears, and there is nearly an order of magnitude 
increase in performance. This increase in speed is 
accomplished by performing data-type checking in 
parallel with instruction execution. 

Data tagging 
Data-type checking occurs at run time because 

compile-time, data-type checking is not compatible 
with Lisp's flexibility. Runtime-type checking is 
supported by the tag field appended to every word 
processed by the processor. 

All macroinstructions are generic. (See the Table.) 
One add instruction, for example, handles all 
appropriate data types: fixed point, floating point, 
double precision, etc. The behavior of a specific 
instruction is determined by the operand type read 
in the tag fields. Because data-type checking is per
formed in parallel with the instruction, there is no 
performance penalty. Thus, one macroinstruction, 
by using generic instructions and tag fields, can do 
as much as several instructions on a conventional 
computer. The result is a compact storage of com
piled programs and fast execution of those programs. 

The 3600 processor's 36-bit word has two formats 
(Fig 1) . The one most often used is called a tagged 
pointer format and consists of a 6-bit tag, 2-bit 
contents of data register (CDR) code, and 28 bits of 

an address pointing to a data structure. The other, 
an immediate number format, has a 2-bit tag, a 2-bit 
CDR code, and 32 bits of immediate numerical data. 
In main memory, each word is supplemented with 
an additional 7 bits for error correction code and 
a spare bit to make a 44-bit word. 

In Lisp, the first element of a list is called the 
contents of address register (CAR) and the remainder 
of the list is called the CDR. The amount of storage 
needed to hold the list is reduced by coding CDR into 
2 bits. Values of the CDR code indicate whether it 
is a conventional CAR and CDR pointer list element 
pair or represents a more efficient vector in memory 
(Fig 2) . The new vector format takes only half as 
much memory as usual, and therefore only half as 
many memory fetches. Thus, the performance 
doubles over conventional Lisp implementations. 

Because of the recursive nature of Lisp applica
tions, efficient processing requires a stack-oriented 
machine. Although not a pure stack machine, the 
3600 is stack oriented and designed to make func
tion calls and returns as fast as possible. Most 
instructions, but not all, use the stack to get oper
ands and store results. The processor contains mul
tiple stacks and buffers used for fast storage of 
temporary data. Stacks are used to pass arguments. 
The processor controls the stack pointers and buff er 
manipulation (which takes only one machine cycle). 
A given computation is associated with a particular 
stack group. 

Each stack group contains three stacks for control, 
binding, and data. The control stack, containing the 
control environment, local environment, and caller 
list, is formatted into frames that correspond to 
function calls. A frame consists of a fixed header 
followed by arguments and local variable slots. Bind
ing is the process by which a variable is temporarily 
given a value (a special variable). The binding stack 
contains special variables and previous values of 
those variables to be restored later. The data stack, 

MEMORY WORO 36 BITS 

DATA POINTER 

CDR CODE (LIST DATA-TYPE INDICATORS) CDR CODE 

Fig I There are two basic formats for 36-bit words. The 
immediate number format consists of a 2-bit tag, a 2-bit 
contents of data register (CDR) code and 32 bits of 
immediate numerical data. The tagged pointer format 
consists of a 6-bit tag, 2-bit CDR code, and 28-bit data 
structure address. 
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COR-COOE DATA 

COR-NORMAL 

CDR POINTER 

CDR-NORMAL 

CDR POINTER 

COR-NORMAL 

CDR-NIL NIL 

CONVENTIONAL POINTER PAIR 
LIST STRUCTURE. 

COR-CODE DATA 

CDR-NEXT A 

COR-NEXT B 

CDR-NIL c 

EFFICIENT VECTORIZED LIST 
STRUCTURE ON THE 3600 

Fig 2 An analysis of Lisp CDR coding, comparing 
conventional computer architecture Lisp implementations 
(a) to tagged architecture (b), is shown. 

which helps reduce garbage-collection overhead, 
contains dynamic Lisp objects, such as temporary 
arrays and lists. 

There are two major Lisp variations: Maclisp from 
MIT; and Interlisp, developed at Bolt, Beranek & 
Newman (BBN) and used extensively at Stanford. 
Zetalisp, derived from Maclisp, was influenced by 
others as well. Xerox Corp's learning research group 
(Palo Alto, Calif) has done extensive work with chil
dren to investigate natural ways of communicating 

FLAVOR FLAVOR 
WINDOW BORDER 

INST~~~EP~TR~ABLE I°'\ ri INSTANCE VARIABLE 
TEMPLATE 

METHOD 8 METHOD 
:REDRAW .AFTER :REDRAW 

FLAVOR 
WINDOW-WITH-BORDER 

~ 
INSTANCE VARIABLE 

1--TEMPLATE 

METHODS 
·COMBINED :REDRAW 

I INSTANTIATION PROCE SS 

INSTANCE Of FLAVOR 8 WINDOW-WITH-BORDERS 

INSTANCE VARIABLES 
WITH VALUES 

POINTER TO METHODS 

Fig 3 The Flavors system (abstract type) can be combined 
to form new flavors (see No. 1). When generic flavors are 
provided with specific variables, flavor instances (objects) 
that can be manipulated by sending messages (requests for 
specific operations) are produced, as shown 
in No. 2. 
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with computers. Out of this research came the object 
oriented programming language, Smalltalk, that was 
developed in 1972 and has since undergone numer
ous iterations. Smalltalk, recognized as a simple but 
powerful concept, is more limited in scope than Lisp. 
At MIT, the concept was altered and extended to 
become the Flavors system. 

Surveying system characteristics 
Although this system contains many Smalltalk 

constructs, it also permits multiple inheritance, a 
characteristic that earlier versions of Smalltalk did 
not have. Multiple inheritance is the ability to inherit 
characteristics from classes (similar objects) that are 
hierarchically unrelated. Another major difference 
is that Flavors is a fully-integrated extension of Lisp. 
Consequently, the Zetalisp dialect used on the 3600 
incorporates the features of both Lisp and Flavors. 

Flavors represents generic objects . For example, 
a generic "ship" with its description could be a 
flavor. An aircraft carrier with the addition of its 
unique (nongeneric) descriptors would be an instance 
of the flavor "ship." (The process of going from 
the generic to the specific is called instantiation.) 
Such instantiated flavors are manipulated by send
ing messages that request specific operations. Since 
the procedures are already contained within the 
object, it responds by performing the operation 
requested. Complex-dependent relationships can be 
declared among flavors and can be modified as 
needed (Fig 3). 

The 3600 machine instruction set corresponds 
closely to Zetalisp. No programming is done directly 
in the instruction set and no assembler is supplied. 
Programmers may encounter the Lisp-like instruc
tion set when using the inspector or disassembler, 
but programming will normally be done in Zetalisp. 
Although the Lisp dialect is an extension of Maclisp 
and has numerous enhancements, it is compatible 
with the other dialect of Lisp through the use of the 
Interlisp compatibility package. Other languages 
supported by the system are Fortran and Pascal. 
Hardware ties it together . 

The 3600 CPU, designed to support Lisp and 
provide very close coupling with the software, is built 
around a 36-bit memory tagged architecture, with 
32-bit external data paths (Fig 4). The tagged archi
tecture permits runtime data-type checking with no 
overhead. The machine is stack oriented with high 
speed buffering of the top stack frames. The instruc
tion pref etch is overlapped with normal execution 
to permit many opcodes to execute in as little as 
200 ns. Runtime checking is assisted by hardwate 
to find data-type mismatches, uninitialized variables, 
and array bound errors. Fast array indexing and 
IEEE standard floating point operations are addi
tional processor features. 

Memory efficiency is enhanced by another processor 
feature-hardware-assigned garbage collection. 



The first GCR with high performance 
and low cost, in a small-sized ·package. 

As the leader in Y2" streaming tape drives, Cipher has been at the 
forefront of progress, first with Microstreamer ~ then CacheTape™, and now 
GCR CacheTape™. 

Available in two models. the M990 and M991. GCR CacheTape 
provides unbeatable performance features. with both start/stop functions 
and streaming operation. And all at an unprecedented low cost and 
small size. 

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

Eil'Ae£· 
10225 Willow Creek Road, P.O. Box 85170 

San Diego, California 92138 
Telephone (619) 578-9100, TWX: 910-33 5-1251 

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

France (phone: 1-668-87-87) 

See us at NCC Booth C-4118 
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Fig 4 Like all computers, the 3600 symbol processor consists of three sections: CPU, memory, and 1/0. However, the 
stack-oriented CPU and memory tagging provide an organization specifically designed for Lisp processing. 

Given the requirements of Lisp processing and the 
size of the demand-paged memory, it is needed. Up 
to 256 million, 36-bit words (1 Gbyte) can be directly 
addressed. Also, up to 7 .5 million words (30 Mbytes) 
of error-corrected physical memory can be con
figured in a system. 

For 110, the 3600 also includes a 68000-based front
end processor that controls low and medium speed 
I/O devices and is used for system diagnosis. But for 
higher performance, the 3600 has an I/O board that 
handles 10-Mbit/s Ethernet, disks, and the high 
performance graphics console. 

Symbolic processing allows computers to deal with 
complex knowledge and data in such a way that it 
appears to mimic human intelligence. The Lisp com
puter language evolved to handle the constructs of 
symbolic processing. It now enables computers to 
be easily programmed to represent objects and the 
relationships among them. The high overhead costs 
resulted in a new, stack-oriented, tagged memory 
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architecture designed around Lisp. Complex AI 
techniques are now out of the laboratory and have 
become commercially and economically practical. 
For this reason, the future will see many new appli
cations for Lisp machines as AI techniques are 
applied to whole new classes of non-numerical prob
lems that, up to now, have been unsuitable for tra
ditional computer methods. 

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 



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 for the 
host computer to answer 
your commands. 

Quickly, here 's the story. Speed . Effi
ciency. Power. Extraordinary visual acuity. 
And local contro11 

We're not done yet, either. You can dis
play up to 1024 colors (not the usual 256). 
Read them tlawlessly 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. Loca l 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 40 lX 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 seIVJce 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 
tr,at's drawing a lot of attention. Yours . 

SEIKO 
IN S T A UMENT S -

0-SCAN JS a trademark 01 Seiko Instruments & 8ectrorucs Ltd 
TEK and Plot I Oare registered trademarks o! Tektrorux !nc 
<- I 984 Selke Instruments U S A Inc Graphics Devices & SyS1ems D1V1S1on 
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OUR COMPETITORS CAN 
TALK PLATED MEDIA, 

BUT THEY 
CAN'T DISH IT OUT. 

Everyone's 
talking about 
plated media. How 
it's more reliable 
than oxide media. 
More durable. 
More everything. 

We couldn't agree more. Unfortunately, our 
competitors' talk is just that: long on puff and short 
on product. 

Because, puffery aside, the Tandon Winches
ter Company is the only major hard disk drive 
manufacturer with plated media in true high 
volume production. 

How we got there is an instructive story. One 
that clearly shows the difference between Tandon 
and our competitors. 

Six months ago, when our competitors were 
dragging their feet on plated media, we were 
building a factory to do what they claimed was 

impossible: to produce and ship high performance 
plated media drives in high volume at prices lower 
than most vendors charge for oxide media. 

Now that we've proved it's possible, every
one's jumping on the plated media bandwagon. 

But all their talk can't match what we're 
delivering. Our factory is in full production. Which 
means that all our drives up to 50 MB can offer all 
the advantages of plated media. Today, not someday. 
In high volume, not in premium production runs. 

And while our competitors have been talk
ing louder and louder, we've been turning up the 
volume on our plated media production even 
higher. Future Tandon Winchester drives are 
coming soon. All will use plated media exclusively. 

Which means we' II be in the interesting 
position of delivering even more products our 
competitors w ill still only be talking about. 

TANDON WINCHESTER COMPANY. 

Ian a an 
THE DRIVING FORCE BEHIND THE SMALL COMPUTER INDUSTRY. 
Tandon Corporation. 20320 Pra1ne, Chatsworth, CA 91311. (213) 993-6644, TWX: 910-494-1721, Telex: 194794. Regional Sales Offices: Boston (617) 938-1916 • New York 
(201 ) 851-2322 • Atlanta (404) 934-0620 • Chicago (312) 530-7401 • Dallas (214) 423-6260 • Irvine (714) 669-9622 • Santa Clara (408) 727-4545 • Frankfu rt, West Germany 

6107-2091. Telex: 411547 • London, England (0734) 664-676, Telex: 848411. Distr ibutors: Hall-Mark, Kierulff, Schweber. 
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~-N SPEED 
IS THE ISSUE 

GaAs ICs FROM HARRIS MICROWAVE SEMICONDUCTOR 
The Three-horned Chameleon 
(chamaeleo jacksonii) depends on 
speed to stay alive. With a tongue 
faster than a small-caliber rifle bullet, 
it can strike a fly in flight at six 
inches. With clock rates 5 times as 
fast as silicon ECL, Harris Micro
wave Semiconductor's new Gallium 
Arsenide !Cs give you design free
dom never before possible with digi
tal technology. 

OUTPERFORMS ALL 
AVAILABLE DEVICES 

A universal Shift Register operating 
at up to 1.4 GHz clock speed, and 

@ Harris Microwave Semiconductor, 1984 

a Binary Counter running at data 
rates up to 2.0 GHz outperform all 
known products in applications 
requiring subnanosecond system 
response times and reliable opera
tion. At last, designers of EW signal 
processing systems, supercomputers, 
instrumentation, and high-speed 
data communications systems have 
the speed and bandwidth necessary 
to realize the full potential of their 
designs . 
ECL / GaAs COMPATIBLE 
Harris' Shift Register and Counter 
(the first two in a family of GaAs SSI 
& MSI products), are compatible 

with ECL, and with other GaAs 
devices, to provide significant speed 
improvements and design flexibility 
for a broad range of high-speed 
digital applications . 

Hermetic package to minimize parasitic 
and cross-talk performance degradation . 

Harris' HMD-11141-1 universal 
4-bit Shift Register is housed in a 
hermetic package suitable for micro
strip, stripline, and co-planar circuit 
design media. Features include: 

• 1.4 GHz clock speed 
• Shift right or shift left, parallel 

entry and hold operations 
• Flatpack packaging provides 

optimum performance for 
GHz signal transmissions 

• Reliable Ti! Pt! Au 
metallization system 



The Harris HMD-11016-1 Binary 
Counter divides by 2, 4 and 8, and 
supplies these three outputs simul
taneously to facilitate bit-steering. 
Features include: 

•DC to 2.0 GHz input data rates 
• Asynchronous master clear 

and clock enable 
• 50 ohm drive capability 
• ECL and GaAs compatible 

VERTICAL INTEGRATION -
THE KEY TO HIGH VOLUME 
PRODUCTION AND RELIABILITY 
Harris Microwave Semiconductor 
has refined Gallium Arsenide tech
nology to accomplish production 
rejiability goals in the finished prod
uct. The manufacture of its own 
Gallium Arsenide materials and sub
strates makes possible the rigorous 
control necessary for superior qual
ity in these high complexity devices. 

AND MORE TO COME 

In the next few months, Harris 
Microwave Semiconductor will 

introduce a potent array of flipflops, 
cliff amps, NAND, OR, NOR and 
Exclusive OR gates for data rates up 
to 4 GHz. More GaAs IC's for EW, 
computer, instrumentation, and high
speed data communications are soon 
to follow. 

High toggle rate HMD-11141-1 
Shift Register showing clock 
(lower trace) and output functions. 

So, when speed is the issue in 
your designs, contact the people who 
are writing the Gallium Arsenide 
book at Harris Microwave Semi
conductor, 1530 McCarthy Boule
vard, Milpitas, CA 95035. Call (408) 
262-2222, or TWX 910 338 2247. 

HMD-11016-1 Binary Counter's 
2 , 4 & 8 synchronous division 
with 2.0 GHz input. (Input & output 
data attenuated for presentation 
purposes.) 

Harris Microwave Semiconductor. To do it right, we start from scratch. 

II HARRIS 
CIRCLE 50 



"There's no magjc to using your 
personal computer for data acquisition!' 

There's no trick to it. 
It's as easy as calling Data Translation. 
So take your choice of our new single board 

plug-ins and bring complete analog and digital I/O 
capabilities to your personal computer. 

Whether you're working in laboratory 
research or industrial process control, our single 
boards can give you measurement and control 
capabilities without having to spend big bucks. 

And who knows that better than the lead
ing supplier of low cost data acquisition boards, 
systems, and software? 

Our boards include multi-channel AID 
with programmable gain, DIA, digital VO, a pro
grammable clock and many have direct memory 
access capabilities. With power and performance 
to match your PC, our analog interfaces provide 
12, 14, or 16-bit AID resolution and direct con
nection for high or low level signal inputs. 

And these boards are easy to use. They 
plug into the PC's backplane. No messy external 
boxes or cables. User input connections are 
simple with our compatible line of screw termi
nal panels for all of the I/O capabilities. 

And comprehensive user manuals with 

DATA ACQUISITION FOR PC'S 
12-BIT 12-BIT DIGITAL PROG. SOFTWARE 

AID DIA 1/0 CLOCK LI BRARY 

IBM PC '" x x x x x 
APPLE II'" x x 
Tl PROFESSIONAL TM x x x x x 
DEC RAINBOW '" x x x x x 
COMPAQ'" Portable x x x x x 

Data Translation is the leading supplier 
of personal computer hardware and software 

'--------------------"---....~ for data acquisition and control. 

World Headquarters: Data Translation , Inc ., 100 Locke Dr. , Marlboro, MA 01752 (617) 481-3700 Tix 951-646. 
European Headquarters: Data Translation , Ltd ., 430 Bath Rd ., Slough, Berkshire SLI 6BB England (06286) 3412 Tix 849-862. 

Fred Molinari, President . 

IBM PC is a registered trademark of IBM. Apple II 1s a registered trademark of Apple Computer Corp. Tl Professional is a registered trademark of Texas Instruments, Inc. 
DEC Rainbow is a registered trademark of Digital Equipment Corp. COMPAQ is a registered trademark of COMPAQ Computer Corp. 
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IC DECODER PAVES 
THE WAY FOR VIDEOTEX 
REVOLUTION 
Cost is key in public acceptance of videotex information 
systems. With a presentation-level standard ensuring 
transmission uniformity, attention turns to development of 
reasonably priced hardware. 

by Gregg Ledford 

For the last several years, videotex/ teletext services 
have but hinted at their potential capabilities. Soon, 
however, they will off er the United States a wide 
array of information services. The public , already 
familiar with the power brought to personal com
puting by the microprocessor, is prepared for real 
application of processing power in what it sees as 
the most important job-facilitating important day
to-day exchange of information. The introduction 
of interactive data systems, complete with vivid 
graphics, promises a reshaping of the way an in
dividual will read, write, and communicate with the 
rest of the world. 

Although Europe pioneered the way, the joint 
cooperation of U.S. and Canadian interests cemented 
a standard for the interactive transmission of data 
and spurred interest on this side of the Atlantic. The 
North American Presentation Level Protocol Syntax 
(NAPLPS) standard gives engineers a starting point 
for the design of home videotex or teletext decoders. 
But, because the standard is so well-defined, currently 
available off-the-shelf hardware gives end-equipment 
designers NAPLPS compatibility in a minimal 
amount of time and at minimum cost. 

Videotex has been available in the United Kingdom 
since 1979 through Viewdata, a service based on the 

Gregg Ledford is a systems and software design 
engineer at Texas Instruments, Inc, 9901 S Wilcrest 
Dr, Houston, TX 77099, where he is responsible for 
the definition and prototyping implementation of 
videotex systems and software based on the NAPLPS 
standard. Mr Ledford holds a BS in electrical 
engineering from Louisiana State University. 

Prestel coding scheme. It provides customers with 
alphamosaic graphics-pictures built from character
sized blocks. Like Britain, France's telecommuni
cations agency recognized the potential future of 
videotex services and developed its own system, 
called Antiope. In addition to alphamosaics, the 
French service uses semigraphics characters as well. 
Unlike the British system, which uses serial coding 
for mosaics, Antiope uses parallel coding. 

The Antiope system produces better graphics than 
its British counterpart. However, the Conference of 
European Posts and Telecommunications has 
endorsed the British technique, causing similar sys
tems in other parts of Europe to be derived from it. 

The Canadian Department of Communications, 
after watching developments in Europe with interest, 
came up with its own system, called Telidon. Here, 
graphics elements are defined by points connected 
by picture description instructions (PDis). The in
structions include such art elements as points, lines, 
rectangles, arcs, and polygons . After points on the 
screen are identified, a drawing instruction is used 
to connect them with the appropriate art element. 
In that manner, detailed images can be produced. 
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In 1981, U.S.-based AT&T published a Presenta
tion Level Protocol (PLP) to help standardize the 
manner in which videotex data would be sent. Two 
years later, the Canadian Standards Association and 
the American National Standards Institute jointly 
issued the Videotex/ Teletext Presentation Level Pro
tocol Syntax, also called the NAPLPS. 

A videotex system allows the user to tap into a 
vast reservoir of data. Color text and graphics give 
it an appealing quali ty that not only helps sell the 
service to the public, but also makes it an extremely 
effective tool for education. News, business, shop
ping, banking, and a host of family services all 
extend to and from the subscriber ' s own home via 
existing cable television or telephone installations. 

But, for those who must design the hardware that 
accomplishes all that, the " elegance" of a simple 
chip set is beyond compare. A typical chip set 
(Fig 1) to implement a NAPLP S decoder includes a 
microprocessor with ROM and RAM, a video display 
processor to handle the text and graphics, and a 
modem to handle the communications. The NAPLPS 

standard, because it specifies the precise manner in 
which both text and graphics information must be 
sent, eliminates any vagarities about what will be 
demanded of the end product 's performance. 

- Rules to use in design 
Videotex is a two-way transmission and reception 

service primarily associated with, but not limited to , 
phone lines. A subscriber to a videotex system can 
tap into such interactive services as home banking, 
shopping, or news. Teletext, on the other hand , is 
a one-way service from the provider to the sub
scriber . Its data, usually broadcast over the air, carries 
such services as news and similar features. 

The NAPLPS establishes the rules, formats, and 
coding schemes that facilitate the interchange of text 

8 8 COMPUTER DESIGN/June 1, 1 984 

DATA 

COMPOSITE 
VIDEO 

OR RGB 

ADDRESS VIDEO 
RAM Fig 1 In this block diagram, a 

typical videotex terminal based on 
the North American Presentation 
Level Protocol Syntax (NA PLPS) 

uses the TMS9995 microprocessor 
and the TMS9228 video display 
processor . 

and graphics information without regard to specific 
hardware . That is, a picture coded according to the 
NAPLPS standard will appear the same on different 
CRT terminals , even if their resolutions differ. The 
only requirement is that they all decode NAPLPS 

data in accordance with the standard. 

Implementing a videotex system 
allows the user to tap into a 
vast reservoir of data. 

The designers of NAPLPS had the advantage of 
hindsight, since several coding schemes had already 
been written-the previously mentioned Telidon sys
tem and the PLP coding scheme. Although the end 
product carries some traces of the British Prestel 
standard and France 's Antiope system, it is unique. 
It incorporates data-compression techniques that 
save time and money in transmitting pictures. It also 
has a rich assortment of text, graphics, and control 
functions that should please a technically savvy and 
discriminating public. 

Videotex is interactive in that it accepts informa
tion from data bases for transmission to the user. 
But, it can also accept user information for trans
mission back to the service provider. Teletext is a 
one-way service that can only display information 
sent from the source. The latter is less expensive since 
its data can be sent on such traditional one-way media 
as broadcasting stations. The vertical blanking inter
vals between successive frames on a TV picture are 
ideal slots into which teletext information can be fit. 
Videotex, on the other hand, requires a two-way 
path for which the dial-up telephone network or 
cable television lines are most immediately practi
cal but which can also include dedicated lines. 



Zetaco's newest Slot-SaverT.M. 
uses a touch of genius 

to control both disR and tape. 
The ZDF-1 dual function board has 
dedicated microprocessors to 
control disk and tape drives for 
DG's Nova/Eclipse series. 
Now there is a dual function 
controller you can trust. Zetaco's 
ZDF-1 combines two well-proven 
products and more: our Model 295 
Disk Controller and our Model 133 
Magnetic Tape Coupler. Two 
complete controllers on a single 
board, with full emulation of DG's 
60XX and 61 XX series disk sub
systems and 6021 and 6125 tape 
systems, enhanced to provide higher 
transfer rates and maximum use of 
your storage capacity. 

There's more. On-board ECC 
and the ability to run unmodified 
RDOS/ AOS. E2PROM technology 

eliminates on-board switches, 
making each drive configurable from 
your keyboard. ZDF-1 has true 
"plug-and-go" compatibility: it needs 
no software patches, and backplane 
cabling is compatible with DG's new 
FCC-compliant chassis. 

Zetaco designed the ZDF-1 as a 
controller to grow with. As technology 

advances to higher transfer rates, 
beyond 600 MB Winchesters, 
beyond 150 ips GCR tape drives, 
you'll find the genius of ZDF-1 is 
ready. Now, and in the future . 

Get the full ZDF-1 story from 
Zetaco, 6850 Shady Oak Road, 
Eden Prairie, MN 55344, 
(612)941-9480. Telex 290975. 
European Headquarters: 9 High 
Street, Tring, Hertfordshire, HP23 
5AB, England. (044282) 7011 . 
Telex 827557. ZETACO G. 

Controller Division, Custom Systems Inc . 
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To implement a videotex system, the user needs 
a terminal; a modem that converts digital to ana
log; a decoder; and, of course, the transmission lines. 
The service on a videotex system is usually presented 
in menu form with the user advancing from a main 
menu to increasingly more specific offerings. The 

FUNCTION 

PROVIDES APPROPRIATE 
SERV ICE FOR APPLICATION 

PROVIDES DATA FORMAITING 

PROVIDES SERV ICE FACILITIES 
TO THE APPLICATION 

PROVIDES END-TO-END DATA 
TRANSMISSION INTEGRITY 

SWITCHES AND ROUTES 
INFORMATION UNITS 

PROVIDES TRANSFER FUNCTIONS FOR 
INFORMATION UNITS OF 

PHYSICAL LINK'S OTHER END 

TRANSMITS BIT STREAM TO 
PHYSICAL MEDIUM 

END-USER 
APPLICATION 

PROCESS 

J 
APPLICATION 

LAYER 
7 

PRESENTATION 
LAYER 

6 

SESSION 
LAYER 

5 

TRANSPORT 
LAYER 

4 

NETWORK 
LAYER 

3 

DATA-LINK 
LAYER 

2 

PHYSICAL 
LAYER 

1 

Fig 3 The Open System Interconnection (OSI) model is 
based on seven functional layers. The NAPLPS standard 
corresponds to OSI level 6, the presentation level. 
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Fig 2 Shown is a sample 
picture from the Viewtron 
videotex service currently 
operating in the south Florida 
area. This videotex service is 
based on the NAPLPS 

standard. 

desired information might be delivered as alpha
numeric text, graphics, or a combination of the 
two (Fig 2). 

Fundamental to NAPLPS is the layered 
architecture that facilitates the Open System Inter
connection model (Fig 3). Basically, data can be 
easily exchanged between participating systems. The 
architecture is an assembly of interrelated protocols, 
which define the entire communication system. Each 
layer addresses a unique aspect of the system, allow
ing other protocols to be substituted at various 
layers. In this way, the data exchange can be accom
plished over different transmission media. 

Common to videotex and teletext is the presenta
tion layer, which provides a way to represent infor
mation in a coding format so that it retains its 
meaning. There are, however, seven layers that can 
be portioned into two major groups. Layers 1 to 4 
deal with how data is transferred; layers 5 to 7 con
cern the data itself and how it is processed and used. 

The functional layers and what they do 
Layer 1 describes the mechanical, electrical and 

procedural functions that help establish, maintain, 
and release physical connections. Following that 
physical layer is the data-link layer, which determines 
the data-transmission link across one or more physi
cal connections. Included here are error correction, 
sequencing, and flow control to help maintain data 
integrity. 

The third layer serves the fourth by providing 
routing, switching, and network access. The succeeding 
layer, or transport layer, is th us unburdened with 
how underlying transmission resources are used. It 
is concerned only with the end-to-end, transparent, 
virtual data circuit that crosses over one or more 
tandem network transmission facilities . 



Service facilities are provided by the session layer. 
Here, the procedures for establishing a session con
nection and supporting the orderly exchange of data 
and related control functions are detailed. Following 
the sixth, or presentation layer, are the applications. 
These protocols provide the actual service sought by 
the end user. In the seventh layer, for example, infor
mation retrieval service commands might be found. 

Making use of device independence 
Because the entire standard is based on the con

cept of an abstract Cartesian coordinate system, the 
NAPLPS is device independent. This system defines 
all pictorial, textual, and incremental drawing oper
ations. For two-dimensional drawings, the plane 
consists of a square area called the unit screen. Its 
points along the X and Y axes range from 0,0 in
clusive in the lower left corner to 1, 1 exclusive in 
the upper right corner (Fig 4). In three dimensions, 
the drawing space is a cube with a Z axis that defines 
0 as the furthest point from the viewer. 

Since most TVs and monitors have an aspect ratio 
of 4:3 , the entire unit screen will not fit into the ac
tive display area. Thus, the unit screen mapped to 
those devices would range from 0,0 to 1,0.75. 
Although terminals with different resolutions map 
the unit screen to their device coordinates differently, 
the pictures are the same as long as the NAPLPS data 
is properly decoded. 

Coordinate data is transmitted as signed 2's com
plement binary fractions representing fractions of 
the unit screen. Because the fractions are written in 
the abstract terms of the unit drawing area, they may 
not be represented exactly in the receiving terminal's 
internal arithmetic. Thus, some approximation is 
implemented by eliminating unrepresentable LSBs 
via a truncation process, if necessary. 

Data in a NAPLPS system is read from an input 
stream 1 byte at a time (ie, a byte-oriented protocol). 
Each byte is interpreted with the aid of a decoding 
table, the size of which is dependent on the coding 
scheme. For example, in a 7-bit format, the MSB is 
not used. That allows a table of 128 entries. On the 
other hand, an 8-bit format gives a table of 256 en
tries. The decision to use either format is established 
by prior agreement of the information provider and 
the user . It can also be accomplished by commands 
issued at another appropriate protocol layer. 

The decoding mechanism in a NAPLPS system 
consists of two groups of control functions called 
C-sets (containing 32 entries each), and four groups 
of text and graphics functions called G-sets (con
taining 94 or 96 entries), depending on whether two 
character codes have previously been assigned the 
meanings for space and delete. In a 7-bit format, 
the decoding table will contain one C-set and one 
G-set at any given time (Fig 5). However, in an 8-bit 
environment, the table contains two C-sets and two 
G-sets at any instant (Fig 6). 
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Fig 4 The NAPLPS standard adheres to the unit screen 
concept. This means that all coordinate data is transmitted 
as fractions of the unit screen, thus making the NAPLPS 

standard resolution independent. 

The control sets are called CO and Cl and each 
has a function . The CO set contains commands to 
position a cursor, clear the screen, change the con
tents of the decoding table, and initiate escape 
control sequences . The Cl set expands the control
function capabilities of the NAPLPS. It provides 
commands to turn the cursor on or off, start and 
stop a blinking function, set the text size, and 
define operations. 
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Fig S In a 7-bit code environment, the in-use decoding 
table consists of 128 entries. Here, the table can hold one 
C-set and one G-set concurrently. 

COMPUTER DESIGN /June 1, 1 984 91 



DB O 0 0 0 0 0 0 0 1 1 1 

07 0 0 0 0 1 1 1 1 0 0 0 

05 0 0 1 l 0 0 l l 0 0 1 

05 0 1 0 1 0 l 0 l 0 l 0 

COLUMN 
0 1 3 4 5 7 B 9 10 

01~ 
1 6 

04 03 01 

0 0 0 0 0 I SP: l- _ _J 

0 0 0 1 l 

0 0 1 0 1 

0 0 1 1 3 

0 1 0 0 4 

0 1 0 1 5 

0 1 1 0 6 

0 1 1 1 7 co GLEFT Cl 

1 0 0 0 B 

1 0 0 1 9 

1 0 1 0 10 

1 0 1 1 11 

1 1 0 0 11 

1 l 0 1 13 

1 l 1 0 14 
r--

l 1 1 1 15 j DE:.l 

Each of the four G-sets, GO to G3, can be desig
nated as one of the following: the primary character 
set, the supplementary character set, the mosaic set, 
the dynamically redefinable character set (DRCS), 
the PDI, and the macro set. Escape control 
sequences map one of those six sets to a G-set. The 
default G-set designations are the primary character 
set for GO, the PDI set for G 1, the supplementary 
character set for G2, and the mosaic set for G3. 

Once designated either by default assignment or 
by escape control sequences, G-sets can be brought 
into the decoding table. For example, if GI is desig
nated as the PD! set and invoked into the 7-bit 
decoding table, the byte Hex3 I, if received, would 
be decoded as a PD! command (Fig 7). However, the 
same byte would be decoded as the text character 
''I'' if the GI is designated as the primary character 
set and invoked into the decoding table. 

Text and graphics 
The primary character set consists of all upper

case and lowercase characters, digits, punctuation 
marks, and other symbols. The particular charac
ter fonts used for those characters depend on the 
terminal manufacturer. Those fonts will be stored 
in the NAPLPS decoder's ROM. 

In addition to the font, other attributes that affect 
the display of the text include the text character field 
size, the foreground and background colors, the 
color mode, rotation, character-path movement, 
intercharacter and interrow spacing, word wrapping, 
scrolling, and underlining. All are set by using either 
a PDI control command or a Cl command. 
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Fig 6 The in-use decoding table 
consists of 256 entries in an 8-bit 
code environment. At any given 
time, the table can have two C-sets 
and two G-sets. 

The supplementary set expands the number of 
characters available and includes accent marks and 
special characters. Some are nonspacing, so the accent 
marks can be placed on top of characters. More flexi
bility is added by the mosaic set, which generates 
course-resolution graphics. Here, each character cell 
is divided into six blocks, any of which can be turned 
on or off. The character code associated with each 
mosaic determines the representation of the character. 
Thus, the character fonts need not be stored in ROM. 
Instead, they can be dynamically generated as the 
mosaic character codes are received. 

To cover all bases, the NAPLPS standard includes 
a DRCS. This allows the host system to define a 
special set of characters and use them for generating 
a display image. These DRCS characters can be 
defined by implementing any of the various NAPLPS 
commands. 

The picture description set can be divided into 
three major groups of commands-control com
mands, geometric drawing primitives, and incre
mental primitives. The first consists of eight 
commands that perform such functions as resetting, 
selecting a drawing color, or choosing a particular 
line texture. 

There are 20 geometric drawing primitives that allow 
the host system to draw points, lines, rectangles, 
arcs, and polygons. All are implemented with attrib
utes that have been defined by previous NAPLPS 
commands. The four incremental drawing primitives 
permit transmission of pixel maps and allow groups 
of lines or filled polygons to be represented in a 
compressed manner. 
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Fig 7 T his diagram shows how 
NA PLPS uses code extension in a 
7-bit environment. There are four 
possible G-sets, only one of which 
is in the in-use decoding table at 
one time. G-sets can be designated 
to be a primary character set, a 
supplementa ry character set, a 
dynamically redefinable character 
set (DRCS), a macro set, a mosaic 
set, or a picture description 
instruction (PDI) set. 
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Coordinate data for graphics representation is 
transmitted as signed, 2's complement binary 
fractions with from 1 to 8 bytes used to specify a 
coordinate pair. To distinguish a PDI command 
from coordinate data, the former have bit 7 equal 
to 0 and the latter equal to 1. 

In a two-dimensional system, X, Y coordinate 
values are coded. Each byte represents 3 bits of X 
data and 3 bits of Y data. The first byte specifies 
the sign bit, followed by the MSB to the right of the 
decimal point. Each byte that follows specifies more 
data with each bit of lower significance. 

In a three-dimensional system, the X, Y, and Z 
coordinate values are encoded. Each byte represents 
2 bits of data for determining the X axis, 2 more 
for the Y axis, and 2 bits for the Z axis. 

The eight PDI control commands help determine 
the specific attributes of the displayed graphics and 
text. Reset selectively reinitializes control parameters 
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and attributes to their default values. The screen can 
be cleared and the screen border color reset. The 
color mode can also be reset with or without chang
ing the drawing color. Attributes set by other PDI 

control commands, such as text, domain, and texture, 
can be reset to default values, as can blinking, 
unprotected fields, macros, and DRCS character 
definitions. 

The domain command sets the length of both 
single-value and multiple-value operands. These 
operands signify the length of byte strings for the 
numeric data fields of the POI command, which 
specifies control, attribute or coordinate parameters 
required by the commands. It also determines dimen
sionality and the size of the logical pel-a geometric 
construct whose size determines the stroke width and 
height used in drawing the graphics primitives. The 
NAPLPS document advises that although the terms 
pel and pixel are often synonymous, for the purposes 



TOMORROW'S DISTRIBUTED 
SWITCHED DATA NETWORK 
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Exchange (DCX) is a revolutionary 
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excess cables, computer parts , com
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switch. 
CENTRALIZED MANAGEMENT 
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minimize your hardware investments 
by having everything needed in one 
box. You eliminate your central 
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sive cabling between data switch ports 
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will be less because you are purchasing 
a complete system in one cabinet from 
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of the document, pel is a logical picture element, but 
pixel refers only to a physical picture element. Thus, 
the logical pel can map onto several pixels. 

A single-value operand can range in length from 
1 to 4 bytes and can specify color indexes and the 
timing value of a blinking function. On the other 
hand, multiple-value operands can be up to 8 bytes 
long and can determine coordinate data and the 
values of color maps. Dimensionality can specify 
either two- or three-dimensional graphics construc
tion . At present, the latter is not considered, but 
the NAPLPS does provide mechanisms for future 
standardization. 

Moving text 
The content of the text command determines the 

movement of characters across a videotex screen. 
Such attributes as rotation, character path, inter
character and interrow spacing, move parameters, 
cursor style, and character field dimensions come 
into play. The versatility of the standard allows text 
to be rotated 0, 90, 180, or 270 degrees. Characters 
can also be automatically moved to the right, left , 
up, or down as the character string is displayed. 

The spacing between characters determines how 
much the cursor will move each time a new char
acter is displayed. A choice allows movement in 1, 
514, or 312 multiples of the character field size. In 
addition, characters can be proportionally spaced. 
The precise intercharacter distance is determined 
solely by the character being displayed. A choice is 
also available for interrow spacing, which can be 
1, 5/ 4, 312, or 2 times the character field size. 

The cursor is used to position text and the draw
ing of point position graphics. Both are repositioned 
with regard to each other by use of the move param
eters. Both can move together, independently, or 
with either leading. Plus, four cursor styles are 
provided: an underscore, a block cursor, a cross
hair, and a custom cursor. Finally, the character
field dimensions determine the size of the displayed 
text characters. A default character field size is 
1140 by 5/ 128 of the unit screen. 

Line textures can be varied for different effects. 
For example, they can be solid, dotted, dashed, or 
a combination of the latter two. Highlighting can 
also be turned on or off for perimeters of filled arcs, 
rectangles, and polygons. Textures for filled areas 
can be solid, vertical, horizontal, or cross-hatched. 
The thickness of the hatch is determined by the logi
cal pel size. Also permitted are four host-defined 
texture masks . 

The NAPLPS specifies three color modes: one 
direct and two indirect. Direct color mode 0 speci
fies a color that is written directly into the graphics 
bit-mapped memory whenever it is the color cur
rently being used. Indirect modes 1 and 2 apply 
when color paletting or mapping is used. Color index 
values are written into the graphics memory, which 
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in turn wi ll address the color palette to provide the 
required color information. Color mode 1 handles 
foreground color paletting; mode 2, both foreground 
and background. In modes 1 and 2, the set color 
command sets the values in the palette. 

Set color operands can range in length from 1 to 
8 bytes for a total of 48 bits of information (6 bits 
of color information to a byte) . On the other hand, 
select color operands can be from 1 to 4 bytes 
long-a total of 24 bits of information. 

The service reference model (SRM) for APL PS is 
a set of guidelines' specifying a conformance level 
to the standard . Although the videotex/ teletexr SRM 

specifies 16 simultaneous colors from a palette of 
512, the full NAPLPS provides the capability for up 
to 16 million (224) simultaneous colors from a 
palette of 281 trillion (248). 

To implement a videotex system, 
the user needs a terminal, a modem, 
a decoder, and transmission lines. 

Other commands include wait, which puts delays 
into the execution of NAPLPS data. The exact time 
is specified in intervals of 0.1 s. The blink command 
causes an entry in the color map to blink between 
two colors. The process first specifies the color to 
which the current color should change, and sets the 
on and off intervals as well as the start delay. Here 
too, all intervals are in 0.1-s units. 

Filling in the blanks 
The point command positions the drawing point 

but may or may not display a point itself. Coordinate 
data following the point can be interpreted as either 
absolute or relative. That gives four types of com
mands: absolute/ invisible, relative/ invisible, absolute/ 
visible, and relative /visible. The visible point is 
drawn with the dimensions of the logical pel. 

There are four line commands as well: line abso
lute, line relative, set-line absolute, and set-line 
relative. The first two use the current drawing point 
position as the first point of the line. The set-line 
commands specify both end points of a line . Abso
lute coordinates give the position of the end point 
directly. Relative coordinates, on the other hand, 
add to the current position of the drawing point to 
generate an end point position. 

Unlike the line, three points are needed to draw 
an arc: the starting point, an intermediate point on 
the arc, and the end point. Arc-outlined and arc
filled commands use the current position of the 
drawing point as the starting point of the arc. Set
arc commands give the starting point in absolute 
coordinates. 

Arcs can be either outlined or filled. When filled, 
the area between the arc and the chord connecting 
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An advanced video display processor 

The TMS92 28 vi deo display processor is an upgraded 
version of t he TMS9918A family of v ideo display 
processors found in the Tl -99/4A home computer, 
ColecoVision, Coleco Adam home computer, and the 
Japanese MSX standard . The software-compatible 
processor implements t he same 40-char/line t ext 
mode, graphics 1 mode, and graphics 11 mode as it s 
predecessor . In addition to t hese modes, t he unit has 
an 80-char/ line multicolored text mode, and graphics 
modes 11 1, 1v, and v . Graphics modes 1to 1v are pattern 
graphics modes, while t he graphics mode v is fully 
bit mapped . 

The graph ics v mode of t he TMS9228 is designed 
primari ly t o cost-effect ively implement the requ ire
ments of the NAPLPS service reference model (SRM ). 

The SRM has a set of guidel ines defining a minimum 
conformance level of the NAPLPS standard that both 
data prov iders and t erminal manufacturers should 
follow. Th is mode is a fu ll bit-mapped graphics mode 

the two end points is filled. Circles are drawn sim
ply by making the arc's starting point equal to its 
end point. Alternatively, circles can be drawn by 
defining an arc command with just two points that 
specify the diameter of the circle. If more than three 
points define the arc command, a curvilinear spline 
is drawn. 

Like arcs, rectangles can be outlined or filled. 
The set-rectangle command gives the beginning point 
in absolute coordinates and the diagonal point in 
relative coordinates. Conventional rectangle com
mands use the current drawing point as the begin
ning point and then give the diagonal point in 
relative coordinates. 

Polygon commands process a list of coordinate 
data that is interpreted as vertices. Polygon edges 
should not cross each other and the number of 
vertices supported should be at least 256. 

More drawing primitives 
Several incremental drawing commands enhance 

a display. For example, the field command defines 
a rectangular region in the unit screen, while 
the default field is the entire screen. The field, 
once defined, can be used for columnating text
specifying areas of the screen that are protected 
and unprotected, as well as an area of the screen 
used by the incremental point command. That com
mand helps download a bit-mapped graphics image 
into a previously defined field on the screen. Of 
the two operands that follow the command, the first 
is a packing counter that determines how to group 
bits of the bit stream to form the color information 
for each point. The second operand is the data 
bit stream. 

If the packing counter is 4, every 4 bits from the 
bit stream will be grouped together. The incremental 
point is executed by taking color information from 
the bit stream and placing it in the graphics bit-
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with a 256 x 210 resolution with 4 bits/pixel. There 
are 1 6 simultaneous colors selectable from a color 
palette of 51 2 . The onchip color palette replaces a 
large amount of external c ircuitry found in other 
graphics systems . 

Other major features include 32 multicolored sprites 
w ith up to 1 0 sprit es on one line . A block move 
command relieves the CPU from having to move large 
amounts of data in the video RAM . A programmable 
interrupt signals the CPU on completion of any speci
fied horizontal scan line. 

An onchip sound generator is compatible w ith t he 
Tl SN76489 . Video outputs include color difference 
signals , or RGB. There is the ab ility for the CPU to 
perform DMA operations into the video display pro
cessor ' s video RAM . The external video interface 
al lows the cascading of multiple video display pro
cessors or the ability to synchronize an external video 
signal for graphics overlay capability . 

mapped memory corresponding to the position of 
the drawing point. That point is automatically 
moved to its next position, depending on the dimen
sions of the logical pel. The point size also depends 
on the logical pel. The entire process is repeated until 
the end of the bit stream. 

Complex line drawings, such as personalized 
signatures, can be drawn using the incremental line 
command. This command presents such drawings 
in a compact and compressed form and , like the 
incremental point command, is followed by two 
operands. The first gives the dx and dy step size 
parameters. The second is a series of bytes that 
supplies the move and draw instructions. 

The step size parameters determine the distance, 
in the dx and dy directions, that will be used by the 
move instructions that follow. Every 2 bits, ex
cluding the 2 MSBs, are grouped together to indicate 
a line drawing instruction . That yields three move 
instructions per byte. 

The incremental polygon command is very similar 
to the incremental line command with the exception 
that the draw-flag indication is always on. If a 
modifying parameter is received that attempts to 
change the draw flag, it is treated as a null . 

Finally, the macro instruction set provides mecha
nisms for data compression as well as for creating 
pictures with structure. A macroinstruction is a string 
of locally buffered NAPLPS commands. These com
mands are stored in a decoding terminal's RAM. 
Once a macro is defined, it can be executed by 
sending a single byte of information-the macro 
name. That requires the macro to be part of the 96 
commands that are designated to a G-set and are 
in the currently used decoding table. 

Implementing a NAPLPS decoder 
Most NAPLPS-based videotex decoders built today 

are designed using CRT controllers and many MSI 



and SS! components to achieve the functionality re
quired by the NAPLPS SRM . As a result, these videotex 
decoders are not very cost effective. Widespread 
commercial videotex is on the horizon and has been 
for some time. In order for videotex to become a 
nationwide commercial reality, the cost of the 
NAPLPS videotex decoders must be reduced to a 
price acceptable for the consumer. When this hap
pens, the long-awaited videotex explosion will occur. 

There are many problems that relate to cost in 
designing a NAPLPS-based videotex terminal. In 
order to conform to the NAPLPS SRM, the resolu
tion should be on the order of 256 x 200 pixels with 
16 simultaneous colors. This is usually implemented 
with 4 planes of bit-mapped graphics memory, 
yielding 4 bits/ pixel. In addition, a 512-color palette 
is necessary to provide the color shading and flexibi
lity demanded by videotex advertisers and graphics 
artists. The color palette, in most designs to date, 
has been implemented external to the CRT or video 
display processor controlling the graphics memory. 
This amount of external circuitry is one of the reasons 
NAPLPS videotex decoders are so expensive today. 

Texas Instruments has developed a video display 
processor, the TMS9228, which was designed in 
parallel with the NAPLPS standardization efforts (see 
Panel, " An advanced video display processor") . 
Now, a NAPLPS-based videotex terminal can be 

designed to completely conform to the NAPLPS SRM 
at a low cost. The graphics v mode of the video 
display processor is a full bit-mapped graphics 
mode with 4 bits / pixel with a 256 x 210 resolution. 
There are 16 simultaneous colors available selecta
ble from a color palette of 512 . The onchip color 
palette reduces the chip count and overall system 
cost considerably . 

This video display processor can also be used in 
applications besides videotex. Its powerful animation 
capabilities, such as multicolor sprites, are used in 
videogames. Also, its 80-char text mode can be used 
in personal computing applications such as word 
processing, accounting, and spreadsheet analysis. 

Ultimately, there will be the home information 
system. The functional characteristics of personal 
and home computers, videotex , videogames, educa
tion, and many other features will merge together 
into one unified system . The TMS9228 video display 
processor is one graphics device that can serve all 
of these needs. 

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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That's why Fujitsu now offers the world's fi rst 14,400 
bit per second modem card , along with companion 
9,600 bps, 4,800 bps and 2,400 bps core modems. All 
three single PC boards employ custom digital signal 
processors. And from a standpoint of versatility, the 
units are compatible with any type of equipment. 

By offering your customers the fastest, most reli
able, and economical modem, you're not only offering 
state-of-the-art technology, but a product that is backed 
by a world leader in the telecommunications and com
puter industry. 

We also realize that diversity sells your products 
and increases your profits. So, Fujitsu not only offers 
core modems, but also offers a full line of stand-alone 
modems. 

fojitsu modems meet the future head on . And 
that's the kind of fast talk you deserve. 

FWITSU 

Fujitsu America, Inc. • Data Communications Division• 1945 Gallows Road • Vienna, Virginia 22180 • (703) 356-5758 
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It measures 5.00"x 6.62"x14.75". And it fits smartly 
beside many of today's popular microcomputers. 
But the case in point, Xebec's new IO-megabyte 
9710 Universal Storage Subsystem, has more to do 
with the components inside-specifically, the con
troller and the disk drive- than with the dimensions 
and the aesthetics outside. 

Actually, the most important thing on the outside 
of the case is the name. Xebec. A company whose 
5.25" hard disk controllers are found in more 
business micros-including those of IBM, Hewlett 
Packard, TI and Eagle-than any other, anywhere. 
What put us there was-and remains-our ability to 
engineer in more features and manufacture in 
more quality-zero defect quality, delivered on time 
and in quantity. 

What puts us here, in the subsystem business, is at 
once a derivative and encompassing quality issue. 
The fact is that the more sophisticated we make 
our controllers, the more obvious become the 
deficiencies of the disk drives they control-the 
very drives found in all of the subsystems for small 
business computers being sold today. And all the 
more obvious becomes the need for someone to 
create a new standard for bringing these critical 
components together. 

The Xebec 9710 is that new standard. First, it 
houses the industry's best selling 5.25" hard disk 
controller, the Xebec S1410, with its patented archi
tecture, state-of-the-art feature set and VLSI design. 
But the real key is the incorporation of a disk drive 
that is "quality matched" to that controller, not 
just "component compatible." A drive that goes 
through the most rigorous testing possible before it 
goes into a 9710. 

The results are directed at the serious end users 
and system integrators of microcomputer mass 
storage. Superbly matched components that deliver 
unmatched performance and reliability, right down 
to a complete range of host adaptors-for the IBM 
PC, Apple Ile, S-100, Multibus and Q-bus- that give 
the Xebec 9710 its impressive "universatility." 

And lest you think that our case for quality is made 
at the expense of other important considerations
like price and availability- consider this. The 9710 
is founded on a commitment to the processes that 
optimize all of these factors- computer-aided design, 
manufacturing and test. A commitment most 
recently demonstrated by our $20 million invest
ment in advanced robotics equipment. 

The case we are making is not, then, an empty 
one-no high-minded cliche thrown into the pro
motional fray. It is solid and smart. 

It is, bottom line, an open and shut case for quality. 

CORPORATE HEADQUARTERS 
2055 Gateway Place, Suite 600 
San Jose, California 95110 U.S.A 
( 408) 287- 2700 



INTERNATIONAL 
Xebec International 
2 Blvd. De la Woluwe 
1200 Brussels, Belgium 
Telephone, 32-(02)-762-9494 
1WJC, 65054 Xebec B 
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SALES OFFICES 
U.S.A. 
Sunnyvale, CA ( 408) 733-4200 
Irvine, CA (714) 851-1437 
Atlanta, GA (404) 457-9872 
Boston, MA (617) 740-1707 
Dallas, TX (214) 361-0687 

NORTH AMERICAN DISTRIBUTORS 
Kierulff 
Hamilton-Avnet 

See us at the NCC show in Las Vegas, Booth #A2 134 

JheZero Defect 
Conlpany 
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HALF· 
HEIGHT 

S*"DRIVES 
IN VOLUME 

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

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

production volumes for the lowest total 
system cost. 

Designed for suNival 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 S1/4" 
Winchester disc drives with a total system cost that no' other supplier 

of half-heights can match. 

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

NOBODY DELIVERS~UA'ti~PJ!E LIKE SEAGATE. 
920 Disc Drive, 

Scotts \/alley, ca11tornla 95066 
Telephone (408) 438-6550, 

TELEX 176455SEAGATESCVL 

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

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

St. Petersburg. Florida. 1813) 577-1199; 
Littleton. Massachusetts. (617) 486-97 11 ; 

Dallas. Texas. 121 4) 783-6711 . 
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Auow Electronics. Pioneer Electrorncs and 
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European Sales Office: 
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Brighten up your dumb terminal
add a UDS 212 A/D 
A little outside intelligence can turn your dumb terminal into a data 
communications genius. And the intelligence you need is built into UDS' new 
212 AID, a smart 300/1200 bps modem with an integral automatic calling unit. 

With the 212 AID you can dial from keyboard or, with a single 
keystroke, from memory. Five 30-digit numbers in memory 
are battery backed for 3-5 year retention after shutdown. 
Built-in test functions allow fast, reliable verification 
of system operation. 

Before you invest in more microcomputers, check 
the advantages of add-on intelligence. Contact 
Universal Data Systems, 5000 Bradford Drive, ~ Universal Data Systems 
Huntsville, AL 35805. Telephone 205/837-8100; 
TWX 810-726-2100.*NCC'84 

Booth #8-3258 

® MOTOROLA INC. 

lnfomlation Systems Groi.p 

UDS modems are offered nationally by leading distributors. Call the nearest UDS office for distributor listings in your area. 
DISTRICT OFFICES: Atlanta, GA, 404/998-2715 • Bellevue, WA 206/455-4429 • Blue Bell, PA 215/643-2336 • Boston, MA, 617/875-8868 • Columbus, OH, 
614/895-3025 •Englewood, CO, 303/6940043 •Glenview, IL, 312/998-8180 •Houston, TX, 713/988-5506 • Huntsville, AL, 205/837-8100 • Mountain View, CA, 
415/969-3323 •Old Bridge, NJ, 201/251-9090 •Richardson, TX, 214/680-0002 •Sliver Spring, MD, 301/587-0166 •Tampa, FL, 813/684-0615 •Tustin, CA, 7141669-8001 
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SHIFT REGISTER 
MANEUVERS DATA TO 
ADD PRINT FEATURES 
Using custom LSI techniques, a special type of shift register 
allows dot-matrix line printers to offer upgraded print and 
data-formatting features. 

by Philip Gordon 

With today's increasingly sophisticated data pro
cessing applications, users of dot-matrix impact line 
printers often require flexible document formatting 
and other advanced features. When printers were 
simpler, the physical structure of the print mecha
nism posed few interfacing problems for designers 
of printer controllers. However, earlier dot-matrix 
printers offered limited features compared with 
today's models. Thus, because of the growing com
plexity of printers, a new electronic design technique 
is recommended to format and sequence the dots 
that drive the print-mechanism hammers. 

Sequencing problems would be eliminated if the 
impact printer mechanism could accept direct raster
scan type data. For example, the printer's control 
electronics, called dot-generation logic (DGL), would 
be quite simple if designers used a single, large shift 
register loaded with an entire print row's bit image 
during the nonprinting print-bar turnaround time. 
Such a shift register has one storage cell for each 
dot that can be placed across the print row during 
a single pass of the bar. The shift register also has 
taps spaced evenly over'its length-one tap for each 
hammer in the printer. Each tap, therefore, drives 
a single hammer. This basic shift-register concept 
yields such advanced printer features as mixed 
character-set pitches and proportional line spacing. 

Until a few years ago, implementing a large shift 
register of the type described was a technological 

Philip Gordon is a development engineer at 
Hewlett-Packard's Boise Division, 11311 Chinden 
Blvd, Boise, ID 83707, where he is responsible for 
digital system design for printer controllers. He holds 
a BSEE from the University of California at Berkeley 
and an MSEE from Stanford University. 

disaster. Large static shift registers-512 to 2048 
bits-are unsuitable since they are accessed serially 
(no taps are provided). A TTL shift register can be 
built from standard MSI devices, but this approach 
is prohibitively expensive. However, an economical 
and viable alternative for a controller designer 
capitalizes on advances in custom LSI technology. 
A custom LSI component using standard MOS 
processing costs just a few dollars. Design expenses 
and risks are also minimized because the chip lay
out is a repetitive series of shift-register partitions. 

This strategy has been adopted by Hewlett-Packard 
for its two recent dot-matrix line printers, the 
300-line/min model 2563A and the 900-line/min 
2566A. With improved DGL circuitry, character text 
is printed at several fixed pitches, and proportional 
spacing is planned. 

At the heart of the 2563A and 2566A DGL models 
is a Hewlett-Packard designed and fabricated MOS 
LSI shift register. The device contains a 2772-bit, 
single-direction main shift register having 132 out
put taps stationed every 21 bits. It also includes an 
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132-bit bidirectional parallel-to-serial output shift 
register . The main register is cleared and filled in 
2 ms, well within the 4-ms print-bar turnaround and 
paper advance time of the faster 2566A printer. 
When the shift register is used in the 33-hammer 
2563A printer, an external divide-by-four circuit 
loads every fourth bit from the output shift register 
into a 33-bit hammer-driving shift register. Proper 
synchronization guarantees that 99 of the 132 out
put bits are discarded and not externally stored. This 
effectively programs the LSI device as a 2772-bit 
main shift register with 33 useful taps 84 bits apart, 
and a 33-bit output shift register . 

Covering the dot-matrix basics 
The basic dot-matrix impact printing operation 

involves the electromagnetic release of a spring-steel 
tine called a hammer . In a captured-hammer design, 
the hammer tips are drawn away from the paper by 
a small permanent magnet. When the electromagnet 
overcomes the field of the permanent magnet, the 
hammer flies forward and a hardened stylus or ball 
welded near its tip impresses the ribbon between the 
paper and platen to print the dot. The electromagnet 
is then disabled and the permanent magnet captures 
the hammer as it rebounds from the platen. In a 
noncaptured-hammer design, the hammer is pulled 
and released by an electromagnet. 

All hammers and magnets are arranged linearly 
along a print-bar mechanism. To print a complete 
row of characters, a motor shuttles the print bar 
horizontally to multiple dot positions. Dots are printed 
in the proper locations of a particular row of the 
character dot matrices. 

Any combination of hammers can be fired simulta
neously, depending on the information to be printed. 
When a dot row is complete, the print bar reverses 
direction while a stepper motor advances the paper 
the distance of a vertical dot row; the next row of 
dots for the characters is then printed on the line. 

CONTROL 
MICROPROCESSOR 
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DGL 

PRINT STROBE 

A full-width line printer must print text at a 
density of 10 chars/ in. (10-pitch) across at least 13.2 
in. of the paper. Most dot-matrix printers use 132, 
66, 44, 33, or 17 hammers spaced evenly along the 
print bar at intervals of 0.1, 0.2, 0.3, 0.4, or 0.8 in., 
respectively. Theoretically, if both the print-bar 
direction reverse (turnaround) and paper-step ad
vance times are 0, a printer with 132 hammers 
moving approximately 0.1 in. will print twice as fast 
as a similar printer having just 66 hammers that must 
travel 0.2 in. Both times are significant considera
tions in printer design, so the ultimate speed is not 
merely a linear function of the number of hammers. 
Still, high speed printers usually have more hammers 
than their slower speed and lower cost counterparts. 

A dot-matrix impact line printer ' s control elec
tronics can be organized for convenience into 1/0, 
control-microprocessor, and DGL sections . Data 
must pass through the 110 system, be parsed for 
control information and nonprintable characters, 
and be formatted by the microprocessor. Finally, 
it must be converted into dots and passed to the print 
mechanism in the proper order by the DGL. 

The DGL usually includes a buff er memory for all 
active characters to be printed on a line; either a 
microprocessor or algorithmic state machine with 
arithmetic and programmable dot-extraction capa
bility; various character-set, dot-image ROMs; and 
frequently, a dot-image buff er. Fig 1 shows the 
organization of these elements. The dot-position 
detector at the bottom generates print strobes each 
time the print bar passes a printable dot location. 
The hammer-driving electronics comprise a series 
of identical latches and high voltage current
switching circuits for the electromagnets. 

While conversion of ASCII-coded information 
into the proper dot images is not difficult, the DGL's 
formatting and sequencing of the dots to the ham
mers can be troublesome. Although a dot-matrix 
printer appears to print a single dot row at a time, 

HAMMER-DRIVING LATCHES 

Fig 1 The basic control electronics 
of a dot-matrix line printer include 
an 110 section, a control 
microprocessor, and dot-generation 
logic (DGL). If a large shift register 
is used in the DGL, the overall logic 
is much simpler than in 
conventional implementations. 



POSSIBLE OOT POSITIONS ON PAPER 

1312 1314 1316 1318 1320 0 

1311 1313 1315 1317 1319 0 
Fig 2 Dot routing and sequencing 
are important tasks of the DGL. 
The print bar begins this print pass 
at the far left of a page, and prints 
a single row of 1320 dots as it 
moves to the right. 

c:nmxrm 0 ... 0 
HAMMER 

ANTICIPATED DIRECTION OF 

PRINT-BAR TRAVEL 

_Cl 

131 
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the hammer-driving circuits cannot collectively accept 
simple raster-scan dot data like a video display unit. 
For example, as the print bar on a 132-hammer line 
printer moves from one extreme position to the other, 
each hammer passes across its exclusive 0.1-in. print 
area. Each hammer prints as a 0.1-in. mini-raster 
scan, but the print bar, viewed as a unit, appears 
as a conglomeration of 132 disjointed raster scans. 

Dot-image data must be ordered to compensate 
for the print mechanism's physical geometry. If the 
print bar mentioned above covers 13.2 in. of paper 
at a dot density of 100 dots/ in., the first 132 dots 
printed simultaneously as the bar passes across the 
first printable position are those numbered 1, 11, 
21, ... 1311. The next 132 dots printed simultaneously 
are numbered 2, 12, 22, ... 1312. The final group of 
132 dots will be numbered 10, 20, 30, . .. 1320. Fig 2 
illustrates the printer mechanism and the various 
dot positions that can be printed. 

The importance of hammer spacing 
Spacing between print hammers on simple dot

matrix line printers is an exact or integral multiple 
of the printable horizontal character width. This lets 
the DGL be quite simple, and characters are not 
divided between adjacent hammers. Division between 
hammers can accentuate any alignment inconsisten
cies. In a simple printer, the ASCII-to-dot conversion 
and dot-sequencing algorithm are uncomplicated. 
No matter where the print bar is during a pass, all 
hammers print the same dot column of the charac
ters at the same time. Each printable character is 
mapped through its dot-image ROM, yielding 8 bits. 
Then, based on the column being printed, 1 bit is 
extracted and passed to the hammer-driving electron
ics. All printers can easily print standard 10-pitch 
characters. It also follows that DGL could print 
15-pitch characters if its hammers were spaced 0.2, 
0.4, or 0.8 in. apart. It could print 13.3- or 16.7-pitch 
characters if its hammers were 0.3 in. apart. 

An enhanced DGL is required to print character 
text at a density that does not explicitly fit the ham
mer spacing. In addition, dots from characters that 
are printed simultaneously can originate from differ
ent columns within the characters. Modulo arithme
tic can supplement the logic required for the most 
simple case above. That would allow for processing 

0 
0 
0 
0 
0 
0 
0 
0 

- 0 --
and simultaneous printing of, for example, the first 
column of the first character, the third column of 
the second character, the fifth column of the third 
character, and so forth. 

Logic of greater complexity is required if the 
instantaneous character pitch is permitted to change 
within a print row. Although rare in existing line 
printers, this is required for printing proportionally 
spaced text, and for performing character kerning 
and a more efficient right-margin justification. 

Proportional spacing requires variable-width 
characters. For example, the letter I is narrower than 
a W. Kerning goes a step further by selectively 
narrowing letter widths if adjacent characters can 
be squeezed close together. Right-margin justification 
adds blank characters between words on the print 
line. Variable-width blank characters can eliminate 
visibly irregular interword spaces by making all 
spaces appear equal. These features require either 
a dedicated microprocessor or more substantial 
arithmetic logic to track changing character widths 
and dot positions, and to send the dots in proper 
order to the print hammers. 

The ASCII-to-dot conversion process is inefficient 
in DGL subsystems that do not include buffering for 
the entire dot-image row. Each byte-wide, dot-image 
ROM location can be accessed up to 8 times- I bit 
at a time-along a print row. In the highest speed 
and/ or highest dot-density printers, this can limit 
performance since the time between print strobes 
(hence the dot-image generation time) is relatively 
short. A RAM buff er that stores an entire line of 
dots is included sometimes to allow storage of the 
8 useful bits from each ROM access. The RAM's logic 
can be complex because the number of hammers on 
a bar, the range of dots for each hammer, the charac
ter width, and the printer's horizontal dot density 
are rarely exponents of 2, which is preferred. 

A raster-scan system for printing 
If an impact printer mechanism could accept 

raster-scan data, the DGL would be very simple. A 
large shift register with a storage cell for every dot 
and a tap to drive every hammer has this capability. 
The shift register can be clocked on each hammer 
activation, bringing the next printable set of dots to 
the taps in preparation for the next hammer sequence. 
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The shift register acts as an ideal and complete 
line buffer that complements the geometry of the 
print bar exactly. The DGL builds the row of dot
image print all at once, so no duplicate accesses of 
the character-set ROMS are required. With progres
sive LSI technology, such a shift register, fabricated 
in low cost MOS, is easily built. 

To hold down system cost, the shift 
register should be as small and 
inexpensive as possible. 

In operation, the DGL's algorithmic state machine 
fills the shift register with the exact data image to 
be printed during the next pass of the print bar. 
Either a single-direction or bidirectional register can 
be used. A single-direction register, however, must 
be filled differently for each direction the bar travels. 
Both types require a tap multiplexer or tap gathering 
bidirectional output shift register to compensate for 
the direction of bar travel. 

To hold down system cost, the shift register should 
be as small and inexpensive as possible. By folding 
a large, but less complex, single-direction main shift 
register together with a small, but more complex, 
bidirectional shift register into a custom LSI design, 
the number of package pins can be limited to 14. 

DIRECTION 
CLOCK 
IllAll 

BOUNDARY OF 
LSI COMPONENT 

SERIAL-IN __ ,. 

CLOCK 
SHITT 
lITAR 

SCRAM BLED IMAGE 
DATA OUT 

SERIAL-IN 

CLOCK 

Multiple 8-bit TTL single-direction shift registers 
adapt well to the LSI device's serial output and can 
be used to control the hammer-driving electronics, 
as shown in Fig 3. 

Assume that the 12 characters in Fig 4(a) are to 
be printed on the left side of the paper. The text will 
be printed at 10-pitch if each character is 15 dots 
wide and the print rate is 150 dots/ in. If a 
33-hammer print bar prints the next dot row from 
right to left, the main shift register (Fig 3) must be 
filled and the output shift register shifted as shown 
in Fig 4(a). The hammers begin the pass just to the 
right of D, H, and L, as shown. If the bar prints 
from left to right, the main shift register must be 
filled in reverse, and the output shift register shifted 
with the hammers beginning the pass just to the left 
of A, E, and I, illustrated in Fig 4(b). 

DGL processing begins with the information held 
in its buffer RAM. Assume that the left-most char
acter on the print row is always stored at address 
0 and character ordering follows upward (higher ad
dresses). Assume further that the ROMs hold the 
character-set dot images. Since each character image 
can be up to 15 dots wide, 2 bytes representing one 
dot row are packed, one after the other, in the 
ROMs. Byte 0 stores the right-most bits (dots) and 
byte l, the left-most bits. The general ASCII-to-dot 
conversion algorithm that yields the results in Fig 4 
can be summarized by the following examples. 

~K HAMMER-DRIVING LATCHES 

Fig 3 This 1980-bit LSI shift-register component supports a 33-hammer line printer at 150 dots/in. The hammers, 
0.4 in. apart, can reach and print 60 dots. A 33-bit bidirectional shift register supports the main register and 
compensates for the print-bar direction. 
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Mako offers you the latest technology in high quality D
connectors and shielded cable components. A complete 
family of metal shell D-subminiature connectors, contacts, 
backshells, hardware and applicators is available for appli
cations requiring effective EMI/RFI shielding. The Malco 
connector system is ideal for telecommunications, eomput
er/peripheral, industrial and datacom applications. 

Mako' s contacts are stamped and 

subminiatures are designed to comply with RS-232C, RS-
449, IEEE Project 802 and other Industry & Networking 
Standards. 

For maximum shielding with minimum noise, Malco 's 
(patent applied for) metal and metal insulated backshell sys
tems offer you the best EMI/RFI/ESD isolation at the low
est applied cost. This unique, highly reliable system has 

been designed to exceed the require
formed, crimp type, available in loose 
piece and reeled form, selectively 
plated, in two contact configurations 
for #24-28 and #20-24 gauge wire ap
plications. The family of backshells 
include plastic, die cast, metal insu
lated, and metal backshells, and pro
vide the latest in shielding technology. 
The Malco family of 'D ' hardware 
consists of the highest quality indus
try standard posts , slide locks and 
jackscrews. Malco offers you a full 
line of application equipment, includ
ing a State-of-the-Art semi-automatic 
stripper-crimper, heavy duty and 

MA LCD 

ments of FCC Docket 20780, VDE, 
and Tempest for most applications . 
This single-piece easy to install ap
proach offers you a streamlined, aes
thetically pleasing, worry free shield
ing system. Malco's crimp applied, 
grounded/shielded approach is unique 
and is tailored to work with your 
shielded cables in any size from . 190 
to .650 inch OD. 

A Division of 
Microdot Connector 

Group 

Additionally, Malco' s metal port 
shields are available to cover both plugs 
and receptacles and offer you unprece
dented shielding and protection. 

economy hand tools, and insertio~/extraction tools. 
Interfacing with industry standards is easy with Malco' s 

D-subminiature product family because they have been de
signed to intermate with all existing D-subminiature con
nectors. Both the connectors and contacts are designed to be 
intermateable, intermountable and interchangeable with the 
AMP HDP-20 series. Malco products meet all applicable 
industry standards and are UL listed. The 376-series D-

Every component you need to make a 
cable assembly is available from Malco, including connec
tors, contacts, backshells, hardware and applicators. Mal co ' s 
vertically integrated manufacturing facilities assure you of a 
product built to the highest quality standards available with 
on-time delivery. For additional information, literature, sam
ples or a demonstration, call or write your local sales represen
tative, distributor, or Mako, 12 Progress Drive, Montgom
eryville, PA 18936. TWX 510-661-8206, (215) 699-5373. 

Malco is dedicated to quality 
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A 

MAIN SHIFT REGISTER 
(1980 BITS) A14 to Ao B14 to Bo C14 to Co 014 to Oo Eu to Eo Fu to Fo G14 to Go H14 to Ho 114 to lo J14 to Jo K14 to Ko L14 to Lo 

BIDIRECTIONAL OUTPUT 
SHIFT REGI STER (33 BITS) 

EXTERNAL HAMMER 
DRIVING REGI STER (33 BITS) 

Q50 

HAMMERS 

Oo Ho 

(a) 

Q120 Q19so 

DIRECTION OF SHIFT 

Lo lQ 
32 

MAIN SH IFT REGISTER 
(1 980 BITS) DJ Lo to L14 Ko to K14 Jo to J14 lo to 114 Ho to H14 Go to G14 Fo to F14 Eo to E14 Oo to 014 Co to C14 Bo to 814 Ao to At4 

BIDIRECTIONAL OUTPUT 
SH IFT REGI STER (33 BITS) 

EXTERNAL HAMMER 
DRIVING REGISTER (33 BITS) 

HAMMERS 

Q1860 

A14 [14 

(b) 

Q1920 Q1980 

DIRECTION OF SHIFT 

114 

32 

Fig 4 Each of the 12 characters above (a) is 15 dots wide and the printer prints at 150 dots/ in. If the print bar 
prints from right to left, the hammers begin the pass just to the right of the D, H, and L. When the main register is 
filled, the output register is shifted (b). If the print bar moves from left to right (hammers begin the pass just to the 
right of A, E, and I) , the main shift register must be filled in the reverse order, and the output shift register 
is shifted. 

If the print bar prints from right to left, charac
ters in buff er RAM are addressed from the highest 
possible address down to 0. Dot-image bytes in the 
character-set ROMS are then accessed in order-0 to 
1-while first shifting in the LSB (ultimately, the 
right-most dot on the paper) of each byte. This con
tinues for all characters until the last character (left
most on the paper) at RAM address 0 is completely 
processed. 

If the print bar prints from left to right, with the 
main shift register clear, a dummy 1 bit is injected 
as a termination flag. Characters in the buffer RAM 

are addressed from 0 upward. Dot-image bytes in the 
character ROMS are accessed from 1 to 0, shifting the 
MSB (left-most on the paper) of each byte first. This 
continues for all characters until the termination flag 
leaves the end of the register. If the buff er RAM is 
filled with variable-width characters, the termination 
flag provides the easiest way to know when the bits 
of the first character reach the precise end of the main 
register. 

Using a more complex bidirectional main shift 
register, the algorithm would operate as though the 
print bar always traveled right to left, except that 
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the register would be filled from its other end in the 
true left-to-right direction. Other algorithm changes 
include the absence of a termination flag, but the 
end result would be the same as in Fig 4. 

After the main register is loaded and the turn
around interval complete, each print strobe generated 
by the dot-position detector should parallel-load the 
output shift register and then shift the main register 
by 1 bit. The next 33 clocks to the output register 
should pass the register's contents to the external 
hammer-driving shift register. These bits represent 
the dots to be printed on this strobe. 

Implementing a fill algorithm 
Fairly elementary DGL can support a full-featured 

150-dot/in. printer. It can offer popular fixed
character pitches such as 10 (width = 15), 15 
(width = 10), and 16.7 (width = 9). With intelli
gent computer or control-microprocessor firmware, 
features such as proportionally spaced characters, 
kerning, and a more smooth right-margin justifica
tion can be completed. 

Assume the buffer RAM holds 512 bytes, divided 
into 256 character text entries, each 2 bytes. The 





first byte is the 7-bit ASCII code; the second byte is 
the character-set ROM number in the upper 4 bits 
and the character width in the lower 4 bits. This 
allows for 16 selectable character sets and character 
widths up to 15 bits (dots) wide. ASCII blanks can 
fill much of the buffer. Fig 5 illustrates a logic system 
that implements such DGL. The shift register fill 
algorithm for the system is shown in Fig 6. Each of 
the seven states in Fig 6 operates in the following 
manner. 

Fairly elementary dot-generation 
logic can support a full-! eatured 
150-dotlin. printer. 

State 0, for example, is the normal nonprocessing 
state. At the start of the print-bar turnaround period, 
the control microprocessor updates the dot-row 
number and passes other relevant data to the DGL. 
Then, it commands the DGL to convert the charac
ters from buff er RAM into dots for the main 
shiftregister. Inserting the termination flag into the 
main register is state 1, if the print bar is to travel 
from left to right. State 2 draws byte 1 from RAM 
and stores the character-set number into its register, 
the width into counter 0 and, depending on the bar 

CHARACTER-SET LATCH 
ST2 CLK 

direction and how the dot-image bytes are to be 
serialized, either the width itself or Os into counter 1. 

In addition, state 3 draws byte 0 from RAM and 
stores it into the ASCII character latch. Counter 0 
is decremented to set it up properly for state 5. 
Moreover, state 4 prepares counter 1 to be the correct 
value to drive the parallel-to-serial multiplexer, while 
state 5 is the workhorse state that passes a dot into 
the main register. The latter is executed successively 
as many times as the character is wide. This is indi
cated by the character-width counter reaching 0. Row 
processing is complete if the termination flag appears. 

Finally, state 6 checks for a terminal value of the 
RAM addressing counter. This is 0 or FF, depending 
on the print-bar direction. This is an alternative way 
to indicate completion of a dot row. The addressing 
counter is either incremented or decremented, depend
ing on bar direction, to address the next character in 
the buffer. 

Higher density and multiple-pass character text can 
be processed with this procedure. Direct raster-graphics 
processing requires that dot-image graphics data in 
buff er RAM be passed directly to the parallel-to-serial 
multiplexer and not through a character-set ROM. 

Variable dot-density capability can be added to 
the DGL. This accommodates the applications 
in which a dot density less than the maximum 
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Fig 5 A simplified DGL schematic excludes circuitry needed by the control microprocessor to load the buffer RAM 

and other support circuitry. However, implementing a full-featured DGL for an impact line printer may require only 
a handful of common TIL devices. 
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HOW TO DOUBLE 
. YOUR CONTROL 

WITHOUT DOUBLING 
YOUR NTROLLER. 
If your plans for 

controlling disk and 
tape drives call for two 
boards and two CPU 
slots, you can now cut 
your plans in half. 

And use the 
SPECTRA 25 LSI-11 
emulating multifunction 
controller instead. You'll 
get all the control of separate 
disk and tape boards in just 
half the space. Half the slots. 
Half the spares. While using 
less power. 

SPECTRA 25 is the 
smarter way to handle 
SMD/Winchester and 
Yi-inch tape drives, and 
it's the first and only multifunction controller designed for 
DEC Q-BUS® computers. 

Its block-mode data transfer capability can increase your 
throughput by up to 50%. And it performs Error Correction 
Code (ECC) independently of the operating system. All 32 
bits worth. 

SPECTRA 25 fully emulates DEC's RM02/5 and RM80 
disk subsystems, and TS 11 tape subsystem. It can run two 
SMD disk drives and four tape drives, in any combination. Plus 
an E2PROM lets you easily reconfigure while the controller is 
in your system. 

But SPECTRA 25 puts something else in your system, too: 
proven reliability. Because you're working with half as many 
parts and pre-tested ICs. 

You're also working with excellent documentation that's 
regularly updated. And the most comprehensive one year 
warranty in the industry. All backed by responsive nation
wide service. 

BUS 

Dislt 
Emulation 

TSll 
(4 drives) 

2.0MB/sec 

Yes 

dilll: controller 

SPECTRA25 
is the multifunction 
controller that 
doubles your control. 
And your advantage 
on the competition. 

Before you look 
at Emulex or Dilog, 

consider the SPECTRA 
25 from Spectra Logic. 

It could be all the controller 
you'll ever need. For further 

information on our expanding 
family of controllers for DEC 
Q-BUS and UNIBUS® 

computers, call or write 
us today. 

Spectra Logic Corporation, 1227 Innsbruck Drive, 
Sunnyvale, CA 94089, (408) 744-0930, TWX 910-339-9566, 
TELEX 172524 SPL SUVL. International Sales Office: 
Belgium (32) (2) 5134892. 

S?ii:ct=ll\ LOGIC 
The Multifunction Controller Company. 

See us at NCC, Booth No. 2122 CIRCLE 61 
C 1984 Spectra Logic Corporation 



established by the design of the main register is 
desired. But, this requires additional logic and a 
supplementary counter programmed with a value 
that can interrupt the fill algorithm of Fig 6 after 
the programmed of printable dots passed into the 
main shift register. 

Assuming a hammer spacing that is an integral 
multiple of 0.1 in . permits the printer to operate 
under program control at any multiple of 10 dot den
sity (eg, 70 dots/ in.) on a line-by-line basis. Dummy 
fill bits, whose number is simply the difference 
between the programmable value and the number 
of dots per hammer at maximum density, can be 
injected periodically to pad the main shift register. 
For example, if the maximum dot density is 150 
dots/ in. in a 33-hammer printer, and a 70-dot/ in. 
density is desired, the new programmed counter will 
be 28 (ie, 28 dots in 0.4 in.). 

For every 28 printable dots passed to the main 
register, 32 dummy bits follow, resynchronizing the 
printable dots to a 60-bit (0.4-in. when printed) inter
tap boundary. This padding process ensures that at 
the completion of main-register filling, the valid print
able bits are directly beneath the taps in the main 
register. The dot-position detector generates the 
properly timed number of strobes equal to the pro
grammed value in the new counter. 

The 2772-bit LSI shift register used in the 2563A and 
2566A printers packs the machines with enhanced 
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Fig 6 A serial-fill algorithm for 
the DGL shift/register is relatively 
straightfo rward. If directional 
dependent decisions are eliminated, 
the algorithm is even simpler. 
States 1 and 4 are unnecessary if a 
more complex bidirectional main 
shift register is available. 

features. Both printers have programmable dot 
densities. The highest density-210 dots/ in.-is used 
for common IO-pitch text (with a 21-dot wide char
acter) and for the planned additional feature of 
proportionally spaced text. Compressed 16. 7-pitch 
text is being adopted by users who need 132 charac
ters printed in less than 8.5 in. of paper. Since there 
is no character width that exactly yields this pitch 
at 210 dots / in., the dot density is changed to 200 
dots/ in. Thus, a width of 12 dots forms a character 
of the proper size. 

Graphics printing is performed at 70 and 140 
dots/in. The readability of optically scanned bar 
codes is very sensitive to the difference between the 
narrow or wide and light or dark bars. Dot size and 
dot density affect the regularity. For the expected 
nominal dot size of these printers, special bar-code 
dot densities of 100 and 110 dots/ in. are used to meet 
military standard specifications. 

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 



ONE BOARD 
GIVES YOU 

CONTROL FROM 
BOTH ENDS. 

Looking at disk and tape control for Data General? 
You're probably looking at two separate controller boards. 
Which is one too many. 

Spectra Logic multifunction controllers offer all the control 
you need, on just a single board. They're the smarter way 
to handle SMD/Winchester and Y2-inch tape drives, because 
they've got you covered from both ends. But they do it in 
half the space and half the slots. Using half the power. 
And you're stocking half ·the spares. 

So now buying separate boards for disk and tape makes 
no more sense than buying separate radios for AM and FM. 

Our expanding family of Data General controllers offers you 
the performance you're looking for. We'll give you both ends for 
DG's NOVA® and ECLIPSE®/MV computers. And emulate 
DG's series of 6060 or 6160 disks and 6020 tape subsystems 
under RDOS, AOS, IRIS®, and BUS/COBOL® without 
modifying your operating system. 

But we'll also give you something extra: proven reliability. 
Because you're working with half as many parts and pre-tested 
ICs. Plus total FCC compliance and compatibility with DG's 
new hardened chassis. 

You're also working with excellent documentation that's 
regularly updated. And the most comprehensive one year 
warranty in the industry. All backed by responsive nation
wide service. 

Spectra Logic. Our multifunction controllers double 
your control. And give you an advantage on the competition. 

Look into Spectra Logic multifunction controllers for 
Data General computers. They could be all the control 
you'll ever need. 

For further information, including complete technical speci
fications, call or write us today. 
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(Data Channel) 
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Systems (without 
OS patches) 

Dillt ltaasfcr 
181e(SMD) 

SuppamFCC 
aaMail 

6021 

ROOS, AOS/ VS 

2.0MB/ sec 

Yes 

*Sin&le function disk controller 

Spectra Logic Corporation, 1227 Innsbruck Drive, 
Sunnyvale, CA 94089, (408) 744-0930, TWX 910-339-9566, 
TELEX 172524 SPL SUVL. International Sales Office: 
Belgium (32) (2) 5134892. 

fili:CLVt LOGIC 
The Multifunction Controller Company. 

Cl984 Spectra Logic Corporation 

See us at NCC, Booth No . 2122 CIRCLE 62 





The only surprises you'll get 
with Quantum disk drives are 
pleasant ones. 

Consistently excellent 
performance. 

Quality and reliability you 
can count on to keep systems 
up, anxiety down. 

Low Cost. 
And the best surprise of all: 

we can deliver all the medium
capacity Winchesters you need. 
Now. 8" drives, from 10 to 85 
megabytes. 5V4" drives, from 
20 to 40 megabytes. 

Quantum Corporation, 
1804 McCarthy Boulevard, 
Milpitas, CA 95035. Eastern 
Regional Sales Office: Salem, 
NH, (603) 893-2672. Western 
Regional Sales Office: Santa 
Clara, CA, (408) 980-8555. 
International Sales Office: 
Milpitas, CA, (408) 262-1100. 
TXW: 910 338-2203. 

ounmum 
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How can you 
develop one system and 

offer your customers 
aclioice of three? 

Simple Develop it arou?d Micro 29.The Micro 26 comes with in
• HP's new three-10- tegrated 14.6 Mb mini-Winchester disc 

one microsystem. That way, you don't and microfloppy. And it has 8 I/O slots, 
have to redesign your system to offer giving you plenty of room for our wide 
your customers a range of performance. selection of I/O cards for instruments, 
Because the entire power range of HP's measurement and control, and data
new A-Series computers fits into the comm, to name a few. 
same small, convenient package. At a The Micro 27 adds floating point 
slimmed-down starting price of $6110~ hardware and microprogramming. 

So you can offer 1 MIPS perform- And, for jobs needing up to three times 
ance. Or floating point hardware and the power, our 3 MIPS Micro 29 has 
microprogramming in either a 1 MIPS got what it takes. 
or 3 MIPS computer. Whicheverone r----- Our brand new 
your customer chooses, you can fit operating system 
it easily into the same space in 111 really performs. 
your system. -

That's one secret of our suc-
ldentical software cess. The new, full-function 

keeps it simple. RTE-A real-time operating 
When you change processors, system provides the perfor-
you don't have to go back to mance you need for your 
the drawing board with your real-time automation appli-
programs. Because, in addi- cations. Ranging from dedi-
tion to compatible hardware, cated machine control to 
these computers run identical monitoring instruments to 
software. That's the best kind supervising a network of 
of compatibility you can buy. computers. 

Our A-Series family consists This power, speed and 
of the Micro 26, Micro 27 and I/O capacity also make our 

Our new microsystems 
also come in this floor-mount 

or bench-top models. 
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A-Series systems ideal for multi-user, 
multi-tasking environments. 

Of course, these compact new com
puters are part of our newly expanded 
OEM program. This includes higher 
discounts and credits, extended war
ranties and free training. So you'll make 
more when you get to market. And 
you'll also get there faster with our new 
operating system and newly packaged 
microsystems. 

If you'd like micro, mini or maxi per
formance in one micro package, call 
your local HP sales office listed in the 
white pages of your phone book. Ask 
for a technical computer representative. 
Or write for more information to: 
Hewlett-Packard, Attn. Greg Gillen, 
Dept. 11171, 11000 Wolfe Road, 
Cupertino, CA 95014. In Europe, write 
to Henk van Lammeren, Hewlett
Packard, Dept. 11171, P. 0. Box 529, 
1180 AM Amstelveen, The Netherlands. 

*A600+ microsystem component, 128Kb mem
ory, box, Winchester disc. 

Prices are U.S .A. list in OEM quantities of 
100 and include integrated peripherals, one inter
face card , RTE-A and 512Kb of memory for 
Micro 26 and Micro 27. Micro 29 includes 768Kb 
of memory. 

F//fl'I HEWLETT 
~~PACKARD 

TC-02309 





Qgality 
8lnch 
Drives 

From 
FUJITSU 

Look no further. Because 
anywhere you look, Fujitsu America 
covers your needs for quality, high 
reliability disk drives. 

Broad selection-choose from 
four different drives with capacities 
ranging from 24 to 168 megabytes. 

Rotary voice coil or Stepper 
actuator-whether you need high per
formance or economical drives, Fujitsu 
can provide either. 

Fujitsu's rotary voice coil 
drives offer you high capacity, fast 
head positioning, and SMD transfer 
rates. Fujitsu's stepper motor drives 
offer you medium capacities and 
economy. 

Unsurpassed quality-a Fujitsu 
lial/111ark. From design to final burn-in, 
every Fujitsu drive earns its 10,000 
MTBF rating. 

Field service support-access 
to Fujitsu America engineers and 
product specialists is as close as your 
telephone. 

For more information on the 
Fujitsu line of 8-lnch Quality Drives, 
contact the sales office nearest you . 
Northwest: (408) 946-8777, Central: 
(612) 835-7025, East Coast: (617) 
229-6310, Sou th west: (714) 476-0852, 
Europe: 441/493-1138. 
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Special report on 
microprocessors/microcomputers-Part I 

123 Introduction 

125 Architectural advances spur 32-bit micros 
by John Bond-With promised advances that vary from evolutionary 
to revolutionary, most of the long-awaited 32-bit microprocessors 
remain long awaited. Only two are actually available for designers. 

143 Thirty-two bit micro supports multiprocessing 
by Pete Wilson-Combining processor, memory, and 110 in a 32-bit 
RISC-like, single-chip architecture allows multiple microprocessors to 
work in parallel. 

157 CMOS micros enter the mainstream 
by Walter J. Niewierski-The technology of choice for future 32-bit 
microprocessors is CMOS. In fact , current 8- and 16-bit CMOS 
microprocessors already offer features that are unavailable in NMOS. 

173 How to port Unix to a new microprocessor 
by Nai-Ting Hsu, Glenn Skinner, and Jay Zelitzky-CPU architecture 
has a significant effect on the process. Compromises must be made 
between the capabilities of the chip and the purity of Unix. 

187 Microprocessor design supports multitasking 
by Paul Wells-Hardware segmentation corresponds to modular 
software, easing design of current applications. 
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Normally, you might not trust a product with a 
new name. But while all of our products have a new 
name, they also have a proven history of quality 
and reliability. 

That's because Genicom was formerly the Data 
Communication Products Department of General Elec
tric. Now an independently owned company, Genicom 
will continue the same product line we established 
with GE ... only the name has changed. 

Our Genicom 3000 family, for instance, still of
fers the same performance features already pre
ferred by users and the design flexibility so important 
to OEM's, distributors, retailers and dealers. Speeds 
from 40 to 400 cps. Single or dual mode printing. 
Type quality from EDP to NLQ. Multi-color printing. 
Graphics. Selectable type fonts, American craftsman
ship and more. 

Of course, we'll also offer Genicom 2000 tele-

printers and the soon to be introduced 4000 shuttle 
matrix printers. You 'll find we have the same com
plete product line that we had with GE. We have the 
same corps of experienced employees, the same fa
cilities, and the same nationwide service network. 

But above all, we have a new commitment to 
excellence. Which means, while we continue to serve 
existing customers with established products like our 
3000 family, we plan to introduce more products to 
meet growing needs. 

At Genicom, we've changed our name and we're 
planning to change the future with more innovations, 
and more of the quality you 've come to expect from 
us under any name. 

Genicom Corporation, One General Electric 
Drive, Dept. M321, Waynesboro, VA 22980. In Vir
ginia, call 1-703-949-1170. GEiN',.."M 

.. l\..UI I 

For the solution to your printing needs call 

TOLL FREE 1-800-437-7468 
See us at NCC Booth #3308 CIRCLE 66 



SPECIAL REPORT ON 

MICROPROCESSORS/ 
MICROCOMPUTERS-PART I 
The ubiquitous microprocessor has changed the entire electronics industry. In particular, 
its effect on computer systems has been amazing. The CPUs of mainframes and 
superminis have, so far, seemed immune to the micro invasion-but the introduction of 
32-bit microprocessors is about to change that. Two such microprocessors are already 
here, and more are scheduled for late '84 and early '85 introductions. 

The new generation of microprocessors is heavily influenced by the architectures of 
existing mainframes and superminis. This is because they are aimed at the same jobs. 
Thus, the micros support large physical memory, virtual addressing, high level 
languages, hardware floating point operations, and large operating systems. They offer 
most of the software advantages of larger computer systems. 

At least one of the new micros can emulate the instruction sets of midrange 
mainframe computers through its external microprogrammability. Another has a unique 
architecture that allows multiprocessing. A more common approach is the evolutionary 
extension of existing 16-bit chip architectures. This evolution includes 32-bit instructions, 
data types , addressing modes, registers, and data paths. In some instances the process 
has been made easier because the original 16-bit chips were designed from the outset 
with 32-bit features or with the extension to 32 bits in mind . 

Meanwhile, CMOS has become the technology of choice for this new microprocessor 
generation. Not only does CMOS offer the lower power consumption that paves the way 
for the needed chip density, it also permits features unobtainable in NMOS. As proof, 
many of these unique features are already available in 8- and 16-bit CMOS designs. 

Software, of course, is a major issue for micros. The hardware has been designed to 
support multitasking, to permit easy compiler development, and to allow Unix and other 
complex operating systems to be easily ported to the new chips. 

r-4J3~ 
John Bond 
Senior Editor 
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SPECIAL REPORT ON MICROPROCESSORS/MICROCOMPUTERS PART I 

ARCHITECTURAL 
ADVANCES SPUR 
32-BIT MICROS 
With promised advances that vary from evolutionary to 
revolutionary, most of the long-awaited 32-bit 
microprocessors remain long awaited. Only two are actually 
available for designers. 

by John Bond, 
Senior Editor 

The stampede of 32-bit microprocessors, promised 
for 1984, has slowed to a walk. Despite promises 
in the trade press, most of these 32-bit chips will not 
be available before the end of the year and it will 
be 1985 before the industry sees production 
quantities. The complex architectures and advanced 
process technology that make such chips possible 
have also conspired against manufacturers ' sched
ules. Not only must chip designers deal with a new, 
more complex chip design but, in some instances, 
a change in process from NMOS to high speed CMOS. 

Often, the design must proceed concurrently with the 
design of floating point or other coprocessor chips. 
The result is an enormous drain on manpower and 
sophisticated computer aided design tools, leading 
to missed schedules. Despite that, successful designs 

have been completed, and at least two of these are 
currently available on the market. Those not yet 
ready may be worth waiting for because of their 
sophisticated architectures or because of software 
compatibility with existing microprocessor families. 

Some promise, some deliver 
At present, there are only two 32-bit microproces
sors actually available on the market. They are the 
NS32032 from National Semiconductor Corp (Santa 
Clara, Calif) and the NCR/ 32 chip set from NCR 

Corp (Colorado Springs, Colo). The National chip 
is the newest member of the NSJ6000 family of 8-, 
16-, and 32-bit data bus chips. Each has an internal 
32-bit architecture and implementation, but only the 
NS32032 has a 32-bit data path to memory. 

The NC R micro exhibits one of the most unique 
features of any chip or chip set either in production 
or promised. This micro consists of a set of four 
VLSI chips and two LSI chips, which together form 
a very powerful CPU. It is unique in its use of 
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Fig 1 The NS32032 bus interface control unit makes 4-byte 
instruction transfers into an 8-byte queue. From there, 
instructions are decoded and passed to the execution unit. 
An intermediate preprocessor selects and runs microcode 
for address computation, operand fe tching, execution, 
and result storage. 

externally programmable microcode that enables the 
NCR/ 32 to emulate other computers. 

There are at least two other 32-bit processors in 
production but they are not commercially available. 
One of these, Hewlett Packard's (Palo Alto, Calif) 
Focus, fabricated in 1-µm NMOS, is probably the 
most advanced processor yet manufactured. It is 
used in the HP 9000 computer. The other chip is the 
AT&T Technologies Inc (New York, NY) WE32000, 
which was formerly the Bellmac-32. This 2.5-µm 
CMOS chip is used in several AT&T products. 

The second generation of that processor, the 
WE32100, was recently announced. Fabricated in 
1.75-µm CMOS, the new chip offers a threefold per
formance improvement over its predecessor. The 
chip uses a 64-word instruction cache and a new 1/0 
controller that supports both multiprocessor and 
coprocessor architectures. Microcode is extensively 
changed to improve instruction cycle efficiency and 
take advantage of the separate address and data 
ports. A companion circuit, the WE32101 memory 
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management unit (MMU) is twice as fast as the origi
nal MMU . Both processor and MMU operate at 
14 MHz and are packaged in 132-pin packages. 

It once seemed likely that AT&T would offer the 
WE32000 commercially, but now the official line 
from the company is that they will not. Therefore, 
32-bit system designers have only two choices at the 
present time-National and NCR. The micropro
grammable NCR/ 32 is considered by NCR to compete 
primarily with bipolar bit-slice processors such as 
the AMD 2901. And that leaves the NS32032 out there 
alone as the only mainstream 32-bit microproces
sor available in the merchant semiconductor mar
ket. It is helpful to compare its architecture and 
implementation with presently available 16-bit 
devices that have some 32-bit features. 

Instruction sets influenced by VAX 
While most 16-bit microprocessors were heavily 

influenced by PDP-11 architecture, National's 
NS16000 family was influenced by VAX. Initially con
ceived as a 32-bit architecture, it was first introduced 
in a 16-bit external bus version, the NSl6032. Shortly 
thereafter, the NS32032 was brought out. It was 
essentially the same chip except for a 32-bit bus. 
Although the NS32032 could be claimed as the first 
full 32-bit implementation, earlier processors have 
had numerous 32-bit features. The Motorola 68000, 
for example, has 32-bit registers even though it is 
externally a 16-bit chip. Intel's 432 is another exam
ple of an innovative 32-bit architecture , although it 
has a 16-bit data path to memory. 

Instruction sets have evolved in a similar way. 
Again, most 16-bit instructions were influenced by 
the PDP-I I. The Zilog (Campbell, Calif) zsooo also 
had some IBM influence with IBM-style string 
moving instructions. The v AX influence is most 
apparent in the NS32032 instruction set and address
ing modes that provide high level language support. 
The chip's designers felt that in the future there 
would be much greater emphasis on high level lan
guages, an approach common to all the new 32-bit 
designs. In addition to eight general-purpose 32-bit 
registers in the NS32032, several special-purpose 
registers support high level language addressing 
modes (Fig 1). For example, a stack pointer register 
handles temporary storage of intermediate results, 
a frame pointer allows access to parameters and local 
variables on the stack, and a static base pointer is 
used for global variables. Support of stack-based 
addressing simplifies implementation of reentrant 
procedures and is especially useful for block
structured languages such as Pascal. 

Addressing is divided into four modes that are 
standard for microprocessors, and an additional five 
modes (Fig 2) that are used for high level languages. 
Addressing is uniform rather than segmented. All 
registers, and therefore all addressing modes, use the 



same style of addressing. The advantage to this is 
that a compiler writer does not need a different type 
of code generation for static variables , local 
variables, or stack variables. 

A major objective of the NS32032 design is to 
achieve good code using mediocre compilers. Since 
compilers take time to mature, programmers must 
often work with immature compilers, which gener
ate mediocre code. To demonstrate this advantage, 
National engineers performed high level language 
benchmarks , using a new version of the company's 
own Pascal compiler . This was benchmarked against 
a 68000, running a Motorola (Phoenix, Ariz) Pascal 
that had been refined for years. The National Pascal 
ran about 47 percent faster. This occurred, not just 
because the National chip is better, but because it 
produces superior code from National's own, admit
tedly less mature , compiler. 

National' s 32-bit chip performs floating point 
operations in a slave processor (NSI6081) that differs 
slightly from a coprocessor . The CPU stops when it 
sends an instruction (and possibly data) to the float
ing point processor (FPP) that performs the instruc
tion . The FPP then sends back a response (and data, 
if required) and the CPU continues processing. The 
Intel 8087 and 80287 coprocessors work only with 
their appropriate Intel processors because, unlike the 
NS16081 , they are more closely coupled to their 
processor chips. The National FPP will work with 

REGISTER RELATIVE DISPL\CEME 
MOOE 

SPO OR SP! 

other processors and, in fact, it is used in a number 
of 68000 applications. Because Intel has matched the 
pipelines of processors and coprocessors it makes 
for an efficient combination. But, it prevents the 
coprocessor from being effectively used with non
Intel processors. Using a slave processor also makes 
it easier to bring that function onchip when process 
advances permit it. 

The NSI6082 MMU is also a slave processor. The 
entire mapping of the logical address space is 
described by tables in memory and the MMU has 
automatic, direct access to those tables. The MMU 

maintains an internal cache of the 32 most recent 
translations. It updates the cache automatically when 
it gets a request for a page that is not in cache. It 
simply holds the processor, accesses the table in 
memory, gets the new translation , and continues. 
The whole process takes 2 µs. 

Because the NS!6082 MMU is designed for demand
paged virtual memory and the NSI6081 is available 
to support IEEE standard floating point operations , 
an entire system can reside on one board. This is 
an important consideration when designing low cost 
systems . The NSI6000 series does not have onchip 
cache but does provide an instruction prefetch. 
Because the instruction set is designed with variable 
instruction size, however , instruction alignment is 
necessary. This does not slow the system because an 
instruction is always ready for execution in the 8-byte 

OPERAND 

TOP OF STACK ADDRE SS Of SPOOR SP! ~ AOORESS o-I ---"I OPERAND Fig 2 Along with standard 
addressing modes, the NS32032 and 
other NS16000 family members offer 
five addressing modes to support 
high level languages. These are 
memory mode (register relative) , 
top of stack, memory relative 
mode, and scaled index and 
external modes. External mode and 
top of stack are unique to the 
NS16000 family. External address 
mode allows modules to be 
relocated without linkage editing. 
Top of stack addressing permits the 
currently selected stack pointer (SPO 

or SPI) to specify operand selection. 
It allow manipulation of an 
operand on the stack by all 
instructions, unlike other 
microprocessors where top of stack 
addressing is limited to a small 
number of instructions. 
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Fig 3 The NCR/ 32 is composed of 
four VLSI chips: a central processor 
chip (CPC); address translation chip 
(ATC), extended arithmetic chip 
(EAC) and a system interface 
controller (SIC). The system 
interface transmitter (SIT) and 
receiver (SIE) provide high speed 
conversions between the byte-wide 
SIC and bit-serial communication 
channels. 

NCR 32-500 SIC 

8-BIT BUS NCR 32-590 SIR 

NCR 32-020 EAC 

MEMORY 

prefetch queue that is loaded with aligned transfers. 
The CPU fetches 4 bytes at a time from the instruc
tion stream. Whenever the bus is free, it reads 
another instruction. 

On the other end of that queue is a unit that 
decodes instructions while functioning as the inter
face between the execution unit and the instruction 
stream. In most cases, the instruction is already 
decoded and ready to execute in what is essentially 
a three-stage instruction pipeline. One stage performs 
the fetch and decode while the next stage executes. 

Although the NS32032 does not have a data cache, 
a future version of the chip will use a bus protocol 
designed to support a high speed external cache. 
National elected this approach because the size cache 
that can be put on a chip with today's technology 
is not very large (typically, about 256 bytes whereas 
an optimal computer system cache would probably 
be about 2 Kwords). Also, an onchip cache locks 
the system designer into the chip designer's cache 
policy. If the cache is external, however, the system 
designer can choose a cache policy that provides 
answers to several questions: Do you write through 
the cache, continually updating memory? Do you 
save changes and only write back to main memory 
with an update when necessary? What do you do 
about multiple processors on the same bus? How 
is OMA handled? According to National, if cache is 
on the chip, it is difficult to give the system designer 
the flexibility needed to configure a high end sys
tem. Nonetheless , there are several chip manufac
turers who disagree with National's position and are 
building caches into their chips. 

National beat the other semiconductor manufac
turers to market with a 32-bit chip because the 
company was very conservative from a process 
standpoint. The family was brought out in 3.5-µm 
NMOS, which is not National's most advanced tech
nology. The company has a 2-µm CMOS process in 
gate arrays and will eventually migrate the NSl6000 
family into that technology or some other advanced 
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process. But for this iteration, the designers avoided 
complications by bringing out microprocessors in a 
technology that they fully understood. 

The chip is currently available in a 6-MHz version, 
but a 10-MHz chip will be in production in the third 
quarter of '84. When the die is shrunk, the whole 
family will be upgraded to a 15-MHz clock. So, while 
the present NS32032 uses current technology, com
petitors have had to slip introductions because of 
more complex architectures or processes they have 
pursued. National, however, expects to bring out 
advanced versions of the chip by the time more 
advanced, competing chips are in production. 

Mainframe emulator 
For designers who want to emulate existing main

frames or superminis, or to implement their own 
instruction set to take advantage of an existing soft
ware base, there is only one choice. The NCR/ 32 chip 
set allows that flexibility and is available. For those 
inclined to dismiss the chip set as a computer 
manufacturer's attempt to do in four chips what the 
semiconductor manufacturer's do in one, it is 
instructive to look at the chip functions. The divi
sion of labor is really no different than what the 
semiconductor houses offer-except that all the 
peripheral chips are actually available. The chip set 
consists of four VLSI circuits: a 32-bit central 
processor chip (CPC), an address translation chip 
(ATC) for memory management, an extended arith
metic chip (EAC) for floating point arithmetic, and 
a system interface controller (SIC) that controls slow 
speed peripheral 1/ 0. Two LSI chips work with the 
SIC to provide local area network or synchronous 
data-link control communications. These are the sys
tem interface transmitter (SIT) and system interface 
receiver (SIR). Fig 3 illustrates these chips. 

In addition to these chips, a 128-Kbyte external 
memory called the instruction storage unit (lsu) 
contains the external microinstruction program that 
tailors the system to the user's needs. It is accessed 





by the CPC over the 16-bit multiplexed rsu bus. The 
main bus, however, for interchip as well as off chip 
system communication is the processor memory bus. 
This is a 32-bit multiplexed data/ address bus with 
associated control lines capable of transfer rates in 
excess of 50 Mbytes / s. 

The CPC contains a set of 179 primitive instruc
tions in onchip ROM. These microinstructions are 
designed to execute in one clock cycle of 150 ns. This 
is similar to the single-cycle instruction execution 
found in Reduced Instruction Set Computer (RISC) 
applications. It is responsible for the speed advan
tage of the chip's native-mode instructions. 

To emulate existing mainframes or 
superminis, there is only one choice. 

In emulation mode, a virtual machine's instruc
tions can be emulated to permit the use of existing 
software. Since the external rsu must be used for 
this, emulation mode runs more slowly than native 
mode. The simplified microinstructions, resident on 
the CPC, free up silicon that would normally be 
needed for control functions . This is put to good 
use to provide a RISC-like, register-rich architecture. 

A three-stage instruction pipeline (fetch, interpret, 
and execute) and 13.3-MHz clock add to the per
formance of the chip set. But, program execution 
speed varies according to whether the chip is used 
in native or emulation mode or what type or pro
cessor is emulated . For example, setup registers for 
virtual machine emulation are tailored for the 
IBM 370 instruction set. Also , the EAC supports IBM
compatible floating point. So it is not surprising that 
the NCR/ 32 can run IBM MYS at about the same 
speed as an IBM 4331. When emulating Digital 
Equipment Carp's (Maynard, Mass) VMS, however, 
it runs three to five times slower than a v AX 11 /780 . 
By comparison, when each runs the same task in 
its own native code, the NCR/ 32 will run two to 
three times faster than a VAX. NCR uses the chip 
set in the NCR 9300 system and Honeywell has 
announced plans to use it in a new small-to-medium 
mainframe family. 

Not available yet 
The big three of microprocessors-Intel (Santa 

Clara, Calif), Motorola, and Zilog-have not yet 
introduced their 32-bit offerings to the world . Of 
these , the Motorola 68020 is probably the closest to 
production. Originally scheduled for the end of the 
first quarter 1984, introduction has slipped to the 
summer of 1984 and some industry sources indicate 
the chip may not appear until nearly the end of the 
year. Since Motorola's long awaited floating point 

1 30 COMPUTER DESIGNIJune 1, 1984 

coprocessor will not be produced until after the 
68020, users are in for a still longer wait for that 
part. Motorola has recently taken a closed-mouth 
approach to officially releasing information about 
the 68020 to the press. However, Motorola person
nel have presented papers at conferences that detail 
many of the features of the new microprocessor. 

Intel has said even less about its entry, the 
iAPX 386, except that it is an extension of the 80861286 
family architecture. Since the introduction data is 
in the first half of 1985, Intel spokesmen obviously 
do not want to discuss a design that may still be 
somewhat fluid. However, a clear picture of the 
company's direction may be obtained by looking at 
the existing family and extrapolating that to the 
32-bit world. 

Zilog's position regarding the Z80,000 has been 
much more open. The product has been announced 
in considerable detail, including trade magazine 
articles. Unfortunately, the project has not kept pace 
with promotion and has been dogged with delays. 
Zilog now estimates the sampling data as mid
February 1985, some six months after the company 
sees first silicon on the part. 

A step beyond 
The 68020 uses the basic 68000 instruction set but 

adds new instructions and addressing modes. Six 
instructions are extended to larger data types. Sixteen 
new instructions are added for additional data types 
and seven more new instructions provide support 
for coprocessors. 

Since the 68020 will be the first 68000 family 
member to possess a full 32-bit ALU, several 

The WE32000 32-bit microprocessor has been available within 
AT&T for some time. A more advanced version, the 
WEJ2100, was recently introduced. However, there are no 
plans to make either chip available outside AT&T. 
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Fig 4 Because of the pipelined internal architecture of the 
Motorola MC68020, the ALU can execute instructions faster 
than they can be fetched from external memory. To permit 
the chip to run at full speed, an instruction cache is built 
into the chip. This cache is used only for instructions, 
not for data. 

instructions had to be enhanced to support 32- and 
64-bit data. Other new instructions provide aid for 
multiprocessing and compiler writing. Additional 
addressing modes include scaled indexing and 
memory indirection. 

Memory management will be supported by an 
instruction continuation mechanism as it is in the 
68010. Demand-paged virtual memory requires this 
feature because the CPU must be able to suspend an 
instruction at any point and continue it later. The 
68020 extends that ability and adds new registers 
and instructions to support a virtual memory 
environment. 

ENVIRONMENT 

FAULT TOLERAN CE 

MULTITASKING 

REPROGRAMMABLE 

DEDICATE D 

A coprocessor interface to support the MC68881 
floating point coprocessor is an important addition, 
or at least it will be when that chip becomes avail
able. Adding to the speed of the chip, the pipelined 
architecture can execute instructions faster than they 
can be fetched from off chip memory. To prevent 
slower, external memory from limiting the speed of 
the device, an onchip instruction cache was included 
to allow faster instruction fetches (Fig 4). For pro
grams that fit within the cache, the 68020 will run 
six times faster than the 68000. Most programs will 
actually run four times faster on the 68020. This chip 
will be fabricated in a combination CMOS/ NMOS 
process that offers high speed and low power 
consumption. 

Evolutionary developments 
Given the current development schedules in the 

industry, Intel could be the last one out with a 32-bit 
microprocessor. But don't count on it-Intel may 
be the only company with a realistic schedule. In any 
event, there should be no great surprises. The iAPX 
386 is an evolutionary extension of the basic 86 archi
tecture. It is bit compatible and allows migration of 
existing software to a 32-bit environment (Fig 5). 

Like the iAPX 286, the 386 will have a four-level 
protection mechanism implemented in the microcode. 
Software can be assigned to any of four priority 
levels and access controlled between levels. The 386 
will be fundamentally the same in other ways, as 
well. The primary difference will be that the 386 will 
have 32 bit addresses, registers, and data paths. More
over, the 386 will be implemented in CMOS, unlike 
the NMOS 286. 

Fig S Intel's approach to microprocessor family evolution is best understood in terms of the environment for 
which each is intended. The basic 8-bit processors (and one 4-bit) are aimed at dedicated applications such as 
controllers. The reprogrammable processors are aimed at the first level of computer applications. Starting with the 
8086, the basic CPU evolved into the 8-bit external, 16-bit internal 8088 and 80186. The latter brought many of the 
support functions onchip to lower system costs. The next level is capable of multitasking. It includes higher 
performance processors like the 16-bit 80286 and the 32-bit 80386. These CPU's can handle extensive physical and 
virtual memory. They are designed for high level language support. Finally, for fault tolerant processing, the 432 is 
unrelated to the rest of the 86 family but some, as yet unspecified , future chip may pull it all together. 
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National Semiconductor's NS32032 is the first 32-bit chip 
available from a mainline semiconductor supplier. Like 
other members of the NS16000 family of microprocessors, it 
is organized to optimize support for high level language. 

A major consideration at Intel is software com
patibility across a family of products. Intel has made 
the entire 86 family instruction set compatible with 
extensions, as appropriate. For example, the 286 has 
(and the 386 will have) extensions for a memory 
management protection mechanism similar to the 
Motorola 68010. But according to Intel, the 386 will 
exhibit tighter coding and a more byte-efficient 
instruction set than the 68010. Memory space and 
performance are improved because the fewer bytes 
required for an application reduce bandwidth re
quirements. Features of the family instruction set 
include coprocessor escape mechanism (to support 
coprocessors) and string instruction (operating string 
primitives) to develop instruction loops for higher 
level instructions (almost like macros with very few 
bytes). As an example, the move operation is a single 
byte. A contiguous move operation that transfers 
an entire block of memory from one space to another 
takes only 2 bytes. Therefore, something that would 
require substantial looping capabilities in a tradi
tional instruction set can now be done in 2 bytes. 

The 8086 has a 1-Mbyte address space. The 286 
provides a 16-Mbyte physical address space and 
32-Gbyte virtual address space (each of 32 users have 
1 Gbyte). The 386 will support even larger physical 
and virtual address spaces. Both support virtual 
memory and swapping. 

In the 8086, the user views address space as a set 
of segments . These can be linked to support large 
data structures or treated individually. The 286 and 
386 retain the same addressability but treat it as vir
tual memory. Consequently, total available address 
space grows from 1 Mbyte to the gigabyte range. 

It is consistent from the programmer's point of 
view because it treats addresses alike whether they 
are physical or virtual. So, software is portable from 

a low cost processor such as the 8088 up to the higher 
cost 286 and 386. 

To programmers familiar with PDP-lls, memory 
segmentation, as implemented on the Intel chip may 
be an unfamiliar concept. But those used to 
programming IBM or Burroughs equipment will find 
the concept not only familiar but will appreciate the 
benefits it confers. Among software designers, 
segmentation is much more readily understood and 
appreciated. Visi Corp, for example, has used seg
mentation to implement VisiOn software packages. 
Windows are controlled on a segment basis. 

The memory management chips from Zilog and 
Motorola also use a segmented concept, but their 
processors have a linear address space. Intel chose 
to build segmentation into the processor chip as a 
fundamental concept. The Intel chips have fewer 
registers than Motorola's, however, the register set 
in the family is more oriented toward, and optimized 
for, high level languages. Because these registers are 
useful for high level languages, they allow for com
pactness of instruction set and relative efficiency in 
register utilization. 

Addressing, register sets, and instruction sets are 
attributes that remain consistent from member to 
member of the family including the 386. This is 
because they are the attributes visible to the program
mer. But, there will be new instructions for vectors 
and bit fields and to support 32-bit data types. 

The family is basically organized with a 16-bit 
ALU. The 386 takes that to 32 bits. The 386 is also 
very fast, with a high degree of pipelining. Fetch, 
queue, decode, and address calculations are all done 
in parallel. Thus, at any point there are three in
structions undergoing execution. (The 8086 used 
prefetching as a first step toward some degree of 
parallelism.) Intel's approach with the 286 and 386 
is that virtual addressability is totally independent 
of the I/O pins. By bringing it onchip, Intel has 
allowed virtual address space to be totally inde
pendent of the number of physical pins. 

The 386, along with other family members, offers 
onchip memory management. It also has an onchip 
instruction queue but not a true cache for both 
instructions and data. The new instructions, a bus 
that supports fault tolerance, and a much faster 
floating point coprocessor round out the evolu
tionary advances in the product line. 

A revolution in silicon 
Though well publicized and billed as a "main

frame on a chip," the Zilog Z80,000 development 
program has been delayed and the company has not 
yet produced first silicon. This may be due to the 
complexity of the design, since the performance 
claimed for the chip is extraordinary. Zilog is 
attempting nothing less than to leapfrog the entire 
industry and produce the highest performance 32-bit 
microprocessor (see the Table). 
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Comparison of 32 -bit Microprocessor Features 

Features 

MMU onchip 

Instruction cache onchip 

Data cache onchip 

Pipeline 

Burst memory transfer 

Bus scaling 

Addressing (linear/segmented) 

Orthogonality 

Floating point support 

General-purpose registers 

Source: Zilog, Inc 

It is all part of a plan to orient the company's 
product lines toward two distinct function areas
control and computation. Zilog realized that 
although the zso architecture was well suited for 
control applications, computation-oriented tasks 
required a different architecture, a different register 
model, and a different instruction set. So, the 
company developed a new 16/ 32-bit computational 
family. 

Since chip densities at the time would not allow 
the implementation of a 32-bit processor, the 16-bit 
zsooo was first built as a downward-compatible 
member of the zso,ooo family. Thus, the zso,ooo has 
its foundation in the zsooo, although the 16-bit chip 
was hardwired and the zso,ooo will be microcoded. 

Zilog has chosen to implement the zso,ooo in 
NMOS. The 2-µ.m design-rule process used permits 
four different transistor types. This allows the 
designer to optimize the speed and power needs of 
each individual logic element. High value polysilicon 
resistors permit large, fast onchip static RAMs for 
cache memory. Multiple interconnect levels allow 
higher packing density of logic elements. The power 
dissipation of this NMOS process approaches that 
of CMOS. 

Although initial versions of the chip will run at 
10 MHz, the process will enable speeds up to 25 
MHz. A zso,ooo at 25 MHz will have a peak instruc
tion execution rate of 12.5 million instructions per 
second (MIPS), and a sustained rate of 6.75 MIPS. 
The sustained instruction rate takes into account 
32-bit instructions, the full instruction set, cache 
misses, and pipeline interlocks, making the zso,ooo 
almost four times as fast as the v AX 11 / 780 . Since 
the chip does not yet exist, such performance esti
mates are based on Zilog's simulations and may not 
reflect the real-world characteristics of the chip. 

To facilitate execution of complex 32-bit instruc
tions, particularly those requring extensive operand 
address artithmetic, the chip uses a multistage 
instruction pipeline with both an execution stage 
ALU and an address calculation ALU. The zso,ooo 
breaks instructions into six phases: fetch, decode, 
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operand address calculation, operand fetch, execu
tion, and operand store. This pipeline improves 
execution speed significantly. To keep the pipeline 
full, the zso,ooo has a 256-byte fully associative 
cache memory. The cache always contains the most 
recently used instructions and data. It may contain 
instructions only, data only, instructions and data 
together, or be used as a fixed memory as needed 
by the user. 

To maximize bus bandwidth without requiring 
faster memories, the zso,ooo uses a burst mode that 
permits memory transactions to use the nibble mode 
or page mode feature of some RAMs. This mode 
allows multiple data transactions to follow an 
address transaction without intervening address 
transactions. Thus, memory bus bandwidth is 
effectively doubled. 

The onchip demand-paged memory management 
unit maps the pages of logical memory into the 
frames of physical memory. To implement this 
scheme, a translation look-aside buffer (TLB) is 
incorporated onto the chip. This buffer contains the 
16 most recent maps between logical and physical 
memory. The zso,ooo automatically checks the TLB 
for the proper map. If there is a match, the corre
sponding physical frame address is read and a 
memory access made. If there is no match, the 
zso,ooo automatically accesses translation tables in 
main memory to obtain the proper map. This new 
map is then loaded into the TLB in place of the 
oldest entry. As in the case of the cache, the least 
recently used algorithm is used to ensure that the 
TLB always contains the most recent entries. 

Other voices, other chips 
For all the talk of VAX-like 32-bit architecture 

heard from the micro makers, there can be no doubt 
that the most "VAX-like" chips were those 
described in three DEC papers given at the Interna
tional Solid State Circuits Conference (Isscc) earlier 
this year. The presentations covered a four-chip 
VLSI v AX CPU implementation with 1,220,550 tran
sistors, an interface chip for a new 32-bit bus with 
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13.2 Mbytes/ s bandwidth, and-most interesting of 
all-a single-chip v AX microprocessor. The single
chip v AX could be very competitive with other 
32-bit processors on the market, if DEC should offer 
it for sale. The company's present position is that 
a decision has not been made whether to sell the chip 
(or the chip set). Both will undoubtedly appear in 
future v Axes, but whether the single-chip VAX will 
be offered generally shall be decided on the basis 
of yields and marketing considerations. However, 
since DEC does offer LSI-I I processor chips to their 
OEM customers, it is likely that VAX chips will 
eventually be offered as well. 

The firm's 20-MHz device places 125,000 transis
tors on an 8.5- x 8-mm die. It is a full 32-bit chip 
that executes the instruction set and demand-paged 
virtual memory management of the VAX-11/780. 
Implemented in NMOS, the chip, which is packaged 
in a 68-pin chip carrier, has a worst-case power 
dissipation of 3 W. The design features overlapped 
instruction pref etching and parallel instruction 
decoding. Of the VAX's 304 instructions, the most 
commonly used 175 instructions are microcoded 
onchip, 70 are in a separate FPP chip, 27 are in 
microcode-assisted macrocode, and 32 are entirely 
in macrocode. Dynamic RAMs can be interfaced 
without wait states and the chip has an internal clock 
generator. Physical address space is 1 Gbyte and 
virtual memory is 4 Gbytes. The chip contains 16 
general registers, 20 microcode scratch registers, 
32-bit ALU, and a barrel shifter. 

A discussion of 32-bit microprocessors would not 
be complete without a mention of the most architec
turally unique chip yet announced-the Inmos 
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The NCR/ 32 VLSI processor family 
contains the only micros designed 
to emulate existing midrange 
mainframes. Shown here is the NCR 

32-000 central processor chip, the 
heart of' the chip set. This 
externally microprogammable VLSI 

system is currently available. 

(Colorado Springs, Colo) transputer. This 32-bit 
RISC-type computer, aimed at multiple processor 
systems, uses the Occam language (see series of 
articles in Computer Design, Nov '83 to Jan '84). 
It includes processor, memory, and' communications 
on the same 250,000 transistor CMOS chip. Like so 
many of its 32-bit cousins, it is not expected before 
1985. In the meantime, another article in this spe
cial report section (see pp 143, "Thirty-two Bit Micro 
Supports Multiprocessing" by Pete Wilson) provides 
details about this unusual and controversial chip 
architecture. 

Two of the new 32-bit microprocessors are already 
here. By mid-1985, or sooner, more will be avail
able to help change the way we build computer 
systems. The system designer need only look at 
computers in current use to foresee the 32-bit micro
processor future. This is because architecture, 
instruction sets, and addressing modes have less to 
do with 8, 16, or 32 bits than they do with the 
passage of time and the state-of-the-art in computer 
science. Ideas that appear first in mainframes and 
superminis, eventually show up in silicon. This 
generation of 32-bit chips will be oriented toward 
high level languages-much like the computer 
systems in use for some time now. 

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

High 713 Average 714 Low 715 
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• Basic and Forth language compiler/ 

interpreters 
• COHERENT*: UNlxt V7 compatible 

single/multi-user operating system , 
• pSOS: EPROM resident multi-tasking / 

real time executive. // 
VME ... the Plessey 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, ~all or write Ple~sey // ~ ~'11-' 
Microsystems, One Blue Hill Plaza, Pearl River, / 0 ~ ~" 
NY 10965. (914) 735-4661 or toll-free / ~4$' 
(800) 368-2738. Or use the coupon below. // ~1~~~· 

/ ~' ~ [O 
•cOHERENT is a trademark of the Mark Wtlliams Corp. 
tUNIX is a trademark of Bell Laboratories / 
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AMP low-_Profile 
chip earner sockets 
make technology 
more affordable 
across the board. 

If you've been waiting for leadless chip carrier 
technology to reach a more practical stage, it has. 

The world's lowest-profile chip carrier sockets 
are available at a surprisingly low-profile cost. 

From AMP. 

In standard JED EC sizes from 44 through 100 
positions. In surface-mount or through-hole versions, 

with optional snap-on heat sinks. 

And they're available immediately, so you can take 
advantage of today's design work. And move it into 

production economically. 

Our sockets are designed to provide easy board insertion. 
Fast and positive substrate registration. Easy-access probing after 

chip carrier installation. 

Made, in essence, to make you more productive. So technology 
gets more affordable. 

Find out more. Give us a call. 

For more information, call the AMP Chip Carrier Socket Desk at (717) 
780-4400. AMP Incorporated, Harrisburg, PA 17105. 

AMP means productivity. 

AMP Low-Height Chip Carrier Sockets: Duplex plated contacts 
eliminate solder-bath contamination. Surface-mount or through-hole 
versions, overall installed height 0 .275 " for 44-84 positions, 0.350" 
for 100 positions, to allow 0.500" pc board spacing . 

AMP Pin-Grid Array Sockets: Up to 324 positions in 
18 x 18 array. Zero-and low-insertion force production 
versions, plus a zero-insertion force test socket. 

AM P is a trademark of AM P Incorporated. 



Introducing Tfs 
Climb on the 32-



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 

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 Instruments 
I ncor1xxared 
Multibus is a trademark of Intel Corporation 

System V/68 is a trademark of Motorola, Inc. 

UN IX is a trademark of Bell Laboratories 

TEXAS . 
INSTRUMENTS 

Creating useful products 
and services for you. 
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DATARAM. 
Your 1/2' drive 
connection. 

It's easy to interface your 1h'' drive to a 
DEC computer. When you have connections. 
Dataram provides tape drive connections to your 
host LSl-11, PDP-11, or VAX computer, with a 
family of couplers/controllers that operate in 
NRZI, PE, or GCR modes. Dataram's 
couplers/controllers operate with Yi" tape drives 
from all major manufacturers . As slow as 25 ips 
- or as fast as 125 ips. 200 BPI to 6250 BPI. 
With TMll and TSll emulations. 

Start-stop or streaming. Efficient streaming is 
supported by a unique RSX-llM utility, 
FAS TS A VE-llM, which provides optional 
backup and save capability for Dataram's 
streamer coupler. A full one-year warranty is 
standard. 

For more information about 
Yi" drive connections, call (609) 799-0071 . 
We'll help you make the connection you need! 

ST AND ARD AND STREAMER GCR 

AMPEX KENNEDY STC 
CIPHER PERTEC TELEX 
CDC 5. E. LABS 
DATUM TANDBERG 
DIGI-DATA TDX 

Dataram Corporation. Princeton Road. 
Cranbury, NJ 08512 . (609) 799-0071. 
LSl·ll, PDP .rnd VAX are registered tr<1demarks of 
Digital Equipment Corporation. 
FASTSAVE is a trademark of Computer Sys tems Advisors. 

~ 
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SPECIAL REPORT ON MICROPROCESSORS/MICROCOMPUTERS PART I 

THIRTY-TWO BIT 
MICRO SUPPORTS 
MULTIPROCESSING 
Combining processor, memory, and 110 in a 32-bit RISC-like, 
single-chip architecture allows multiple microprocessors to 
work in parallel. 

by Pete Wilson 

With the 16/32-bit microprocessor arena already 
crowded, introducing yet another family is no trivial 
task. It requires that the new machines offer some
thing beyond what is currently available. Inmos's 
transputer family meets this challenge by providing 
a major performance increase over current micros. 
The family's first product, the 32-bit IMS T424, 
executes programs about 10 times faster than a 
10-MHz 68000. Since simply outperforming the 
competition does not guarantee the future, the 
transputer family is designed with an innovative 
architecture able to deal with future advances in 
process technology and wafer-scale products. 

Just deciding to be innovative is inadequate. To 
understand the final decisions made for the trans
puter family, the 1980 microprocessor marketplace 
must first be reexamined. Fig 1 gives an accurate 
picture of repeated attempts to put the processing 
engine of a decent modern minicomputer onto a 
single chip. In the attempts, two things are clear: 
all machines have the same system architecture (a 
single processor with a single bus issuing from it to 
which many slave devices are attached), and each 
new attempt has more transistors in it than the 
previous one. However, the performance of these 
designs rarely reflects the effort put into them. Com
pare, for example, the zsooo with a 432. 

Pete Wilson is microcomputer applications manager at 
lnmos Corp, PO Box 16000, Colorado Springs, CO 
80935. He holds a BS in physics and mathematics from 
Sheffield University, England. 
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Fig 1 A microprocessor development curve shows the 
growth of transistor density, over time, in the attempt to 
wring more performance from what is essentially the same 
architecture. 

Choosing such a complex design does not make 
good use of the technology. Simply consider what 
can be built today on a single 4-in. wafer. Approxi
mately 40 million transistors can be put on the wafer 
and connected to form either memory or processors. 
They can make around 2 Mbytes of dynamic RAM . 
Thus, the technology's own costs show that a pro
cessor is worth around 4 Kbytes of memory. If 
current machines reflected this in their architectures, 
it would be as easy to build a 128-Kbyte, 
32-processor system as it is to build a 256-Kbyte, one
processor system. However, this is not the case. 
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Fig 2 An architectural view of the transputer shows 
processor, memory, and communications on a single chip. 

Nonetheless, the ability to build multiprocessor 
systems is key to more powerful systems. Redesign
ing a I-million instruction per second (MIPS) 
processor to create a 10-MIPS processor is difficult, 
but not impossible. However, changing a 10-MIPS 
processor into a 100-MIPS machine is impractical. 
Generally, multiple processors are required to 
achieve these performances. By the time perfor
mance reaches supercomputer levels of hundreds or 
thousands of million floating point operations per 
second (MFLOPS), parallel processing is the only 
available implementation choice. 

Further in the future, the so-called fifth-generation 
machines will call for highly concurrent systems. The 
1990 targets of the Japanese Fifth-Generation Com
puter Project call for systems whose aggregate per
formance is estimated at 10,000 MIPS at the low 
end. (Naturally, the top of the range machines are 
not as sluggish.) Such systems can only be imple
mented with the use of a large number of connected, 
cooperating processors. 

From these arguments, a microprocessor product 
that could be engineered into highly concurrent 
systems would be in demand. Current machines 
simply could not compete effectively. Naturally, it 
is vital that the concurrency capability does not 
compromise the microcomputer's abilities in single 
processor systems. For obvious commercial reasons, 
the device should outperform traditional micro
processors on their own ground, at the same or 
lower cost. 

With the established aim of a high performance 
microprocessor well-suited to highly concurrent 
systems, it is necessary to reexamine the technology 
to decide on the product's internal architecture. It 
is accepted, more or less without question, that 
transistors are getting smaller each year. As tran
sistors shrink, the number of devices per die goes 
up. This is instantly reflected in design time. The 
problems of design time explosions and the resul-
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tant uncontrollable designs are well-known. The 
software industry has had consistent difficulties in 
creating stable operating systems. 

As the devices shrink they operate faster, because 
they need to switch smaller amounts of energy. 
Regrettably, this speed improvement is lost the 
moment the signals have to go offchip. The inter
chip world is still locked in the protocols of TTL, 
switching relatively large amounts of energy. Inter
facing involves a long chain of buffer amplifiers in 
steadily increasing size and delay, which throws away 
the speed advantage. This problem, like the design 
time explosion, will merely get worse while the 
technology improves. Curing both design time and 
performance .problems while ensuring suitability for 
use as a parallel system building block are the goals 
of the transputer. 

A transputer is a single-chip product combining 
processor, memory, and communications (Fig 2). 
Each chip has multiple high speed communication 
channels, allowing the device to be connected to 
other transputers without extra interfacing logic. 
Each transputer has at least four full-duplex links 
that allow multi-transputer systems of arbitrary size 
to be built. Each link has a bandwidth, approxi
mating normal microprocessor bus rates. Topologies 
are restricted only by the number of links per part. 

A .transputer can execute programs from its on
chip memory, thus avoiding the performance bottle
neck of having to go off chip for each instruction 
and data access. Since the processor is physically 
small-a 32-bit version contains about as many 
transistors as an 8086-it was a manageable design 
problem. Nearly half of the die area is occupied by 
the memory, which is (on the first products) 4 Kbytes 
of static RAM . Redundancy techniques are used, 
ensuring yield control. 

High speed approach yields denser code 
The processor's instruction set reflects the design 

philosophy of the new generation of Reduced In
struction Set Computer (RISC) machines, although 
the design owes nothing to extant RISC designs. The 
RISC philosophy implements complex operations as 
a sequence of simple, very tightly encoded, high speed 
instructions. This is in stark contrast to the tradi
tional microprocessor/computer approach, which 
provides a complete repertoire of complex instruc
tions, including all combinations of address modes. 
This results in physically large (ie, multibyte), and 
relatively slow instructions. A RISC machine, by 
careful instruction set and encoding, can produce 
significantly denser code than a traditional design. 
Also, a compiler may easily achieve code densities 
very close to the machine's capabilities. Thus, the 
transputer is programmable in high level languages 
without losing efficiency. 

Just providing hardware suitable for high perfor
mance, highly concurrent systems is insufficient. A 



HOSTYRENn• VO Polystyrenes can help you 
build important savings and high perfor· 
mance properties into your enclosures. 

It's easy to see why more and more designers and 
processors are switching to American Hoechst's versatile 
line ofHOSTYREN VO polystyrenes for many kinds of 
electronic enclosures. 

Unlike competitive materials, these easy-to-process 
VO resins give you all the high performance characteris
tics you need-without costly over-engineering! 

As a cost-effective alternative to traditional materials, 
they have a lot to offer: proven color stability, excellent 
heat and impact resistance, good finish properties and 
dependable product consistency, resulting from total 
in-house" production control. 

he complete HOSTYREN polystyrene family 
is also the only line of polystyrenes that offers a choice 
of custo and standard colors on less-than-truckload 
orders. 

od the fact that American Hoechst's experienced 

and fast-growing technical sales and service team 
offers prompt, hands-on solutions to on-site problems 
and you can see why HOSTYREN polystyrene resins 
are such a popular choice. Mail the coupon now for 
technical details and cost comparison data. We're the 
Plastics Fanatics. 

r;:-------------1 
D Please send technical information and cost comparison I data sheets on your HOSTYREN VO polystyrene resins. I 
I N=•---------Title ______ _ 

I Company 

I Address ________________ _ 

I City _______ State ____ Zip ____ _ 

I Telephone----------------:::-=...,,. 
CD-6 

I Send to: Mr. Larry Vallon, I 
American Hoechst Corporation re 
2s9 North Main street Hoechst 

~c-om-ins-tcr,_MA_o_145-3 P_hon_•_(617_) 5-34--26-27 ______ ~ 
*The name and logo Hoechst arc registered trademarks of Hoechst AG. 
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RESET 

5-MHz 
CRYSTALD 

5 v 
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MEMORY 
INTERFACE 

MEMORY 
CONTROLLER 

4-KBYTE RAM 
50 ns 

TIMER 

PROCESSOR 

LINKS 

4 LINKS 

Fig 3 The IMS T424, 32-bit transputer contains a 10-MIPS 

processor, 4 Kbytes of 50-ns RAM , and four 1.5 Mbyte/ s 
full-duplex communication links. It addresses 4 Gbytes of 
memory and has an external memory bandwidth of 25 
Mbytes/ s. Implemented in a 2-JLm CMOS process, the chip 
contains 250,000 devices. 

design technology allowing systems to be designed, 
sized, and programmed is also needed. No tradi
tional programming language is sufficient for 
programming collections of thousands of connected 
computers . Those that might (eg, Lisp or Prolog) 
assume that some other language has arranged the 
coordination of the machines and the partitioning 
of the work. These are application languages, not 
system languages. More modern languages like 
Modula 2 and Ada capture a degree of concurrency, 
but assume systems with relatively small numbers of 
processors-generally below 100-that are normally 
connected by a bus or shared store. In addition, they 

A -
B EVALUATION STACK 

c 
~ 

INSTRUCTION POINTER 

WORK-SPACE POINTER 

OPERAND REGISTER 

Fig 4 The register set consists of a small set of function 
specific registers to minimize process swap time and 
simplify compiler design. 
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make assumptions about system application require
ments that may be entirely inappropriate for upcom
ing novel architectures. 

Thus, Inmos has developed Occam, a language 
suitable to the task. Covered in a series of articles 
in Computer Design from November 1983 to Janu
ary 1984, Occam takes the same building-block view 
of the world as the transputer. It considers the world 
to be constructed from independent, concurrent 
processes with their own local concerns. These pro
cesses can occasionally interact by sending or receiv
ing messages. 

The Occam communication model is simple and 
universal, involving minimum overhead and allowing 
very efficient hardware implementations. An Occam 
program can be written independently of the trans
puter on which it will eventually be executed. When 
there are more processes than processors, a trans
puter will time-share itself between the processes 
requiring attention. The transputer 's instruction set 
includes facilities to directly support the Occam 
process and communication model. The result is that 
process communication is no more expensive than 
multiplication. 

The first transputer product is the IMS T424 32-bit 
transputer . Fig 3 gives an overview of the machine. 
It contains a true 32-bit processor, 4-Kbyte onchip 
static RAM, 4 Inmos links, and a parallel interface 
for the connection of extra offchip memory and 
traditional device controller chips. The numbering 
scheme chosen for Inmos transputers provides a 
short-form definition of each part; the first "4" in 
T424 indicates 4-byte internal working, the "2" is 
the n in 2n, indicating 4-Kbyte onchip memory, 
while the last " 4" denotes a 4-byte wide data path 
to external memory. Future transputer family 
members will implement a variety of the obvious 
possible combinations; the second transputer is 
a T222. 

The device is clocked by a 5-MHz signal. This can 
be either a directly connected crystal, or a signal 
from a separate clock. The machine itself, in stan
dard form, operates with a 50-ns minor cycle, and 
obtains this by multiplying up the 5-MHz external 
clock to provide the required internal clock. 

Registers and functional units are regular bit-slice 
designs with data buses flowing through them. Con
trol signals are generated from a microcode ROM, 
optimized to match both the size and control line 
pitching of the data path. 

The register set is shown in Fig 4. Rather than 
keeping variables in general purpose registers, the 
T424 keeps them in store, copying their values to and 
from registers attached to the ALU for computation. 
This has a number of benefits. First, context switch
ing is very efficient since variables do not need saving 
and restoring. Second, in conjunction with the 
instruction set, compilers may be very simply 
designed to generate dense code without the 



problems of register optimization. Third, there is no 
arbitrary limit set on the number of local variables, 
as there would be if a fixed number of registers were 
used to hold the values of variables. 

The work-space register points at the address of 
the first variable in store. On a procedure call , the 
pointer value changes to point at the first variable 
of the called procedure. This allows simple and effi
cient implementation of normal high level languages . 

The A, B, and C registers form an evaluation stack 
that is the source and destination for most arithmetic 
and logical operations. Loading a value into the 
stack pushes B into C, and A into B, before load
ing A. Storing a value from A, pops B into A, and 
C into B. A stack size of three was chosen as the 

.minimum that was practicable. Three words are 
needed for operations like multiply and divide, 
although in evaluating complex expressions, a com
piler may need to create some temporary variables 
for partial results. However, simulations showed that 
a significantly greater stack size would be necessary 
to improve substantially on the three. This would 
have used extra silicon area with a concomitant slow
ing of the processor. 

Direct functions 
There is just one instruction format-each instruc

tion is 1-byte long, and is divided into two 4-bit 
parts. The 4 MSBs of the byte are a function code, 
and the 4 LSBs are a data value (Fig 5). The 
representation provides for 16 functions, each with 
a data value ranging from 0 to 15. The 16 functions 
are split into three groups to provide direct func
tions (one-address instructions, generally pushing 
data to, or popping data from, the evaluation stack); 
indirect functions (zero-address instructions mani
pulating values held in the evaluation stack); and 
operand extension instructions (work with the oper
and register to allow data values larger than 4 bits 
to be constructed). 

Thirteen of the direct instructions provide a gen
eral purpose set of functions listed in the Table. The 
most common operations performed by a program 
are loading and storing one of a small number of 
variables, and loading small literal values. The load 
constant instruction enables values between 0 and 
15 to be loaded with a single-byte instruction. 

The load-local, store-local, and load-local pointer 
instructions all access locations in memory relative 
to the work-space pointer. The load and store non
local and load nonlocal pointer instructions behave 
similarly-except that they access locations in 
memory relative to the A register. Compact sequences 
of these instructions allow efficient access to data 
structures, and provide simple implementation of the 
static links or displays used to implement block
structured programming languages. 

One direct function causes its data value to be 
interpreted as an operation on the values held in the 

FUNCTION 

4 3 

!-BYTE 
INSTRUCTION 

DATA 

Fig 5 In the instruction set, all instructions are 1 byte 
long. The 4 MSBs represent a function code and the 4 LSBs 
are data. 

evaluation stack. These zero-address instructions are 
also listed in the Table. This allows up to 16 opera
tions to be encoded in a single instruction. The 
operand extension instructions access many more 
operations via instruction sequences. In choosing 
which functions to encode in the base, single
instruction operations (the results of an investiga
tion into programs compiled for the transputer) 
were used. The most frequently used operations were 
chosen to be encoded into single instructions. These 
include add, subtract, multiply, and divide. 

Measurements show that about 80 
percent of the executed instructions 
are encoded in a single instruction. 

Three further instructions provide comparisons 
and conditional behavior. The equal-zero instruction 
loads the A register with a truth value; true if A is 
initially zero, false otherwise. Similarly, the greater 
than instruction loads the A register with true if 
B > A, false otherwise. True and false are repre
sented by 1 and 0, respectively. Consequently, the 
conditional jump instruction also serves as jump if 
true. True and false can be loaded with single-byte 
load constant instructions. All conditional testing 
and branching can be compactly implemented using 
the instructions equal-zero, greater than, difference, 
and conditional jump. 

In addition, further instructions provide address
ing capability with both byte and word subscripting 
provided. These instructions treat A as holding a 
base address and B as the subscript. 

Measuring performance 
Measurements show that about 80 percent of the 

executed instructions are encoded in a single instruc
tion . Many of these instructions, such as load-local 
and add , require just one 50-ns processor cycle. 

The T424 addresses its memory one word at a 
time, thus providing four instructions for each 
memory access. The processor has an instruction 
buff er and a pref etch buff er, allowing four instruc
tions to be worked on while the pref etch is getting 
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Transputer Instruct ion Set 

One-address instructions Zero-address instructions 

load local arithmetic : 

store local 

load constant 

add constant 

add, subtract, multiply, divide remainder, normalize 

long add , long subtract, long multiply , long divide 

multiply, long divide 

logical : add to memory 

load local pointer 

load nonlocal 

store nonlocal 

and , or, xor, shift left, shift right 

comparison : 

load nonlocal pointer 

jump 

difference, greater than , equal zero 

general : 

conditional jump 

call 

load byte , store byte , byte count. word count, byte subscript, word subscript, check 
subscript, extend to word , check partword, extend to double, check word , reverse , 
return, minimum integer, initialize 

adjust workspace concurrency and communications : 

move message, input message, output message, start process, end process, start, 
enable channel, enable timer , disable channel, disable timer, ALT wa it , read t imer. 

the next four. This pipelining is effective because 
while the processor rarely has to wait for an in
struction, the pipeline is short enough for jumps to 
cause only a minimal time penalty when pref etched 
instructions need to be discarded. 

Because of the direct mapping of most high level 
languages into the transputer instruction set, it is 
possible to provide a lookup table to estimate pro
gram size and execution time. The lookup table gives 
the execution time and object-code size of program 
fragments (eg, the name of a variable, or an addi
tion). Total program size and execution time are the 
sum of the values of its fragments. The lookup table 
provides average values, including the effects of the 
compiler creating temporary variables and operand 
extension instructions. Generally, the lookup table 
will give results accurate to around 10 percent for 
medium-sized and larger programs. 

To put the T424's performance in perspective, a 
simple benchmark, the sieve of Eratosthenes, is run 
against an 8-MHz 68000. The T424's performance is 
estimated under the worst conditions of onchip 
execution and offchip data access. The conditions 
are considered the worst because instruction pipe
lining cannot conceal the relative slowness of off
chip memory. Moreover, although the sieve is a small 
program, the performance table is used to estimate 
speed. This means that figures for variable access 
are those appropriate for a bigger program. Finally, 
the comparison is of a compiled high level language 
program (ie, Occam) against a handcrafted 68000 

assembler. Nonetheless, the T424 performs nearly 
four times as well as an 8-MHz 68000, and requires 
a significantly smaller code size. 

Most microprocessor applications call for more 
than a 4~Kbyte memory. The parallel interface 
provides the ability to connect a large amount of 
external memory to the T424. Both static RAM and 
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dynamic RAM are supported. For DRAM, the inter
face can provide a 9-bit refresh address as well as 
explicit column address strobe (CAS) and row 
address strobe (RAS) signals . 

The interface is configurable. Up to sixteen popular 
"programs" built in to the interface are available. 
They are selectable by connection of a configuration 
pin. If other configurations are desired, they can be 
selected from an external ROM at power-up time. 
The configuration includes the ability to set the fol
lowing times: access, cycle, address-setup, address
hold, precharge, write-data setup, write-data hold, 
and the timing of each of these nonspecific strobe 
lines individually to within a 25-ns tolerance within 
a cycle. 

The processor perceives the external memory to 
be a linear extension of onchip memory. As with all 
transputers, the internal width of the machine defines 
the address space, so the T424 can address up to 4 
Gbytes of memory. Both program and data can be 
freely positioned anywhere in the address space. The 
only difference between on- and off chip memory, 
as far as the processor is concerned, is that off chip 
memory will generally be slower. 

Replacing traditional microprocessors 
The description thus far is of a high performance 

microprocessor that happens to have some very fast 
local RAM onchip. As such, the T424 can be looked 
upon as a straight replacement for traditional 
microprocessors (eg, the 68000, 8086 family, or Z8000). 

Any system designed around these machines can be 
simply reimplemented, without significant redesign, 
using a T424. The changes will be limited to aspects 
such as different PC board layout to reflect the 
simpler interfacing. Porting the software should be 
no problem either. Not only does Inmos provide 
compilers for C, Fortran, Pascal, and Occam (with 





mixed language capabilities), it actively encourages 
third-party software vendors to retarget their com
pilers and operating systems to the transputer family. 
The most obvious results of the change to a T424 
include smaller PC boards, a three- to tenfold 
improvement in performance, and perhaps a 20- to 
40-percent reduction in program memory require
ments. However, the T424, designed to act both as 
a traditional microprocessor and as a computing 
component in a highly concurrent system, includes 
many features to make such systems very efficient. 

First, the designer of a highly concurrent system 
generally wants to create software that is not tied 
to a specific number of machines. It is more con
venient to trade cost and performance by varying 
a system's transputer count. Using Occam to design 
and implement the software makes this fairly 
straightforward. However, when running software 
aimed at thousands of connected transputers on 
fewer machines, those machines must be multiplexed 
so that they behave to the software in the same way 
that a larger number of machines would. 

Constructing multiprocessor systems 
requires some farm of interprocessor 
communication. 

Processor multiplexing is implemented in the 
T424's instruction set. Both interprocess communi
cation and the sharing out of the processor are done 
by special instructions. Each process is represented 
in the machine by a work space. The work space 
contains both the local variables of the process and 
necessary red tape for the processor to housekeep 
the communications and multiplexing. The processor 
executes just one active process at a time. The 
work space pointer points at the current process, 
while the remainder are held in a queue. They are 
looked after by a pair of registers indicating the first 
and last entries. 

In practice, the scheduler provides two priority 
levels; normal and priority. Priority processes can 
perform tasks commonly accomplished with inter
rupt routines. If a normal process is being executed, 
and a message arrives for a priority process, the 
processor typically starts to execute the priority 
process within 650 ns (ie, the average 50 ns for the 
current intrustion to complete, plus a 600-ns switch 
time). Multiplication and division take approximately 
2 µs, slowing the switch. Block move operations are 
interruptible. Normal processes resume execution 
only when no priority processes can proceed. 

The current process will cease being executed if 
it attempts communication with a process that is not 
yet ready; the processor suspends the process and 
chooses the next process from the front of the active 
queues. When the partner process eventually attempts 
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communication itself, the processor transfers data, 
places the suspended process on the back of the 
appropriate queue, and continues execution of the 
partner. This communication-driven scheduling is 
frequent enough in concurrency-oriented programs 
intended for multiprocessor applications to share 
processor time fairly. However, some sequential 
programs may, if left to themselves, unfairly hog 
processor time. So, mechanisms to implement time
slicing are also provided. 

Constructing multiprocessor systems requires 
some form of interprocessor communication. 
Rather than shared-store or bus-oriented schemes, 
the T424 provides four links, each of which imple
ments a pair of Occam channels (one in each direc
tion). The links work full duplex at rates up to 20 
Mbits/ s in each direction simultaneously, and look 
to the processor just like channels. The hardware 
distinguishes between channels connecting multi
plexed processes (which are implemented as a sin
gle word of memory), and link channels by address. 
Thus, by appropriate parameterization, processes 
can be written to communicate with other process
es without knowing whether their partners are on 
the same chip or on a different one. The compiler 
produces the same instruction sequence for either. 

Each link has two pins, so that a transputer is 
connected to another by two one-directional signal 
lines. Each signal line is used to carry data and 
control information. 

Links are primarily intended for use on a single 
PC board, or between boards on the same back
plane. They are straightforward to use. The only 
requirements are that the maximum capacitance 
specification is not exceeded, and that the input clock 
frequencies of two interconnected transputers are 
within 100 ppm. Because the input and output pins 
of the link are TTL compatible, the range of a 
link can be extended by inserting standard (eg, 
RS-422/423) line drivers and receivers in each of the 
two signal lines. 

The instruction-set architecture chosen for the 
transputer has one very important side effect. It is 
no longer necessary to consider programming in 
assembler, since compilers can do as good a job of 
code generation as the best assembler hacker. Indeed, 
Inmos has no intention of providing an assembler 
for the transputer family, although the details neces
sary to write compilers will, of course, be available. 

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 



E LEAN MACHIN 
The IBEX PCT-1000 is a revolutionary new IBM format compatible 1/ 2-inch tri-density 
streaming tape drive that slims and trims your space and budget requirements in one easy 
installation. 

At less than 40 lbs., this mighty mite weighs over 60% less, costs 25% less and 
occupies 25% less space than any other 9-track tape drive available. 

The PCT-1000 is IBM and ANSI compatible. It can accommodate standard 
1/ 2-inch, 9-track tape reels from 7to10-1 / 5 inches in diameter, yet it fits into dual 8-inch 
Winchester or floppy drive footprint. 

There's more. Much more. The IBEX PCT-1000 gives you: 
• Storage of up to 136M bytes per reel 
• Transfer rates of 20K to 160K bytes / second 
• 800 bpi NRZI , 1600 and 3200 bpi PE format operation 
• Plug compatible with standard Cipher I Pertee interface 
• Internal diagnostics 
• Mounting options: 5-1 / 2" high top-loading drawer mount or 14" high front-loading 

conventional rack mount 
No matter what your application - disk backup, data interchange, or access to 

archives-the PCT-1000 is your most cost-effective, load-lightening answer. 
PCT-1000. The lean machine that 

out-muscles the competition. 
Call , TWX or write today for complete 

technical data. 

Please see us at NCC Booth #A2225 

I B E X 
Right for the times 

IBEX COMPUTER CORPORATION 
20741 Marilla Street, Chatsworth, CA 91311 
(818) 709-8100 - TWX 910-493-2071 
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XEROX• is a trademark of XEROX CORPORATION. 
Versatec is a trademark of Versatec. 
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AND FOR 
GOOD REASONS. 

NO OTHER SMD OR 112" TAPE CONTROLLERS MATCH THEM. 

First, they're an economical, high performance pair 
you can "rack and stack yourself' Or you can get them 
from your nearby DILOG distributor in a completely sup
ported subsystem package. In either case, they let you 
interface the RM02/ RM05/ RM80 emulating 8" and / 
14" Winchester drive(s) and back up with the TS-11/ { 
TSVOS/ TU-80 emulating V2 11 tape drive(s) of your 
choice. 

The hard disk controller, Model DQ228, handles one or 
two 8" or 14" SMD 1/0 drives. And because it has DILOG's exclusive 
Universal Formatting;M you can mix or match drives, so long as they have 
the same 1/0. Simply unplug one and plug in another. You get a choice of 
RSX-11 or RSTS operating systems. The controller also includes 56-bit ECC 
for accurate error detection, 22-bit addressing for speedy 4-MB access of 
memory and time saving 2-MB transfer rate. 

The Model DQ132, is a V2 11 Magnetic Tape Coupler offering you inter
face of up to four formatted industry standard 1/0 (Pertee formatted) or 
streamer/"CacheTape" transports. You get a choice of RT-11, RSX-11 and 
RSTS. It likewise offers 22-bit addressing for 4-megabyte access of memory 
and is GCR compatible supporting 600 KB transfer rate. 

For complete data on these better controllers, contact the factory or 
the distributors listed below. 

~Rnm~ 
DISTRIBUTED LOGIC CORPORATION 

12800 Garden Grove Blvd. • Garden Grove, CA 92643 • (714) 534-8950 • TLX 681399 
64-A White Street • Red Bank, NJ 07701 • (201) 530-0044 

12 Temple Square • Aylesbury, Buckinghamshire, England HP 20 2QL • 44 (0296) 84101 • TLX 837038 

MASSACHUSETTS, Norwood 
Storex Corp. 
Phone: (617) 769-3400 

NEW YORK, Rochester 
Cameron Computers, Inc. 
Phone: (716) 473-4590 

NEW JERSEY, Edison 
Total Tee Systems, Inc. 
Phone: (201) 572-3722 
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PENNSYLVANIA, Philadelphia 
Rohr Associates, Inc. 
Phone: (215) 836-2200 

MARYLAND, Lanham 
Data Systems Marketing 
Phone: (301) 577-3700 

NEW MEXICO, Albuquerque 
ASR 
Phone: (602) 949-8293 

WASHINGTON, Seattle 
Pnambic Systems, Inc. 
Phone: (206) 282-0199 

CALIFORNIA, Sunnyvale 
Computer Marketing Assoc. 
Phone (408) 734-9870 

CALI FORNIA, Orange 
Gemini Associates 
Phone: (714) 891-1507 

DEC. RSTS and RSX are trademarks of DiRital Equipment Corporat ion 



LOW POWER, CMOS 8086 
SINGLE BOARD COMPUTER 

Replace Your iSBC * 86/05 and get the 
Benefits of CMOS Technology Without Redesign 

Compare these Key Features: 

Bus Type 
CPU 
5V Operating Current 
Operating Temperature 
Supplied RAM (Bytes) 
RAM Battery Back-Up On Board 

Whether your application is an 
existing system upgrade or a 
low-power CMOS system 
design, DTl's CBC 86C/05 will 
make your job easier. Full hard
ware and software compatibility 
with the iSBC" 86/05 allows you 
to gain the low power advan-

INTEL 
iSBc· 86/05 

MULTIBUS" 
8086 

4.7 amps max. 
0°C to 55°C 

8K 
No 

tages of CMOS without sacrific
ing system performance or your 
development investment. You 
even get fast nonvolatile 
memory on-board, and a full
spec MULTIBUS" interface to 
maintain compatibility with ex
isting systems. 

ASK ABOUT OUR NONVOLATILE CMOS RAM FOR MULTIBUS AND LSl-11 TOO I 

Above specincatlons taken from manufac turers'current published doto. 
'MULTIBUS and /SBC are trademarks of Intel Corp . 
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DIVERSIFIED TECHNOLOGY 
CBC 86C/05 

MULTIBUS" 
80C86 

200 milliamps max. 
0°C to 70°C 

16K 
Yes (2.5 yrs. data retention) 

For more information regarding 
the CBC 86C/05 CPU board, or 
any of our other all-CMOS 
MULTIBUS" boards, contact Bill 
Long, CBC Product Manager at 
(601) 856·4121. 

P!!! Diversified 
iiiil Technology 

An Ergon Co. 

P. 0 . Box 748. Ridgeland. MS 39157 
Telex 585326 



SPECIAL REPORT ON MICROPROCESSORS/MICROCOMPUTERS PART I 

CMOS MICROS ENTER 
THE MAINSTREAM 
The technology of choice for future 32-bit microprocessors is 
CMOS. In fact, current 8- and 16-bit CMOS microprocessors 
already offer features that are unavailable in NMOS. 

by Walter J. Niewierski 

Trends in CMOS microprocessors follow two paths. 
Major architecture developers dedicate new designs 
directly to CMOS while CMOS manufacturers, with 
no foothold in architecture development, convert 
existing NMOS designs to CMOS. Regardless of the 
approach taken, however, special attention is given 
to enhancing the inherent benefits of CMOS in low 
power systems. Thus, each CMOS CPU has specific 
features that off er advantages over comparable 
NMOS products. These include static design, extended 
instruction set, power-down instructions, and 
internal architecture enhancements (see the Panel, 
"An overview of CMOS microprocessors"). 

Mainstream microprocessor architectures imple
mented in CMOS, with additional low power features 
to enhance the already low power CMOS, provide the 
most popular route. This path offers low power 
benefits and takes advantage of the established base 
of hardware and software designs that exist for the 
NMOS processors. This method not only provides a 
path for CMOS microprocessor product development 
in those companies that are not architecture trend
setters, but it also extends the life of existing NMOS 

Walter J. Niewierski is currently a technical 
marketing engineer at Harris Corp, Semiconductor 
Digital Products Division, PO Box 883, MS54-130, 
Melbourne, FL 32901. He is responsible for technical 
support of the CMOS BOC86 microprocessor family. He 
holds a BS in electrical engineering from the 
University of Michigan. 

architectures by opening new low power system 
design possibilities. 

The major architectures that have been imple
mented in CMOS are the familiar Intel (Santa Clara, 
Calif) 8085, 8086, and 8088; Zilog (Campbell, Calif) 
Z80; and the Commodore (Norristown, Pa) 6502. A 
smaller portion of the CMOS microprocessor market 
(in terms of device type available, but not in quan
tity shipped) has featured those processors with 
architectures or pin definitions that are unique when 
compared to NMOS products. The microprocessors 
comprising this portion are the Harris (Melbourne, 
Fla) 6120, National Semiconductor (Santa Clara, 
Calif) NSC800, and the RCA (Somerville, NJ) 1802. 

Of these, the RCA 1802 is the only one that has a 
truly original architecture. The rest borrow from 
other areas, whether it be NMOS microprocessors or 
minicomputer architectures; hardware or software. 
The NSC800 from National Semiconductor is derived 
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from both the zso and the 8085 . The Harris 6120 is 
designed to be software compatible with the Digital 
Equipment Corp (Maynard, Mass) PDP-SE. 

In this context, microprocessors create an entirely 
new ball game when compared to logic or memories. 
Support is the key in the microprocessor market. 
Extensive support in terms of development systems, 
hardware designs, software operating systems, and 
people is needed to generate significant levels of 
design-ins . This makes the existing-architecture con-

version to CMOS the simplest route for both the 
manufacturer and the designer. 

Another reason why many manufacturers have 
changed to CMOS is the power barrier into which 
NMOS is running. Exemplified in Fig 1, second
generation NMOS 16-bit microprocessors are hitting 
the upper limits of package power dissipation capa
bilities. Dissipation levels of 2 to 3 W per package 
are becoming commonplace in high complexity 
NMOS processors. 

An overview of CMOS microprocessors 

In considering the CMOS microprocessors available, 
8-bit microprocessors are still the most common (see 
Table). For example, OKI Semiconductor (Santa Clara , 
Calif) , has announced the 80C85 . This device is com
patible with the NMOS 8085 and is supported by several 
CMOS peripheral products. The OKI design of the 80C85 

is not static and requires a constant clock with a 
minimum frequency of 500 kHz to refresh internal 
dynamic registers . 

Meanwhile , Ro ckwell (Anaheim, Calif), GTE 

(Tempe, Ariz) , and Synertek (Santa Clara, Calif) are 
shipping CMOS versions of the popular 6500 micropro
cessor family. Several pinout variations are available . 
Software and internal architecture enhancements 
have been included in the CMOS products . Also avail
able is a full family of peripheral support circuits . 

Toshiba (Tustin, Calif), with a CMOS version of the 
Zilog Z80. is scheduled to introduce the Z84COO this 

year. The model is static in design with TTL

compatible inputs over the industrial temperature 
range . Although no version is completely compati
ble with the NMOS product , several other versions of 
the Z80 exist in CMOS . The National Semiconductor 
NSC800 will execute the instruction set of the Z80, 

although it is not pin compatible . 
For controller applications in severe environment 

situations, and for portable battery-operated systems, 
RCA has developed the 1802 . It has been augmented 
by several processors of varying architectures, all 
designed to focus on specific applications . Complete 
1802 peripheral and memory circuit support is avail 
able along with several development systems and 
higher level languages. The 1802 is static in design . 

The NSC800 has also coupled the internal architec
ture and instruction set of the Z80 with a unique 
pinout resembling the external bus structure of the 

Performance Characteristics of CMOS Microprocessors 

Operating Operating Standby 
frequency current 

M inimum Maximum at maximum 
frequency 

8-bit 

80C85 500 MHz 3 MHz 22 mA 
65SC02 de 4 MHz 16 mA 

NSC800 32 kHz 4 MHz 

1802 de 5 MHz 6 mA 
maximum 

6120 de 5 MHz 10 mA 
maximum 

Z84COO de 2 .5 MHz 15 mA 
maximum 

8/16-bit 

80C88 de 5 MHz 50 mA 
maximum 

65SC802 de 4 MHz 20 mA 
maximum 

16-bit 

80C86 de 5 MHz 50 mA 
maximum 

J-11 15 MHz 200 mA 
typical 

* c = Commercial (0 to 70 °Cl 
I = Industrial ( - 40 to 85°Cl 
M = Military (-55to 125 ° C) 
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NA 
10 µA 

NA 

200 µA 
maximum 
500 µA 
maximum 

10 µA 
maximum 

500 µA 
maximum 

500 µA 
maximum 

Guaranteed 
Vee range 

5V ± 5 percent 
5V ± 10 percent 

5V ± 10 percent 

4 to 6 .5 V 
4 to 10.9 V 
5V ± 5 percent 

5V ± 10 percent 

5V ± 10 percent 

5V ± 10 percent 

5V ± 1 0 percent 

5V ± 5 percent 

Temperature Sources 
range 
guaranteed* 

I OKI 
C,l ,M GTE, SynerteR, 

Rockwell 
C,I National 

Semiconductor 
l ,M RCA, Hughes 

l,M Harris 

Toshiba 

C,l ,M Harris 

C,l,M 

c 

Western Design 
Center, GTE 

Harris 

DEC 



To overcome this power problem, many new 
third-generation 16- and 32-bit processor families are 
being initially developed in CMOS. This represents 
a major shift in philosophy for NMOS houses. CMOS 
is no longer merely a nice little low power technology 
for special applications; it is the technology that will 
allow microprocessor architecture developers to cre
ate advanced generations of their devices. 

The most significant benefit of CMOS micropro
cessors is the power they save compared to NMOS 

SOS5 . The NCSSOO has three operating frequencies: 1, 
2. 5, and 4 MHz. Several peripheral combination chips 
are also available in CMOS. The Nscsoo is not static 
and requires a minimum clock frequency of 32 kHz. 

From Harris, the 6120, developed for Digital Equip
ment Corp, provides a CMOS processor that is soft
ware compatible to the DEC PDP/SE. The HD-6120 is 
actually a 1 2-bit machine and emulates the instruc
tion set of the DEC PDP/SE. Completely static design 
allows operation from de to 5 MHz. Simplified 110 and 
memory control signals make the 6120 easy to use 
with standard memories and peripherals . 

Microprocessors with 8/1 6-bit CMOS are also avail
able. The socss, introduced by Harris in May 1984, 
is directly pin-for-pin, hardware and software compat
ible with the NMOS soss . With an operating frequen
cy range of de to 5 MHz, the socss is static in design . 
Power supply current specifications are the same as 
the socs6 with a standby current of 500 µA maxi
mum, and an operating current of 10 mA/MHz. Intel 
is a licensed alternate source for the socss . A com
plete family of peripheral and bus circuits to support 
system design is available. 

Western Design Center (Mesa, Ariz) has announced 
a CMOS 16-bit upgrade of the 6502, 8-bit processor. 
Two versions will be available: the 65SCS02 (com
pletely 6502 hardware and software compatible with 
an 8-bit external bus, an expanded instruction set, and 
internal 16-bit architecture), and the 65SCS16 (8-bit 
data bus with expanded addressing to 1 6 Mbytes of 
memory). GTE will also produce the part. 

Harris is currently in production with the SOCS6, a 
CMOS 1 6-bit microprocessor that is hardware and 
software compatible with the industry standard NMOS 
sos6. The completely static CMOS design has an oper
ating frequency range of de to 5 MHz. Stopping the 
CPU clock yields a standby current of 500 µA maxi
mum while the operating current is 1 0 mA/MHz. Intel 
is a licensed alternate source for the socs6. 

The J-11 from DEC is a CMOS microprocessor chip 
set that emulates the DEC PDP-11. Designed and 
manufactured by the Harris Semiconductor CMOS 
Digital Products Division, the J-11 is a two-chip CMOS 
processor. Each device is packaged in an 84-pad lead
less chip carrier (LCC) and both are mounted on a 
60-pin dual-inline ceramic substrate. Completely static 
in design, the Micro J-11 will execute the PDP-11 
instruction set and has many advanced hardware 
features such as complete PDP-11 -70 equivalent on
chip memory management, a 32-bit internal data path, 
and 4-Mbyte addressing capability . Operating frequen
cies from de to 1 5 MHz are possible with the static 
design of the two chips. 

and bipolar devices. In systems where direct replace
ment is possible, an immediate (but not optimum) 
reduction in power is achieved. Although a power 
supply reduction may not occur , reduced power 
usage will. Direct replacement of res for lower 
power is a relatively simple matter, but redesign of 
existing systems to reduce power supplies, fans, and 
other cooling equipment may not be economically 
feasible. In order to take full advantage of the low 
power characteristics of CMOS, systems need to be 
designed for low power from conception. 

Designing low power CMOS systems 
The best approach is to do initial CMOS system 

design with low power systems in mind. Designers 
must consider the global implications of reducing 
operating power by more than 90 percent-ie, what 
can be reduced, replaced, or eliminated when power 
and heat are significantly reduced. The biggest 
reduction will initially be in size and weight. Large, 
bulky power supplies can be eliminated and replaced 
with small converters or batteries. Even if a stan
dard power supply is necessary, it will be much 
smaller as long as CMOS plays a dominant role in 
the system design. The system should include not 
only the processor, but also peripheral support 
circuits, logic RAM, and nonvolatile memory. 

With the lower operating temperatures of CMOS, 
heat-related hardware such as fans, heat sinks, and 
dissipation panels can often be eliminated. Without 
the need for cooling equipment and airflow, sealed 
enclosures become possible. Sealed enclosures reduce 
electromagnetic interference (emi) and lead to higher 
device and system reliability. Less weight leads to 
true portability for instrumentation and personal 
computers. Moreover, lower power and lower heat 
dissipation allow high density system packaging in 
space-critical designs. This would not be possible 
with NMOS and bipolar components. 

All aspects of low power system design are mani
fested in lower system cost. In the application shown 
in Fig 2, a typical NMOS/ bipolar system is 
redesigned for CMOS and low power. The system 
cost is broken down into three areas: semiconduc
tors, power supply, and cooling equipment/fans/ 
enclosures. 

Costs for CMOS semiconductors are somewhat 
higher than those for NMOS and bipolar devices. 
Most CMOS microprocessors are relatively new, low 
volume products. As products mature, CMOS manu
facturing costs decrease, driving prices lower due to 
higher volume. Also, the extra cost of processing 
CMOS can be recouped if system design is truly low 
power, because expensive cooling equipment and 
power supplies are eliminated. A reduction in from 
25 W (5 V, 5 A) to 1 W (5 V, 200 mA) can result 
in a power supply cost reduction of approximately 
$50 to $100, depending on the type of power source. 
The use of batteries makes it even less expensive. 
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DEVICE 
POWER 

3 w 

1W 

IW 

CMOS 

FIRST-GEN ERATION FI RST-GENERATION 
8 BITS SECO ND-GENERATION 16 BITS SECOND-GENERATION 

8 BITS 16 BITS 

Fig 1 As shown, the power dissipation of complex 16-bit 
NMOS microprocessors is reaching a limit. This is causing a 
move to CMOS. 

Although there is a rise in overall semiconductor 
cost from 26 to 33 percent, the I5-percent cost reduc
tion in power supplies and the I I-percent reduction 
in cooling costs result in an overall system cost reduc
tion of 19 percent. Designing for low system power 
also allows products to have value added features: 
portability, battery operation, desirable ergonomic 
features (eg, quiet operation, reduced maintenance, 
and greater in-field reliability). All of these features 
make premium system pricing possible. 

One reduction leads to another in CMOS design. 
This is especially true when system concepts begin 
with the idea of low power system development com
pletely done in CMOS. 

Circuit design to minimize power 
Many CMOS microprocessors have design features 

that can be used to enhance low power operation. 
Static circuit design, input termination circuits, and 
power-down capabilities significantly reduce the 
operating and standby power requirements of CMOS 
microprocessor systems. 

Several CMOS microprocessor features off er 
significant advantages in power savings if properly 
used in system designs. Software and hardware 

HAR DWARE 
ENCLOSURE 

FANS 

POWER 
SUPPLY 

SEM !CONDUCTOR 
COST 

NMOS AND 
BIPOLAR 

100 PERCENT 

52 PERCENT 

p NT 

~CMOS 
81 PERCENT 

37 PERCENJ 

Fig 2 Despite higher semiconductor costs, CMOS reduces 
overall system costs by decreasing both cooling and power 
supply equipment. 
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power-down capabilities allow manipulation of 
system frequency for absolute control of system 
power. This type of control is not possible, however, 
unless the CPU is static in design. Therefore, static 
design is critical. Finally, floating inputs, which can 
severely impact power requirements, are important 
in designing absolute low power systems. 

A CMOS 80C86 system shows the advantages of 
CMOS and the circuit design techniques necessary 
for optimizing the low power and high performance 
benefits of CMOS. This prototype system (Fig 3) is 
developed to show the effect that high speed CMOS 
can have on system power and performance. The 
key features of the prototype all-CMOS system 
include a CMOS 80C86 static I 6-bit microprocessor, 
completely static design with a de to 5-MHz opera
tion, and a parallel interface using the 82C55A 
programmable peripheral interface. The serial port 
for terminal interface uses an HD-6406 universal 
asynchronous receiver / transmitter / bit-rate generator 
(UART/ BRG) and the local area network (LAN) 
(I-Mbaud data rate) uses an 82C52 UART/ BRG and 
HD-6409 Manchester encoder I decoder . The 82C59A 
interrupt controller provides eight-level interrupt 
capability, while the 82C54 interval timer supplies the 
three independent timers. The 44 Kbytes of CMOS 
memory are made up of 36 Kbytes of static CMOS 
RAM (an HM-6516 2-K x 8 CMOS RAM and an 
HM-92560 CMOS RAM module) and 8 Kbytes of CMOS 
fuse-link PROM (HM-6616 synchronous PROM). 

The power comparison chart (see the Table) details 
the current requirements for the CMOS 80C86 system 
and its NMOS/ bipolar equivalents. These numbers 
are worst-case operating currents seen over the full 
operating temperature device range. There is a 
90-percent decrease in power when doing a straight 
replacement of NMOS/ bipolar with CMOS. An even 
greater savings can occur when CMOS design tech
niques are used to their full advantage. 

The CMOS system discussed here (Fig 3) has a 
room temperature of 25 °C, typical current of 95 
mA, and has been powered by four AA batteries for 
more than 10 hours. System-clock frequency is 5 
MHz and the system regularly transmits message 
information to a terminal during this period. Power 
supply current figures are for 25 °C, 5-V operation. 

Hardware power-down capability is added at two 
levels: stop-clock and stop-oscillator. By stopping 
the clock to the CPU, 95 percent of the devices are 
put into a standby mode. The 82C84A clock genera
tor continues to run and provides a clock to the 
HD-6406 in order to receive incoming serial data and 
to the 82C54 in order to continue any ongoing timing 
functions. , 

When the clock to the 80C86 is stopped, the sys
tem power supply current drops from 95 mA (full 
operation) to approximately ~O mA. Execution of 
software begins again immediately after the control 
line for stop-clock operation becomes inactive. 



We have the 
components that 

make your disc 
drive drive, your 

printer print, 
etc.I etc. 

We have the electromechanical components you need for 
your computers and peripherals. And the responsiveness 
you need to keep your production rolling. 

For memory units, we supply solenoids and a complete 
line of brush less DC motors designed for 5;4'' to 18" disc 
drives. And linear actuators that position read/write heads in 
precise digital steps. 

For printers, we make rotary steppers and subfractional 
HP motors, and magnetic pick-ups. 

For microcomputers, minis and mainframes, Airpax 
magnetic circuit breakers assure positive protection. They're 
unaffected by ambient temperature, and serve the dual 
function of power switch and overload protection. 

And Airpax thermostats monitor cabinet temperatures, 
and shut down systems instantly when overheat threatens 
sensitive circuits. 

You can select from our thousands of standard models. 
Or we'll create a custom model for you, and produce a 
few dozen for prototypes, or millions for a production run . 

Ask us for engineering data. Airpax Corporation, a 
North American Philips Company, W. Johnson Ave. , Box A, 
Cheshire, CT 06410. (203) 272-0301. 

AIRPM 
We give you control. 
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82CS2 
SERIAL CONTROLLER 

INTERFACE 

LOCAL 
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NETWORK 
INTERFACE 

CLOCK 
CONTROL 

80C86 
CPU 

82CS9A 
PRIORITY INTERRUPT 

CONTROUER 

RESET 
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INTERVAL 

TIMER 

- SV 
GENERATOR 
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PERIPHERAL CLOCK 

CMOS PROM 
HM-6616 

PERIPHERAL 
CLOCK 

H0-6406 
PROGRAMMABLE 
ASYNCHRONOUS 
COMMUNIC.ATION 

INTERFACE 

RS-132-C 

PERIPHERAL 
CLOCK 

..J 

CMOS RAM 
HM-6516 

HM-92560 
CMOS 256-Kbyte 

RAM MODULE 

Fig 3 The CPU input board built around the 80C86 processor chip shows a CMOS approach to building a 16-bit processor. 
This prototype system also features a completely static design and a parallel interface using the 82CSSA programmable 
peripheral interface. 

Stopping the 82C84A oscillator results in an even 
greater power reduction with the system power 
supply current Ocd falling to less than 2 mA. This 
standby current includes a bias current for a nega
tive voltage generator in the system for the RS-232 
interface. Actual CMOS system standby current 
is less than 1 mA for room temperature (25 °C) 
typical operation. 

Using the Harris 80C86 CMOS 5-MHz, 16-bit CPU, 
along with CMOS peripheral and memory products, 
this design operates at less than 100 mA (5 V, 
25 °C). This power reduction of over 95 percent, 
when compared to the equivalent NMOS/ bipolar 
system, is achieved with no sacrifice in performance. 
In addition, trade-offs that will minimize power 
dissipation can occur in a CMOS system. Evaluation 
of speed/ power requirements for a system should 
take place early in a project so that long term power 
goals can be met. 

One of the biggest advantages of CMOS micro
processor systems is the ability to stop circuit oper
ation, either through a software command or 
hardware control. Two types of software power
down functions are now in use . The first type stops 
only the clock to the internal registers and CPU 
logic. This will result in approximately 50- to 
70-percent power savings for the CPU and the clock 
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driver circuit. This type of software power-down 
capability is available on the NSC800. 

Stopping only the clock to internal circuitry allows 
an immediate restart from the power-down situa
tion. Since the oscillator is left running, there is no 

Worst-case Power Comparisons between CMOS and 
NMOS/Bipolar 

CMOS NMOS 
PART TYPE ice* ice * 
80C86 50 mA 340 mA 5-MHz operating 

freq uency 

82C52 16 mA 120 mA for NMOS 8251 current 
and BRG current 

82C54 10 mA 140 mA at 8 -MHz count 
frequency on all timers 

82C55A 1 mA 120 mA 

82C59A 1 mA 85 mA 

82C8X 14 mA 1120 mA Seven 82C8x latches 
and transceivers 

82C84A 25 mA 162 mA 1 5-MHz crystal 
frequency (5-MHz 
system) 

PROM 60 mA 250 mA 8 Kbytes of PROM 

RAM 110 mA 770 mA 44 Kbytes of RAM 

287 mA 3107 mA 

•Specification maximums over full temperature and voltage ranges, where available . 
Worst-case estimates are used in other cases. 



Introducing 
Xycom's VMEbus Product Line. 

A Better Mousetrap. 
Our "better mousetrap" 
offers you some attractive 
bait: increased productivity 
through use of state-of-the
art VMEbus hardware for 
data acquisition and control. 
The fact is, our new VMEbus 
modules are loaded with 

extra value: in systems 
architecture, in product re
liability, and in customer 
support before and after 
the sale. All enhanced by 
fifteen years of intensive, 
industrial microcomputer 
experience-with thousands 

CIRCLE 81 

of successful installations 
worldwide. 

So go ahead. Beat a path 
to our door today and ask 
for our new VMEbus bro
chure. After all, everybody 
deserves a better mouse
trap, don't they? 
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in a CMOS processor. 
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oscillator startup time needed. Because of the con
tinuing oscillator operation, however, the CPU and 
associated clock circuit, whether internal or exter
nal , will still dissipate power. In addition, the 30 to 
50 percent of the original power required is in the 
10- to 45-mA range. 

A second option is becoming popular on some 
single-chip processors. This power-down command 
stops the oscillator and brings the entire system power 
down to the standby levels . All clocks and oscilla
tors are stopped and the entire system is put into 
a standby or quiescent state. Standby current totals 
for all-CMOS systems can be in the range of 1 to 3 
mA, depending on system size and complexity. The 
146805 single-chip microcomputer from Motorola 
has this power-down command. This can be accom
plished on existing general-purpose, static CMOS 
microprocessors (including the 80C86) with the use 
of external circuitry. 

Surveying static operation 
All devices in the 80C86 family are designed with 

fully static circuitry. This allows device operation 
from de to the individual maximum rated frequen
cies . Since operating power is critical in low power 
applications, this parameter can be controlled by the 
user, based upon system operating frequencies. 
CMOS operating power is directly related to fre
quency; the lower the frequency, the lower the oper
ating power dissipation. At a de frequency, device 
standby currents are typically less than 10 µA. 

Under normal, full-power operating conditions , 
an 80C86 system runs at a standard 5-MHz operat
ing frequency and keeps full operating power to a 
minimum. If, however, the microsystem power fails 
independently of the main power, operation can be 
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maintained. With a backup battery power supply, 
the system can transfer from main power operation 
to battery supply. With system power levels approxi
mately 10 percent that of equivalent NMOS/ bipolar 
circuits, full 5-MHz operation is still possible. 

A major advantage of CMOS 
micro systems is the ability to stop 
circuit operation via a software 
command or hardware control. 

As primary power is diminished (battery 
discharging) or removed (power interruption or 
battery-backup operation) in portable or remote 
battery-powered applications , the need to run at a 
lower frequency to conserve power may become 
important. Operating power is critical in low power 
applications and CMOS operating power is directly 
related to frequency. With the static design of the 
80C86 family, power requirements can be controlled 
by the user; reduced operating frequency lowers 
power. Static design allows this reduced operating 
frequency without the fear of causing data loss or 
invalid operation. 

One method of low frequency operation is shown 
in Fig 4. The system clock is divided by software
controlled external circuitry to provide a lower oper
ating frequency-eg, 100 kHz. The system power 
consumption is significantly reduced while complete 
computational powers remain available. The low fre
quency mode of operation is unavailable with some 
CMOS microprocessors and most NMOS processors , 
including the NMOS 8086. Dynamic register designs 
in the nonstatic CPUs need to be refreshed at a mini
mum rate and do not allow very low operating fre
quencies or stopped-clock standby operation. 
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MIS Monitors from Mitsubishi 
Mitsubishi monitors take excellent care of 

business at every level from clerical to top 
management. Our extensive product line 
includes both color and monochrome models, 
with high and medium resolution. In any size 
you need, with exceptional strength in 12", 
14" and 16" models. Customs, too. 

With all this selection, it's easy for you to 
performance-match our monitor to your MIS 
requirements. For superb business graphics, 
we'll deliver super-high contrast monitors 
with an extended range of true, vibrant colors 
and a very dense black. For number-crunching 
tasks, select a high-efficiency monitor with 
special anti-reflective coating, reducing oper· 
ator fatigue even after extended periods of 
viewing. Choose economical monochrome 
units to staff up an entire order entry depart· 
ment. And use our precision, high fidelity 
monitors for demanding CAD/CAM 
applications. 
VISIT OUR NEW MONITOR DISPLAY AT NCC, Booth# D3210 

Just pick the features, then let us show you 
how Mitsubishi monitors can give your system 
a better image at the best possible price. 

For complete technical specifications or 
MIS applications information, contact 
Mitsubishi today. 

Write or call: Mitsubishi Electronics 
America, Inc., Industrial Electronics Divi· 
sion, 991 Knox St., Torrance, CA 90502. 
Telephone: (213) 515-3993. In the East, 
call (617) 938-1220; in the Central area, 
call (312) 298-9223. 

• MITSUBISHI 
;. ELECTRONICS 

ADVANCED AND EVER ADVANCING 
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Fig 5 Power supply current of the 80C86 (and other CMOS 

micros) is linearly related to the operating frequency. 

Worst-case operating current for the 80C86 CPU at 
5 MHz is 50 mA, derated linearly as frequency is 
reduced (Fig 5). This means that the operating power 
supply current for the 80C86 CPU is approximately 
1 mA at 100 kHz. Similar deratings are valid for the 
power dissipations of the peripheral, support, and 
memory circuits. 

Finally, given a power critical situation where 
power is diminished to the point where even contin
uous, low frequency operation is not desirable, the 
80C86 static internal circuits allow the clock to be 
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Fig 6 CMOS input circuit transfer characteristics show the 
danger of allowing the input voltage to float within the 
active region of the device. The floating inputs will settle 
at the threshold voltage where current flow is greatest. 
Consequently, unused inputs must be tied to either 
V cc or ground. 
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stopped. This eliminates the power dissipation asso
ciated with switching and reduces device currents to 
standby levels. At standby, individual 80C86 periph
eral device currents are guaranteed to be less than 
10 µA with the 80C86 CPU less than 500 µA. 

In order to meet minimum 80C86 clock timing 
requirements, the clock frequency reduction must 
be timed properly. Therefore, synchronization is 
required between the system clock and the low 
frequency/ stop-clock control signals. Cases of asyn
chronous timing errors caused by irregular clocks 
outside the CPU specification limits must be avoided. 
Additional circuitry allows control of this power
down mode using a bit from the 82C55A for stop
ping the clock. The output from the 82C59A priority 
interrupt controller is used to restart the clock to the 
CPU upon demand from an external source. 

Another advantage to static design is the ability 
to stop and single step the system clock during sys
tem prototyping. This valuable method of debug 
allows the designer to inspect the system bus and 
look at specific operations in the system. The real
time complications of 5/ 8-MHz bus transfers are 
eliminated and system debug is significantly simpler. 

Static design debug eliminates the 
realtime complications of 518-MHz bus 
transfers and simplifies system debug. 

Undefined input voltage levels are forbidden in 
CMOS system design. Undefined input states allow 
the input circuitry to "float" within the active device 
region. Unfortunately, floating CMOS inputs tend to 
settle at the threshold voltage, where current flow 
is the greatest. This will increase Ice in most CMOS 
devices and can thus cause irregular or incorrect 
operation. 

Fig 6 shows the CMOS input circuit transfer char
acteristic. As input voltage moves away from either 
power supply rail, both then-channel and p-channel 
are turned on and current increases . Therefore, all 
CMOS inputs, if unused, must be tied to V cc or 
ground by one means or another. This will avoid 
high Ice conditions and oscillation. 

If non-CMOS input voltages exist in a mixed tech
nology system (TTL , NMOS, etc), system power can 
be increased again. Since these other technologies 
can have less than ideal output voltages, both the 
p-channel and n-channel input transistors can oper
ate in their linear region. This defeats the comple
mentary function of CMOS, which yields its low 
power. 

Pull-up / pull-down resistors offer the most 
common method of defining CMOS inputs when no 
driving source is present. This technique has several 
disadvantages. First , additional components (resis
tors) that increase production costs and board real 
estate are necessary. Second, more power dissipation 



can actually occur when using pull-up/pull-down 
resistors. Since the driving output must supply extra 
current when switched to the opposite state of the 
pull-up/pull-down resistor, a significant increase 
over normal CMOS leakage currents can occur. 

The role of bus-hold circuitry 
To eliminate external resistors along with the high 

power effects of "floating" inputs, the 80C86 CPU 
uses onchip "bus-hold" circuitry to provide valid 
input voltages when there is no driving source (ie, 
a no-connect or a driving input that goes to a high 
impedance state). The bus-hold circuits maintain 
these pins, internally and externally, as the last valid 
logic level until they are overdriven by another 
source. A driver must supply 400 µA of sink or 
source current at valid input voltage levels to over
drive the bus-hold circuits. Since this circuitry is 
active, and not a passive resistive-type element, 
80C86 standby current is kept to a minimum. 

System needs and overall compatibility dictate the 
placing of bus-hold circuits on the CPU. The 80C86 
CPU has bus-hold devices on selected pins (ADO to 

ADI5, AxlSx, so to S3, and control lines on pins 29 
to 32 and 34) that are common to the local bus. This 
eliminates the summing of overdrive current, which 
would occur if all 80C86 family members had bus
hold circuits on common pins. 

The 82C82/83/86/87 octal 18rtches and transceivers 
have specialized input circu'its that minimize Ice 
transients occurring due to switching and undefined 
inputs. These circuits also help eliminate the need 
for external resistors. Inputs are gated off on the 
82C82 by the falling edge of the strobe input, while 
input inverters are isolated from V cc by turning off 
the upper p-channel and lower n-channel. Thus, 
there is no current path, other than leakage, between 
V cc and ground during input transitions once data 
is latched into the 82C82. Internal circuitry is also 
isolated by gated inputs. Invalid logic states from 
floating inputs will not be transmitted to succeed
ing stages when the inputs are gated off. Pull-up 
resistors can be removed. 

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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SIPEISYSTEI! 
READY-TO-USE 
FIXED/REMOVABLE DISK 
MEMORY FOR THE PC AND XT 

Q 

• 

The Vermont Research Corporation 
81 PC, a fixed/removable hard disk 
subsystem, turns your IBM PC or PCXT 
into a 21.4 Mbyte supersystem. With 
10.7 Mbytes on a fixed hard disk and 
10.7 Mbytes on a cartridge disk, the 
81 PC streamlines data backup and 
gives you all the portability and 
security advantages of removability. 
The 81 PC copies 6 times faster than 
a Winchester/floppy combination. 

*IBM is a registered trademark of 
International Business Machines. 

Yet for all its versatility, the VRC 81 
PC still offers Winchester Perfor· 
mance and reliability and 0°to 55° C 
operating temperature range. And 
the VRC 81 PC is ready-to-use under 
PCDOS 2.0. The subsystem comes 
complete with the fixed I removable 
drive, a power supply, SASI controller, 
a cable and a PC host adapter that 
plugs into a standard expansion slot. 

The VRC 81 PC is manufactured by 
a company with 24 years experience 
supporting OEMs and system 
integrators. 

Vermont Research Corp. 
Precision Park 
North Springfield, VT 05150 
Tel : (802) 886-2256 
TWX 710/363-6533 

. ~ . WC® 
~· ,,f Memory Products for Systems 
~ That Can't Stand Failure 
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A brand new perspective on 
filling your IC Microcomputer 
and Microprocessor needs. 

Here's news for every design 
and purchasing department: 
Toshiba has developed one of the 
world's most comprehensive 
line-ups of CMOS and NMOS 
Microcomputers available today. 

In fact, we're the world's 
second largest manufacturer of 4-bit 
CMOS and NMOS Microcom-

puters. Our 8-bit devices-includ
ing the CMOS and NMOS 8048 
and 8049 as well as the CMOS Z80 
family-are meeting wide approval 
because they're tops in quality and 
are in high volume production now. 
And our 16-bit processors are on the 
way. 

Throughout our entire product 
line, we have the experience, tech
nology, quality, price, performance 
and availability to surprise you in a 
lot of pleasant ways. 

AREA SALES OFFICES: WESTERN AREA, Toshiba America . Inc .. (714) 752-0373. CENTRAL AREA, Toshiba America . Inc . (612) 831 -2566 ; EASTERN AREA, Toshiba America . Inc . (617) 272-4352. 
NORTHWESTERN AREA, Toshiba America . Inc . (408) 720-8570: REPRESENTATIVE OFFICES: ALABAMA, Glen White Associates . (205) 883-7938, ARIZONA, Semper F1 Sales Company, (602) 991-4601 . 
ARKANSAS, Technology Sales Company, (214) 380-0200: CALIFORNIA (Nor1hern) . Elrepco . Inc . (415) 962-0660: CALIFORNIA (Southern) . Bag er Electronics. Inc .. (714) 957-3367; COLORADO, 
Duffy Associates. (303) 595-4244; CONNECTICUT, Datcom. Inc . (203) 288-7005. DELAWARE, Vantage Sales. (609) 663-6660; FLORIDA, Donato & Associates. (305) 522-2200. (305) 352-0727. 
(813) 785-3327; GEORGIA, Glen White Associates . (404) 441-1447 ; IDAHO, Components West , (206) 271-5252; ILLINOIS, L-TEC. (312) 593-7200; IN DIANA, Leslie M. DeVoe Company. (3t7) 842-3245; IOWA, 
J.R. Sales Engineering . (319/ 393-2232: KANSAS, R.R. Burton & Associates. (816) 763-5385: KENTUCKY, Leslie M. DeVoe Company. (317) 842-3245: LOUISIANA, Technology Sales Company. (214) 380-0200; 
MARYLAND, Glen White Associates . (301) 252-6360; MASSACHUSETTS, Datcom . Inc . . (617) 891 -4600 ; MICHIGAN, RC . Nordstrom & Company (313) 559-7373 ; MINNESOTA, Quantum Sales . Inc .. 



Get close to the world's most 
respected name in MOS technology 
and make us your new source of 
CMOS and NMOS Microcomputers 
and Microprocessors. 

Toshiba. This new perspective 
will do you a world of good. 

8-BIT SINGLE CHIP MICROCOMPUTERS- 804818049 FAMILY 
Operating Standby 

Device Technol~ ROM (Bytes RAM (Bytes Speed Current (Max Current 
TMP8048 NMOS lK 64 6MHz 135mA JSmA 
TMP80C48 CMOS lK 64 6MHz JOmA IOµA 
TMP8049 NMOS 2K U8 6MHz/llMH~ 170mA SOmA 
TMP80C49 CMOS 2K us 6MHz IOmA JOµ A 
TMP80CSO CMOS 4K 256 6MHz JSmA IOµ A 

8-BIT MICROPROCESSOR-CMOS ZSOA FAMILY I l l Operating l Power-Down 
Device Description Technology Current Current 

TMPZ84COO~ 4MHzZ80ACPU l CMOS .1 JSmA I IOµ A 
(@ 4MHz) 

Also available are the popu~l.~~J,eg~;t~s ~nll'~~OS including P 110 , CT C, 

8-BIT MICROPROCESSOR- 8085A FAMILY 
TMP8085A NMOS 8085A JMHz CPU plus many of the popular 8-bit peripherals . 

4-BIT SINGLE CHIP MICROCOMPUTERS-TLCS-47 FAMILY 

The TLCS-47 Includes Many Powerful Features Including: 
• 90 Instruction, Instruction Set • U-Bit Timer/Counter 
• Serial 1/0 Capability • 6 Interrupts 
Available Device T)'pes: • Devices With LCD Drive 
• CMOS Devices • Devices With V.F. Drive 
• NMOS Devices • Many ROM/RAM, 1/0 Versions 

TOSHIBA AMERICA~ INC. 
A WORLD STANDARD IN MOS. 

(612) 884-4 700 ; MISSISSIPPI, Glen White Associates . (804) 237-6291; MISSOURI, R.R. Burton & Associates . (816) 763-5385; MONTANA, Components West. (206) 271-5252. NEBRASKA, R. R Burton & 
Associates . (816) 763-5385; NEVADA, Elrepco . Inc .. (415) 962-0660; NEW JERSEY, Necco 1. (201) 461 -2789. Vantage Sales . (609) 663-6660; NEW MEXICO, Semper F1 Sales Company. (602) 991-4601 . 
NEW YORK, Necco 1, (201) 461 -2789. Pl-tronics. (315) 455-7346; NORTH/ SOUTH CAROLINA, Glen White Associates . (919) 787-7016. (919) 787-7023 ; NORTH/ SOUTH DAKOTA, Quantum Sales. Inc .. 
(612) 884-4700; OHIO, Del Stellen & Associates . (216) 461-8333 ; (419) 884 -2313, (513) 293-3145. OKLAHOMA, Eng1neenng Sales Company. (918) 493-1927. Technology Sales Company. (214) 380-0200. 
OREGON, Components West . (503) 643-5588; PENNSYLVANIA, Del Stellen & Associa tes. (412) 276-7366 , Vantage Sales . (609) 663 -6660; TENNESSEE, Glen White Associates. (615) 477-8850. TEXAS, 
Technology Sales Company, (214) 380-0200. (512) 4 76-9874; UTAH, Dully Associates. (303) 595-4244 ; VIRGINIA/ WEST VIRGINIA, Glen White Associates. (804) 237-6291. (804 ) 295-0435 . (804) 224-7764 . 
(804) 224-0404 ; WASHINGTON, Components West. (206) 885-5880 ; WISCONSIN, L-TEC , (414) 774-1000; WYOMING, Dully Ass ociates. (303) 595-4244 . CANADA, Source Electronics. Ltd ., (4t6) 675-6235 . 
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The Hitachi CMOS 6300 Family-
8-Bit, Single-Chip Microcomputers 

The Real Performance Leader 
The 63B01 offers you a powerful 
CPU and high-speed operation for 
systems requiring complex and fast 
data processing. Here's how it 
compares with the 80C51. 

Benchmark Study 
Execution Code 
Time (µs) Efficiency 

8051/ 8051/ 
63801 80C51 63801 80C51 

XTAL (MHz) 8 12 8 12 
Instruction 

0.5 0.5 Cycle Time (µ.s) 

TASK 
Binary Multiply 39 42 37 43 
Bit Manipulation 6.5 6 8 8 
Logical Operations 

7 3 11 6 (AND/OR) 
Nibble Comparison 11 12 29 29 
Interrupt Processing 11.5 21 1 19 
TOTALS 75 84 86 105 

Execution time for the 6301 ranges 
from 0.5 µs (2 MHz) to 1 µs (1 MHz) 
depending on the model. at a 
wide range of operation: Vee = 
3Vto 6V. And an error-detecting 
function prevents illegal op-code 
and illegal addresses. 

Other enhancements of the 6300 
Family include upward source and 
object code compatibility with the 
HD6800 and bus compatibility with 
the MC6800 Family. 

All the Support You Need 
Hitachi's comprehensive develop
ment support includes evaluation 
kits, emulators, prototyping 
devices, and cross-software 
packages running under 

CP /M on personal computers 
and under ISIS-11 on Intel 
development systems. 

The 63P01 offers piggyback 
flexibility, which lets you "fine tune" 
programming before committing 
to a final ROM code. All this 
development support is available 
now for you to start your design. 

Enviable Track Record 
The 6301 has been in mass pro
duction for more than two years. 
Five million units are now the brains 
behind hand-held terminals, brief
case computers, printers, digital 
switches, phones, modems, and 
automotive spark control 
computers. 

Available in Quantity 
If you need them now ... in pro
duction quantities ... you're in luck. 
The Hitachi 6300 Family offers 
immediate availability of the finest 
selection of single-chip micro
computers on the market today. 

Why wait when you can have 
the finest 8-bit, single-chip 
microcomputers immediately. For 
complete design solutions, you 
can combine Hitachi's 6301 with 
our CMOS peripheral LSls, CMOS 
ROMs, and CMOS RAMs for a 
total CMOS system. 

So when you want deliveries, not 
just promises, call Hitachi. Ask your 
local Hitachi Representative or 
Distributor Sales Office about the 
CMOS Family of 8-bit, single-chip 
microcomputers. 

HD63B01 
4K Bytes of ROM, 128 Bytes of RAM 
29 Parallel Input/Output Lines 
Stop-Start Serial Communication Interface 
16-BitTimer 
8 x 8 Multiply Instruction 
Low Power Consumption Mode (60mW) 
Sleep Mode (10mW), Standby Mode (10µ.W) 
Instruction Cycle Time: 0.5µ.s 
40-Pin Package 

Part No. Architecture 

HD6301. 63A01, 63B01 Mask Programmable 
ROM On-Chip 

HD6303 External ROM 
HD63P01 Piggyback EPROM 

FAST ACTION 
To obtain product literature 
immediately, 

CALL TOLL FREE 
1-800-842-9000, Ext. 6809. 
Ask for literature 
number705. 

Hitachi America, Ltd. 
Semiconductor and IC Sales 

and Service Division 
1800 Bering Drive 
San Jose, CA 95112 





WITH OUR REAL-TIME 
OPERATING SYSTEM AND 

YOUR IBM® PC, YOU COULD 
CONTROL THE WORLD. 

Factory automation is just one of the 
many control and data acquisition appli
cations you can run with our MTOS-86/PC 
operating system and your IBM® PC 
(or equivalent) . Chemical process control 
is another. Alarm reporting systems are a 
third. The list is virtually endless. 

MTOS-86/PC is the newest member 
of our MTOS-86 family of real-time multi
tasking operating systems. The fastest, 
most efficient O/S software on the 
market today. 

Within your IBM PC, MTOS-86/PC 
fully controls the PC and its peripherals, 
including keyboard, disk drives, timer, 
interrupt controller and process input/ 
output systems. It allows custom drivers to 
be attached for special hardware and can 
easily be configured for your application. 

MTOS-86/PC comes on diskette in the 
PC format. It includes executive, console 
driver, debugger, high-speed file system, 
a run-time interface for the Intel® C com
piler and a test/demonstration program. 

IBM 1s a registered trademark of International Business Machines Corporation 
Intel is a registered trademark of Intel Corporation 
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Price for a single copy, including 
user manuals, is $495. Inexpensive 
technical support is available, too. 

For more information, contact 
Industrial Programming Inc., 100 Jericho 
Quadrangle, Jericho, NY 11753. 
(516) 938-6600. Telex : 429808 (ITT) . 

• • 
I f)I Industrial 
Programming Inc. 
The standard-setter in operating system software 



SPECIAL REPORT ON MICROPROCESSORS/MICROCOMPUTERS PART I 

HOW TO PORT 
UNIX TO A NEW 
MICROPROCESSOR 
CPU architecture has a significant effect on the process. 
Compromises must be made between the capabilities of the 
chip and the purity of Unix. 

by Nai-Ting Hsu, 
Glenn Skinner, and 
Jay Zelitzky 

Without a doubt, Unix is moving out of the labora
tory and university and into the commercial market
place. During this year, the availability of Unix 
System v on the National Semiconductor 16032, 
Motorola 68000, Intel 286, and Zilog Z8000 micrnpro
cessors will help bring Urix solidly into the world 
of microcomputers. Small microprocessor-based 
machines running Unix will be able to provide many 
of the powerful functions of larger computer sys
tems, but at a lower cost. 

Nai-Ting Hsu is currently senior engineering 
manager at National Semiconductor Corp, 2900 
Semiconductor Dr, Santa Clara, CA 95051. He 
holds an MS and a ·PhD in computer science from the 
University of Wisconsin-Madison. 

Glenn Skinner is engineering section head at 
National Semiconductor Corp. He holds a BA and an 
MS from Cornell University. 

Jay Zelitzky is a systems programmer at National 
Semiconductor Corp. He has a BA in computer 
science from the University of California at Santa 
Cruz. 

From a microprocessor manufacturer's stand
point, the task of taking existing, working Unix code 
and moving it to a new machine is not as difficult 
as starting from scratch with a proprietary operating 
system. Nor does it require as much manpower. 
Moving Unix to one of these advanced micropro
cessors, although easier than starting from scratch, 
can still be a challenging task. At National Semi
conductor, the Berkeley 4.1 BSD version of Unix is 
ported to the NS16032. This product is called Genix. 
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Fig 1 Large portions of the kernel 
and Unix utilities and applications 
can be recompiled for the target 
machine. Changes may be difficult 
or minor, depending on the 
suitability of the microprocessor's 
architecture for Unix. In the Unix 
utilities, the C compiler, assembler, 
and linker require either the major 
rewriting of existing code, or 
starting from scratch. In the kernel, 
the architecturally dependent 
sections, such as locore and 
memory management, also require 
major work. 

MAJOR CHANGES OR j 
WRITTEN FROM SCRATCH 
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With the experience of having successfully moved 
Unix to a new microprocessor, here is some advice 
for those faced with a similar task . 

Establishing porting guidelines 
The process of porting Unix begins with the devel

opment of a C compiler, an assembler, and a linker. 
In parallel, work can begin on the Unix system kernel 
itself. Assembly language code (roughly 2000 out of 
40,000 lines) must be written from scratch. Then, 
the Unix utility programs must be recompiled for 
the target machine and modified if necessary . 
Debugging, software release, and quality assurance 
follow (Fig 1). 

Before this work begins, porting guidelines should 
be established to keep the effort consistent. Guide
lines should determine when it is acceptable to 
modify existing code, what the target kernel size 
should be, and what procedures should be used for 
software releases. 

Depending on the needs of the porting team, the 
Unix porting process can bring competing goals face 
to face . On the one hand, because a new chip offers 
a range of features and capabilities, the operating 
system could be made to exploit these features , 
whether or not it was designed to do so. For ex
ample, if a microprocessor offers demand-paged 
virtual memory, users should be able to take advan
tage of it. On the other hand, changes in the oper
ating system that would affect the compatibility of 
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application programs should be avoided. Compro
mises must be made. 

Other porting tea.ms may want their porting goals 
to include minimum changes in the existing code. 
If time is extremely short, this may be the best 
choice. National Semiconductor's accomplished 
goals allow existing code to be changed when chip 
features could be exploited. This is done while keep
ing the modifications inextensive and maintaining 
the basic Unix structure. 

Regarding the kernel itself, keeping a micro
processor-based operating system as small and clean 
as possible ensures low overhead. To improve the 
system's efficiency, avoid introducing new bugs or 
unnecessary complications, and find and fix old bugs 
in existing code. Finally, adhering to a structured 
design approach will result in a finished product that 
is easy to understand and maintain. 

Quality is a big issue in American industry, in 
software as well as in other products. In an effort 
as large as porting Unix to a new microprocessor, 
it is essential to build in quality from the beginning 
of the project. Software quality-assurance personnel 
should be involved from the earliest stages of the 
project to ensure that proper equipment and soft
ware are available when it comes time to test the 
system. Software modules should be coordinated 
while they are in the development process to main
tain consistency between modules. Engineering 
managers should plan revision control. 



tee 
it may become your favorite UNIX command. 

TARTAN 'S C Compiler: compatibility across machines and 
highly optimized code-to save you resources. Superior 
error reporting, complete documentation, and responsive 
product support-to save you time. 

tmc 
it may become another favorite UNIX command. 

TARTAN 'S Modula-2 Compiler: the language Pascal wishes 
it could be-structured syntax, separate compilation , con
current processing support. With TARTAN 'S high quality per
formance, error handling, and support. 

Your Favorite Compilers
Save You Time and Resources 

• Optimized Code: Fits more application on your machine; 
lets it execute faster. You 'll get more work done with your 
present machines. 

• Superior Compile-time Diagnostics: Minimizes recompila
tions. Locates errors precisely. Reduce the hours needed to 
produce a correct program. 

• Compatibility: Keep up with a changing world . Mix languages 
in an application . Add new machines, and compile your exist
ing programs correctly. TARTAN 'S technology produces com
patible compilers without sacrificing optimization . Start with 
TARTAN compilers and grow with them-compatibly. 

• Complete Documentation: Answers to the questions that 
always arise. Complete explanations and suggested actions for 
every compiler message. Your people adapt to TARTAN com
pilers quickly, and save time every day. 

• Responsive Product Support: Your time is important. Take 
your questions and problems to our support service team . You 
get the answers when you need them. 

TARTAN'S compilers for C and Modula-2 for VAX/UNIX, DEC-20, 
and both 16000 and 68000 series computers. Additional machines 
and languages, including Ada, are coming. Ask us today about 
compiler suites. 

TARTAN-
We're going to be your favorite software company. 

VAX is a trademark of the Digital Equipment Corporation . 
UNIX is a trademark of Bell Laboratories. 
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Fig 2 This user process map shows that in the NSt6000 

memory management scheme, the first-level page table 
entries point to second-level page table entries, which in 
turn point to the text (T), data (D), or stack (s) areas. 
Protection is provided in hardware. Text is read only (R), 
data is read/ write (Rw), and the stack is read/ write. 

In the case discussed here, the final software 
release is automated. The software recompiles the 
source code, loads it onto the SYSl6 development 
system, and instructs the development system to per
form a certain set of tests on the code. This mini
mizes human intervention in the release process. 

Written in the high level C language, Unix is a 
highly portable operating system. It is not, however, 
entirely machine independent. Early in the porting 
effort, team personnel should (if they have not done 
so already) learn tile requirements of the operating 
system, the architecture of the machine that the 
software is being ported from , and the capabilities 
of the target microprocessor. The porting effort's 
degree of difficulty is governed by how well the 
microprocessor's architecture can provide the fea
tures needed by the operating system. 

Microprocessor architecture affects Unix port 
Unix was not designed to accommodate a seg

mented architecture such as that of the 286, although 
it is a useful feature for some other operating 
systems. Rather, at the root of Unix structure is the 
need for a uniform, linear address space that can 
be divided into three regions: the text area, data area, 
and stack area (Fig 2) . Unix assumes that, for an 
executing process, the lower section of the address 
space will contain the text, the data will follow the 
text, and the stack will begin at the highest address 
and grow downward. Since segmented architectures 
do not support this kind of layout, Unix will run 
on them only after considerable programming effort. 
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However, because the NSl6032 has a uniform, 
16-Mbyte address space, none of this was a problem. 

For a single-user target system, virtual memory 
is not an issue . If the target microprocessor is in
tended to function in a multitasking environment, 
accomplishing virtual memory management can be 
a major benefit. As a multitasking operating system, 
Unix context switches between processes, diverting 
the CPU's attention from one to the other. 
Whenever the context is switched, the map for the 
old process must be saved and the virtual memory 
map for the current processes must be established . 
The means of mapping a process's virtual addresses 
to physical addresses is highly dependent on the 
available memory management architecture. The 
microprocessor should also provide protection. 
Thus, this architecture determines the success of the 
multitasking scheme. 

Once the porting effort guidelines are established, 
the next key decision is choosing which C compiler 
to port. Ideally, the compiler should be highly reli
able, with as few bugs as possible . In addition, con
sider the compiler's ability to produce compact code. 
The Berkeley 4. 1 BSD portable C compiler was 
chosen, for example, because it was a well-debugged 
compiler that had been used extensively in the field. 

A compiler goal should be adopted before port
ing is begun. The program aim (once a reliable, effi
cient compiler is chosen) should be to use as much 
existing code as possible and change only those ele
ments that are directly affected by the micro
processor architecture. With minor revisions, this 
can shorten both development and debugging time. 
Attempts to optimize compiler performance should 
be done carefully. Be aware of what changes in the 
compiler can improve performance considerably, 
and what changes would result in little improvement. 
Consider debugging time when deciding on changes. 

Once the porting effort guidelines are 
established, the next key decision is 
choosing which C compiler to port. 

The target microprocessor's architecture affects 
how easily the C compiler can be ported. Because 
the NS16032 has a regular instruction set, it allows 
the use of any instruction on any register and in any 
addressing mode. With other microprocessors, there 
can be odd registers for special purposes, various 
rules for different instructions, and exceptions to the 
exceptions. These exceptions make the resulting code 
difficult to read, optimize, and debug. Programmers 
porting the compiler should always keep these excep
tions in mind. 

Assembler choice is a big decision and one that 
is not easily reversed. Before trying to develop an 
assembler, find out if there are already assemblers 





available for the CPU that could be suitable for 
use with Unix. If none are available, consider mov
ing an assembler from a different CPU. Compare 
these options to the effort involved in writing an 
assembler from scratch . 

Pointer and integer sizes 
Machine architecture affects the kinds of appli

cations that a compiler can support. Although Unix 
ran originally on 16-bit machines, the restrictions 
imposed by this architecture limited the power and 
size of application programs that they could run. 
Just as the 32-bit v AX architecture supports appli
cations that are too limited by the 16-bit PDP-I I, 
microprocessors (eg, the NS16032) can handle larger, 
more complex applications. 

Microprocessor architecture affects pointers, 
pointer sizes, and integer sizes. To support the C 
language, a CPU should be able to support pointers 
and integers that are the same size. If it cannot, many 
programs will be difficult to port to the new system. 
Moreover, it will sacrifice application software 
compatibility because most C programs mix pointers 
and integers. Some microprocessor manufacturers 
have tried to get around this problem by offering 
various versions of their C compiler, each with a 
different combination of pointer and integer sizes. 
Users have to hunt for compilers that will be com
patible with their existing software. 

Before trying to develop an assembler, 
find out if there are already 
assemblers available for the CP U that 
could be suitable for use with Unix. 

Preferably, a CPU should support 32-bit pointers 
and integers in order to accommodate larger pro
grams. No system could hope to support a program 
as large as a fully implemented version of "vi"
the most popular Unix text editor-without 32-bit 
pointers and integers, for example. Trying to sup
port 32-bit integers and pointers when the CPU's 
natural pointer size is less than 32 bits, will result 
in having to pay the associated overhead costs. With 
an Intel 8086, 8088, or 286, several additional instruc
tions must be included for every 32-bit pointer 
manipulation done within a program. Micro
processors such as the NS16032 have natural pointer 
and integer sizes of 32 bits. 

Demand-paged virtual memory management is 
not essential but is very desirable for a multi-user 
Unix system . Conventional swapping suffices for 
some applications, but if users are running large 
programs, the system can end up spending most of 
its time swapping processes at context switching. 

Even the VAX architecture (from which Berkeley 
4.1 BSD was ported) has memory management 
restrictions. The page tables that contain the map 
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between virtual and physical memory are a fixed size, 
must reside in main memory, and must be located 
in contiguous memory locations. Transferring the 
4.1 BSD memory management scheme would have 
been easier than writing code from scratch, but the 
resulting Unix kernel could not have taken advan
tage of the microprocessor's advanced memory 
management features. 

Variable page table sizes, and provisions for 
second-level page tables to page out to memory, 
allow the whole 16-Mbyte address range to be used. 
Thus, a user program could conceivably fill the entire 
process space. Writing general virtual memory sub
routines treats the kernel as just another address 
space, allowing certain pieces of the kernel itself to 
page out. A kernel that can page pieces of itself out 
to disk is convenient for running very large 
programs. 

There are also a few added features not included 
on the 4.1 BSD version. A VSPY function allows the 
kernel to point a virtual address space at a particular 
physical address space. VLOCK locks memory into 
place so that programs can execute OMA into user 
memory. VMAP copies pages from one address space 
into another, allowing the PS and w programs to ob
tain the command arguments for any process easily . 

This version of the Unix kernel's virtual memory 
management is not necessarily better than 4.1 BSD in , 
all respects. For instance, 4.1 BSD includes some more 
efficient routines for swapping. Instead of swapping 
one page at a time, for example, it can swap 50 pages 
at a time. To keep paging as general as possible, it 
pages when necessary, but uses a read-ahead paging 
optimization routine to collect paging requests and 
perform them in bunches. 

Debugging the chip set 
Initially, every new microprocessor and its support 

chips will have bugs, regardless of the manufacturer. 
Waiting for another group to debug the chips and 
fix them would mean that a software team will have 
less trouble porting Unix or any other software to 
the chip . But by that time, the competition will be 
miles ahead. A better approach to developing soft
ware of any type for a new chip is to plan the effort 
to work with prototype hardware, thereby isolating 
hardware bugs from software bugs. Often, this means 
building software from a simple skeleton and sub
stantiating it as bugs are found and fixed. 

Developing the memory management section of 
the Genix kernel began by debugging the NSl6032 
CPU. Initially, the NSl6032 main memory unit (MMU) 
was unavailable. Consequently, the kernel and a user 
process had to share the same address space, with 
the user process residing above the kernel. Because 
the CPU's modular table is limited to the first 64 
Kbytes of the address space, a stripped-down kernel 
was built to fit into 56 Kbytes, reserving some of 
the modular table entries for the user process. 
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Context switching was performed by moving all 
memory above the kernel to or from the swap space. 

Next, MMU bugs were isolated by using the MMU 

chip with the CPU in a limited way. A static page 
map mapped the user addresses one to one (ie, virtual 
address 10,000 was mapped directly to physical 
address 10,000). At the same time, access was dis
allowed to the kernel's memory. The MMU was 
instructed to translate only user mode references, so 
that kernel mode references still went straight to 
physical memory. Taking precautions against user 
programs or MMU bugs affecting the kernel itself 
resulted in the isolation of those MMU bugs that 
did exist. 

Expanding the kernel 
Virtual addresses were shifted so that programs 

began at zero, but remained mapped to one contigu
ous section of memory ~bove the kernel. Once this 
scheme worked, the next \step was to expand the ker
nel above 56 Kbytes and start to change it into the 
standard 4.1 BSD kernel. Once convinced that the 
MMU was translating reliably, it was tested in super
visor mode, again with a one-to-one static map. 
Finally, kernel mode translations were used to con
text switch the user area. 

A rudimentary paging system kept a very simple 
free page list, searching for the first available memory 
page to swap out when memory was full. Second
level page tables were never swapped and texts could 
not be shared. Swapping was synchronous, so that 
the kernel did nothing else while 110 was in progress. 
There was no virtual memory scheduler, but the 
software could take page faults from user mode and 
handle them. 

As the MMU bugs were found and fixed, features 
were added to the kernel to make it more efficient. 
Using the reference and modify bits, swapping 
second-level page tables, and implementing asyn
chronous paging resulted in demand loading of text 
segments and prepaging. Swapping parts of the kernel 
enabled page faults to be taken from kernel mode. 
In addition, a virtual memory scheduler was added 
to swap out whole processes. 

During this development process, several large 
bugs were found. For some time, the reference and 
modified bits worked improperly. Moreover, the 
MMU instruction to read or write the user data space 
from the kernel did not work, so the copy in/ 
copy out subroutines were used instead. Early on, 
there could be no page fault in the user text or the 
process would fail. Therefore, temporary code was 
added to the kernel that would lock user text into 
memory while context switching. Beginning with a 
simple kernel and adding features one at a time, these 
bugs could be identified as hardware (not software) 
problems and worked around. 

In every kernel there is a section of code that is 
written in assembly language. On the VAX, this sec-
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tion, locore.s, consists of about 2000 lines. This par
ticular section is not so much ported as it is rewritten 
from scratch. The first step is to understand precisely 
what the original code does. This requires expertise 
in the machine's assembly language from which Unix 
is ported. Next, code must be written in the target 
system's assembly language to duplicate the function 
of the original code. 

Routines for other machine-dependent sections of 
Unix must also be developed in this manner, even 
if they are written in a high level language. The serial 
1/0 drivers' code for the SYSl6 system, for example, 
had to be written essentially from scratch . The serial 
110 board resembled a hybrid between two DEC 

peripheral boards, therefore, very little of the original 
code for this routine remains. 

Porting the Unix utilities can be easy if the target 
processor closely resembles the system from which 
Unix is ported. In this case, the NSl6032 so closely 
resembled the VAX that porting the utility programs 
only meant recompiling existing v AX utilities with 
a compiler. A large fraction of the programs were 
ported with no modifications whatsoever (Fig 3). 

Problems arise when the target architecture is dis
similar to that of the original machine. In the case 
of the 68000 processor, the integer formats differ 
from those used by the v AX. With integers, the VAX 

and 68000 store the bytes in the opposite order. 
However, 68000 character strings are stored in the 
same format as on the v AX . Consequently, pro
grammers must know the actual layout of the data 
in question to switch sections where the formats must 
be reversed. 

A good debugging environment helps a porting 
effort considerably. Unix is equipped with a standard 

CONTROL 
TE RMINAL 

VAX 

Fig 3 Developed on a v AX host, the Genix operating 
system is downline-loaded onto the NS 16032-based 
SYS16 system. It accomplishes remote debugging by 
communication from a control terminal via the v AX and an 
RS·232·C line to a ROM monitor in the SYS16. The IEEE 488 
bus provides fast file transfer. 



source level debugger (SOB). The problem with SOB 
is that it contains quite a few bugs itself. Relying 
on it is risky. In addition, SOB can be utilized only 
to debug user programs under Unix and is useless 
for debugging a kernel. Consequently, instead of 
porting SOB to its system, the company developed 
its own debugging tools and had them ready at the 
time of the Unix port. 

Porting the Unix utilities can be easy 
if the target processor closely 
resembles the system from which 
Unix is ported. 

The company's debugger is structured in two 
pieces: one is a user interface and the other a ROM 

monitor. Resident on the target hardware, the ROM 

monitor supports a set of primitive debugging com
mands that make it possible to find what is stored 
in memory at a particular address, insert values at 
certain addresses, and set breakpoints, for example. 
By connecting the NSI6000 hardware to the com
pany's VAX host via a serial line, the company could 
run the frontend user interface on the v AX and still 
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This debugging environment proves to be extremely 1 L:;::;;::;;::;;::;;::;;::;;::;;::;;::;;::;;::;;::;;::;;::;;::;;::;;::;;::;;::;::.I 
useful in debugging the Unix kernel itself. Instead 
of having to scatter printouts strategically through
out the software, they were able to single-step 
through instructions in the kernel to see exactly how 
it was behaving. They were also able to substitute 
a native resident equivalent of the ROM monitor for 
native debugging. Debugging continued throughout 
the porting effort. Additional debugging was per
formed when the Unix modules were assembled and 
released. 

The task of porting Unix to a new microprocessor 
can be challenging. However, a chip's architectural 
features can make the job easier, and thereby con
tribute to the commercialization of the Unix oper
ating system. 

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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displayable in either RGB or NTSC modes. 

NEW MEDIA GRAPHICS CORPORATION 
279 CAMBRIDGE ST. 
BURLINGTON, MA 01803 
617-272-8844 

~ • --
CIRCLE 91 COMPUTER DESIGN/June 1 , 1 984 1 8 1 



Introducing the newest member of 

The HP 1630G ... 65 channels and 

First came the HP 1630A and the 
HP 1630D. One, a low-cost general 
purpose logic analyzer suited to the 
needs of the full development cycle. 
The other, with 16 channels of tim
ing analysis and 27 of state, an 
invaluable tool for the hardware 
design engineer. Now Hewlett
Packard introduces the HP 1630G. 
With up to 65 channels of state 
analysis, it is the new standard for 
software design engineers working 
on complex new 16-bit micropro
cessor-based products. Plus, the 
ability to configure 8 of those lines 
for 100 MHz timing analysis gives 
you a logic analyzer system with in
vestigative power and versatility 
for virtually all your needs. 

• • 

Three new software overview 
modes let you nonintrusively 
monitor software performance 
and hardware/soffivare interac
tions in real time. 

The HP 1630G significantly ex
pands on the software performance 
capabilities already introduced in the 
HP 1630A/D family members. In 
addition to time histograms that 
show execution-time distribution, 
and label histograms that show ad
dress activity, the HP 1630G gives 
you three new modes: program 
flow, time positional, and linkage 
measurements. Program flow 
measurement lets you monitor pro
gram activity based strictly on op
code accesses. This can help resolve 
confusions which may occur when 
histogranuning by address, especially 

a DESIGNED FOR 
~ ~ HP·IBoNotju•tlEEf-488, butth< 

• • hardware. document.Hon and i I ~ I • support that deliw.rs the shortest 
SYSTEMS path to a measurement system. 

16-bit system 

if the program generates inline 
code or if memory blocks are in
terspersed between sections of the 
program. Time positional measurement 
lets you measure the number of oc
currences of an event per unit time. 
Use this to better understand the 
behavior of your system under a 
time-varying load. Linkage measure
ment measures the relative frequency 
of the activity between specific soft
ware modules. You'll find this mode 
invaluable when you want to moni
tor the transfer activity between a 
main program and a series of sub
routines, for example. Take advan
tage of all these software perfor
mance analysis modes to rapidly 



HP's logic analyzer family. 

advanced software analysis help you 
performance. 

discover if your system is resource
limited or if, for example, poorly 
chosen program segmentation is 
causing too much time-consuming 
disc-to-memory swapping. 

T ime tagging gives you added 
insights into system functions. 

In the state analysis mode, time 
tagging measures the time elapsed 
between each stored state. Make 
detailed absolute time measurements 
between states and known physical 
events. Or, use the mode to measure 
the total time from the trigger point 
to a particular state. Because time 
tagging is a single-pass activity, it is 
well suited to helping you identify 
inline sections of code that take 
longer to execute than anticipated. 

Flo~S!r disc intetface and 
pop 16-bit microprocessor 
support. 

On-board non-volatile memory 
keeps one instrument setup and 
your current disassembler instantly 
available at power-up. For even 
greater storage, the HP 1630G 
features direct compatibility with a 
number of HP disc drives such as 
the HP 9121S/D (the HP 9121D 
is illustrated). In one convenient 
3 112" floppy you can now store 
data, state listings, timing diagrams, 
alternate disassemblers, and instru
ment setup configurations. For add
ed flexibility, the HP 1630G sup
ports all popular 8-bit, as well as the 
following 16-bit microprocessors: 
68000, 8086, 8088, 80186, 80286, 
Z8001 and Z8002. 
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Our HP 1630G upgrade kit 
protects your previous HP 
investment. 
If you've already invested in an 

HP 1630A or HP 1630D, but you 
feel you need the added capabilities 
of the HP 1630G, you'll be glad 
to know that an upgrade kit is 
available. 

Compare the HP 1630G. At 
$12,100* it's even HP-IB program
mable for fully automated measure
ments. To find out more about the 
HP l 630G or its companions the HP 
1630A/D, call your local HP sales 
office listed in the telephone direc
tory white pages. Ask for the elec
tronic instruments department. 
•U.S.A. list price only. 
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ONLYONEBUS 
LETS YOU CHOOSE YOUR 

OWN ROUTE. 



The MULTIBUS® 
architecture. 

Because by making 
your bus architecture 
decision first, you 
can ease the pressures 
of taking a rather ardu
ous journey Reduce 
your risk. Get where 
you're going faster. 
And, to a large extent, 

guarantee yourself a 
very s1nooth ride. 

First, consider hav
ing a wide open road 
ahead. Only MULTIBUS 
supports more than 
30 different operating 
systems. And all the 
major microprocessors. 
Seventeen, in fact. So 
you can drive your 
design right at the 
ultimate application. 
Even change your 
mind when the n1arket 
changes its. And thor
oughly profit from 
Intel's open systems 
approach. 

It will also com-
fort you to know that 
MULTIBUS is the 
world's best supported 
architecture. Over 200* 
companies n1ake and 
distribute MULTIBUS 
products. Giving you a 
selection of more than 
1250* products. 

And as if that weren't 
acceptance enough, 
MULTIBUS is an IEEE 
standard (IEEE 796). 
So you can count on 
your products fitting 
and working together. 
With no design break
downs along the way 

Next, consider that 
MULTIBUS supports 

all levels of integration. 
Chips. Boards. And 
boxes. From leading 
edge to commodity So 
while you're custom
configuring your own 
product, you can count 
on getting exactly what 
you need. Hardware 
and software. And serv
ice along the way 

Finally, MULTIBUS 
keeps you fueled up 
for whatever's coming 
around the next bend. 
With a defined upgrade 
path to MULTIBUS II~ 
Which, by the way, is 
the 1nost advanced bus 
architecture going. And 
which already has over 
100 companies com
mitted to its support. 

So call us toll-free to 
begin your travels 
with MULTIBUS. (800) 
538-1876. In California, 
(800) 672-1833. Or 
write Intel, Lit. Dept. 
C-19,3065 Bowers Ave., 
Santa Clara, CA 95051. 

Because there's 
no good reason why 
you should find your
self up the road 
without a paddle. 

•Source: MULTIBUS Buyer's G uide, Winter 1984. <C> 1984 Intel Corporation CIRCLE 93 



Put your computer system 
back on the fast track 

IBIS puts your computer system on the fast track. If 
you are building systems that require large-scale data 
storage and don't want to wait for data input/output de
lays, IBIS has the answer. Theirs is a new standard 
in disk drive technology. Especially if you are involved 
with image processing, super-mini systems, or other 
high performance computer requirements . 
IBIS gives you 1.4 gigabytes of data storage on a single 
14-inch Winchester disk drive. The data transfer rate 
is 12 megabytes per second with a track-to-track 
access time of 2.5 milliseconds and an average 
access time of 16 milliseconds. IBIS gives 
you the fastest drive in the industry with 
throughput that puts your system on the 
fast track. 

See us at NCC & at 
Siggraph Booth # 1319 

There's more to an IBIS disk drive system than large
scale storage and a high-speed transfer rate. Our 
"designed-in" reliability assures your system's perform
ance. IBIS utilizes the latest technology in thin film 
plated media and advanced air filtration . IBIS disk 
drives also have self-diagnostics, dynamic error detec
tion, and modular construction that promotes ease of 
maintenance and service. In fact, with the high reliabil
ity of the IBIS drive, preventive maintenance consists 
of merely changing the pre-air filter once a year. 

To put your computer system on the fast track 
with a reliable, high-performance disk drive, 

contact IBIS Systems, Inc., 5775 Lindero 
Canyon, Westlake Village, CA 91362. 
Telephone (818) 706-2505 . 
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SPECIAL REPORT ON MICROPROCESSORS/MICROCOMPUTE RS PART I 

MICROPROCESSOR 
DESIGN SUPPORTS 
MULTITASKING 
Hardware segmentation corresponds to modular software, 
easing design of current applications. 

by Paul Wells 

The spread of personal computers in the workplace 
has created a need for integrated software packages 
that juggle several tasks simultaneously. In the past, 
such facilities have been supported by multitasking 
operating systems running on larger computers. 
Bringing mu ltitasking down to the level of 
microprocessor-based personal computer systems 
takes a high degree of cooperation between hardware 
and software. Some examples of this cooperation 
are Microsoft's Windows and YisiCorp's YisiOn. 
Both integrated software systems make good use of 
memory segmentation found in Intel micro
processors. Such segmentation is specifically 
designed to meet the heavy demands of a multitask
ing environment. Segmentation is further extended 
in the 80286 CPU through onchip implementation of 
key functions needed to support concurrency. 
Moreover, special coprocessors cooperate with this 
multitasking hardware to boost performance without 
imposing additional overhead. 

As with its predecessors in the iAPX 86 family
the 8086/ 8088 and 80186/80188-the 80286 views its 
system memory as a collection of individual blocks 
(or segments) of data and executable code. This 
memory model, as a collection of individual seg
ments, corresponds directly to the way software 
designers think of data and programs-as a set of 

Paul Wells is a technical marketing manager at Intel 
Corp, 3065 Bowers Ave, Santa Clara, CA 95051 . He 
received a BS from the University of Santa Clara. 

individual modules. For example, in creating an inte
grated software package, programmers might place 
a software program for word processing in one or 
more segments, spreadsheet routines in others, and 
communication software in still other segments. 

Segments serve as the fundamental units of all 
operations in the 80286. The processor deals with a 
segment through a consistent data structure (called 
a segment descriptor) for all multitasking support, 
memory management, or memory protection oper
ations. Just as efficient programmers build pointers 
to manipulate a physical block of data or program 
code, the CPU handles descriptors that contain all 
the information needed to access a segment (Fig I). 

Code and data segment descriptors contain a 24-
bit field that specifies the physical memory address 
of an associated segment, permitting a 16-Mbyte 
physical memory . A 16-bit field specifies segment 
size, allowing it to range between I byte and 64 
Kbytes. Because the 80286 packs its pipelined archi
tecture with dedicated onchip hardware registers for 
each class of descriptor associated with critical system 
operations, the CPU outraces even the VAX 11 / 780 in 
performance tests . 

Memory management 
Besides enhancing overall system performance, the 

onchip registers relieve programmers of low level 
details in implementing CPU-specific mechanisms. 
Furthermore, as in the 80286's virtual addressing 
mechanism, these onchip registers provide a path for 
migration of the large installed software base for the 
8086/ 8088 and 80186/ 80188 to the next generation of 
personal workstations . 

COMPUTER DESIGNIJune 1 , 1 984 1 8 7 



.., 
0-
>-

"' 

+7 

~ +5 
:z: 
"-" 

°' ~ +3 
'-' 
'-' « 

+ I 

0 7 
I 

INTEL RESERVED• 
_j_ 

P1D~L1!1 TYPE 
lAl 

BASEn16 
_j_ 

BASE15.o 
_l 

LIMIT 15.o 
_l 

15 8 7 

= PRESENT 
DPL = DESCRIPTOR PRIVILEGE LEVEL 
TYPE = SEGMENT TYPE AND ACCESS INFORMATION 
A = ACCESSED 

•MUST BE SET TO 0 FOR 
COMPATIBILITY WITH iAPX 386 

(a) 

+6 

+4 

+2 

+7 
.., 
0-
>-

"' ~+5 
:z: 
"-" 

°' t2 +3 
'-' 
'-' « 

+I 

0 7 
I 

INTEL RESERVED• 

l ~ pl~L10l TYPE 
_L J_ 

BASE15.o 

.l 

LIMIT1s-o 

.L 
15 8 7 

= PRESENT 
DPL = DESCRIPTOR PRIVILEGE LE VEL 
TYPE = TYPE OF SPECIAL DESCRIPTOR 

BASE2J.I6 

(INCLUDES CONTROL AND SYSTEM SEGMENTS) 

+6 

+4 

+2 

= INVALID DESCRIPTOR 3 = BUSY TASK STATE SEGMENT 
= AVAILBLE TASK STATE SEGMENT 4 to 7 = CONTROL DESCRIPTOR 
= LDT DESCRIPTOR 8 to F = INVALID DESCRIPTOR 

*MUST BE SET TO 0 FOR 
COMPATIBILITY WI TH iAPX 386 

(b) 

Fig 1 The 80286 segments all operations. To refer to these segments, the CP U uses one type of descriptor for code 
and data (a) and others for maintaining special structures like those used in multitasking (b). 

Increasingly sophisticated user interfaces and large 
information bases will strain memory resources in 
future personal computers. Although the 80286 

sports a 16-Mbyte physical address space, most desk
top personal computers will not be fully packed with 
costly semiconductor memory. They will instead 
exploit the economic advantages of virtual memory 
management-a strategy that has proven effective 
in mainframes and minicomputers. 

In a virtual memory environment, system memory 
is logically extended beyond the confines of avail
able physical memory. The system accomplishes this 
by using mass storage to store data and code segments 
not needed by currently running tasks. The applica
tion software issues references to logical memory 
and relies on the operating system both to ensure 
that needed segments are in physical memory and 
to translate the logical reference into one that 
addresses data or code within the segment once it 
is in physical memory. 

In order for the system to determine which seg
ments to bring from disk and where to put them, 
the operating system uses flags associated with each 
segment. For example, an operating system can use 
the "present" and "accessed" bits in 80286 segment 
descriptors to check if a segment is present in phys
ical memory and if the segment has been recently 
accessed. Once it loads a segment, the operating 
system updates tables that indicate where a logical 
segment is located in physical memory. Drawing 
from these tables, a memory management unit 
(MMU) sets up tables in its own internal cache, 
which it uses to convert a logical address supplied 
by the CPU into a physical address (Fig 2). 

In traditional virtual memory systems, when an 
application program loads an address pointer with 
a value that is not in the MMU, operating system 
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routines must execute a cumbersome series of proce
dures to update the MMU. This includes loading the 
MMU with the translation information, verifying 
access rights to the missing segment , verifying that 
the segment actually exists in physical memory, and 
reconstructing the state of the CPU before the 
address fault. Traditional systems could easily waste 
a millisecond of precious CPU time to handle this 
form of virtual memory management. Thanks to the 
memory management capability built into the 80286 

CPU, users enjoy the performance advantages of 
rapid address translation, while programmers gain 
an extended memory reach with little apparent effort. 

VIRTUAL ADDRESS --
SELECTOR l OFFSET J 

~ DATA -
DESCRIPTOR 

~ TABLE 
---i TARGET 

SEGMENT 

SEGMENT 
SEGME NT BASE 

DESCRIPTOR 

• 
INOEXI --- -

Fig 2 An address in the 80286 is comprised of an offset 
and a selector. In virtual addressing, the selector is used as 
an index into a table of descriptors for building the 
physical address. In real address mode , instead of the 
operation indicated in the shaded portion of the figure , the 
CPU multiplies the segment selector by 16 and adds the 
result to the offset to point to the desired location in 
memory. 



THERE IS MORE THAN 
ONE GOOD REASON TO CALL 

HE URIK ON 
ake HEURIKON your source 

for Multibus microcomputers and 
sytem components. 

Since 1972 Heurikon has been 
working hard to make life a little 
easier for those who " put it all 
together. " Powerful Z-80™ and 
MC68000™ based Multibus™ 
microcomputers like MLZ-92A and 
HK68 have helped Heurikon 
customers find economical solutions 
for their problem applications. 

MLZ·90A single board 
microcomputer with nine byte-wide 
memory sockets for use with RAM 
or ROM (AM95 I I and floppy disk 
drive controller optional). 

MLZ-91 A single board CP/M™ 
system with on-card floppy disk 
drive controller . winchester 
interface. optional AM95 I I . 
streamer tape interface. two serial 
ports. one parallel port. 64K bytes 
RAM with parity. two EPROM 
sockets. and GPIB CONTROLLER. 

MLZ·92A single board CP/M™ 
system with four serial ports on-
card. floppy disk drive controller . 
winchester interface. optional 
AM95 I I. Centronics printer 
interface. 64K bytes of RAM with 
parity. and two EPROM sockets. 

MLZ·93A single board CP/M™ 
system with I 28K bytes of dual 
ported RAM. four EPROM sockets. 
floppy disk drive controller. optional 
AM95 I I and powerful serial port 
features including SDLC and HDLC 
protocol support and modem controls. 

Call Heurikon Direct 

HK68™ powerful and versatile 
single board UNIX™ or CP/M-68K™ 
system with MC68000 CPU . MMU. 
quad channel DMA. four serial 
ports. I 28K or 2 56K bytes of on
board RAM with parity (expandable 
to IM byte on-board!) . and two 
iSBX™ connectors for 1/0 expansion. 

MLZ-VDC intelligent 640 x 480 x 4 
color graphic controller based on 
the NEC 7220 controller chip with 
on-board Z-80 CPU . DMA controller. 
and user definable FIFO interface to 
Multibus™ Users may display up to 
16 colors from a 4K palette . Up to 
1024 x 1024 x 3 interlaced also 
available. 

ISBX Expansion Models 
Heurikon also stocks iSBX™ 
modules for 1/0 expansion on its 
HK68 and MLZ-VDC. These modules 
may be used on any other board 

HElRIK9N 
3001 Latham Dr. Madison . WI 53 71 3 Telex 469532 
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complying with Intel iSBX 
specifications. 

Presently available are the SBX-FDIO 
floppy disk controller module and 
the SBX-SIO serial port expansion 
module. 

The SBX-FDIO can control up to four 
single or double sided. single or 
double density 5 ~ inch or 8 inch 
floppy disk drives. A software 
toggle allows both 5 ~ inch and 8 
inch drives to be intermixed on the 
same cable! 

The SBX-SIO is a quad serial port 
expansion modu le utilizing Zilog 
sec controller chips with built in 
baud rate generators. The SBX-SIO 
is available in synchronous and 
asynchronous models. 

Systems 
Heurikon also supplies completely 
integrated systems with your choice 
of CP/M-80™. MP/M-80™. CP/M-
68K™. and " Berkeley enhanced" 
Unix operating systems. 

Systems are available with four. six. 
and fourteen slot enclosures with 5 ~ 
inch or 8 inch dual floppy or floppy 
winchester drive combinations. 

1 800 3 56•9602 In Wisconsin 1608271 °8700 

Z-80 1s a irademark of Z1log Corp Mulubus & 1SBX are trademarks of Intel Corp UNIX 1s a trademark of Bell Lab CPM 68QCX) is a trademark of D1gHal Research HK 68 1s a trademark of Heunkon Corp 
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references to a new segment, user 
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As in the earlier members of the iAPX 86 family , an 
address in the 80286 is a 32-bit value, comprised of 
a 16-bit field that selects a particular segment and 
a 16-bit field that pinpoints a byte within the target 
segment. However , the 80286 treats the segment 
selector differently in its real address and virtual 
address modes. 

In virtual address mode, the 80286 can complete 
a translation in a single clock cycle, using an onchip 
cache of registers that contain translation and access 
rights information drawn from the associated segment 
descriptor (Fig 3). When a program needs to change 
segments, software simply loads the selector to the 
associated descriptor. The 80286 automatically loads 
the needed memory management information into 
the onchip registers. Until a program specifies a new 
segment, the 80286 uses these registers to translate 
subsequent address references. 

Programmer's helper 
The 80286 chip further strengthens multitasking 

systems with direct hardware support for the critical 
mechanisms of multitasking. In a multitasking envi
ronment, system level software normally maintains 
minimal information for each task likely to be exe
cuted. When a user activates one of these tasks, such 
as pointing to a symbol with a mouse, system level 
software routines use this information to begin exe
cuting the corresponding programs. For example, 
a user might start transferring a document through 
electronic mail and then open both a spreadsheet and 
a document file to prepare a report. Thus, the CPU 
is forced to juggle a number of active tasks 
simultaneously. 

System-level software maintains information on 
the state of each of these active tasks. This informa
tion typically includes data on both the physical 
status of the task, represented in the contents of the 
CPU registers, and its logical status-such as 
whether the task is waiting for another task or device 
to complete some action. When system software 
finds that a task has satisfied all the logical condi-
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tions needed to enable its execution, the operating 
system then loads the physical information corres
ponding to the task so that the CPU can commence 
(or continue) its execution. The process is called a 
task switch. 

This logical status information is closely connected 
to the particular design and implementation of a 
multitasking system. Consequently, a general purpose 
CPU cannot include special purpose hardware that 
ties the hands of software designers by requiring 
them to use a hardwired scheme for these system level 
algorithms. However, manipulating this physical infor
mation is an inescapable part of a multitasking 
system-and one that can result in severe system 
overhead. Consequently, 80286 hardware directly 
supports this physical aspect of a task switch. 

Traditionally, software manages this task-related 
information. To effect a task switch in these systems, 
software must exercise a series of procedures, 
including copying the CPU registers and pointers 
into system memory . Several hundred milliseconds 
are usually required to complete this process. In an 
integrated software system intended to provide a 
reasonable electronic analogue to the physical envi
ronment, this delay is unacceptable. 

Speedy switch 
The 80286, on the other hand, needs only 21 µs to 

effect a task switch because CPU hardware directly 
recognizes a special data structure, called a task-state 
segment, that is fundamental to task switch opera
tion. The CPU keeps track of the current task with 
a dedicated register that contains the address of the 
task-state segment descriptor. 

The system programmer is not concerned with the 
low level details of a task switch, but simply loads 
the task-state register with the selector to a stack
state segment descriptor. Consequently, to the 
programmer, a task switch is just a JUMP instruc
tion, rather than a set of special instructions. The 
80286 saves the state of the currently executing task 
in the previous task-states segment and it then 
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Fig 4 Just as with address translation , programmers are 
not bothered with the details of a task switch. Instead , 
after loading the task-state register with the selector to a 
new task-state segment 's descriptor, they let the CPU bring 
in the information that specifies a task 's state. This is 
contained in the task-state segment. 

automatically loads the information contained in the 
new task-state segment (Fig 4). 

Just as a typical business day is filled with a 
continuous series of interruptions, a typical multi
tasking operating environment is continually bom
barded with a flood of hardware interrupts from 
keyboard and mouse interaction, disks, and periph
eral devices such as printers and modems. To the 
80286, these interrupts simply occasion a task switch. 

TASK B 

Fig 5 With four privilege levels, the 80286 can support a 
number of different protection policies. Typically, the most 
trusted inner ring holds code and data for the kernel- the 
most fundamental mechanisms of an operation system. 
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In fact, the task-state segment contains a special field 
that holds the address of the interrupted task-state 
segment. In a series of interrupts, the CPU uses this 
back-link pointer to maintain a record of interrupted 
tasks . The 80286 then unravels this chain of tasks 
and finally returns to the task that was running 
before the interrupts occurred. 

In an iAPX 286 system, coprocessors like the 80287 
numeric coprocessor, 82586 local communication 
controller, 82501 Ethernet serial interface, or 82730 
text coprocessor impose no extra burden on the task 
switch mechanism. A CPU task switch does not 
change the coprocessor's own internal state. Instead, 
the 80286 simply sets an internal bit whenever it 
executes a task switch. 

The next time an instruction specifies use of a 
coprocessor, this set bit causes the CPU to trap to 
a system handler that determines if the last task that 
used the coprocessor is the same task currently 
requesting its use. The trap handler needs to switch 
the coprocessor's internal state only if the current 
task is different. In this way, if a task that is using 
a coprocessor is interrupted, it may continue to use 
the coprocessor without necessarily executing a 
coprocessor context switch following the interrupt. 

Segments anchor protection 
The ability for individual systems to communicate 

across networks translates into a need for effective 
software protection. Systems must constrain access 
to programs and data. In addition to challenging 
illegal attempts to break into a system, protection 
also serves a more mundane function. It must ensure 
reliable system operation even when a software bug 
sends a program into space normally reserved for 
the operating system and related functions. 

To control this situation, computers usually pro
vide a simple pair of privilege levels-executive and 
user-in which a program may execute. But even 
user programs must be able to execute system level 
functions such as 1/0. Consequently, truly secure 
systems extract user accessible system software and 
place it in its own level-requiring that the CPU sup
port at least three different execution levels. Going 
one better, the 80286 provides four privilege levels, 
numbered 0 through 3. Programs executing at a 
given level may only access data (or programs) at 
a numerically greater (less trusted) level. 

A typical system would normally apportion its 
services over a number of these levels. For example, 
a system might place the fundamental mechanisms, 
or kernel, of an operating system in the most trusted 
level (PLO) , system services in the next level, library 
services in the lower level, and application programs 
in the least trusted level, which is PL3 (Fig 5). 

In this type of multidomain operating environ
ment, the protection mechanism must nevertheless 
leave a door open for less trusted tasks to access seg
ments at the more trusted levels. Int.he 80286, these 
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portals between levels are special descriptors, called 
gates. The CPU permits a less trusted task to access 
the segment associated with a gate only if the gate 
descriptor is located at the same level or a less trusted 
level. From the programmer's point of view, access 
through gates to segments at a more trusted level 
looks just like a normal subroutine call (Fig 6). 
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(b) 

Fig 6 Although 80286 hardware 
shields programmers from seeing 
any difference between calling a 
subroutine Q at one privilege level 
(a) and using a gate to call a 
subroutine s at a more trusted 
level, (b) the mechanisms differ. 
When the call gate passes control 
to subroutine s, the gate also passes 
a copy of the calling subroutines 
stack to s. 

However, when a task passes the access rights 
check, the underlying mechanism of passing control 
to the associated segment is much more complex 
than when a task accesses another segment through 
a normal descriptor. Tasks typically pass parameters 
to subroutines through the system stack. But in the 
interests of maintaining system security, the CPU 
must maintain separate stacks for a task at each 
privilege level. 

Gates resolve both these requirements by copying 
a specified number of words from the calling task's 
stack to the corresponding stack at the target seg
ment's privilege level. A special field in the gate 
descriptor permits up to 32 16-bit words to be passed 
in this manner. 

Gate-mediated access also results in more stream
lined calls to operating system routines. In traditional 
operating systems, the program executes a trap or 
software interrupt to a separate system handler when 
a program requests a system function. This software 
routine must first copy the parameters from the user 
stack to the system stack and then call the appropri
ate system subroutine. With this method, a typical 
system call takes 80 to 200 µs. Because the 80286 per
mits application programs to execute a simple sub
routine call to operating system services while 
handling the related housekeeping in hardware, a 
typical operating system call takes only about 12 µs. 

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 



TRILOG's patented multicolor technology provides full color 
as well as conventional printing on plain fanfold paper at 100 
dots per Inch resolution. 
COLORPLOrll provides CAD/CAM and/or business graphics 
hard copy In full color - quickly, reliably and accurately. 
With TRILOG'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. 
(714) 863-3033 

17391 MURPHY AVE., IRVINE, CA 92714 
TWX (910) 595-2798 

With COLORPLOT'"ll the extras are free: 
• Full color hard copy output 
• CAD/CAM graphics 
• Business graphics 
• Bar code generation 
• F onns generation 
• Data processing print @ 300 LPM 
• Compressed print @ 220 LPM 
• Letter quality print @ 75 LPM 

And TRILOG 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. 

CIRCLE 99 



CONFIGURABLE ACCORDING TO 
USER NEEDS. As many as six processor.s 
can be installed in each enclosure. CPU
intensive jobs utilize multiple Applications 
Processors. Systems with heavy disk usage 
can distribute this load among several File 
Processors. The number of user ports can 
be increased by adding more I I 0 Processors. 

Copyright, 1984, Convergent Technologies, Inc. 

MODULARITY EXTENDS TO DISK 
STORAGE. Compact 50or140 Mbyte 
Winchester modules simply plug in ••. 
four per cabinet. Optional external SMD 
drives are also supported. File backup 
utilizes Winchester cartridges, 'h-inch 
magnetic tape, or both. 



MegaFrameM. Now OEMs can offer 
a high-performance UNIX:based system 

that can't run out of performance. ~ 
OEMS can now deal cost-effectively with the 

problems encountered when user applications 
produce computing demands that outstrip the 
capabilities of conventional systems. 

Convergent Technologies' MegaFrame is a 
revolutionary new UNIX-based super-minicom-

. puter-so innovative in its architecture that it rep
resents the ultimate in multiuser systems design. 
It grows exponentially from a system offering 
minicomputer-level performance to an 
enormously powerful engine serving as many as 
128 users with 36 parallel processors, 24 megaby
tes of RAM and gigabytes of disk storage. 

No other system can match the 
MegaFrame's potential for field expansion. 
It enables manufacturers and systems 
builders to keep pace with today's require
ments for more and more computing 
services ... but not at the cost of discard-
ing hardware or performing expensive 
CPU upgrades. 

·9 Megaframe's architectural break-
through. Dependence on traditional sin
gle-CPU shared-logic architecture is the 
root of systems bottlenecks. 

Convergent's response: a novel sys
tem utilizing multiple specialized proces
sors to distribute workloads for optimum 
performance-even if user needs are un
predictable or subject to rapid change. 

MegaFrame's virtual memory Applications 
Processors each have a 32-bit CPU, up to 4 Mbytes 
of RAM and run a demand-paged version of UNIX 
System V. Up to 16 of them can operate in parallel. 

The File Processors effectively function as 
back-end machines providing DBMS, ISAM and 
other disk-related services. LJp to six File Proces
sors each with four disks can operate in parallel. 

Terminal and Cluster Processors can also be 
added- the latter serving front-end communica
tions needs. They off-load communications from 
the other processors by running protocols such as 
SNA and X25 networks. 

Convergent 
Technologies 

Where great Ideas come together 
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MegaFrame's daisy-chained cabinets offer 
total expansion potential of up to 36 slots. OEMs 
configure the system needed for specific applica
tions simply by adding the correct number/com
bination of ~rocessors. 

Flexibility in applications development. Inclu
sion of one or more Applications Processors allows 
running UNIX System V. All standard UNIX tools 
are provided, along with COBOL, FORTRAN-77, 
BASIC interpreter and compiler, plus Pascal. 

The "least-cost solution" to serving a wide 
range of UNIX-systems needs, MegaFrame has won 
acceptance from OEMs in the U.S. and abroad. 
The uniqueness of its modular design, its versatil
ity in providing upgrade-path options and its 
price/performance advantages give it marketshare 
potential of outstanding dimensions. 

The system that win grow on you starts at a 
very attractive price: about $20,000 for a system 
that effectively supports 16 users. Send now for a 
comprehensive Information Package including re
prints of magazine articles. It explains how Mega
Frame's growth potential can impact favorably on 
your plans for growth in the UNIX market. 

Convergent Technologies, Data Systems 
Division, 3055 Patrick Henry Drive, Santa Clara, 
CA 95050. Phone: 408/980-0850. Telex: 176-825. 

Miniframe~ the entry-level 
multiuser UNIX system. 

Starting at under $5,000 for a single-user 
system, Convergent's MiniFrame offers outstand
ing capabilities for small to medium sized organi
zations running large UNIX-based 
applications. Utilizing an MC68010 
microprocessor operating at 
10Mhz, with no wait states, it pro
vides impressive CPU speed-com
parable to VAX™-11 /750 running the 
AIM1"' Benchmark. MiniFrame fea
tures virtual memory management, 
with demand-paged implementa
tion of UNIX System V. It runs as 
many as eight terminals, with up to 
50 Mbytes of integral mass storage. 
MiniFrame and MegaFrame are 
object-code compatible , allowing 
OEMs to offer a complete family of 
systems unrivaled in price / perfor
mance characteristics . 

Mini Frame and MegaFrame are trademarks of Convergent Technol
ogies, Inc. UNIX is a trademark of Bell Telephone Laboratories, Inc. , 
VAX is a trademark of Digital Equipment Corp., and AIM is a trade
mark of Aim Technology. 





1DWER1632. 
THE SHAPE'S THE SAM~ M 
IT'S GOT AN ENTIRELY 1~.tw 

DIMENSION. . 
The most memorable shape in the 

computer industry just became even 
more unforgettable. 

You might think it would be hard 
to improve on the computer that took 
the OEM world by storm only a short 
year ago, but we've done just that. 

First, we added two 46MB, 51/4" 
Winchesters to bring total storage capa
city to 92MB (unformatted) in a single 
Tower unit. 

Then we added a 1/4" streaming 
tape for faster, more convenient back
up. The tape's 45MB capacity allows 
you to dump the entire contents of a 
Winchester on one tape cartridge. 

Of course, this enhanced Tower 
still offers the UNIX* -based Tower 
Operating System for maximum soft
ware compatibility and flexibility. And 
unsurpassed interfacing capacity. And 
the NCR name. Your guarantee of 
support. Now and in the future. 

And it all still comes in that famous 
box. You know. The one that towers 
over the minicomputer. 

Call us at 1-800-222-1235 to learn 
more about the Tower's exciting new 
dimension. 
*UNIX ia a trademark of Bell Laboratories. 



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 rM 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 rMsystems 

are available. Contact us today for full details 
at North Atlantic Qantex, 60 Plant 

Avenue, Hauppauge, NY 11788 
(516) 582-6060 (800) 645-5292 

1D north iltlantic 
Qantex 
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SYSTEM COMPOIEITS 

Controller joins host adapters to step up performance 
Addressing multi-user/ multitasking sys
tems that require high 110 subsystem per
formance, model ACB-5580 provides full 
support for the SASllANSI SCSI bus imple
mentation. The rigid disk controller 
includes arbitration and disconnect/ re
connect functions, and an SMD interface. 
At the controller's core is a 10-Mbit/ s 
custom chip set, making it responsive to 
SMD drive performance requirements. 
The controllers can now handle disk 
memory capacities ranging from 5 \4 -in. 
Winchesters to large SMD drives . 

As part of the SCSI implementation, 
the boards have a straightforward bus 
structure that includes 8 data bits, 1 parity 
bit, and 9 control bits. An easy-to-use 
command set provides access to virtually 
all functions using only read, write, and 
format commands. Variable block sizes 
and multiple block transfers are allowed 
with a single read or write command. The 
110 is fully buffered with a dual-ported 
FIFO. Buffer size ranges from 1024 bytes 
to 65 Kbytes. 

Furthering the concept of maximized 
110 performance, the board supports up 
to seven ·host CPUs through the scs1 bus 
and up to four SMD drives. It drives either 
8- or 14-in., 9.6-Mbit/ s SMD drives and 
includes all the features of the company's 
5500 board for 5 \4 -in. Winchesters. This 
includes disconnect/ reconnect, file shar
ing, and noninterleaved operation. 

The disconnect/ reconnect feature of 
the bus allows a system to run concurrent 
tasks by handling multiple seeks and 
read/ writes with the 110 bus disconnected. 
It reconnects only when a drive has data 
ready for the read/ write operation. The 
controller, therefore, completes the tasks 
in the most efficient order, regardless of 
the order in which they were received. The 
result is increased speed and efficiency of 
110 transfers. In addition, multiple drive 
access time is decreased, resulting in up 
to a five time increase in system 110 
performance. 

The board relieves the operating system 
of managing shared disk functions in a 
networked system through a reserve/ 
release command. This command manages 
multiple access to files maintaining data 
integrity. Moving these functions to the 
disk controller increases operating system 
speed and improves file-sharing reliability 
by simplifying the operating system. 

Data throughput increases by imple
menting noninterleaved operation. All 
information on one track of the disk is 
accessible in one rotation. Other con
trollers can require up to four or more 
rotations of the disk (in interleaved oper
ation) to access all the information on a 
single track. 

Complementing the board's multi
tasking operation capability, the AHA-1510 
and the AHA-1530 are intelligent host adap
ters that support the s-100 host bus and the 
Multibus, respectively. They sit between 

the host bus and the SCSI bus to improve 
system performance by functioning as 110 
processors, working with the 110 super
visor of the operating system. 

Both host adapters support high speed 
OMA at 1.5 Mbytes/ s from the SCSI bus 
to the host's local memory. This support, 
together with monitoring bus handshake 
protocols and interrupts, maximizes hard
ware performance. Developed using IBM's 
concept of a block multiplexer channel, 
the adapters handle up to eight concur
rent 110 requests. The operating system 
is then freed of its 110 management 
duties and can execute more application 
functions. 

Price for the ACB-5580 is $980 with pro
duction beginning in the third quarter of 
this year. The AHA-1510 is $425, while the 
AHA-1530 is $460. Adaptec Inc, 580 Cotton
wood Dr, Milpitas, CA 95035. -M.B. 
Circle 260 
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SYSTEM COIPOIEITS 

Memory bubbles packaged to ride high on the Multibus 

Offering built-in 1-Mbit bubble devices, 
the FBC504M4M series provides four differ
ent memory capacities-128, 256, 384, 
and 512 Kbytes. The card operates as 
memory-mapped 110 requiring only a 
64-byte memory space. Advantages in
clude a single 5-V power source, an in
ternal power fail protection circuit, and 
data retention even without power. 

All bubble memory operations are con
trolled by commands that are set by 5 
separate bits in the command register. 
Several registers act as the interface 
between the host and the bubble device. 
A 4-byte FIFO data output register holds 

data that is read from the 
bubble. When a data read 
command is set in the com
mand register, data transfers 
from the bubble memory to 
the data output register at a 
80-µs / byte rate. Page changes 
increase this transfer time by 
0.3 to 1.5 ms. As the data 
transfer begins, the number 
of pages (as specified by the 
host system) goes to the data 
output register at the same 
80-JLS rate. Also a 4-byte 

FIFO register, the data input register 
functions in the same manner when the 
data write command is in the command 
register. 

Other registers include a status register , 
which indicates the card's condition via 
flags. An error status register lists error 
contents; a page address register holds the 
starting address of a page; and a page 
count register keeps track of the number 
of pages that will be transferred. In addi
tion, a DMA band select, write only reg
ister is accessed for DMA transfers. 

The bubble device operates in various 
software-controlled modes. The read/ write 

command sets the interface registers to 
execute the read/ write operation. It begins 
by sending the start page from the host 
to the page address register and the num
ber of pages to be transferred to the page 
count register. The command register is 
then set with a command, allowing a 
sequence of operations to execute. First, 
bad loop data is automatically read from 
a boot loop. An error occurs if the bad 
loop data is invalid or if the data cannot 
be read. Next, the page indicated in the 
page address register is searched. Data is 
then written to the bubble via the data 
input register or read from the bubble via 
the data output register. During the 
transfer process, the controller continu
ously refers to the bad loop data storage 
so bad loops are skipped. When all the 
pages indicated by the page count register 
transfer without errors, a status register 
bit is set. 

Other memory card features are 12.5-ms 
average access time, subpage read/ write 
commands, and error correction. Prices 
range frim $620 to $1410 in lOOs. Fujitsu 
America,- Inc, Component Div, 918 Sher
wood Dr, Lake Bluff, IL 60044.-M.B. 
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Source control tools help manage large software projects 
A set of software tools designed to help 
manage and maintain large software pro
jects currently runs on DEC's PDP-I I RSX 
and RSTS, as well as VAX/ VMS environ
ments. Called SourceTools, the package 
is a collection of version management, file 
building and file comparison programs 
that work with any computer language 
and allow programmers to use their 
favorite text editors and utilities. 

SourceTools consists of three groups of 
programs that work together to create an 
integrated software development environ
ment. The first of these is SOURCECON, 
a control package that handles the crea
tion and modification of source files. 
User-defined information can be required 
via prompts, so that an accurate history 
of each module can be maintained. 

SOURCECON also ensures a disciplined 
modification order for modules. If a pro
grammer checks out a module for editing, 
other users may check the same module 
out for other purposes, such as reference, 
compiling, running, linking, documenta
tion, etc, but may not alter it. 

Only when users decide that their 
editing changes are to be included in the 
module do they invoke UPDSRC, which 
updates that module. The module re
mains locked to changes by other users 
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until the update is completed, 
thus ensuring integrity of 
modules. When a module is 
updated, it registers all 
changes, who made them, 
and when they were made. It 
also prompts the program
mer to state and explain the 
most recent changes. 

Such prompts painlessly 
create a history of each mod
ule that can be retrieved and 
printed using the PRTSRC 
function. The history in
cludes the reasons for up
dates, as well as a record of 
all changes. A file compari
son utility lists all changes 
that have been made to a file. 

A file builder program 
called MAKE keeps programs 

HOST ENVIRONMENT 

under development up to "----------------------' 
date as modules are changed. This avoids 
lengthy recompilations of the entire pro
gram at every change. The programmer 
supplies a description file that indicates 
which modules depend on others. MAKE 
then looks at the description file to decide 
which modules to compile and use to 
build the main program. In this way, the 
user may simply build different descrip-

tion files to create different configura
tions of the same basic program. 

The price of SourceTools is $4500 for 
RSX and VMS in RSX compatibility, and 
$3600 for the RSTS version. Prices include 
one year of customer support. Oregon 
Software, 2340 SW Canyon Rd, Port
land, OR 97201. -T. W. 
Circle 262 



YOU'LL NEED A PARTNER WHO CAN CUT IT. 
How We Look At The Future. De· 

signing information systems for the 
business office of the future is a lot like 
planning the flawless performance in 
ice skating. 

Choosing the right printer partner 
can be critical. 

Are the same strong goals for suc
cess shared? Is the necessary talent. 
commitment. and dedication to meet· 
ing and exceeding those goals present? 

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

What We're Doing Today. For 
Tomorrow. 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 streamlining 
our customization and modification 
turnaround times to respond even 
more quickly to your rapid startups. 

We'll Be There When You Need Us. 
In OEM system building, just like in the 
Olympics. commitment is everything. 

If your audience will be looking to 
you for more flawless performances 
in the future, we 're the printer com
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pany 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. 



SYSTEM COIPOllEllTS 

Smart disk controller locates and searches strings 
The general trend in chip 
building is to put progres
sively more intelligence on 
silicon, and off-load control 
functions from the host 
CPU. The Intelligent Mul-
tiple Disk Controller (!MDC) HOST 
SCN68454 does just that by SYSTEM 
offering the system designer 
a versatile programmable 
disk controller. In addition, 
it provides a sophisticated 
string matching function 
that can be used to create a 
disk-based database system. 

Bus compatible with the 
Motorola 68000 microproces
sor, the chip supports vec
tored interrupts, a 31-bit 
address counter, and either 
8- or 16-bit data transfers. It supports up 
to four floppy or hard disks, and uses 
either SAIOOO or ST506 protocols to control 
the drives . 

Capable of handling serial data rates up 
to JO Mbits/ s, the !MDC has a range of 
commands that allow the programmer to 
specify disk parameters, and to read soft 
or hard sectored disks, as well as standard 

REGISTERS 

FIFO 
8UfF£R 

MICROCODE 
CONTROi. 

UNIT 

ECC 
REGISTERS 

SERIAL 
DATA 

REGISTERS 

DISK 
1•0 

CONTROL 

READ 

1 LOGIC 

DISK 
IN TERFACE 

WRITE 
LOGIC 

IBM floppy formats . The chip has a OMA 
controller, and a 128-char FIFO buffer 
onboard, handles bus arbitration auto
matically, and uses tables resident in the 
host 's memory to get and send status and 
control information to and from the host. 

Error-handling functions include auto
matic bad sector handling, 32- and 40-bit 
ECC, and support for host-generated ECC. 

It handles FM and MFM data encoding, 
and can read or write multiple sectors 
automatically. 

Using parameters supplied in a control 
block in system memory, the !MDC locates 
a specified string of characters within any 
logical data block on the recording media. 
It can then retrieve and store the contents 
of the block, use a pointer value to access 
data within the block, or locate all data 
blocks that contain a string that matches 
a given search string. 

Both fixed- and variable-length records 
can be searched, and pointers can be used 
to search for key fields within the record. 
With fixed-length records, the index will 
be an integral number of bytes from the 
beginning of the record, but in variable
Jength records, it will be the "nth" field 
in the record . To support variable-length 
records, the !MDC lets the programmer 
specify a field delimiter. Using the sepa
rator as a marker, the !MDC simply 
counts fields, and retrieves the proper one 
for key processing. Signetics Corp, 811 
E Arques Ave, PO Box 409, Sunnyvale, 
CA 94086. -S.B. 
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Board counts on CMOS for low power CPU processing 
Both hardware and software compatible 
with Intel 's iSBC 86/05, the CBC 86C/05 cap
tures the low power prize of C\10S with
out sacrificing system performance. Based 
on the Multibus, the board features an 
80C86 CPU operating at 5 MHz, up to 48 
Kbytes of a CMOS RAM/ ROM mix, and 
onboard battery backup. 

Standard ROM/ EPROM memory capacity 
is 96 Kbytes maximum . With an optional 

CMX 1600 expansion module, the maxi
mum reaches 160 Kbytes. With a RAM/ 
EPROM mix, standard onboard capacity 
is 48 Kbytes, expandable to 80 Kbytes 
with the CMX module. 

The onboard lithium battery provides 
over 2.5 years of continuous data reten
tion without system power. Voltage 
sensing logic ensures data integrity during 
both short- and Jong-term power outages . 

..---------------------- An onboard 5-V power fail 
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detection circuit can be used 
to protect RAM contents 
during power down and 
power up . An external 
memory protect signal can 
also be applied to disable 
RAM access. 

In addition to the Multi
bus interface, the board uses 
a programmable peripheral 
interface that provides 24 
parallel 110 lines. These lines 
are software configurable 
into any combination of uni
or bidirectional l/O ports. All 
Multibus and parallel 110 sig
nals are TTL, or optionally , 
CMOS. A programmable 
synchronous/ asynchronous 
RS-232-C serial interface 
results from a USART. 

Asynchronous serial communication 
characteristics include 5- to 8-bit charac
ters, 1, l Yz , or 2 stop bits, framing, parity, 
and overrun error detection. Synchronous 
specs include 5- to 8-bit characters with 
internal character synchronization and 
automatic sync insertion. Asynchronous 
baud rates range from 75 to 9600, while 
synchronous baud rates range from 1760 
to 38,400 baud. 

The board also contains three 16-bit 
programmable counter/ timers with vari
ous counting modes. A programmable 
interrupt controller handles nine mask
able interrupts-eight with programmable 
cascading inputs for expansion to 64 
interrupts .' 

The 80C86 CPU's word size for instruc
tions is 8, 16, 24, or 32 bits and data word 
size is 8 or 16 bits . Memory addressing 
for ROMS and EPROMS in 2-, 4-, 8-, or 
16-Kbyte devices is selectable on com
patible address boundaries. With RAM, 
8-K x 8 devices are selectable on 8-Kword 
boundaries. 

Single-piece pricing is $1395 for the 
16-Kbyte RAM version with quantity 
discounts available. Delivery is from 
stock to six weeks. Diversified Technol
og Inc, PO Box 748, Ridgeland, MS 
39157. -M.B. 
Circle 264 



DATACHECK 11 
THE ULTIMATE 

BREAKOUT BOX 
We call it the ultimate breakout box because of all the features we pack into 

this pocket-size unit. Count them. 23 major features ... all in an easy-to-use, 
reliable package. No wonder Datacheck II is the ultimate breakout box. 

EASY TO USE 
• Top to bottom functional panel 

layout. 
• 25 individually numbered break

out switches. 
•Four-state indication on all key 

signals (mark, space, clocking, 
undefined) . 

•LED's s~parated by signal 
source (DTE and DCE sides) . 

•Pocket-size, illustrated operators 
manual. 

• 24-page instructional application 
notes. 

RELIABLE 
•Power off/reset button (con

serves battery life) . 
• Molded ABS plastic case with 

metal hinge for durability. 
• Two 9 volt batteries . 
• Separate compartment for cable 

and jumpers. 
•Gold-plated recessed pins. 

• • • • • • ••••• • • • •••• . •••• 0 •••• 

~ ••••• •••oo 0o°.0.' 0 •oo 
1 11 

oo 00 • ••••• ... : 

FOR THE TESTING TIMES 

TELEPHONE(416)669-9918 
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• Polycarbonate face {lettering 
can 't wear off) . 

•Recessed LED 's. 

ADDED FUNCTION 

• Detachable RS-232C ribbon 
cable (connection flexibility) . 

•Two-way and three -way jumper 
cables . 

• Independent mark and space 
source pins . 

• Dual tristate monitors for 
secondary signals. 

• Power ON/ OFF switch for ex
tended interface reconfiguration . 

• Dual pulse trap circuits (isolate 
intermittent signals) . 

•Optional Baud Rate Counter 
(measure transmission 
frequency). 

•Optional Voice Frequency 
Monitor (listen to the condition of 
the phone line) . 

• Optional rechargeable batteries. 
•Optional metal case . 

A division of Aslco 



SYSTEM COIPOIENTS 

Interactive CAD digitizer enters the third dimension 
Dubbed an intelligent CAD peripheral 
that takes advantage of existing software, 
the Perceptor creates computer models of 
3-D objects. Because its handheld pointer 
moves about the area to be digitized, an 
engineer can directly convey X, Y, and 
Z input coordinates-however irregular 
the physical reference. 

Typical CAD workstations conform to 
2-D design conventions and contain parts 
information in a special data base. For 
instance, X-Y coordinates are input using 
cursors, lightpens, or mice, and a digitizer 
tablet. Afterward, the Z coordinate is 
entered through the keyboard or con
structed by software. 

standard joints; a sixth comes with an 
optional rotational platform. Embedded 
pots inside each joint convey the electrical 
information the system needs to calculate 
rotation angles. Maximum arm reach is 
about 42 cm. 

As an interactive, relatively low cost 
peripheral, the Perceptor can simplify 
desktop computer graphics and engi
neering tasks. Prospective applications 
include CAD, for creating and modifying 
3-D designs under software control. Other 
applications include analyzing contours, 
tracing nested patterns, and modeling 
complex user-defined surfaces. Moreover, 

the unit maps fields when sensors for 
sound, temperature, and radiation replace 
the standard pointer tip. 

A Z80A microprocessor board inside 
the 41- x 46- x 61-cm platform controls 
electrical data acquisition and converts 
analog readings from the pots . In turn, 
the digital signals can be sent over RS-232 

interface to any computer that accepts 
serial input. The processor board also 
controls digitization modes and rates, 
baud rates, and calibration. Digitization 
modes are point, stream, delta distance, 
and delta time; baud rates are switch 
and/ or software selectable at 300, 600, 
1200, 2300, 4800, and 9600. Resolution 
is 0.018 to 0.025 cm. 

Test units are scheduled to ship this 
month. Price will be under $7000. Micro 
Control Systems, Inc, 143 Tunnel Rd, 
Vernon, CT 06066. -D.H. 
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Mounted on a ground aluminum refer
ence plate, the digitizing arm captures up 
to nine X, Y, and Z coordinates per 
second at 9600 baud. The arm has five 

DATA TERMINALS 

The rans erm • am1 y o a a ermina s as e o .owing common features : 
5x7 Dot Matrix AIN led Display (upper and lower case) 
Membrane AIN Keyboard with audible key-click 
Standard RS-232 Serial ASCII Communications 
25 pin RS-232 Female l/D Connector 
Eight Switch selectables Baud Rates (110, 150, 300 . 600 , 1200, 2400 , 4800, 9600) 
Data Format: 1 Start Bit, 7 Data Bits, 1 Parity Bit , 1 Stop Bit 
Parity Bit Switch Selectable (even, odd , mark. space) 
Bell Code Annunciator 
Powered by Wall Plug-in Transformer (12 VacJ or external DC between 8-16 Volts . 
Low Power Consumption (less than 7 .5 Watts 
Add-on Options: 20 Ma current loop 1/0, RS4 2 Compatible 110 

T11arusTrnill ~ T11arusTrnill 2 T11arusTrnill 3 
Two Lme 64 character 

display 
53 key Keyboard 
Three operating modes: 

TIY emulation 
Block Send 
Polled Multidropped 

Unit Price $449. 

24 Line Buffered Terminal 
Single Line 80 character 

display 
58 key Keyboard 
Optional 12K memory 
Unit Price $549 . 

NiCd Battery Powered 
Two Line 80 character display 
48 Line Buffer memory 
68 key Keyboard wlEdit Functions 
Soft Set-up from Keyboard 
Optional Printer/Plotter (3P) 
Optional 300 baud Modem/Coupler 
Optional Barcode Wand 
Unit Price $499. 

LtJillPUT~i>ii!Tl5i!. INC . 
4006 E. 137th Terrace · Grandview. MO 64030 • (816) 765-3330 · TELEX 705337 
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Low Cost Subminiature 
Ball Slides 
LOW FRICTION, LOW INERTIA, 
PRECISION BALL SLIDES-
preloaded to ellmlnate backlash and side play In head 
carriages and other reciprocating mechanisms In 
disk drives, printers, plotters, and copiers. 

Hardened stainless steel balls roll on hardened way 
rods for long llfe without added lubrlcatlon. Anodized 
aluminum bodies ground top and bottom. Stackable for 
XY positioning. Custom and special designs available. 

Sizes start .23" high x .38" wide x .50" travel, 
capacity 1112 lb. Linear accuracy .0005 Inch/Inch. 
Repeatablllty .0002 Inch. 

COMPARE OUR PRICES
Popular sizes In stock. 
Call (203) 775-4041 for 
12 page catalog 
and price llst, 
or see us In 
~. 

~ Precision, Inc. 
934 Federal Road Route 7 
Brookfield, CT 06804 
(203) 775-4041 
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DATA GENERAI:S MY/FAMILY-TOP PERFORMANCE, NOT TOP DOLLAR 
Forget VAX'." 

~=- --

' 

I 

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 llnSO-at a lower price. 

Now compare the MV/800Q$II to the VAX lln80. Same performance. But the MV/8000II is half the price. 
The same holds true when you compare the MV/400Q$ to the VAX lln50. And our recently announced 
OEM MV/8000 Coffers almost twice the performance of the VAX lln50. 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 110000 is a trademark of Dato 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 Colma Co. MicroSet-86 is a registered trademar\ of First Systems Corp. CAD!SYS is a registered 
trademark of California Automatic Design. 

PRICE/PERFORMANCE 

"' a: 7 
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0 4 ~VAX111710 MV/10000 

~ 3 VAX 
t=; 2 VAX 111750 MV/8000-11 

< 1 111730 ;:d 11v14000 D~TA GENERAL 
a: O +-...---...----r--.--.,--.,---.--.--.-~ 

0 1 2 3 4 5 6 7 8 9 10 

RELATIVE PERFORMANCE 

~•Data General 
a Generation ahead. 
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8" Winchester Drives 
• SMD INTERFACE 

• SCSI INTERFACE 

Yes! Our 212 MB, 8 inch Winchester drives are available 
in either SMD or SCSI interfaces immediately. 

Just send us your purchase order and we will ship your drives today. 
By the way, if 212 MB is just too large for your needs, 

we can ship 166 MB or 83 MB just as fast. 

Call today: 

ULT 
... a safe place for data 

643 1 Independence Avenue, Woodland Hills, CA 91367 (818) 884-7300 Outside California 1-800-MEGAVLT 
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Analyzers feature automatic 
protocol analysis and interpretation 

Intelligent about both character and bit
oriented protocols , the 200, 400, 600, and 
800 analyzers can tell the operator what 
went wrong with the protocol and which 
device caused the problem. The 200 has 
a removable EEPROM pack, auto-setup, 
and full-protocol decodes . The 800 has a 
10-Mbyte Winchester, color CRT, Sony 
micro floppy, and multilevel program 
operation. Digilog Inc, Network Control 
Div, 1370 Welsh Rd, Montgomeryville, 
PA 18936. 
Circle 266 

Network operating system 
pivots on message concept 
The QNX operating system allows tasks 
to communicate with each other by send
ing messages. The tasks need not know 
the node on which another task is running 
in order to communicate with it. There 
are no restrictions upon the resources, 
which can be used by any task, nor are 
there any restrictions on the processor on 
which a task may execute. All workstation 
resources connected to the network are 
available for every task. Quantum Soft
ware Systems Ltd, PO Box 5318, Station 
F, Ottawa, Ontario, Canada K2C 3H5 . 
Circle 267 

Networking device permits direct 
connection of host and RS-232 
Microprocessor controlled, the Robin can 
network any four computers or terminals 
and a parallel device. Each unit carries its 
own control electronics based on a Z80 
micro, 64 Kbytes of user memory (plus 
2 Kbytes of nonvolatile memory), four 
RS-232 ports, one bidirectional parallel 
port, and configuration control. Auto
connect presets a port to a chosen desti• 
nation. The network incorporates an 
adaptive time division multiplexing pro-

tocol. It is designed for round-robin 
scheduling and requires no collision 
detection or token passing. Signaling rate 
is 2 Mbits/ s with a maximum aggregate 
user data rate of 1.8 Mbits/ s. Cost is 
$1950. Metapath , Inc, 73 Lincoln Centre 
Dr, Foster City, CA 94404. 
Circle 268 

Protocol converter interfaces ASCII 
devices to an IBM mainframe 
With 4, 8, 12, or 16 ports, the PSA 300 
converter supports interactive sessions 
through the 3276 protocol and batch ses
sions through the 3770 SLU protocol. The 
SNA/SDLC converter is a diskette-based 
unit allowing configuration and/ or diag
nostic control to be assumed by any ter
minal attached on either local or remote 
basis. It supports up to 31 different CRT 
or microcomputer terminal types. Prices 
range from $4800 to $13 ,500 per unit. 
Perle GSD, Ltd, 600 S Dearborn St, 
Chicago, IL 60605 . 
Circle 269 

High speed modems use LSI 
technology for small size 
Models HD9600FP (9600 bits/ s) and 
HP4800FP (4800 bits / s) are point-to-point 
and multipoint fast polling modems using 
the maximum capability of the processor. 
Othet models are general-purpose CCITT
type modems appropriate in both dial-up 
and leased-line networks, point-to-point, 
and multipoint. Modem dimensions are 
8. 3 x 11.8 x 2.0 in . (21.1 x 29.9 x 5.1 cm) 
and weight is 5 lb . Power consumption is 
13 VA. All modems use signal processor 
and micros to perform scrambling/ 
descrambling, modulation/ demodulation, 
encoding/ decoding, and filtering. Hitachi 
Denshi America, Ltd , 175 Crossways Park 
West, Woodbury , NY 11797. 
Circle 270 

July Preview 
A Special Report on 
System Software 

Modem communicates with 
microwave and satellite networks 

The Modem 112K operates full duplex 
and features manual sound speed switch
ing. Line equalization and filtering 
methods eliminate both distortion and 
line noise often found in microwave/ 
satellite networks . Diagnostics include 
analog loopback , DTE loopback, and 
data test. The modem offers a CCITT 
V.35-compatible interface. An integral 
multiplexing option permits two-port 
operation, each port having a 56-kbit/ s 
data rate. Other options include elastic 
buffer and alarm relay. Price is $16,500. 
Racal-Milgo, 8600 NW 41st St, Miami, 
FL 33166. 
Circle 271 

Data-switching capacity increases 
in large data network 
The PACX IV SE data-switching system has 
a JOO-percent increase in bandwidth . The 
switches serve as large centralized switches 
or as nodes in the Pacnet data communi
cation network . With this 19.6-Mbit / s 
capacity, the system can handle up to 
2048 attached devices . Micro board design 
enables units to provide up to 1024 data 
channels operating simultaneously at 9600 
bits/ s (asynchronous) and 19.2 kbits/ s 
(synchronous) . Gandalf Data Inc, 1019 S 
Noel , Wheeling, IL 60090. 
Circle 272 

Modem uses parallel interface 
to ease design configuration 
The xcoM modem is Bell 212A compatible. 
With the parallel interface baud rate, 
it is independent and therefore requires 
no · host intervention to adjust between 
different rates. This permits automatic 
selection of baud rates. Other versions are 
available for use with the Apple, TRS-80/ 2000, 

s-100-based systems, and the PCjr. Delta 
Communication P roducts, Inc, 3213 
Ramos Cir, Sacramento, CA 95827. 
Circle 273 
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~ The new Telex 9250 tape subsystem 

Finally! Full-Performance GCR 
Made Affordable. Telex Shamrocko 
~ ,--------.,, ,.----....,, ~ 
I -

!~' =•=····· ~ ~- ~-- ~---- --

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 Reglonal Offices 
• Amherst, NH (603) 673-9272 
• Garden Grove, CA (714) 898-9833 
• Houston, "TX (713) 497-6770 

CIRCLE 109 

Other features include autoload, auto
thread, lx4 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. 

lnternatlonal 
Telex Computer Products, Inc. 
P.O. Box 128/Addison, "TX 7500 I 
(214) 931-8511 /telex: 730612 TLXINTL ADDI 



Switcher has 16 channels for 
information display systems 

Designed for IBM 327X-type systems, the 
93 16 accepts inputs from display stations 
and either switches them in bulk to con
troller A or B, or switches them in a pre
programmed mix between two controllers . 
When in mix mode, indi vidual channels 
can be switched . All channel connections 
to the display stations and controllers are 
made at the rear panel via male BNC coax
ial two-stud lock connectors. Channel-to
channel isolation is maintained. Price is 
$1050 as rackmount and $1100 as desk
top . Electro Standards La boratory, Inc, 
PO Box 9144, Providence, RI 02940. 
Circle 274 

Short-haul modem incorporates 
independent handshaking 

A high density package offering bidirec
tional handshake/ control signals, the 
model 79 provides full-duplex operation 
at speeds to 19.2 kbaud . Distances are up 
to 10 mi over two twisted pairs. Designed 
for asynchronous operation, the network 
cabling must provide de continuity and 
be of the nonloaded type . Handshake/ 
control signal is implemented by the DTR 

and oco pin . Transmission between 
models is via ± 12 mA current loop con
trolled by optocouplers. In quantities of 
250, prices are $180. Remark Datacom, div 
of Telebyte Technology, Inc, 148 New 
York Ave, Halesite, NY 11743. 
Circle 275 

Full-duplex modem simultaneously 
handles voice and data 
Enabling transmission of voice and data 
over one telephone line , the SPM-94B 
creates two data channels. One is in the 
forward direction, one in the reverse, all 
within a portion of the voice band. Data 
is transmitted at speeds to 300 bits/s . Five 

front-panel LED indicators monitor the 
unit's operation for system diagnostics. 
Interface modules are available in standard 
protocols with special modules available 
on request. Coherent Communication Sys
tems Corp, 60 Commerce Dr, Hauppauge, 
NY 11788. 
Circle 276 

DO YOU OFTEN WISH 
THAT THE SMITH COMPANY 
WAS THE SMITH & SMITH & 
SMITH & SMITH COMPANY? 

Business people often find themselves doing so many things that just one 
of them isn 't enough. 
So hire some of the needy and disadvantaged young people of America this 
summer to help you. 
Hiring them can also help you in another very important way. Because a 
business that hires economically disadvantaged youth during the s ummer 
may get as much as an 8S% tax credit on the first $3,000 of wages you pay them. 
Write the National Alliance of Business at PO. Box 7207, Washington D.C. 
20044. And support your local summer-jobs-for-youth programs. 
You'll be doing something for yourself, for your business, for your 
community, and for the needy youth of America, too. 

LET'S GET ALL OF AMERICA WORKING AGAIN. 
A PUBLIC SERVICE ~ 

OF TH IS PUBLICATION & ' I 
THE ADVERTISING COUNCIL ~ 
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Network performance monitoring 
merges with matrix switching 
Identifying and correcting network 
problems and analyzing network perfor
mance, the Intelli-MAX runs on one CRT. 
Dynamic rotational monitoring checks 
critical portions of networks continuously 
while monitoring less crucial lines on a 
rotational basis at user-defined intervals. 
The device produces color graphics dis-

For a comprehensive catalog, 
call or write : 
Canon U.S.A., Inc. 
Electronic Components Division 
One Canon Plaza 
Lake Success, NY 11042 

Tel: (516) 488-6700 
Telex: 96-1333 
Cable: CANON USA LAKS 
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plays of up to seven layers of network 
activity. The system displays network 
activity minute by minute and in 5-min 
color trends. It will also verify normal 
operation after corrective action on the 
network has been taken. Fully configured 
systems start at $61,400. Data Switch 
Corp, 444 Westport Ave, Norwalk, 
CT 06851. 
Circle 277 

Canon Precision Inc., a wholly 
owned subsidiary of Canon Inc .. 
is one of the world 's largest 
manufacturers of DC 
micromotors. These motors are 
designed and built to the same 
standards of excellence as 
Canon's famous cameras, 
copiers, calculators, typewriters 
and other fine products. 
We offer a complete line of over 
100 sub-fractional HP DC motors 
and gearmotors ranging from 
1 3mm diameter to 50 mm 
diameter in conventional iron 
core motors and from 39mm to 
52mm in brushless types. 
Electronics are available for the 
brushless motors. The motors 
are designed to meet UL, CSA 
and FCC requirements. Special 
modifications are available in 
OEM quantities. 

If you need precision in your 
products ... design it in . .. with 
Canon Precision . 

Canon® 
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High speed modems use 
the 68000 as a controller 

· · ·Jc• I I I 
~- --· ' I ! ! ! • 

The 2600 series features trellis-coded 
modulation for improved performance 
above 9600 bits/ sand reliable data trans
mission up to 16.8 kbits / s. Automatic 
speed adjustment to changing line condi
tions is designed for maximum through
put. Built-in network control monitors 
and tests lines and devices directly from 
the control panel or from a central site 
control system. The modems have inte
gral dual-dial restore with auto-call / auto
answer capability for dial backup in case 
of leased line failure. The series consists 
of three models for transmissions, rang
ing from 4800 bits/s to 16.8 kbits / s. 
Codex, sub of Motorola Inc, Information 
Systems Group, 20 Cabot Blvd, Mans
field, MA 02048. 
Circle 278 

Protocol converters network multiple 
hosts and mixed computer types 
Tru/ Blu converters perform switching 
functions, as well as conversions between 
synchronous EBCDIC and asynchronous 
ASCII, speeds, and coaxial cable and 
RS-232 interfaces. These functions allow 
one terminal or printer to work with two 
or more host computers of different 
types . Model 74 emulates a 3274 con
troller, 78 allows PC to provide full-screen 
emulation of 3278 terminal, 87 adapts an 
ASCII printer to coaxial cable, and 80 
emulates 3780, 2780, 2770, and 3774 proto
cols. Timeplex, Inc, 400 Chestnut Ridge 
Rd, Woodcliff, NJ 07675. 
Circle 279 

Cluster controller links multiple 
hosts, PCs, and terminals 
The Netway 274 multidissimilar host 
controller supports up to 16 workstations 
and connects up to 5 multipoint and 16 
point-to-point connections. It includes a 
floppy disk system for loading system 
software configuration information, a 
parallel printer port, and optional net
working software. The controller supports 
3270 BSC, SNA/ SDLC, Burroughs poll / 
select, and asynchronous start/stop pro
tocols. Prices start at $9150 with a typi
cal configuration at $12,510. Tri-Data, 
505 E Middlefield Rd, Mountain View, 
CA 94043. 
Circle 280 



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 : 

©Pac Tee 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 
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High resolution CRT displays 
over 8000 characters 
The 15-in. M38-200 resolves the equivalent 
of 3000 Tv lines (3.9 million pixels) in a 
scanning area of 7% x 10/;; in. It is avail
able in standard P-4 (white) and P-31 
(green) phosphors with approximately 
46-ft-L brightness for use in high ambient 
light. A special deflection coil reduces dis
tortion and deflection defocusing, and 
eliminates raster pincushion effects. The 
tube and deflection unit combination is 
designed for use in both vertical and hori
zontal screen formats. Price is $575. 
Amperex Electronic Corp , Slatersville 
Div, Providence Pike, PO Box 278, 
Slatersville, RI 02876. 
Circle 281 

Wideband operational amplifier 
settles in 70 ns to 0.01 percent 
The AM-1435 provides high open-loop 
gain (JOO dB), flat frequency response 
beyond JO kHz, and a 6-dB/ octave roll
off beyond 100 MHz. Gain bandwidth 
product is typically 1 GHz and slew rate 
is 300 VI µ.s. DC characteristics include 
l-M!1 input impedance, initial offset volt
age of ± 2 m V, and input offset voltage 
drift of ±5 µ.V /°C. Minimum common 
mode rejection ratio is better than 80 dB, 
and full power frequency is 8 l\1Hz mini
mum . Prices in lOOs range from $68 to 
$102. Daiei, 11 Cabot Blvd , Mansfield , 
MA 02048. 
Circle 282 

Thin-film recording heads 
designed for Winchester drives 
Developed specifically for 8-, 5 \l.i -, and 
sub-5 -in . Winchesters, the Cyber 100 
series is based on advanced air bearing 
and suspension technology . If features an 
inductive read / write transd ucer, and is 
directly deposited on a ceramic slider via 
a proprietary semiconductor-like process . 
Units come as slider/ suspension or head/ 
arm assembly. The heads operate at track 
densities ranging from 345 to 1200 
tracks/ in . Resolution is in excess of 70 
percent, at flu x densities of 8000 to 15 ,000 
flux changes per inch. In evaluation quan
tities, price is $1000 for 10 heads. Cyber
nex Corp, 6580 Via Del Oro, San Jose, 
CA 95119. 
Circle 283 
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Micro-mainframe link provides 
full file-transfer capabilities 
Via software addition, the dual processor
based (Z80/ 8088) TC3278 terminal converter 
transforms an IBM 3278/ 3178 into an intel
ligent workstation. The software runs in 
the CMS, TSO, and c 1cs operating environ
ments and under DOS/ VS, OS/ MvS, or 
vM/ 370 operating systems. IBM files are 
accessible to all TC3278 units as a shared 
data base . The link connects coaxially 
between the terminal and cluster con
troller for both a nonintrusive Line mode 
and a Local mode for file transfer, per
sonal computing, and so ftware terminal 
connection to host. One-time charge for 
the IBM host environment is $500; $200 
for each terminal converter. Avatar Tech
nologies Inc, 99 South St, Hopkinton, 
MA 01748 . 
Circle 284 

Graphics software packages 
provide high performance 
Designed for use with NEC's advanced 
personal computer, the Designer package 
is one of four in a series. Each graphics 
system contains a graphics board and 128 
Kbytes of RAM. Autocad ·software for 
the system allows a user to zoom at the 
rate of a trillion to one. Input is via key
board, mouse, or digi tizer, and output is 
to a pen plotter. Other software packages 
include an integrated spreadsheet , an exe
cuti ve system for graphics presentations, 
and a presenter for screen- and plotter
oriented presentations . Prices range from 
$1948 to $2258. NEC Info rmation Sys
tems, Inc, 1414 Massachusetts Ave, Box
borough , MA 01719. 
Circle 285 

Get your own 
If y ou 're reading someone 
else 's copy of Computer 
Design, why not get your 
own? To receive a 
subscrip tion-application 
f orm, circle 504 on the 
Reader Inquiry Card. 

Protocol analysis software 
fully interprets SNA protocol 
The SNA Trace software is specifically 
designed for use on the Chameleon-a 
portable data communication protocol 
analyzer/ simulator. The software allows 
user access to line header, transmission 
header, request response header, and re
quest response unit. Display options view 
the link unit components in hex and/ or 
EBCDIC characters. The user can select 
traffic on only one address or all ad
dresses. In addition, if any frame com
ponents are not immediately needed, they 
can be suppressed for later review. Entire 
hardware/ software system is priced at 
$18,000. Tekelec Inc, 2932 Wilshire Blvd, 
Santa Monica, CA 90403 . 
Circle 286 

Software package captures and 
lays out on single workstation 
The Starline family consists of integrated , 
application-specific bundled software that 
runs on Apollo 32-bit workstations. Star
designer features design capture and MOS 
logic simulation modules; Stargate has 
gate array design, MOS logic simulation, 
and layout; and Starcell contains cell 
design, simulation, and layout. Other 
packages provide PC board design with 
behavioral and functional simulation, as 
well as switched capacitor circuit design. 
All packages run under the control of a 
database management nucleus . Prices 
start at $41,000. Silvar-Lisco, 1080 Marsh 
Rd, Menlo Park, CA 94025. 
Circle 287 

Debugging tool works with 
Z8000, 68000, and 8086 CPUS 
Designed to quickly and accurately aid in 
locating and correcting program bugs for 
microcomputer software, the debugger is 
aimed at realtime application software. 
Features are breakpoint control, symbolic 
debugging, register setting and display, 
symbol value listing, and single-step exe
cution. In addition, it provides complete 
symbol management and a full expression 
analyzer. The debugger is available for 
use with the OS/ RT realtime operating 
system, but will run under other operating 
systems. The Destek Group , 830 E 
Evelyn, Sunnyvale, CA 94086. 
Circle 288 



"Wow! Only $189 for a data and control 
terminal with all these features!" 
The fast and friendly TM27 Microterminal™. Rugged, compact, $189 each, any 
quantity. Use it as a front panel control for machines- NC, medical equipment, 
test equipment, robotics. Or as a data entry terminal-remote, shop floor con
trol, process control, inventory, energy management, work station reporting . 
You can multidrop up to 63 TM27's on a single host computer signal line for a 
fast, low cost, factory floor data collection system. 

And the best thing about it-you don't have to spend costly engineering time to 
design and make your own. Not when ours is $189 and on the shelf, ready when 
you are. 

TM27 Microterminal™ 
Features 
• Large, easy-to-read a-char

acter LED display 
• 12-character input buffer 
• 21 oversize keys reduce entry 

errors 
• Water, dust resistant panel 

stands up to tough industrial 
environments 

• Simple operation, no opera
tor training needed 

• 5 LED status indicators 
• 6 user-programmable func

tion keys simplify data entry 
and control operations 

• 5 TTL digital outputs, 3 
TTL digital inputs 

• Compact size, 8.5" X 
4.5" X 0.6", saves panel, 
mounting space 

• Baud rates from 300 to 4800 
• RS-422 or RS-232C communications 

interface, 7-bit ASCII code 

4 5 6 

2 3 

0 

B 

c 

a 

A Full Microterminal™ Family 
Need more features, more power? We've got them. 14 more 
models offer up to 40-character alpha and numeric displays, 
full SO-character 1/0 buffers, baud rates to 19,200, up to 14 
programmable function keys, bar code and magnetic stripe 
readers, user EPROM's, polled and nonpolled operation, RS-
232, RS-422, and 20mA current loop interface. All low cost, 

friendly solutions for your control, data entry, and display 
applications. 

BURR-BROWN® 

I• II •I 

Call or write us today, and we'll send you the complete speci
fications for all our Microterminals™. Or just order the TM27 
and try it out yourself for $189. 

Data Acquisition and Control Systems Division 
3631 E. 44th Street, Tucson, AZ 85713 • (602) 747-0711 

Putting Technology To Work For You 

(205) 882-0316, (206) 455-2611. (213) 991-8544, (214) 681-5781, (215) 657-5600, (216) 729-3588, (301) 628-1111, (301) 251-8990, (303) 663-4440, (305) 365-3283, (305) 395-6108, 
(312) 832-6520, (313) 474-6533, (314) 291-1101, (315) 699-2671 , (315) 853-6438, (316) 942-9840, (317) 636-4153, (319) 393-0231, (404) 447-6992, (408) 559-8600, (412) 487-8777, 
(505) 883-3668, (602) 746-1111 , (607) 785-3191, (612) 884-8291 , (614) 764-9764, (617) 444-9020, (713) 988-6546, (714) 835-0712, (716) 544-7017, (716) 889-1429, (801) 467-2401 , 

(805) 496-7581, (813) 885-7658, (913) 342-1211 , (914) 964-5252, (919) 722-9445, CANADA: (403) 230-1341 , (416) 678-1500, (514) 731 -8564, (613) 722-7682 
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Fitness Plan for 
Overw ight 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 PlasmaGraphics™ 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 Vz" (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 114 for Future Reference 
Circle 115 for Current Project 
Circle 116 for Possible Project 

Copyright 1984 Plasma Graphics Corporation 
PGC-3. Printed in U.S.A . 
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Unix port to IBM PC-XT 
adheres to standards 
unx-11 is an implementation of AT&T's 
Unix 111 with Berkeley 4.I enhancements. 
It will be offered both in a bundled pack
age and in unbundled form . The basic 
product includes the system 111 kernel, 
basic (Bourne) shell, and utilities. Hard
ware requirements include 320 Kbytes of 
memory and optional installation of an 
8087 math coprocessor for enhanced per
formance . Optional utilities are PC-DOS 
shell and text processing utilities. Basic 
price is $595. International Data Services, 
122 Saratoga Ave, Santa Clara, CA 
95050. 
Circle 289 

Standard-cell layout system 
automatically places and routes 
Cadicell CAD software places cells within 
a design and interconnects them. The por
table software runs on Mentor's worksta
tions as well as the VAX, IBM, and Apollo 
systems . Cadicell's interactive placement 

and routing tool is Cellgraph, which uses 
menus and automatic prompts. It offers 
interactive floor-plan generation and 
manipulation . Cells within the library can 
be created by text entry or graphics de
sign. Users can enter cell information via 
keyboard or use a pointing device to draw 
cell characteristics onscreen. Available in 
the third quarter of 1984, price is $60,000. 
Mentor Graphics Corp, 8500 SW Creek
side Pl, Beaverwn, OR 97005. 
Circle 290 

Softwa.re package runs 
CAD/CAM on 32-bit processors 
Interactive graphics capability is the heart 
of the exclusive 32-bit Unigraphics 11. It 
has an associative data base that permits 
the user to establish and manipulate links 
among various information for automa
tion of design, drafting, and manufactur
ing. A macro capability captures a 
sequence of menus and increases process 
speed. Other features include Fortran-

ABOVE ALL OTHERS 
Magnetic Shielding by Eagle 

• SHEET • FABRICATION 
• CUSTOM SHIELDS • FOIL • HEAT TREATING e FINISHING 
• STANDARD SHIELD • DESIGN ENGINEERING • TESTING e CONSULTING 

based post processors , file management, 
drafting protocols, and multisurface 
machining. McDonnell Douglas Corp, 
5552 Cerritos Ave, Cypress, CA 90630. 
Circle 291 

Software automatically converts 
PLAs to gate arrays 
The Angop package accepts as input the 
logic equations defining a PLA design 
and produces as output a gate array net 
list. This net list is then processed on 
MDS's GateMark workstation. The work
station contains a library of structured 
cells and features 3-µm CMOS technology . 
The resulting gate array parts reduce 
power consumption while offering im
proved speeds. The software offers PLA 
benefits while lowering development costs 
and cutting design cycle time. Matra 
Design Systems, 2840-100 San Tomas 
Expwy, Santa Clara, CA 95051. 
Circle 292 

PHOTOMULTI PLIER TUBE SHIELDS CATHODE RAY TUBE SHIELDS SHIELDS FOR 
MEDICAL INSTRUM ENTS TRANSFORMER SHIELDS 

Eagle can help improve your produc1 and Choose from a wide selec !1on ot sheet and to;I, 
lower cos l s. by designing the right sh~•eld so you can form your own shields For 

A Galaxy of Stepper Motors Ranging 

for you Take advan l age ol Eagles ~ , helpful design and cost data. wnte or 
vast background 1n shield design and caU Offices worldwide 
production ' 

P.O. BOX 24283 • INDIANAPOLIS, INDIANA. 46224 e PHONE (317)297-1030 
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from 0.9° to 18° Step Angle 
..-.l!..,..._ ... For more MOLON MOTOR & COIL CORP. 

information 340 E. Main, Lake Zurich, IL 6004 7 
write or ca ll: (312) 438-4400 

..,.......,.._MOLON IWX 910-651-0028 M olon Lazh 
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Single-board 68000-based computer 
runs on the STD bus 
Running at 8 MHz, the 68008 processor 
provides a throughput of approximately 
60 percent of the equivalent 8-MHz 68000. 
STD bus signals are buffered for easy 
expansion. The board features three 28-pin 
JEDEC sockets for a total of 32-Kbyte
wide onboard memory. An EPROM moni-

tor is optionally available. Full 1-Mbyte 
68008 addressing is avai lable. Nonmulti
plexed offboard addressing is imple
mented by I of 8 decoder / drivers that 
selects additional memory boards via a 
front connector. Baud rates can be indi
vidually programmed for each port. 
Peopleware Systems Inc, 5190 W 76th St, 
Minneapolis, MN 55435. 
Ci rcle 293 

WESTREX 
DOT MATRIX PRINTERS 

MODELS 
8400/8410 

NEW! 
STAND-ALONE, 

150 CPS 
SLIP/DOCUMENT 

PRINTERS 

Model 8400 and Model 
8410 are new, packaged, 

stand-alol!e, alphanumeric, bi
directional, flat bed, Slip/Document 

dot matrix printers. They print up to 40 columns at 12 
characters per inch at 3 lines per second. Both models provide 
side or front form insertion; top and bottom-of-form sensors and 
adjustable Slip/Document Stop. The print head employs a 
?-needle vertical array that permits selection of fonts and 
characters (5 x 7, double width, etc). The character set is fully 
alphanumeric under software control. The 100% duty cycle 
print head life is rated at 100 million characters. 

Model 8400 and Model 8410 are complete with control and 
drive electronics. Serial RS-232C or TIY and parallel interfaces 
are available. Both units can provide multiple print lines and 
carbon or pressure sensitive copy. 

Model 8410 additionally features a stepping motor paper drive 
system which permits variable and programmable for
ward/reverse line spacing for applications requiring line selec
tion and/or unique form indexing. 

(X) 
0 
0 
0 
CJ) 
m 
JJ 
m en 

QUANTITY DISCOUNTS AVAILABLE. NCC-BOOTH-A-1854 

rn :;~~:·~:·:,;:"~RODUCTS 
Utton 

51 Penn Street, Fall River. MA 02724, (617) 676-1016 TELEX: 1651490, Relay WNJW 
IN FRANCE - WESTREX OEM PRODUCTS, 103-105 Rue de Tocqueville, 

750 Paris, France 01-766-322-70 TELEX: 610148 
IN SWEDEN - WESTREX OEM PRODUCTS, Box 3503, S-17203 Sundbyberg. 

Sweden 46/8 + 981100 TELEX: 12129 
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Single-board Unix system has 
half or whole megabyte 

The HK68A includes Winchester and tape 
interface, four to eight serial ports, two 
issx 110 expansion plugs, one quad 
channel OMA, and MMU. Other features 
include 32 Kbytes of EPROM, user 
programmable LEDs, and three program
mable 16-bit counter/ timer channels. Cur
rently supported are Unix System 111 and 
v with drivers for Ethernet, SDLC/ HDLC, 
and floating point processors. Other oper
ating systems include CP/M-86K, poly
Forth, and Regulus. Heurikon Corp, 
3001 Latham Dr, Madison, W I 53713. 
Circle 294 

Two high performance processors 
are Z8000 and 68000 based 
An iLBX interface for the Multibus gives 
two processor boards a high speed mem
ory path . The boards support a demand
paged virtual memory operating system, 
and each offers a control circuit tailored 
to high speed operation. The zsooo board 
runs at a clock frequency of 10 MHz, 
while the 68000 board runs at 12.5 MH z. 
A state machine uses a PROM as the 
sequencer to control all cycles on the 
boards. Complete bus vectored interrupts 
are supported, as well as normal level/ 
edge triggered interrupts. Central Data 
Corp, 1602 Newton Dr, Champaign, 
IL 61821. Circle 295 

Virtual memory microcomputer is 
built on a single Multibus card 
The 32-bit demand-paged GVC-16 is based 
on the NSl6032 processor. It combines the 
complete NSl6000 chip set with up to 2 
Mbytes of RAM, Winchester disk inter
face, and peripherals for a multi-user sys
tem . Large onboard memory allows a 
I 0-MHz CPU to run without wait states. 
Hardware floating point uses the 16018 
FPU; up to 32-Kbyte EPROM is avai lable. 
In a standard configuration, which 
includes 512 Kbytes of memory and the 
interrupt control unit , the price is $3295. 
GVC Inc, 222 Third St, Cambridge, MA 
02142. Circle 296 



Belden can help you make 
the best fiber optic cable choice. 

When you only compare optical atten
uation and bandwidth performance 
fiber optic cables may seem the same. 
But how they stand up under physical 
stress and environmental strain in your 
application is the real proof. 

Since Belden developed the first 
CATV fiber optic cable to be installed 
in Manhattan, we've helped develop 
cables that have been pulled through 
crowded ducts beneath Houston, bur
ied beneath Alaskan tundra to hook
up satellite antennas, deployed for 
radar links in the Sahara, and installed 
on transmission towers rising 1500 
feet above California hills. 

Belden® cable designs use fibers 
with core diameters from 50 to 300 
microns. Cable jackets and strength 
members are designed to your spe-

cific requirements : direct burial, field 
deployable, aerial, all-dielectric, ple
num or duct. But what's best for you? 

Here's how we can help you decide. 
We have a three-part seminar on fiber 
optics you won't want to miss. And 
one's coming to your area. Each semi
nar covers: 

1. An Introduction to Fiber Optics 
2. Fiber Optic Components and Link 

Analysis 
3. Fiber Optic Cable Construction 
Contact your regional Belden office 

listed for the place and date of the 
seminar nearest you, or call: 

1-800-BELDEN-1 direct. 
If you're looking for technical help 

right now, contact your Belden distrib
utor and ask for our Fiber Optic cata-

f'IDf'I ~ 1 ?n 

log, Compatible Components Listing, . 
and the Optical System Design Guide. 
For even quicker assistance, call 
1-800-323-0864, and talk to a Belden 
fiber optic cable specialist. 
Belden, Fiber Optics, 2000 S. Batavia 
Avenue, Geneva, IL 60134 

Regional Offices: 
Belden West-Irvine, CA 714-833-7700 
Belden Central-Richmond, IN 

317-983-5200 
Belden East-Framingham, MA 

617-872-7846 F0·2 2C 

~ BELDEN 
COOPER 
INDUSTRIES 
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Single-chip microcomputer 
implements 16-bit instruction set 
Configured either as an embedded stand
alone controller or an intelligent peripheral 
controller , th e MK68200 offers high speed 
execution and code space efficiency. The 
instruction set includes bit manipulation , 
extensive BCD arithmetic, and high speed 
multiply/ divide operations. The micro 
provides full-duplex USA RT capable of 
data rates of up to 1.5 Mbits/s. Three 
16-bit multimode timers are provided for 
interval timing, pulse-width generation/ 
measurement, and baud ra te generation . 
In IOOs, price is $75 each . Mostek Corp, 
div of United Tech nologies Corp, 1215 
W C rosby Rd , Carrollton , TX 75006. 
Circle 297 

Telecom microcomputer 
comes on CMOS chip 
The G65SC I50 communication terminal 
unit is optimized for telephone line 
signaling and data transmission. The 
monolithic system integrates an 8-bit 
micro , 2 Kbytes of ROM, 64 bytes of 
RAM , a dual 26-step sine wave generator, 
27 110 lines, a timer , and two counters . 
Compatible with the 6500 and the 6800 bus 
structures, the product can operate as a 
standalone terminal or as an intelligent 
peripheral to another micro . Prototype 
units, without a programmed ROM, are 
available in 68-pin LCCs. In quantities of 
100 or more, the unit price is $38. GTE 
Microcircuits Div, 200 W 14th St, Tempe, 
AZ 85281. 
Circle 298 

Multibus-compatible computer 
board achieves 10-MHz operation 
A plug-in replacement for and software
transparent to Intel 's iSBC*86/05, the 
Am97/8605/0IO features serial and parallel 
ports, three counter/ timers, and 8 Kbytes 
of sta tic RAM. In addition, it provides 
sockets for up to 64 Kbytes of EP ROM, 
three issx connectors, and an interrupt 
controller. The 16-bit board' s power 
requirements a re 5 V at 2.8 A, 12 Y at 
40 mA, and - 12 Vat 40 mA. Connectors 
allow a variety of SBX modules to plug in 
to change the board' s fun ction . Price in 
quantities of I to 9 is $ 1995 . Advanced 
Micro Devices Inc, 901 Thompson Pl , 
Sunnyvale, CA 94086. 
Circle 299 

Single-board computer 
functions on the STD 
The STD· I45 8085A features a battery 
backed time-o f-day, full -duplex seri a l 
USA RT port , 24-bit programmable para l
lel 110 and three programmable counter/ 
timers. ROM/ RAM implementatio ns as 
small as 2 Kbytes or up to 64 Kbytes can 
be accommodated . Peripheral fun ctions 

are 110 mapped , and occupy 32 consecu
tive locations in the map. A write o nly 
control port ta kes care o f memory sockets 
I a nd 2 on/ off, bus on/ off, and boot 
ena bled/ d isa bled . Baud rates are pro
grammable to 19.2 kba ud . Price is $325. 
Micro-Link Corp, 14602 N U.S. Hwy, 
Carmel, IN 46032. 
Circle 300 

MEMORIPHOBlA .. ~ 

MPD Solves Computer Designers' Worst Fear. 
(* Fear of Memory Loss) 

Loss of memory caused by a power failure 
can be devastating! For example, where 
vital programs and procedures are stored 
on CMOS l.C.'s in a computer ... 

Fortunately, MPD is on guard. Memory 
Protection Devices' innovative line of state
of-the-art battery holders provide safe, 
economical and dependable memory 
back-up systems that can be integrated 
right into the circuit 

Choice of type is virtually limitless. MPD 
offers battery holders for low-profile coin 
cells, stacking coin cells and single or 

multi-pack cylinder cells ... sized to accept 
Lithium, Ni-Cad, Carbon-Zinc or Alkaline 
batteries. We even develop custom designs. 

And nothing is left to chance. Coin cell and 
single holders are tough, warp-free Valox® 
with stainless steel nickel- plated contacts. 
For multi-cylinder cell holders, material is 
heavy-duty nylon with spring steel tin 
plated contacts. All are designed for PC 
Board mounting, correct polarity and easy 
battery installation and removal. 

So, if your electronic memory is priceless, 
remember MPD. Call or write today. 

Creative Solutions 
to Memory Problems 

COIN CELLS SINGLE HORIZONTAL HORIZONTAL PACKS HORIZONTAL PACKS MEMORY 
PROTECTION 
DEVICES INC. 

320 Broad Hollow Rd., 
Farmingdale, NY. 11735 

(516) 454-0340 

• For single Lithium • For L1th1um. Ni-Cad. 
battenes 20-24mm Carbon-Zmc. Alkalme 
• Soon stacking holder battenes • PC. last-on 
for 6-volt operal1on, or hardwire connect 
23mm and 20-24mm • 2t 3A.1 / 2AA,AA&C. 

• For AA and AAA • Other styles avad-
standard Ni-Cad, Car- able. 6" lead wire for 
bon. Garbon-Z1nc Atka - connection. male and 
line batteries • 2, 3 & 4 female 9 volt snap-on 
cell series connecl terminal. P.C. terminals 
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3%-inch computing 
is ready when you are. 

Media, drives, software. Everything you need is here now. 
Dysan 31/4" Flex Diskettes ·: 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 3W' is the next step on the way down. 
Why? 
Because everything you need to get the most out of 3 \4" 

computing is here now. In spades. 
The story starts with our 3 \4" 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 3\4" 
Flex Diskettes are guaranteed to be 100% 
bit error-free. And durability. 
They're backed by a five
year limited warranty. 

31/4'' Floppy Drives. 
Simply put, 3W' floppy 
drives are 5W' drives 
refined. And cut down to siz.e. 

They're generally \4 the siz.e and \/2 the weight of 5W' 
drives. And they use less than half 
the power. 

CIRCLE 123 

Yet 3W' drives plug right into today's personal computers. 
All that's required is less space. 

Best-selling software in 31,4'~ There's just one last 
thing necessary to turn 3W' diskettes and drives into 3W' 
computing. 

Software. 
And Dysan Series Software ·· has already solved that 

problem by licensing and converting scores of best-selling 
programs to 3W'. 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 3W' computing isn't just Dysan's 
good idea. 

3W' diskettes are being manufac
tured by several suppliers. So you're 
always assured of an abundant supply 
of quality media. 

And 3W' floppy drives are being 
built by a number of leading manufac
turers. IncludingTabor, Seikosha, MPI 

and, soon, Seagate. 
That's the 3W' 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 3•/4" computing. 

Dysan Corporation 
5201 Patrick Henry Drive 
Santa Clara, CA 95050 
(408) 988-3472 

Dys:111 is a registt:rc:::d trademark, 
Flex Di;;kctte and Oysan Series Software are 
trademarks of Dysan Corporation. 
Copyright 198-t, Dysan Corporation. 
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Memory and CPU card set 
meshes with the VMEbus 
The high performance 68000/68010-based 
VME-68K board allows up to 16 Mbytes of 
memory with no wait states at 12 MHz. 
This provides a 1.4-MIPS performance. 
Located on the CPU card are two pro
grammable serial ports-one with modem 
control. The high speed memory manage
ment unit supports an 8-Mbyte logical 
process and up to 16 Mbytes of physical 
memory. Also available are an intelligent 
multifunction 110 card, an SCSI host 
adapter, a QIC-11 tape host adapter, and 
a VME-compatible add-on memory card. 
Integrated Solutions, Inc, 1350 Dell Ave, 
Campbell, CA 95008 . Circle 301 

Peripheral functions and PC 
compatibility reside on CPU 
The FE 6410 series 2-layer boards offer 64 
or 128 Kbytes of parity checked RAM, 32 
Kbytes of EPROM space, and both serial 
and parallel ports. BIOS software sup
ports PC-DOS, MS-DOS, CP/ M-86, and con
current CP/M. The boards have the option 
of a floppy disk controller and/ or mono
chrome video display controller inte
grated on the CPU board. External 
dimensions of the boards are physically 
identical to the PC CPU. Prices for the 
series run as low as $275 in quantity . 
Faraday Electronics, 1029 Corporation 
Way, Palo Alto, CA 94303. 
Circle 302 
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Array processor system takes on 
multiple users' multiple tasks 
Mini-MAP Plus 4 consists of up to four 
32-bit floating point array processors inter
faced to one VAX-I I/780, /750, or 1730. Each 
processor can be accessed by a separate 
user with different task requirements. The 
v AX can then accommodate four 
separate computation-extensive tasks sim
ultaneously, each with 5 MFLOPS of 
processing speed. Basic configuration in
cludes four array processors with 64 
Kbytes of data memory packaged in a 
single 10.5-in. chassis. Software develop
ment tools are also provided. Price is 
$78,700. CSP, Inc, 40 Linnell Cir, Biller
ica, MA 01821. 
Circle 303 

Talk to the editor 
Have you written to the 
editor lately? We're waiting 
to hear from you. 

Desktop microcomputer internally 
processes 32 bits at a time 

The 9002 can be used as a powerful desk
top workstation for one user, or with its 
optional Xenix operating system as a host 
supporting up to three additional users 
through attached terminals. The processor 
is a 68000 with 32-bit registers and 16-bit 
data flow. Memory capacity is 128 Kbytes 
of RAM expandable to 5.2 Mbytes in 
256-Kbyte increments, and 128 Kbytes of 
ROM. Four drives, either 5\.-'4-in. 640-
Kbyte or 8-in. 985-Kbyte type, can attach 
to the system. Computer is priced at 
$6495. IBM Corp, Information Systems 
Group, 900 King St, Rye Brook, NY 10573. 
Circle 304 

COMPLEX MATH 
for HP Series 200 

DESKTOP COMPUTERS 

Language enhancement adds 
complete complex math support 
to BASIC 2 .0 . 

• Fully integrated into BASIC 
language 

• Provides new math functions 
including hyperbolic functions 

• Performs complex operations 
on entire numeric arrays 

• Includes all complex functions 
of ANSI Standard Fortran 

Ideal for electrical design and 
circuit analysis programs. 

Price: $975 (USA Domestic) 

For complete information contact: 

STRUCTURED SOFfWARE 
SYSTEMS, INC. 
Box 1072 Irick Road 
Mt. Holly, New Jersey 08060 
609/267-1616 Telex 299 043 

SSJA UR 
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Supermicro implements Xenix 
on 80286 processor 
The X-286 supports 5 users (expandable to 
16) and incorporates the iAPX 286 processor, 
an 80-bit 80287 numeric co-processor, 
and 512 Kbytes of error detecting and 
correcting RAM. RAM is dual-ported 
between the Multibus and a private high 
speed local extension bus. The local bus 
allows access to offboard memory as if 
it were local. A micro-based terminal 
controller unburdens the host CPU by 
processing terminal interrupts, storing 
data in onboard, dual-ported buffers. The 
disk system includes a pipelined controller 
and either 65- or 140-Mbyte Winchesters 
with 30-ms average access times. Prices 
start at $15,900. BDS, Inc, 1400 Shepard 
Dr, Sterling, VA 22170. 

Circle 305 
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Virtual processor works in network 
and standalone applications 
The 32-bit, Unix-based PowerNode 6000 

is available in three versions: the 6030, 
packaged in a 30-in. tall cabinet with an 
integrated disk and tape; the 6050, in a 
71-in. tall cabinet with ample space for 
a variety of disks and tapes; and the 6080, 
with an internal processing unit that 
handles computation bound tasks for the 
CPU. The architecture for the series is 
centered around a high speed bus with 
a throughput of 26.67 Mbytes/s. A 
32-Kbyte, two-way set associative cache 
increases performance. Prices start at 
$80,000. Gould Inc, SEL Computer 
Systems Div, 6901 W Sunrise Blvd, PO 
Box 9148, Fort Lauderdale, FL 33310. 
Circle 360 

Array processor computes 
in double precision 
Designed for scientific applications, the 
MAP-6420 floating point processor is 
based on a high performance parallel 
architecture with Fortran programming. 

When interfaced to a host, it provides 
a programmable peripheral to offload 
numerical algorithms and execute them at 
greater speeds. The basic configuration 
has 4 Mbytes of memory and an indepen
dent control processor. Data memory is 
expandable to 64 Mbytes. The address 
space is 1 Gbyte. Floating point word size 
is 64 bits with 16 decimal digits of preci
sion. CSP Inc, 40 Linnell Cir, Billerica, 
MA 01821. 
Circle 307 

Microcomputer system supports 
multi-user and application software 
The high performance MTX-11 includes 
either 15.9 or 32 Mbytes of hard disk stor
age, 1-Mbyte DEC/ IBM-compatible floppy 
disk drive, 256 Kbytes of memory, and 
four serial 9600-baud ports. Built around 
the LSl-11 123 16-bit CPU, the system can 
use the large library of PDP-I I software . 
The operating system accommodates 
large programs in memory; when avai l
able memory runs out, the operating 
system uses a priority and time-slice 
scheduling system to determine which 
jobs to swap to the Winchester. Trans
parent spooling allows the user to print 
files without degrading terminal response 
and program performance. Scientific 
Micro Systems, Inc, 777 E Middlefield 
Rd , Mountain View, CA 94043. 
Circle 308 

July Preview 
A Special Report on 
System Software 

Fact: 

Memory Protection was Never Easier. 
Now, solder MPD's horizontal battery standard holder right on your PC 
board. Or use tab holder with fast-on or hardwire connect. Standard 
holder allows for 3/4" PC board stacking . Standard 3-volt Lithium 
cylinder cells for reliable memory back-up systems clip right in. Also 
accepts Ni-Cad, Carbon-Zinc and Alkaline horizontal cylinder cells. 
• Sturdy, high-temp UL94V-O Valox ® material •Stainless steel nickel 
plated contacts • Easy insertion and removal of batteries • Efficient, 
economical • Custom battery s12es 213A 112AA AA c 
holders available on request MODEL• BH213A BH112AA BHAA BH-C 

"Patent Pendmg FAST-ON-T.6!:! BH2 /3A BH1 / 2AA-T BH-AA-T BH·C-T 
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Fighting 
heart disease and 
stroke is a lite or 
death matter. 

Your gift can make 
a difference. 

6 American Heart 
y Association 
WE'RE FIGHTING FORYOUR LIFE 



The 
WYlOOO 
stacks up to 
be a lot of ma
chine from a few 
simple pieces. By add-
ing the WYlOOO microcomputer to the 
good-looking, ergonomic WY50 display 
terminal, we created the most exciting 
concept in desktop workstations on the 
market today. 

We also added sophisticated high 
resolution graphics, suitable for the most 
demanding applications. 

Plus, we added color capability, 
when used with our color terminal. 

And on top of that, we added a 
Winchester Disk Drive option providing 
an additional 10 megabytes of storage. 
FEATURES: 
• 80186 16 Bit 8 MHz Processor 
• 128KB to 768KB RAM Memory 
• Two Floppy Disk Drives (725 KB) 
• Optional 10 MB Winchester Drive 
• RS232 & RS422 Serial Ports 
• Optional Graphics/Color Graphics 
• Networking Capability 
• CP/M ™, MS-DOS ™ Compatible 
• Priced from only $1995 

Best of all, we 
priced the WYlOOO 
from only $1995. It all 
adds up to a system builder's dream. 

For a complete brochure on the 
WYlOOO contact Wyse Technology toll 
free at 800/421-1058. 

WYSE 
Make the Wyse Decision. 

WYSE TECHNOLOGY 3040 N . First St. , San Jose, 
CA 95134, 4081946-3075, TLX 910-338-2251 , Outside 
CA call toll-free , 8001421-1058, i11 So. CA 2131340-2013. 
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Keyboard encoder family simplifies 
hardware/software requirements 

I~ 
The KR9600 is an improved, single 5-V 
power supply version of the industry stan
dard KR3600. The 9601 adds caps-lock and 
auto-repeat, while the 9602 is designed for 
detached keyboards and provides serial 
data output. The encoders automatically 
scan, debounce, and encode up to 90 
single pull, single throw switches. They 
provide selectable n-key or two-key roll
over. The 96?'1and9601 provide a parallel, 
TTL-compatible data output of up to IO 
bits, as well as four operation modes in 
a 40-pin package. The 9602 comes in a 
28-pin package. Standard Microsystems 
Corp, 35 Marcus Blvd, Hauppauge, NY 
11788. Circle 309 

Fast FIFO saves power 
without losing speed 
TTL compatible, 67L40I has a fall-through 
time of 4 µ.s, yet consumes no more than 
110 mA. The 5-MHz FIFO accommodates 
differing data rates, easing communica
tions between computers and peripherals. 
The memory is organized as 64 words x 
4 bits and can be cascaded to expand 
word and bit dimensions·. Designed for 
asynchronous operation, it features struc
tur~d ~inouts, with outputs directly op
pos1~e inputs. The 16-pin chip, in IOOs, 
is pnced between $15 .50 and $16.76 each . 
Monolithic Memories, Inc, 2175 Mission 
College Blvd, Santa Clara, CA 95050. 
Circle 310 

Semicustom gate array operates 
at high speed and low power 
Combining current mode logic with ECL 
IOK/ IOKH 110 cells, the HE2000 array is 
suited for mini, supermini, peripheral, 
and test instrument applications. It offers 
the functional equivalent of 2000 logic 
gates on a chip and has typically demon
strated internal gate delays of 300 ps while 
consuming 3.1 W. The HE2000 consists of 
539 cells: 399 CML internal cells, 96 ECL 
to CML receivers, and 64 CML to ECL 
drivers. Nonrecurring engineering costs 
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are approximately $40,000, including IO 
working prototypes. Honeywell Digita l 
Products Center, 1150 E Cheyenne Moun
tain Blvd, Colorado Springs, CO 80906. 
Circle 311 

Nonvolatile memory family 
expands with 5-V RAM 
The NCR 52002 NVRAM is a byte-wide 
device that operates from a single 5-V 
power supply. The 2-Kbit chip consists of 
a 256 x 8 RAM array with duplicate 
EEPROM array for backup. Typical access 
time is less than 300 ns. Maximum access 
times for commercial and military use are 
300 and 450 ns, respectively. Number of 
possible store cycles is guaranteed to be 
at least 104 with one-year data retention. 
Each store cycle takes only 10 ms. Price 
is $18.70each in quantities of 100. NCR 
Corp , Microelectronics Div, 8181 Byers 
Rd, Miamisburg, OH 45342. 
Circle 312 

Small PROMS figure in 
random logic replacement 
The s2s130A/I3IA are configured as 512 
words of 4 bits and are function and pin 
compatible with industry standard 2-
Kbyte PROMS. The 126A/129A are 256 
~ords of 4 bits and carry 2 chip-enable 
inputs. The 23A and I23A have 32 words 
of 8 bits and carry 1 active-low chip
~nable input. All parts have a 50-percent 
increased performance over their pre
decessors. Packaging options include 
plastic and ceramic DIPS. P rices range 
from $1.25 to $6.95 in quantities of 100. 
Signetics Corp , 811 E Arques Ave, PO 
Box 409, Sunnyvale, CA 94086. 
Circle 313 

It pays to communicate 
You can fu rther your career 
by writing technical articles 
about the advanced work 
you 're doing. A lso, we pay 
an honorarium for all 
manuscrip ts that we 
publish. For a f ree copy of 
our Author's Guide, circle 
502 on the Reader Inquiry 
Card. 

Circuit modem meets 
Bell 212A and CCITT specs 
A 28-pin CMOS device forms the heart of 
a full-duplex, 1200-bit/ s modem. The 
MP7223 requires a crystal-controlled 
clock, filters, and a line interface to emu
late various modems. It uses phase shift 
keying modulation and digital demodu
lation. The chip is divided into three sec
tions: demodulator, modulator and 
timing control circuitry. A synchr~nized 
digital phase-locked loop maintains the 
basic timing and initiates all phase shift 
detection operations. Prices range from 
$15 to $27, depending on quantity. Micro 
Power Systems, Inc, 3100 Alfred St, 
Santa Clara, CA 95050. 
Circle 314 

Dynamic RAMs feature 100-ns 
and 250-ns access times 
Organized in 65,536 single-bit words, the 
F41 64 family of 64-Kbit devices operates 
on a single 5-V source . The chips have low 
capacitance, TTL-compatible inputs that 
e.mploy overshoot and antistatic protec
~10n t? ensure data and address input 
integrity . With an unlatched output at 
cycle end, the unit allows for page bound
ary extension and 2-D chip selection. 
Operation modes include random write or 
read, read/ write, read/ modify/ write, and 
page cycles . In IOOs , the prices range from 
$11 to $13. Fairchild Camera and Instru
ment Corp , Microprocessor Div 450 
National Ave, Mountain View, CA 94024. 
Circle 315 

Logic circuits combine 
transceivers with latches 
Two circuits-the ZX74HCT/ LS646 for 
transmitting noninverted data and the 648 

for inverted data-ease high speed mul
tiplexed data transmission . Maximum 
propagation delay is 25 ns and 80 mA is 
the quie~cent supply current. Both are fully 
TTL eqmvalent, providing a 12-mA drive 
current at 0.4 V and 24 mA at 0.5 V. Each 
chip features two D-type flipflop latches 
and offers six control inputs: output 
enable, direction, two clocks, and two 
data-source selections. Devices are priced 
at $4.25 in JOO-unit lots. Zytrex Corp, 750 
E Arques Ave, Sunnyvale, CA 94086. 
Circle 316 



ITT 
Schadow's 

Power 
Switches 

Multinational approval and high 
surge ratings are good reasons to 
use ITT Schadow Power switches 
in your computers and peripherals. 

It you market your equipment overseas -
and these days, who doesn't? - ITT 
Schadow's Pushbutton switches are worth 
specifying for their multinational approvals 
alone. And even if you never sell a piece of 
hardware beyond the borders of the U.S.A. , 
you are bound to appreciate the rugged
ness and high performance of these 
outstanding switches. 

ITT Schadow's MSA has a dual rating of 
10Amps at 125VAC and 4Amps at 250VAC, 
with an 80Amp surge in either instance. 
(Switches with a 64Amp surge rating are 
also available). A shutdown option lets a 
central location shut off terminals by remote 
control. 

For details on ITT Schadow Power 
Switches - or for information on ITT 
Schadow's custom switchmaking and 
worldwide sourcing - mail the coupon 
below. Or contact your local Authorized ITT 
Schadow Switch Center. 

FREE SAMPLES 
r---------------1 

D I buy or specify switches. Please have a 
rep call me about a free Power switch 
Schadow Box. 

D I am not ready to talk with a rep yet, but 
please send a full-line switch catalog . 

CD· 6 

Name 

Title 

Company 

Address 

Cit 

State Zip 

Telephone ( 

MAIL TO: ITI Schadow Inc., a subsidiary of ITI 
Corporation, 8081 Wallace Road, 
Eden Prairie, MN 55344 
(612) 934-4400 

SchadowITT L _______________ J 

Circle 130 for Catalog 
Circle 131 for Sales Engineer Call/Samples 



In all sizes, shapes, 
colors and configurations. 
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 

CIRCLE 128 SEE US AT NCC. BOOTH A-1434 
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Static RAMs speed at 55 ns 
in address access specs 
The HM6287 is a 64-Kbit device organized 
as 65,536 words by 1 bit. The TTL

compatible RAM runs from a single 5-V 
supply and consumes 300 mW in opera
tion and 100 µ W in standby. The HM6267 
is a 16-Kbit device that has an address 
access time of 35 ns. High speeds are 
attained via a 2-µm design rule and 
Hi -CMOS technology . Also contributing 
to high speed is the provision of address
pulse transition detector circuitry. Hitachi 
America , Ltd, 1800 Bering Dr, San Jose, 
CA 95 11 2. 
Circle 317 

Dynamic RAM multiplexes address 
inputs for standard packaging 
The MCM6664B/65B is a 64-Kbit device 
organized as 65,536 one-bit words. 
Complete address decoding is done on
chip with address latches incorporated. 
Both devices have RAS only on refresh 
mode. The 64B version has the automatic 
refresh control function available on pin 
1, providing two additional modes of 
refresh, automatic and self-refresh. All 
inputs and outputs, including clocks, are 
TTL compatible. Data out is controlled 
by CAS, allowing system flexibility. 
Prices range from $7.80 to $8.65 in lOOs. 
Motorola Inc , MOS Integrated Circuits 
Group, 3501 Ed Bluestein Blvd , Austin, 
TX 7872 1. 
Circle 318 

Multiplying D-A converter 
contains onboard data latch 
As a replacement for the AD7545, the 
MP7645 precision monolithic 12-bit DAC 
interfaces directly to most 12- and 16-bit 
bus systems . Its data latch is loaded by a 
single 12-bit wide word. Data loads into 
the input latch under the control cs and 
WR inputs . Gain error is 2 ppm/ °C max
imum with output capacitance at 50 pF 
maximum. Amplifier offset sensit ivit y is 
330 µ V / m V. Typical applications are in 
data acquisition, process control, and 
industrial control. The chip is offered in 
20-pin plastic or ceramic packages, with 
prices ranging from $11.20 to $38.10. 
Micropower Systems, Inc, 3100 Alfred 
St, Santa Clara, CA 95050. 
Circle 319 

Worst-case access times are 
250 ns in 256-Kbit ROMS 
Made with proprietary Selectox silicon 
gate CMOS technology, the SMM6325 and 
6326 use 1 / 5 the operating power and 
1I 10,000 the standby power of compara
ble NMOS parts . The devices are pin com
patible with industry standard 61256 and 
23256 types, respective ly. Customer's 
EPROMs from breadboarding and system 
verifications are used to communicate 
programs. The data in the EPROMs is 
converted by computer into the metal 
mask patterns of the finished ROM . Both 
devices are $10.65 at the 10,000-piece 
level. Mask charge per program is $2800. 
s MOS Systems, Inc, 50 W Brokaw Rd, 
San Jose, CA 95110. 
Circle 320 

Controllers place terminal 
functions on one circuit 
Providing complete display and memory 
control, the CRT 9028 and 128 video termi
nal logic controllers interface directly to 
8085, Z80, 8051, and 6500/6800 micros. Each 
features a video timing generator and 
controller, character generator, graphics 
generator, video attributes controller, 
video-shift register, and memory con
troller. The chips have 32-, 64-, and 80-col 
displays with up to 25 data rows. Display 
features include bidirectional smooth 
scroll, wide and thin graphics, and user
programmable character fonts. Prices in 
IOOs are $22.50. Standard Microsystems 
Corp, 35 Marcus Blvd , Hauppauge, NY 
11788. 
Circle 321 

Share your knowledge 
Other system designers face 
the same problems you've 
already solved. You could 
help them by writing a 
technical article for 
Computer Design. For a 
free copy of our Author's 
Guide, circle 500 on the 
Reader Inquiry Card. 

ATTENTION 
MULTIBUS 
USERS: 

DCSINTRODUCESITS 
DCS/SERVO MULTIBUS 
(IEEE796) MODULE FOR 
HIGH PRECISION 
DIGITAL MOTION 
CONTROL 

DCS/Servo is a dual-axis Digital 
position control module utilizing 
incremental encoder feedback, 
driving conventional servo
amplifiers and DC motor/tachs. 
Among the many features which 
make DCS high precision digital 
position control systems the most 
advanced in the motion control 
field are analog shaft locking and 
a high speed position loop to 
eliminate overshoot and jitter. 
The addition of an Industrial 
808618087 based Multibus CPU 
module with 10 year battery 
back-up RAM and motion control 
software for up to 8 axes, 
provides the complete digital 
motion control system solution. 
All of this can be packaged in a 
variety of cardcages or rack 
mountable chassis and is 
supported by available software 
for real-time or development 
applications. 

To place your order or for more 
information call (617) 890-8200 

Multibus TM Intel 

Distributed Computer Systems 

330 Bear Hill Road 
Wallham MA 02t54 

CIRCLE 129 
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DEMAND PERFORMANCE 
FROM YOUR MICROPROCESSOR DEVELOPMENT TOOLS 

PERFORMING 
FOR OVER 
10 YEARS. 
In 1974, Boston Systems Office 
was established as one of the pio
neers of Universal Microprocessor 
Development Systems. Today, 
BSO is still at the forefront of the 
industry, offering the fastest , most 
cost effective systems. 

PERFORMANCE 
WITH 
PRODUCTIVITY. 
BSO products can reduce your 
programming and debugging time 
by up to 80%. Combine that with a 
system that can be configured for 
one to one hundred users, and 
you've got exceptional perform
ance and increased productivity. 

SUPPORT 
PERFORMANCE. 
BSO supports over forty micro-

processors including the Intel 
80186, 8087, and 8051, Motorola 
68000 and 6809, and the Zilog Z80 
and Z8000. The BSO product line 
includes C compilers, Pascal com
pilers, symbolic high level debug
gers, and assemblers. 

JOIN 
THE CHORUS. 
No wonder BSO products are be
ing used by more than 1200 com
panies and 20,000 engineers in 
nearly thirty countries. Our af
fordable systems are working for 
more than 700Jo of the top 100 
Electronic Business corporations. 
That's impressive. But not expen
sive. BSO products are affordable 
to both large and small companies. 

BSOANDDEC, 
A NOTABLE 
DUET. 
BSO microprocessor development 
systems are recommended and sold 

CIRCLE 127 

by Digital Equipment Corporation. 
BSO products are designed to oper
ate on popular DEC computers like 
the VAX, PDP-11, MicroPDP-11 
and Professional 350. 

Call us now for the specific bene
fits of BSO products. If you de
mand performance, you'll get it 
with BSO. Manuals are available at 
no charge. 

Boston Systems Office 
469 Moody Street 
Waltham, MA 02254 USA 
(617) 894-7800 
TWX: 710-324-0760 

,L£liin!l 
BOSTON SYSTEMS OFFICE 

DEC, VAX, PDP- II , MicroPDP-1 1 and Professional are 
trademarks of Digital Equipment Corporation. 



High resolution CAD system 
offers two monitors 

The Cascade x provides a standard 
12-in . monochrome CRT as well as a 
19-in. nonglare monitor with 1024 x 798 
resolution. The dual monitors allow the 
user to view the menu on one screen and 
draw on the other. The system uses a 
68000 microprocessor backed by 756 
Kbytes of RAM for nearly instantaneous 
processing of graphics input. Up to eight 
workstations can be networked. The com
plete unit also includes keyboard, tablet, 
joystick , 5 Mbytes of hard disk storage, 
and a 5 \14 -in. floppy. Cascade Graphics 
Development , Inc , 1000 S Grand Ave, 
Santa Ana, CA 92705. 
Circle 322 

Instrumentation mainframe solves 
logic problems with plug-in modules 
The COLT 300 is a virtual instrument with 
a slot that accepts a single plug-in instru
mentation module . Various modules 
allow state or timing, universal or micro
specific logic analysis , in-circuit emula
tion and digital pattern generation. The 
device's mainframe includes two 5 Y. -in. 
floppy drives that load a module's pro
gram, data files , and setups . Also 
included are two RS-232-C ports, parallel 
printer port, and IEEE 488 bus interface. 
Base cost is $9500. Dolch Logic 
Instrumentation, Inc, 3052 Orchard Dr, 
San Jose, CA 95134. 

Circle 323 

Software resolves CAD interface 
by simplified data sharing 
The CAD-VA NTAGE software runs on the 
HP 3065 and extracts data from CAD sys
tems for use in the test area. Instead of 
depending on CAD-supplied postproces
sors, this approach takes standard CAD 
outputs and reformats them in the test 
system. It adds terminal-emulator soft
ware routines for accessing CAD systems 
and supports nine-track mag tape inter
face. Once a data transfer process is com
plete, the in-circuit program generator 
can test a board in a fraction of the time 
required by many conventional test sys
tems . Prices range from $5000 to $10,000, 
depending on configuration. Hewlett
Packard Co, 1820 Embarcadero Rd, Palo 
Alto, CA 94303. 
Circle 324 

Mainframe graphics capability 
extends to IBM PC and XT 
A combination software and board pack-· 
age, Forte-Graph allows a PC or XT to 
act as a full-function color graphics ter
minal linked to an IBM mainframe. It 
provides enhanced emulation of an IBM 
3279 model S3G terminal with pro
grammed symbols and seven colors. 
While online, individual text or graph 
screens can be captured for printing or 
storage. Hardware consists of program 
symbols option board, which mounts on 
an emulator adapter board called the 
Forte-P J. Together the boards occupy 
one expansion slot. Forte-Graph is priced 
at $2590. Forte Data Systems, Inc, 1500 
Norman Ave, Santa Clara, CA 95050. 
Ci rcle 325 

Multiprocessor system links 
mainframe and graphics 
The Lynxystem 1000 series attaches to a 
Control Data Cyber 170 channel permit
ting the attachment of interactive graph
ics devices. System software dynamically 
downloads the micro at run time accord
ing to the application requirements. It is 
based on a high speed bus that has two 
to five single-board 68000s, each with 128 
Kbytes of dual-ported memory, two ser
ial ports, and an 110 expansion bus. The 
recommended minimum configuration is 
priced under $25,000 including software . 
Lynxys, Inc, PO Box E, West Lafayette, 
IN 47906. 
Circle 326 

Unix tools link to software development 
for range of microprocessors 
With development for micros including 
8086 and 68000 and operating systems in
cluding MS-DOS and CP/ M, the Workshop 
allows programs to be developed on com
puters running under Unix, Xenix, or 
Berkeley 4.1 operating systems. Work
shop operates by linking Unix tools to 
cross-development and host target com
munication software. All programs are 
developed under Workshop on the host 
and are tested on the target system. 
Source code can either be passed across 
as text or compiled code output by the 
cross-development tools on the host. 
Logica, 64 Newman St, London, England 
WlA 4SE. 
Circle 327 

Workstations provide fast 
interactive solids modeling 
The PowerStation 3100 and 5100 systems 
include a minicomputer, high resolution 
co lor graphics terminal, and mechanical 
CAD/CAM softwa re . The devices have 
numerical control capabilities so tool 
paths can be simulated on the solids rep
resentations, not just on the outline draw
ing. The 3100 is based on a 16/ 32-bit 
computer, while the 5100 is based on a 
32-bit vi rtual processor. Both worksta
tions are Unix based and use a mechanical 
CAD / CAM package. Pri ces start at 
$69,900 with dual systems, while the 5100 
ranges to $152,500. Gould Inc, Computer 
Systems Div , 6901 W Sunrise Blvd, PO 
Box 9148, Fort Lauderdale, FL 33310. 
Circle 328 

Printed circuit board for 
CAD/ CAM system is priced low 
Supporting up to 16 workstations, the ser
ies 300 network system allows simultane
ous independent design tasks. It links to 
workstations over a fiber optic local area 
network . The system is configured 
around a system manager with associated 
12-in. terminal and full ASCII keyboard. 
The processor is a 15-MH z DEC LSl-11 173 
with 32-bit internal architecture. The unit 
can produce all design and fabrication PC 
board documents; all wire list/ bi ll of 
material input is subject to comparison 
checking. Prices start at $35,000. Paragon 
Technology Corp , 2199 Norse Dr, P leas
ant Hill, CA 94523 . 
Circle 329 
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Microcomputer is central 
to portable oscilloscope 

The v-1100 features CRT readout that dis
plays frequency counter and DVM func
tions as well as constant ground level 
display. The 100-MHz unit shows the 
measurement of voltage value between 
ground level and reference cursor or two 
cursors and the time difference between 
two points. Additional features include 
quad channel with independent position 
controls, 8-trace with alternate sweep, 
maximum sweep time of 2 ns/ division, 
and variable hold off. Hitachi Denshi 
America, Ltd, 175 Crossways West, 
Woodbury, NY 11797. 
Circle 330 

Alignment disk supports 
3.5-in. Sony standard 
A single-sided disk compatible with both 
the 600-rpm Sony machine and the 300-
rpm Shugart machine provides head 
alignment control for data interchange 
between flexible storage subsystems. The 
disk is available in quantity with a double
sided version coming soon. Dymek Corp, 
1851 Zanker Rd, San Jose, CA 95112. 
Circle 331 

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. 
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Measurement plotting system enhances 
and simplifies lab graphics 
Combining the benefits of digital plotters, 
waveform and X-Y recorders, and data 
acquisition systems, the 7090A provides I 
Kword x 12 bits of buffer as a waveform 
recorder. Also in this capacity it has a 
30,000-sample/s A-D converter on each 
channel with sine response at 3 kHz. As 
an X-Y recorder, it offers three high
sensitivity CMRR inputs of X-Y or Y-T 
recording. The unit can also plot when 
connected to a controller or smart instru
ment. Six pens in 10 different colors and 
two line widths are available. Cost is 
$4400. Hewlett-Packard Co, 1820 Embar
cadero Rd, Palo Alto, CA 94303. 
Circle 332 

Development station converts 
PC to engineering workstation 
The PC7 closely links the Step-7 firmware 
integration test station with the IBM PC. 
1 t takes extensively used disk files and 
puts them onto RAM disk in the PC, 
reducing file access times . Using the PC 
as a host computer, it is possible to define 
bit-slice designs, assemble programs, for
mat object code, and debug microcode. 
To provide I-key operation, the 10 func
tion keys on the PC keyboard now 
replace the most heavily used multi
character commands. Prices range from 
$10,000 to $25,000. Step Engineering, 757 
Pastoria Ave, Sunnyvale, CA 94086. 
Circle 333 

Computer prototyping board 
builds add-on interfaces 
The ez board is a solderless experiment 
system. Features include a glass epoxy PC 
board mounted with a set of solderless 
breadboarding units for building circuits. 
Four separate distribution buses with 50 
tie-points each can be used for power , 
ground, clock lines, and reset commands. 
The breadboarding area consists of 1460 
tie-points with a capacity of sixteen 14-pin 
DIPS. Components with lead diameters 
up to 0.032 in . plug in and connect with 
ordinary solid hookup wire. Price is 
$174.95 each . S.E. Corp, PO Box 1132, 
Yorba Linda, CA 92686. 
Circle 334 

System for CAE/ CAD designs 
custom integrated circuits 
Generating both logic and layout for cus
tom ICs, Chipgraph IC editor speeds up 
and simplifies VLSI design. It supports 
user-defined links between logic and lay
out hierarchies as well as top-down and 
bottom-up methodologies. The system's 
variable-screen windows provide simul
taneous viewing of logic and layout. The 
system provides both symbolic and com
posite (mask-level) capture of layout in
formation and automatically converts the 
symbolic designs to mask level. The lay
outs can be mixed on a cell-by-cell basis 
for optimal speed within chip require
ments. Price is $50,000, with availability 
in the third quarter of 1984. Mentor 
Graphics Corp, 8500 SW Creekside Pl, 
Beaverton, OR 97005. 
Circle 335 

Data line monitor determines 
status of major RS·232 signals 
The low cost model 42 Micropeeper pro
vides a LED display to check the seven 
main signals and an eighth user-selectable 
signal. The device monitors transmit data, 
receive data, request to send, clear to 
send, data set ready, data carrier detect, 
and data terminal ready. The monitor is 
equipped with female and male type 
DB-25 connectors and is transparent to 
the operation of any standard interface 
since all 25 leads are passed through. In 
IOOs, price is $43 each. Telebyte 
Technology, Inc, Remark Datacom Div, 
148 New York Ave, Halesite, NY 11743. 

Circle 336 



Introducing Lear Siegler's 
3278 Keyboard compatibles 

Easy to Look at. Easier to use. 
Now you can combine Lear Siegler's 

exclusive High Touch'" style with the 
convenience of true IBM 3278 keyboard 
compatibility. 

The ADM 1178 video display 
terminals offer superior performance 
and ergonomic design. With standard 
protocol converters, you can interface 
with virtually any IBM mainframe to 
achieve substantial savings in hardware 
and operator training expense. 

The ADM 1178 terminals can handle 
computer transmissions up to 19,200 
baud without handshaking. They feature 
five video attributes (underlining, 
blink, blank, bold and reverse video), 
the IBM extended character set, four 
cursor modes (block or underline, 
blinking or steady), and 24 Program 
Function (PF) keys and two Program 
Access (PA) keys. 

For operator convenience, the 
ADM 1178 terminals come with a full 
tilt and swivel monitor that stops 
positively in any position, an easy-to
read non-glare screen, and a detached, 
low-profile DIN standard keyboard. 

The ADM 1178s ar.e available with 
a standard 12" green or amber screen 
and an RS-232C serial printer port 
They can be easily modified for OEM 
applications and are available with 
such options as 14" green or amber 
screen, answerback memory, current 
loop or RS-422 interface, and inter
national character sets. 

These Lear Siegler High Touch 
terminals are made in America
designed, engineered, manufactured and 
shipped from Anaheim, California. 
With this total, on-shore capability, 

Green or amber 
screens, 12" or 14 ''. 

Operator infor
mation area
separated by a 
horizontal !me. 

3 key rollover. 

Adjustable 
keyboard tilt\ 

Five visual 
attributes: 
underlining, blink, 

- blank, bold and 
reverse video. 

- Tilt and swivel 
for operator 
convenience. 

24 Program 
Function (PF) keys. 

Selectable Numeric 

and a complete worldwide network of 
sales and service centers, OEMs as 
well as end users can be assured of the 
best local support available in the 
industry. 

Call our ADM 1178 product special
ists today for complete information on 
products and protocol converters. /

I~ge~~0c~XJkeys. 

!fl~~~~~~ti:ti~~~~~~:;~~~~J~~- ' o}PF:eyp•d 

LEAR SIEGLER, INC. 
DATA PRODUCTS DIVISION 
901 E. Ball Road, Anaheim, CA 92805 (714) 774-1010 
IBM is a registered trademark of International Business Machines Corp. 

See us at NCC Booth #A 1358 

©1984 Lear Siegler, Inc. 
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The first thing 
ISi International put on 
this new Multibus· card 
was 2 megabytes ... 

And that was just 
the beginning. 

Squeezing 2 megabytes 
of memory onto a single 
Multibus• card is quite 
an accomplishment in itself. 
But we believe it takes 
more than just memory to 
meet the increasing needs 
of today's systems. That's 
why our new MCB-2X 
Multibus card is designed 
with a number of significant 
special features. And 
why ISi International is 
truly a leader in Multibus 
memory products. 

Superior 
Dynamic 
Memory 
Relocation. 

The new MCB-2X 
can relocate up to eight 
64K or 256K blocks MCB364 

independently-making 
it a very powerful tool 
for "RAM disk;' 
graphics 
display or 
multiple 
table look-up 
applications. 

Expanded Error 
Correction Logic. 

All single bit errors 
are automatically scrubbed 
during refresh cycles 
without system 
interruption. 
And thanks 
to the automatic 
memory initializa
tion feature, software 
doesn't have to be pre-
conditioned. Mcs.s12 

On-board ECC detects 

all 
single 
and 
double bit 
errors, while 
providing 370ns 

read access 
through stan

dard 64K 
or256K 
RAMs.Plus, 

theMCB-2X 
has CSR and 

ESR interrogation 
capability and soft

ware control of ECC 
enable/disable, allowing 

users to provide 
comprehensive 

system-level 
diagnostics. 

Flexible 
Addressing 

Capabilities. 
Board addresses 

starting on any 4K 
boundary can be mapped 

to cross 1 and 4 
megabyte 

boundaries. 
TheMCB-
2Xcan also 

occupy a con
tinuous 512K 

or 2048K memory 
space within its 16 

megabyte range. 

Look 
into ISi 
International's 
newMCB-2X. 
You'll find all the 
features you need ... 
plus up to 2 megabytes 
of memory for the largest 
capacity available on a 
single card. Or, for non
volatile CMOS require
ments, see our MCB-364 
and MCB-332 modules. 
For simpler dynamic 
requirements, investigate 
our MCB-512. 

Since 1970, ISi Inter
national has shipped over 

10 
billion 

bytes 
of memory 

cards, giving 
us a level of 

experience that's 
hard to match. Put 

it to work for you. For 
systems needs just call 
us in the West at (408) 
743-4442, in the East (201) 
272-3920, or in the Mid
west call (513) 890-6450. 
For off-the-shelf products, 
contact your nearest ISi 
International distributor: 
Alliance, Anthem, Arrow, 
Future Electronics, R.A.E., 
Quality Components or 
Sch weber. 
•Multibus 1s a Trademark of Intel Corp ,., 

111 TE R 11 A T 1o11 A L Formerly Intersil Systems 
JS! International Corporation 
1275 Hammerwood Avenue, Sunnyvale, CA 94089 • (408) 743-4443 
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Nonvolatile VMEbus board 
provides calendar I clock 

Providing 128, 64, or 32 Kbytes, the 
MM-6500C employs low power, 8-K x 8 or 
2-K x 8 CMOS static RAMS. Three redun
dant, onboard, parallel, and separately 
fused backup batteries ensure reliable 
operation in the event of power fai lure. 
Both lithium and NiCad batteries are 
avai lable. Rechargeable NiCads provide 
three-month data retention; nonrecharge
able lithium batteries permit five-year 
retention . Real time ca lendar / clock 
provides programmable, periodic, switch-

PACKAGED 
' . J . 

selectable interrupts that occupy 32 loca
tions in the memory map. Other features 
include 24-bit addressing up to 16 Mbytes , 
cycle and address time of 220 ns, and vari
able delays. The 128-Kbyte version is 
$1175. Micro Memory, Inc, 9436 lrondale 
Ave, Chatsworth, CA 91311. 
Circle 337 

Removable cartridge Winchesters 
are IBM-XT compatible 
The Micro-Magnum 11 1 11 and I IR feature 
an 11-Mbyte cartridge . Track density has 
increased to 908 tracks / in . with 9254 
bytes/ in. Fully retracted heads never 
touch the disk surface, protecting the 
media and heads from damage and wear. 
The self-sealing drives prevent contami
nants from entering critical areas of the 
head disk assembly. The cartridge is pro
tected by a spring-loaded door , which 
covers the head access and air exit ports 

1-9 

$315 Piece 
Price 

when not in use . In 1000s, the 11 1 11 drive 
is priced at $1525; the 11 R is $1190. OM A 
Systems Corp , 601 Pine Ave, Goleta, CA 
93117 . 
Circle 338 

Hard disks and floppy backup 
combine in one storage module 
The Discovery 1604 storage array accom
modates up to four 5 \1.i- in . Winchesters 
and four minifloppies or supermini
tloppies . A power sequencer automatically 
powers up the Winchesters sequentially. 
Four independent access arms result in 
throughput greater than a single-arm 
drive . Initial release is of CP/ M Plus and 
dpc/ os 3.0 systems in limited configura
tions. The tabletop version is priced at 
$3700, including one 22-Mbyte Winchester 
and a 40-Kbyte floppy. Action Computer 
E nterprise, Inc, 430 N Halstead St, 
Pasadena, CA 91107. Circle 339 

Custom 
Models: 

Consult Factory 

100 

s220.5o ~~r~: 
TWO-YEAR WARRANTY PoNel" 

Products 
fmGroup Com power Corp. 

COMPUTER PRODUCTS, INC. 

2220 LUNDY AVENUE• SAN JOSE• CA 95131 TELEPHONE (408) 942-1600 •TELEX: 172760 Companies 
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STRAIGHT ....... . 

FROM GENERAL CABLE FIBER OPTICS 
Cables for all installation environments, to meet your 
specific transmission requirements . 
General Cable has been involved in fiber optics for over 
a decade. In 1976 we manufactured the cable used in the. 
world 's first fiber optic system for commercial telephone 
service. 
Today, we provide fiber optic cables for all applications
from telephony to data communications. 

GenGuide® SINGLE MODE CABLES 
Provide system engineers with a readily expandable 
transmission network. Expandable, by simply upgrading 
terminal equipment. GenGuide Single Mode cables are 
available with a variety of protective sheaths for duct, 
aerial and direct buried installations. 

GenGuide MULTIMODE CABLES 
Available with fiber types to meet end- use attenuation, 
bandwidth and light source coupling requirements. Cable 
designs include those for intra-building use, patching 
terminal equipment and outside plant installation . 

FIELD AND ENGINEERING SERVICES 
Complement the GenGuide fiber optic cable line. 
Whether you want us to supervise your installation , 
provide training in splicing and measurement or recom
mend the proper ancilliary equipment, General Cable 
has the experience and knowledge you need. 
For more information about our line of 
GenGuide Optical Fiber Cable 
write : GENERAL CABLE COMPANY 

FIBER OPTICS DIVISION 
160 Fieldcrest Avenue, 
Edison, NJ 08818 

or call: (201) 225-4780 

General 
-ca~~v FIBER OPTICS 

Dl\11$10N 

GenGuide®is a registered trademark of General Cable Company 
A Unit of The Penn Central Corporation 
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Error detection and correction 
occurs on 1-Mbyte Multibus board 

The EDMB series features dynamic mem
ory boundary relocation, serial communi
cation port, interleaving on bank level, and 
onboard processor. EDC can detect and 
correct single-bit, double-bit or multiple
bit errors. Con figuration flexibility to the 
host CPU is through 110 commands. The 

processor supports transparent memory 
scrubbing, distinguishes hard and soft 
errors, and does error stats . Both the 
!/i -Mbyte and 1-M byte versions operate 
on 5 V with typical read access times of 
250 ns and maximum write access times 
of 130 ns . The 1-Mbyte version is approx
imately $4000. Electronic Designs, Inc, 
35 South St, Hopkinton, MA 01748. 
Circle 340 

Data storage and backup 
subsystem saves space 
The free-standing DataTower is a com
bined 8-in. disk drive , intelligent con
troller, and streaming tape drive . A main 
system component , the os-101 intelligent 
controller handles most processing 
required to support data storage peripher
a ls through five basic commands. The 
unit features a disk-drive defect manage-

1-9 

$119 Piece 
Price 

ment system, plus the ability to per form 
concurrent backup during normal system 
use. The system uses a 45-Mbyte streamer 
and an 86-Mbyte drive. Priam Corp, 20 
W Montague Expwy, San Jose, CA 95134. 
Circle 341 

It pays to communicate 
You can further your career 
by writing technical articles 
about the advanced work 
you're doing. Also, we pay 
an honorarium for all 
manuscripts that we 
publish. For a free copy of 
our Author's Guide, circle 
502 on the Reader Inquiry 
Card 

100 

$83 30 Piece 
• Price 

TWO-YEAR WARRANTY Povver 
Products 
~Group Stevens-Arnold Inc. 

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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WINC-0515 CONFIGURED 
FOR 51/4" WINCHESTER 
AND FLOPPY DRIVES. 
WINC-{)518 CONFIGURED 
FOR 51/4" WINCHESTER 
AND 8" FLOPPY DISK DRIVES 

DRIVE CONFIGURATION PROM 
PROVIDES MAXIMUM FLEXIBILITY 
OF DRIVE MANUFACTURER CHOICE 

SINGLE DUAL-WIDE Q-BUS 
COMPATIBLE BOARD REPLACES 
5 DUAL-WIDE DEC CARDS 

/ FULLY TRANSPARENT 
RLOl-02 AND RX02 EMULATION 
ELIMINATES SOFTWARE PATCHES 

/ 

\ 
AUTOMATIC 
ON-BOARD BOOTSTRAP 

ONLY 5 TIMES BETTER. 
Meet the family of WINC-05"' dual

wide Q-Bus controllers from AED. The 
WINC-0515 and WINC-05/8. 

They're absolutely transparent to 
your DECsystem, so your software never 
has to know the difference. 

Each controller positively replaces the 
5 standard dual-wide DEC controller 
cards, freeing up valuable backplane slots. 

Both unequivocally adapt to the speci
fications of most popular disk drives 
with the simple change of a single PROM. 

And without a doubt, they give you 

the most flexibility at a lower cost. 
All from a field-proven product going 

into its second year of shipments. AED's 
WIN C-05 family. Single controller boards 
with 5 ways to better the competition. 

For prices and ordering information, 
caU or write us at: 440 Potrero Avenue, 
Sunnyvale, CA 94086; (408) 733-3555 or 
(800) 538-1730 outside CA 

...--9 ADVANCED ..._ __ ELECTRONICS 

~ ·- DESIGN, INC. 

\V ll\C-05 i\ a tradcmarl. ol \d\,1nced Electronic'\ Design. Inc .. RLO l-02. RX02 & Q·BL'S are registered trademarks of Digi tal Fquipmcnt Corporation. 
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Controller configures in simple 
PID or more complex fashion 
The MOD 30 is a universal micro-based 
instrument th at works as a simple con
troller with alarms, or as a controller with 
feedforward / feedback and adaptive reset. 
Software resides in 72 Kbytes of PROM. 

Eleven major function blocks contain all 
the parameters and conditions necessary 
for cooperation and control. Up to 500 
entry parameters can be applied to a given 
control loop or function. The configura
tion data base allows the control strategies 
without PROM burning or rewiring. Tay
lor Instrument, a div of Combustion 
Engineering, Inc, PO Box I IO, Rochester, 
NY 14692. 

Hardware/software package 
provides industrial graphics 

The Classicmate 11 can ·be paired with 
General Electric Series Six programmable 
controllers to provide a complete man / 
machine interface for process control. It 
integrates the 2200 terminal featuring 
bubble memory, with an easy-to-use 
graphics development package. It elimi
nates the need for user software program
ming to link the graphics to the PC. By 
keyboard and display, an operator can 
monitor and change variab les in a process 
contro lled by the PC. Industrial Data 
Terminals Corp, 173 Heatherdown Dr, 
Westerville, OH 43081. 
Circle 343 

Programmable controller 
expands memory size 
Offering increased user logic storage, the 
884A-200 contains from 2000 to 3500 
nodes of relay ladder logic . It provides 
storage for over 1000 numerical registers 
and an additional 1024 on/ off (discrete) 
variables for a total memory capacity of 
nearly 5000, 16-bit words. Features in
clude battery backup for CMOS RAM with 
capacity for a minimum of 35 weeks with
out power. A memory-protect keyswitch 
prevents unauthorized program changes. 
Memory security option provides four
level pass-code system in which the pass
code levels start with monitoring 
functions and progress to configuration 
programming . Cost is less than $2000. 
Gould Inc, Programmable Controller 
Div, PO Box 3083, Andover, MA 01810. 
Circle 344 

Talk to the editor 
Have you written to the 
editor lately? We're waiting 
to hear from you. 

Custom 
Models: 

Consult Factory 

From S34 to S114.75 
I 00 Piece Price 

TWO-YEAR WARRANTY 

Power Products Div. 
Povver 
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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Finally, 
a 2,000 LPM band printer 

somewhere between 
unreliable and 

too much money. 

Twice the reliability. 
Compare Hitachi Koki's FP-2000 against any low-priced 
2,000 LPM band printer. The differences are immediately 
apparent. Instead of a light-duty souped-up machine, you 'll 

Half the price. 
Next compare the FP-2000 against the old industry standard 
for reliability. After evaluations. large OEMs have reported 
reliability every bit as good, print quality better. and the price 

almost half. They have also found comprehensive find heavy-duty 3,000 LPM technology that has 
actually been slowed down for unprecedented 
reliability at 2,000 LPM. You'll find a printer that's 
suited for continuous operation - not just 
transaction printing. That delivers consistent OCR 
scannable print quality. And most significantly, 
that delivers an honest 1.200 hours MTBF. ·~ 

diagnostics, modular construction. IBM plug 
compatibility. and a quiet, compact design 
engineered for ease of use, ease of service and 
low-cost of ownership. 
Call NSA today. The FP-2000 is part of a full 
family of band printers ranging from 300 to 
2,000 LPM. 

1 .,. 

lnSAI 
NISSEI SANGYO AMERICA, LTD. 

Boston: 40 Washington Street, Wellesley Hills, MA 02181, (617) 237-9643 
San Francisco: 460 E. Middlefield Road , Mountain View, CA 94043, (415) 969-1100 
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Monitor interface addresses 
FCC emission test 

High resolution, YR-Series 20-in. moni
tors have a horizontal frequency of 31 to 
68 kHz. The raster-scan device displays 
up to 1100 noninterlaced lines refreshed 
at 60 frames / s. The display runs at a pixel 
level of up to 100 MHz. At that point, 
the video has a rise/ fall time of 40 ns 
using either ECL or TTL inputs. It pro
vides 100 lines / in. at 60 Hz or 200 
lines/ in. in both vertical and horizontal 
dimensions. Moniterm Corp, 7160 Shady 
Oak Rd, Eden Prairie, MN 55344. 
Circle 345 

Workstation is compatible 
with DEC computers 
Full-featured display station WY-75 incor
porates the ANSI X3.64 standard and is 
fully software compatible with the 
VT-100. The alphanumeric display station 
is a smart editing unit that features a 
14-in. screen with nonglare green phos
phor and user-selectable 80- or 132-col 
widt hs. The video module has a fully tilt
ing and rotating display. Keyboard is 
detached and has 16 programmable func
tion keys with 32 separate control codes. 
It a lso includes a nonvolatile memory that 
eliminates the usual DIP switches. Cost is 
$795. Wyse Technology, 3040 N First St, 
San Jose, CA 95 134. 
Ci rcle 346 

User-friendly voice entry 
improves 327X productivity 
The vs1000 provides voice data entry, local 
user screen formatting, and help center 
faci lities. It reduces data entry keyboard 
activity by allowing users to simu lta
neously enter/ access data while perform
ing other job functions. With total IBM 

host transparency, no host programming 
cha nges are required. Specs include a 
vocabulary of up to 300 utterances for 
each local user screen, realtime word iden
tification, and better than 99-percent 
accuracy for digit entry. It communicates 
with 3274/6 controllers via coaxial A and 
allows either 3278/9, 3178, IBM PC, or VTIOO 
displays to be used. Price is $7500. Sphere 
Technology, Inc , 222 Richmond St, 
Providence, RI 02903. Circle 347 

Synthesizer module adds natural 
sounding speech to Multibus 
The EV-8950 module is based on the Tl 5220 
voice synthesis processor, which places 
li ttle demand on the host CPU. It also 
contains a standard voice synthesis mem
ory chip. The chip is a 128-Kbit ROM fea
turing either the 206-word industrial 
vocabu lary or optional vocabularies. The 
data is compressed by linear predictive 
coding techniques and drives the pro
cessor on a time-varying electron digital 
filter model of the human vocal tract. 
Symbicon Assocs, Inc , 89 Rte !OJA, 
Amherst, NH 03031. 
Circle 348 

RPM custom-designed 
clutches and bral<es ... 
The cost-effective 
alternative for your 
rotary motion problems 

ZEUS SUB-LITE-WALr 
HEAT-SHRINK TUBING 

OF TEFLON* TFE 

SLIP 
CLUTCH 

RPM clutches and brakes have solved many 
rotary motion problems for OEMs. That is 
our specialty. We design and manufac
ture our products to meet your special 
performance needs. Of course, we 
also offer standard units. 

EXCELLENC(llD 
REELL PRECISION MANUFACTURING 
CORPORATION 
1259 Wolters Boulevard 
St. Paul, Minnesota 55110 
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CAT WHISKER 
THIN WITH A 
HOLE IN Ill 

THE WORLD'S SMALLEST TUBING 
FOR ADVANCED MICRO· TECHNOLOGY! 

Inert! Highly dielectric . Slippery. Abrasion-proof. Permanent. 
Stands temps to 500°F. Uniform !O 's down to .001 "; thin-walls to 
1.5 mils. Heat-shrinkable or permanently extruded around wires 
to AWG 44. Available expanded to heat-shrink ratios of 4 to 1 
around irregular shapes , delicate equipment, to encapsulate 
against damage or corrosion. Special requirements welcome. IF 
YOU CAN USE IT, ZEUS MAKES IT! 

SEND FOR FREE SAMPLES & BROCHURE 

g ZEUS INDUSTRIAL PRODUCTS, INC. 
P.O. BOX 298 ' Raritan , NJ 08869 

800-526-3842 • 201-526-0800 • TWX 710-480-9346 
• DuPont"s registered trademark for its fluoropolymer resins . 
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Get a bug if you find a bug. 
Show us a bug in our VRTX® real

time operating system and we'll 
return the favor. With a bug of your 
own to show off in your driveway. 

There's a catch, though. 
Since VRTX is the only micropro

cessor operating system completely 
sealed in silicon, finding a bug won't 
be easy. 

Because along with task manage
ment and communication, memory 
management, and character 1/0, 
VRTX contains over 100,000 man
hours of design and testing. 

And since it's delivered in 4K 
bytes of ROM, VRTX will perform for 

you the way it's performing in 
hundreds of real-time applications 
from avionics to video games. 

Bug free. 
So, to save up to 12 months of 

development time, and maybe save 
a loveable little car from the junkyard, 
contact us. Call (415) 326-2950, 
or write Hunter & Ready, Inc., 
445 Sherman Avenue, 
Palo Alto, California 94306. 

Describe your application and the 
microprocessors you're using
Z8000, Z80, 68000, or 8086 family. 
We'll send you a VRTX evaluation 
package, including timings for system 

calls and interrupts. And when you 
order a VRTX system for your appli
cation, we'll include instructions for 
reporting errors.* 

But don't feel bad if in a year 
from now there isn't a bug in your 
driveway. 

There isn't one in your operating 
system either. 

HUNTER~ 
~ READY ,..,w 

VRTX 
Operating Systems in Silicon. 

*Call or write for details. But, considering our taste in cars, you might wont to accept our offer of$ l ,000 cash instead. © 1983 Hunter & Ready, Inc. 
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Touch-interactive display develops 
480 orange or green characters 

The VuePoint 11 has 12 lines x 40 chars 
and a 12-line x 20-col optical touch screen 
with up to 240 touch points. The gas 
plasma display has a standard three-page 
memory expandable to 7, 19, 35, or 51 
pages. Smart features include multiple 
touch response formats, auto-scroll, pro
tected fields, multiple blink rates, dual in
tensity, and random cursor positioning. 
Other features are menu setup of self-test, 
baud rate, and audible feedback. Regu
lar single quantity price is $2295. General 
Digital Corp , 700 Burnside Ave, East 
Hartford , CT 06108. 
Circle 349 

Display stations feature 
IBM 3278/79 compatibility 
The 3179 color and 3180 monochrome dis
plays provide a modifiable keyboard with 
layouts that can be defined with a 3274 
control unit. Standard workstation fea
tures include highlighting, reverse image, 
and tilt and swivel. The 14-in. terminal 
displays 1920 alphanumeric characters in 
either four or seven colors. The 3I80's 

display, when attached to a 3274 control 
unit, can be changed to accommodate four 
format options from 1920 to 3564 alpha
numeric characters. Prices range from 
$2195 to $2295. IBM Corp, Information 
Systems Group, 900 King St, Rye Brook, 
NY 10573. 
Circle 350 

Intelligent terminals offer 
high performance at low cost 
Featuring soft setup usi ng nonvolatile 
RAM, the Ovation 104 1 and 1051 also pro
vide firmware customization and expan
sion for custom logic. The 1051 has 256 
graphics chars and 128 alphanumeric 
chars. Display formats are 80 or 132 cols. 
Standard 16 Kbytes of memory expands 
to 64 Kbytes . Based on the Z80A, the ter
minal off-loads functions from the CPU 
for faster response time. The 1041 is 8085A 
based and features 84 graphics chars and 
8 function keys. The 1051 is $1295, while 
the 1041 is $1095. Zentec Corp, 2400 
Walsh Ave, Santa Clara, CA 95050. 
Circle 351 

Color graphics pen plotter 
works with VAX computers 
The LVPl6 draws on either plain paper or 
transparencies and offers a choice of 6 
colors from a palette of IO (for paper) or 
7 (for transparencies). The plotter pro
vides graphics with 0.001-in. accuracy, at 
a maximum speed of 15 in .ls. It weighs 
16 lb , and is designed for installation on 
desktop or stand. With a standard RS-232 
interface, the unit can communicate with 

THE$2395 DEVELOPMENT SYSTEM 

Up to 128K bytes of ROM EMULATION (SK 
standard) allows you to make program patches 
Instantly. Since the target ROM socket con· 
nects data and address lines to both the 
analyzer and the emulator, no expensive adap· 
tors or personality modules are needed. 

CIRCLE 143 

systems that support the HP-GL protocol. 
Once pens are loaded, color selection is 
totally under software control. Price is 
$1995. Digital Equipment Corp, 10 Main 
St, Maynard, MA 01754. 
Circle 352 

Graphics terminal provides 
APL capability and text editing 
In graphics mode, the I6GRF/ APL is Tek
tronix 4010/4014 and PLOT 10 compatible, 
with a 240- x 640-bit mapped display reso
lution. A transparent printer port trans
mits data in LAI02/LA34 format. APL 
mode can be accessed any time by enter
ing the shift out code. The terminal has 
four resident character sets in addition to 
APL-line drawing, mosaic, super
script/subscript, and ASCII. Macro keys 
can be encoded with any alternate charac
ters or sequences. The standard 12-in. 
model lists at $2940. It is also available 
in 9- and 15-in. styles with amber, green, 
or white CRTs. Teleray, PO Box 24064, 
Minneapolis, MN 55424. 

Turns any personal computer Into a complete micro
computer DEVELOPMENT SYSTEM. Our integrated con
trol/display program runs under PC/MS-DOS, CPIM, or 
TRS-DOS. and controls the UDL via an RS-232 port. 

The PROM PROGRAMMER also 
doubles as a STIMULUS GENERATOR. 
For a brochure and list of cross 
assemblers call or write: ==== ... = 
172 Otis Ave., Woodside, CA 94002 ':.,;' ~ i ~ ~ 
(415) 851·1172 Instruments 
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Graphics/imaging systems 
display medium resolution 
Expanding the 9460 and 9465 lines, the ter
minals offer 640- x 512-pixel resolution 
supporting high performance graphics 
processing with medium resolution. 
Through a context-switching feature, 
either system can share its graphics con
troller and have multiple workstations 
perform independent graphics and/ or 
imaging operations from a single host 
interface. Features include local pan and 
zoom, arithmetic image combinations, 
logical image manipulation, and entity 
detection . Prices start at $10,450. Ramtek 
Corp, 2211 Lawson Ln, Santa Clara, CA 
95050. 
Circle 354 

Touch-sensitive monitor 
targets small computer use 
The Point-1 monitor allows users to 
select from menus, position the cursor, 
and create and manipulate graphics by 
touching the screen. Resolution is 1024 x 
1024 touch points. It includes a 12-in. 

monochrome CRT and an intelligent con
troller, as well as an RS-232-C port for 
communication. The screen technology 
incorporates a sandwich constructed of 
two transparent resistive sheets that detect 
touch by measuring voltage drops. Either 
green or amber phosphor displays are 
avai lable. Price is under $665. Micro
Touch Systems, Inc, 400 West Cummings 
Park, Woburn, MA 0180 1. 
Circle 355 

Smart video display terminal 
enters at low end 
The Freedom t 10 features tilt and swivel 
styling, a detached 94-key Dt standard 
keyboard with numeric keypad, and a 
nonglare green phosphor display. Amber 
display is optional. Standard are a 24 x 80 
display, 10 programmable function keys , 
15 thin-line graphics characters, and 8 
editing keys. It emulates the TeleVideo 
910, ADDS Regent 25, ADM 3A/5, and Hazel
tine 1420. Setup modes are either full page 
or line, and character attributes require 

SYSTEM COMPOIEITS/ O~IJ~[X][fffi(Qj~ 
Speech inputs through universal 
interface with MS-DOS 
Conversion of MS-DOS software packages 
to speech input occurs with the Oto-1* 
speech recognition system. The system 
consists of a single circuit board that 
plugs into any auxiliary slot in an IBM PC, 
PC-XT, or compatible. A proprietary 
firmware / software combination provides 
a transparent interface with the applica
tion program, allowing voice input to be 
used interactively with a keyboard or 
other data entry device. The system has 
a better than 98-percent word recognition 
accuracy and 16 Kbytes of RAM, expand
able to 64 Kbytes. Single-quantity price 
is $795. Microphonics Technology Corp, 
PO Box 7411, Federal Way, WA 98003. 
Circle 358 

Host interface unit 
adapts SCSI to s-100 specs 
This IEEE 696 board allows a system to 
talk to drives employing the SCSI standard. 
The SCSI handshake status information is 
decoded to simple signals. User-controlled, 
software-readable switch changes host 
device; multiple host adapters expand 
control of multiple disk drives. The board 

244 COMPUTER DESIGN/June 1, 1984 

requires only 4 consecutive 110 mapped 
ports and has a 16-bit extended addressing 
mode. Interrupts are generated on read 
data or status from SCSI controller. 
Pricing in quantity is $80. Inner Access 
Corp, PO Box 888, Belmont, CA 94002. 
Circle 359 

Network controller hooks up 
with the STD bus 
Control module for S871 provides STD 
bus users with a simple interface to 
ARCNET local area networks . Individual 
modules provide users with transparent 
network operation, control, and protocol 
in the passing of data within the ARCNET 
system. ARCNET networks support up to 
255 nodes and data rates up to 2.5 Mbits. 
Contemporary Control Systems, Inc, 4949 
Forrest Ave, Downers Grove, IL 60515. 
Circle 363 

Converter takes binary angle 
and gives BCD equivalent 
The SBD227 accepts up to a 22-bit binary 
digital input angle and converts it into a 
26-line BCD output with a resolution of 

no display space. The terminal also pro
vides built-in self-test. Prices range from 
$535 to $595, depending on quantity . 
Liberty Elec tronics, 625 Third St, San 
Francisco, CA 94107. 
Circle 356 

Terminal offers multifunctional 
data communications 
The Sigma-Data 3200 provides three fully 
concurrent communication ports. Line 
protocols are Telex; TWX; ooo; and pri
vate wire protocols St DI , 83B3, 85Al, and 
BAI. The terminal combines a 14-in. 
amber CRT with dual 5 \l.i-in . floppy disks 
storing 1.3 Mbytes. Features include 
preparation and editing of information 
for ongoing transmission, formatting of 
all messages, and verify with answer-back 
and auto-redial. Line speeds are up to 
9600 bits/ s. Word processing functions 
are multiformatted with split screen, and 
concurrent 110. Telecomet Inc , 820 Sec
ond Ave, New York, NY 10017. 
Circle 357 

0.0001 degrees and a full-scale reading of 
359.9999 degrees. The 3-state output is 
available in 4 bytes, allowing it to be com
patible with an 8-bit data bus. Timing and 
control signals are not required. Conver
sion time is limited only by the propaga
tion delays of the components used. It 
supplies sufficient output to drive 5 TTL 
loads. Single-unit pricing starts at $295. 
Natel Engineering Co, Inc , 4550 Runway 
St, Simi Valley, CA 93063. 
Circle 361 

Microprocessor-based printer buffer 
offers programmable functions 
The EXS-PB module is EXORbus compatible 
and is connected between the computer 
printer port and the printer. The maxi
mum character transfer rate is 10,000 
chars/ s, typical values are 1000 chars/ s. 
Storage capacity is 131,000 chars . 
Programmable functions allow deletion 
and copying of files in the buffer, pause 
functions, and built-in self-diagnostics. In 
case of paper confusion, listing may be 
repeated from the beginning of the fi le. 
Dataware, Hamngatan 9, SF-22100 
Mariehamn, Finland. 
Circle 362 



RFAJ) 
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. 

IOMEGA Corporation 
1821 West 4000 South 
Roy, Utah 84067 
Or call (801) 776- 7330 

-l•JWS'GA™ 
High Performance Cartridge Disk Drives 

REGIONAL AND DISTRICT SALES OFFICES: SOUTHEASTERN REGION, (305) 755-1060; SOUTH
CENTRAL REGION, (214) 45 8-2534; WESTERN REGION, (714) 855-1211 , (408) 263-44 76; NORTHEASTERN 

REGION, (617) 933-2000; MIDWEST REGION, (414) 782-5229; EASTERN OFFICE, (203 ) 359-9858. 

See us at NCC in Las Vegas 
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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, 

.,. ~ ~~·~~>. r 

System Z as viewed 
from the software 
support side. 

System Z as viewed 
from the host compu
ter side. 

SYSTEM-Z List 

• i8086/ 87 Development System 

' • • • . • • • • • • • • • • • • • • • • c • • • • • • 
D • • • • • • • 
' • • • • • • • • • • • • • • • 
' • • • • • • • • • • • • 
G • • • • • • • • • • • • 

• i8088/87 Development System 

' • • • . • • • • • • • • • • • • • • • • c • • • • • • 
D • • • • • 
' • • • • • • • • • • • • • • • 
' • • • • • • • • • • • • 
G • • • • • • • • • • • • 

• i80186 Development System 

' • • • . • • • • • • :-1- • • • • • • • • • c • • • • • 
D • 
' • • • • • • • • • • • • • • • 
' • • • • • • • • • • • • 
G • • • • • • • • • • • • 

• MC 68000 Development System 

' • • • . • • • • • • • • • • • • • • • • c • • • • • • 
D • • 
' • • • • • • • • • • • • • • • 
' • • • • • • • • • • • • 
G • • • • • • • • • • • • -"-

• MC 68010 Development System 

' • • • . • • • • • • • • • • • • • • • • c • • • • • • 
D 

' • • • • • • • • • • • • • • • 
' • • • • • • • • • • • • 
G • • • • • • • • • • • • - ICD In-Circuit Emulator Debugger -OS STD ASM Assembler 

SYSTEM Z-from Z. .. ing 

RSXl1 RTl1 UNIX 00 A0$ /IOSIVS IRMXM MS DOS ~ UNIX ..= """" CP/MllO ... DOI CP/M9& 

• MC 68008 Development System 

' • . • • • • • • • 
c • • • • • • 
D 

' • • • • • • • 
' • • • • • • 
G • • • • • • 

• Z80 Development System 

' • . • • • • • • • c • • • • • • 
D 

' • • • • • • • 
' • • • • • • 
G • • • • • • 

• i8085 Development System 

' • . • • • • • • • c • • • • • r---!--t-D 

' • • • • • • • 
' • • • • • • 
G • • • • • • 

• i8048 Development System 

' • . • • • • • • • c • • • • • • 
D 

' • • • • • • • 
' 
G 

• MC 6809-09E Development System 

' • . • • • • • • • 
c • • • • • 
D 

' • • • • • • • 
' • • • • • • 
G • • • • • • 

ZICE ICD's System Software 

F C-Compiler 

Zax Corporation 

• 
• • • 

• 
• • • 

• 
• • • 

• 
• 

• 
• • • 

• • • • • • • • • • 
• • • • • • • • • • • • • • • • • • • 

• • • • • • • • • • 
• • • • • • • • • • • • • • • • • • • 

• • • • • • • • ·-f-L 
• • • • • • • • • • • • • • • • • • 

• • • • • • • • • • 
• • • • • • • • 

• • • • • • • • • • 
• • • • • • • • • • • • • • • • • 

- Interactive Simulator 

G Pascal Compiler 

2572 White Road, Irvine, California 92n4 
(714) 474-1170 • 800-421-0982 • TLX 183829 
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Gould ... Innovation and Quality in Logic Analyzers 

The K105-D analyzer with 
Trace Control™ helps you find 
faults quickly and easily. 
For most eng ineers, the frustra
tion is not in solving the problem . 
But in finding it. 

Not anymore. Take the Gould 
K1 05-D logic analyzer. It can 
help you isolate errors and their 
causes quickly and easily. Be
cause now you can capture and 
examine several possible cause 
areas with a single pass. 

Advanced program tracking 
and data capture. 
Flexibility is the key. 

With 8 levels of Trace Control , you 
can follow every bend and turn 
in your program flow. No matter 
how complex. And capture widely
separated slices of code better 
than any other triggering method . 

Although faults and their causes 
may be separated by thousands 
of lines of code, the K105 -D 
records only what you want to see. 

Once captured , the K105-D 
brings these windows of informa
tion directly to the screen for your 
analysis. 

This selective recording con
serves memory. While it helps you 
get at the problem-and solve it 
- in less time than ever before. 

An analyzer that speaks your 
language. 
The K105 -D speaks simple 
assembly language, not complex 
object code . Quite fluently, we 
might add . 

With our disassembly modules for 
the 68000, 8086, 8080, 8085A 
and ZSO® B microprocessors, you 
need only one analyzer for debug
ging most popular processors. 

Clear, concise pattern 
definitions. 
With the K105-D, you can define 
all your event patterns with sym
bolic labels. These labels can 
represent address locations, data 
values, fetched instructions or any 
control signal you 're monitoring . 

And since you create them , 
they're easier to understand and 
remember. 

What's more, Trace Control uses 
English -like commands which 
make for shorter set-ups. Quicker 
comprehension . And a more 
productive engineer. 

To make debugging even easier, 
add the optional dual floppy disk 
drive. With it, you can store up to 
35 set-ups and associated record
ings on a single diskette for instant 
recall . 



You won't get caught in a loop. 
By using the K105-D's loop 
counter, you can follow a 
sequence of events for a specific 
number of iterations. Then stop 
at will. 

It's a quick way for you to test the 
repeatability of a program 1unc
tion. And verify that your code is 
having the predicted effect. 

Integration made easy. 
For the hard part (hardware/soft
ware integ ration), now there's a 
simpler solution. The K105-D's 
100 MHz high speed link. 

It's an extremely precise way to 
see how timing affects software 
execution. And vice-versa. 

Again, for this task, Trace Control 
can help you track down hard-to
find faults . So you end up with a 
program that flows smoothly. 
Error free. In a fraction of the time 
it used to take . 

Performance above all the rest. 
At Gould , we engineer every 
instrument to be clearly the best 
in its class. 

So now with your insight and the 
K105-D analyzer, you can capture 
the problem. And solve it. Fast. 

For the name and number of your 
nearest Gould sales representative 
or for a detailed brochure and 
application notes, call us toll-free at 
(800) 538-9320. In California , call 
(800) 662-9231 or (408) 988-6800. 
Or write Gould Inc., Design & Test 
Systems Division, 4600 Old Ironsides 
Drive, Santa Clara, CA 95054-1279. 

United Kingdom : Gould Inc., Design 
& Test Systems Division , Hainault 
Operation, Roebuck Road , Hainault , 
Essex 1G6 3UE , United Kingdom . 
Phone: (44) (1) 500-1000. 

West Germany: Gould Inc., Design & 
Test Systems Division, Dieselstrasse 
5-7, D-6453 Seligenstadt 3, West 
Germany. Phone 06182 /801 -l 

™Trace Control is a trademark of Gould, Inc. 
' ZSO is a registered trademark of Zilog , Inc. 

The K105-D gives you two levels of HELP 
at the touch of a button. First, step-by-step 
operating instructions that appear along 
the bottom of the analyzer screen. Second, 
a menu that allows you to select more 
detailed "help" should you need it. 

© 1984, Gould , Inc. 



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 8 11 voice-coil 
Winchesters-from 35 to 500MB. A commitment 
we're now making to our new 86MB 51t4" 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. 

~ .. 'll.~IW" ... ~,. iiiittlJ -
- ~~ ..... .., .. -

JUST THE RIGHT DISTANCE FROM 
THE LEADING EDGE. 

20 West Montague Expwy., San Jose, CA 95134 (408) 946-4600 
Boston (617) 444-3973; U.K. (44) 734-884-788 
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LITERATURE 

Measurement handbook 

Full-color, 200-page reference guide con
tains technical and application guides for 
pressure and strain measurement/control 
applications; prices are included. The 
Omega Group, Stamford, Conn. 
Circle 410 

Seminar bulletin 
A 29-page bulletin includes seminars 
about technology and management; over
all, a variety of sessions runs through 
December 1984. Registration form and 
price included. Worcester Polytechnic 
Institute, Worcester, Mass . Circle 411 

Interfacing A·D 
Six-page application note discusses tech
niques for interfacing A-D converters 
with microprocessors for different con
version data rates; seven figures illustrate 
interfaces, circuits, and software flow. 
ILC Data Device Corp, Bohemia, NY. 
Circle 412 

Packaging system 
Metric series packaging system offers 
stitch-wire, wire-wrapping, and insulation 
displacement pin wiring options to pro
vide optimum-performance development 
on production system. Interconnection 
Technology, Inc, Huntington Beach, Calif. 

Circle 413 

Fiber optics and optical communication 
Selection guide for fiber optic and opti
cal communication and systems provides 
specs, photos, and schematics for fiber 
optic LANS, links and systems, and line
of-sight beam links. Codenoll Technology 
Corp, Yonkers, NY. Circle 414 

Bibliography of metric guides Microwave connectors 
The American National Metric Council 
(ANMAC) has published a metric practice 
guide listing 56 items for metric transi-
tion; copies are available for $5, plus a 
large self-addressed envelope (37<!'. 
postage). ANMAC, 5410 Grosvenor Ln, 
Bethesda, MD 20814. 

Software for PDP· 11 
Two-volume PDP-11 sourcebook covers 
application and system software pro
grams for PDP-I I minis and micro
computers; over 1500 applications in 
33 categories are described. Prices, 
vendors, addresses, and phone numbers 
are listed. Digital Equ ipment Corp, 
Northboro, Mass. 
Circle 415 

Applications for Domain 
The second application catalog for the 
Domain system contains over 200 third
party software, hardware, and value
added supplier applications; the 256-page 
book covers 13 different areas. Apollo 
Computer, Chelmsford, Mass. 
Circle 416 

Systems for the STD bus 
Brochure details wide range of STD bus 
board and system-level products; separated 
by function, general specs are provided 
for the entire product line. Applied Micro 
Technology, Inc, Tucson, Ariz. 

Circle 417 

Consensus standards 
Nine standard guides and one specification 
compile voluntary guidelines for com
puterized systems and services; the book 
covers project definition; functional 
requirements; functional design; im
plementation design; assembly, installa
tion, and test; and evaluation for most 
system sizes and types. Price is $15.20 for 
ASTM members; $19 for nonmembers. 
ASTM (formerly American Society for 
Testing and Materials), 1916 Race St, 
Philadelphia, PA 19103. 

Multibus products 
Catalog features Multibus-compatible 
horizontal and vertical, rackmountable 
card cages, universal pattern panels, and 
such accessories as connectors and fans; 
each description includes photos and 
drawings. Augat Inc, Interconnection 
Systems Div, Attleboro, Mass. 

Circle 418 

I 
i 

• 

Illustrated, I 04-page catalog details 
SMA and SSMA microwave connectors, 
receptacles, adapters, and accessories; 
quick-reference photos and functional 
selection charts are provided. Am
phenol Products, Oak Brook, Ill. 
Circle 419 

Trimmer catalog 
Catalog details trimmer models accord
ing to features, specs, and dimensions; 
sections on multiturn, single-turn, and 
MIL-spec versions, plus selection and 
designer guides, are included. Bourns, 
Inc, Trimpot Div, Riverside, Calif. 
Circle 420 

Binary to BCD converter 
The SBD227 22-bit binary to BCD con
verter is described in two-color data sheet; 
the converter accepts binary digital 
representation of an angle and provides 
a scaled BCD equivalent angle. Nate] 
Engineering Co, Simi Valley, Calif. 
Circle 421 

Filtering CRT video 
Technical bulletins specify video/ filter 
CRT anti-glare panels for many types 
of display terminals; applications and 
options are examined. Panelgraphic 
Corp, West Caldwell, NJ. 

Circle 422 

Power conditioning and monitoring 
Catalog features complete line of power 
monitoring and conditioning equipment, 
covering computers, telecomm, word 
processors, and machine tool controls. 
Registration Electric , Linden, NJ. 

Circle 423 

COMPUTER DESIGN/June 1, 1994 2 53 



CALEIDAR 

CONFERENCES 
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 
Conf, 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 Conf 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-lnternat' I Pattern 
Recognition Conf, Montreal , Canada. 
INFORMATION: ICPR Secretariat , 
3450 University St , Montreal , Quebec, 
Canada H3A 2A7. Tel: 514/392-6744 

AUG 2-6-Autofact Japan Conf and 
Expo (held conjointly with 
Mechatronics) , Osaka, Japan 
INFORMATION : Leslie Hossack, 
Society of Manufacturing Engineers, 
One SME Dr, PO Box 930, Dearborn , Ml 
48121. Tel: 313/271-0023 

AUG 12-15-Computers in Engineering 
Conf 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-Technical 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 SW? 2BT, 
England . Tel : 01/5895111 
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SEPT 10-13-Advanced Control Conf, 
Purdue Univ, West Lafayette, Ind. 
INFORMATION: Edward Kompass , 
Editor, Control Engineering magazine, 
1301 S Grove Ave , PO Box 1030, 
Barrington , IL 60010. Tel: 312/381 -1840 

SEPT 11-13-Electronic Imaging, 
Westin Hotel , Boston , Mass. 
INFORMATION: Morgan-Grampian 
Expositions Group, 2 Park Ave , New 
York, NY 10016. Tel : 212/340-9780 

SEPT 11-13-Midcon Electronics 
Exhibition and Convention, Dallas 
Convent ion Ctr, Dallas , Tex. 
INFORMATION: Kent Keller, Electronic 
Convent ions , Inc, 8110 Airport Blvd, 
Los Angeles , CA 90045. 
Tel : 213/772-2965 

SEPT 11-13-Mini/Micro-Southwest 
Computer Conf 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-Voice Input/Output 
System Applications Conf, 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 

SEPT 17-21- FOC/LAN (Fiber Optic 
Communications and Local Area 
Networks) Exposition, MGM Grand 
Hotel , Las Vegas , Nev. INFORMATION: 
Michael O'Bryant , Information 
Gatekeepers, Inc, 138 Brighton Ave , 
Suite 212, Boston, MA 02134. 
Tel : 617/787-1776 

SEPT 19-21-Connector and 
Interconnection Technology 
Symposium, Disneyland Hotel , 
Anaheim, Calif. INFORMATION: 
Electronic Connector Study Group, Inc, 
PO Box 167, Fort Washington , PA 
19034. Tel: 215/279-7084 

SEPT 26-28- Eurocon: Computers in 
Communications & Control, Brighton , 
England . INFORMATION : Brian 
Atkinson , IEE, Savoy Place, London , 
WC2R OBL England . 

OCT 1-4-AUTOFACT 6 Conf & Exh, 
Anaheim Convention Center, Anaheim, 
Calif. INFORMATION: Soc of 
Manufacturing Engineers, 1 SME Dr, 
PO Box 930, Dearborn , Ml 48121. 
Tel : 313/271-0777 

OCT 2·4-Northcon Electronics Conf & 
Exh, Seattle Center Flag Pavilion , 
Seattle, Wash . INFORMATION: Nancy 
Hogan, Electronic Conventions, Inc , 
8110 Airport Blvd , Los Angeles , CA 
90045. Tel : 213/772-2965 

OCT 2-4-Mini/Micro Northwest Conf & 
Exh, Seattle Center Flag Pavilion , 
Seattle, Wash . INFORMATION : Nancy 
Hogan , Electronic Conventions, Inc, 
8110 Airport Blvd, Los Angeles, CA 
90045. Tel: 213/772-2965 

OCT 8-9-9th Conf on Local Area 
Networks, Minneapolis , Minn. 
INFORMATION: Harvey A. Freeman , 
Architectural Technology Corp, PO Box 
24344, Minneapolis, MN 55424. 

OCT 8-10-ACM Annual Conf: The 
Fifth Generation Challenge, San 
Francisco Hilton Hotel , San Francisco, 
Calif. INFORMATION: Karen Duncan, 
Chairman, ACM '84, 15 Parsons Way, 
Los Altos, CA 94022. 

SHORT COURSES 
AUG/NOV-Applications-Oriented 
Approach to Artificial Intelligence, 
Ottawa, Canada and Washington , DC. 
INFORMATION : George Harrison, The 
George Washington Univ, Washington , 
DC 20052. Tel: 800/424-9773 

SEPT 10-14-Decision of Digital 
Control Systems, Washington , DC. 
INFORMATION : George Harrison , The 
George Washington Univ, Washington , 
DC 20052. Tel : 800/424-9773 

SEPT/OCT/NOV-EMI Seminars, One 
and two days each, Boston , 
Philadelphia, Washington , and 
Chicago. INFORMATION : Trish Puhl , 
R & B Enterprises, 20 Clipper Rd , 
W Conshohocken, PA 19428. 
Tel : 215/825-1965 

SEPT/OCT-World Conf on Ergonomics 
in Computer Systems, various U.S. and 
European cities. INFORMATION : Robert 
W. Bailey, Computer Psychology, Inc, 
54 E Main St , PO Box 16, Mendham, 
NJ 07945. Tel : 201/543-9009 



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 446 

HARDWARE AND SOFTWARE 
CONCEPTS IN VLSI 
By Guy Rabbat 

Discover the most recent industrial advances 
in VLSI-very large-scale integration. This 
landmark guide is the first to provide detailed 
coverage of Josephson junction technology 
from the system, circuit, and device stand
points. Fully explored are key innovations 
such as masterslice bipolar design, computer
aided design, MOS technology, and electron
beam testing techniques. 
$42.50 Circle 445 

SYNTHESIS OF DIGITAL DESIGNS 
FROM RECURSION EQUATIONS 
By Steven D. Johnson 

Defines a circu it description language that uses 
systems equations to state connectivity-systems 
that are, in fact, applicative programs that com
pute the logical behavior of the circuit described. 
An interpreter is then presented through which 
both specifications and target descriptions can 
be executed, allowing enginee rs to experim ent 
directly with the design notation without hav
ing to translate into a simulation language or 
co nstruct a physical prototype. 
$30.00 Circle 457 

HOW TO ORDER: 
15-DA Y 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. 

THE MEASUREMENT OF 
VISUAL MOTION 
By Ellen Catherine Hildreth 

The organization of movement in the changing 
image that reaches the eye provides our visua l 
system with a valuable source of inform ation for 
analyzing th e structure of our surrou ndings. 
This book examines the measurement of this 
movement and the use of relative movement to 
loca te the boundaries of physical objects in the 
environm ent. It investigates the nature of the 
computations that are necessary to perform this 
analysis by any vision system, biological or 
artificial. 
$30.00 

SWITCHED CAPACITOR 
CIRCUITS 
By Phillip Edward Allen 
and Edgar Sanchez-Sinencio 

Circle 458 

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 the first dataguide to 
fully explain MOS analog integrated circuit 
design. Computer programs are included to 
help you design MOS devices. 
$56.50 Circle 459 

COMPUTER DESIGN/June 1 , 1 984 2 5 5 



COMPUTER DESIGN'S 

~~~~~Wl ~~©W~Gl~~ 

for rates and information 

For free catalog, 
phone toll-free (800)225-1008 

In Massachusetts (617)938-0900 
GENSTAR REI SALES COMPANY 

6307 DeSoto Ave, Suite J , 
Woodland Hills, CA 91367 . 

6801 Test Bed 
& Programmer 
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CUSTOM VIDEO TERMINALS 
Our video terminal may be the solution to 
your custom video display requirement . 
They are available housed , in ASR, KSR, or 
RO form, or in configurations suitable for 
use in your system. Special data formats 
and protocols, multi-page display, graphics, 
and intelligent features are possible . We 
also have standard hardware to provide 
custom solutions for your non-display 
communications needs. Call today . 
ENTERPRISE SYSTEMS CORP, Box 698, 
Dover , NH 03820. Tel : (603)742-7363 . 

CIRCLE 477 

8048 IN-CIRCUIT EMULATOR 
E232-48 emulates Intel compatible 8048, 8049, 8050 
microcomputers and their ROMless amd CMOS versions. 
It features: 

• Real time emulation up to 11 Mhz. 
• Hardware Breakpoints. 
• RS-232 interface to host system. 
• In-line Assembler and Disassembler. 
• Complete debugging facilities. 
• Software Drivers for IBM PC , CP/M -80, and CP/M-86 

included at no extra cost. 

E232 -48 . . $1795.00 
Cross Assembler 18048 & others) 
From . 99.50 

SIGNUM SYSTEMS, 726 Santa Monica Blvd , Santa 
Monica , CA 90401. Tel: 12131 451 -5382 

CIRCLE 480 

Shirley Lessard 
(800)225-0556 
in MA 486-9501 

Shielded cords for EMl /RFI Control Coil 
Cords, Line Cords, Flat or Round Modular 
Plug ended as you require • Single/Multiple 
twisted pairs • Aluminized mylar/drain wire 
• Served TinCu shield , Cond . nylon tapes • 
Multiple shielding combinations • Solderable 
pin and spade terminals • 4, 6 , 8 position 
modular plugs. MEYER WIRE CO, INC, 1 072 
Sherman Ave , Hamden, Conn 06514. Tel: 
(203) 281-0817 . TWX 710-465-6390 . 

SHIELDED CORDS CIRCLE 478 

COMPUTER DESIGN 
SUPER DECKS 

• Now 90,000 circultation - 75 ,000 
qual i fied 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 21st 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 
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HOW TO 
SPEAK LOGIC 

FWENTLY 
INJ 

LANGUAGES: 

'' '' 

ABEL™ is the revolutionary new CAE software 
package from Data 1/ 0 that lets you design the 
way you think. 

ABEL lets you specify logic designs for IFL, 
PROM, and PAL devices using any method or 
combination of state diagrams, Boolean equations, 
or truth tables. 

So now, with ABEL, you can create logic 
designs in the language most natural for you ... and 
fully realize the tremendous efficiencies and full 
potential of programmable logic. 

ABEL. It's only logical. And it's ready to work 
with your IBM® PC (MS-DOS™ operating system) or 
Digital VAX® (using VMS® or UNIX®) right now. 

Send for a tutorial disk. 
See for yourself why ABEL is today's state-of

the-art CAE package. Send $10 with this order form 
for an IBM PC-compatible ABEL tutorial disk. (Make 
checks payable to Data 1/ 0 .) -------I ~ I 

Title _ _ ______ _ ____ _ _ 

I Company I 
Address ___ ____ ______ _ 

I City State _ _ _ Zip I 
I 

Telephone I 
D Check here for ABEL spec sheets and application notes only. 

I 10525 Willows Road NE/C.46 DATA 1/10 I 
Redmond. WA 98052 
Attn ABEL Marketing 11.-------.1 ABEL 1s a trademark of Data 1/0 The following trademarks are also acknowledged· IBM. 

International Business Machines: MS-DOS, Microsoft; VAX, VMS. D191tal Equipment Corpo
ration; & UNIX. Bell Laboratories 
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Home Office 
119 Russell St., Littleton, MA 01460 
(617) 486-9501 

Marketing Director, Robert Billhimer 
Ad Traffic Coordinator, Debra Friberg 
Systems Showcase/ Postcard Deck, Shirley Lessard 

List Rental, Robert Dromgoole 
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.. Let us be ready to take the fidd 
whenever danger calls:',oHN HANcocK 

ELECTRONIC 
PROFESSIONALS 

Our leading-edge R&D facility is 
enlarging its staff and is presently ac
cepting resumes for several select 
positions. We urgently need Senior 
Level Micro-Programmers, Digital and 
Analog Engineers and have ~n im
mediate opening for a Firmware Pro
grammer (Z80 and 8086 Assembly 
language-hardware experience a 
plus) and a Senior Micro-Processor 
Logic Designer (5-1 O years of in-depth 
experience with Z80's, 8086's, etc., 
heavy emphasis on operating 
systems CP/M, MS-DOS). Also have 
openings for Analog and Digital Lab 
Technicians with a background in 
micro-processors-5 years of ex
perience a minimum. 

Training and readiness are vital for todays minute men too. 
So is support from you, their employers. Write: Employer 
Support of the Guard and Reserve. Arlington. VA 22209. 

Protect their future while they protect yours. 

~ t I A Public Service 
LOulCI of This Publication 

Our facility is located on the world 
famous resort of Hilton Head Island, 
South Carolina, and we offer one of 
the best compensation packages in 
the industry for individuals who can 
perform in a challenging R&D environ
ment. RESPOND NOW! For prompt 
consideration submit a resume, in
cluding salary history and salary re
quirements, to: 

Support Services Manager 
Foxfire 

Development Center 
P.O. Drawer 6628 

Hilton Head Island, SC 29938 

All inquiries will be held in strictest 
confidence. We are an Equal Oppor
tunity Employer. 

COMPUTER DESIGN/June 1, 1 984 2 5 9 



The Series 32000M
The First Computer 
to Become a Chip. 

National Brings 
Sophisticated 

Mainframe System 
Design Principles to 

Microprocessors. 

The Series 32000* wasn't the first 
16-bit microprocessor per se. But, 
unlike ihe competition, National 
designed the Series 32000 as one 
would design a computer - as a 
system. 

This "top down" design approach 
enables us to lay claim to making the 
first computer that became a chip, 
instead of the other way around. And 
the reception by OEMs has been out
standing, to say the least. 

What Does All This 
Mean to You? 

The Series 32000 story should con
vince you that National is committed 
to developing and marketing the 
highest technology. If you share that 
commitment, consider these 
opportunities: 

Product Engineering 

Senior Microprocessor 
Applications Engineer 

This is your opportunity to design 
systems based on the Series 32000, 
provide technical input to product 
planning and write application notes 
and articles . You should have a 
BSEE, or equivalent, plus at least 3 
years' design experience. 

Technical Marketing Specialist 
In this challenging position, you will 
make detailed architectural and appli
cations comparisons of the Series 
32000 with other 32-bit microproces
sors, write papers for trade press and 
conferences, and prepare and evaluate 
benchmark studies. Additionally, you 
will have the opportunity to work 
with engineering and with key cus
tomers in conceiving and introducing 
new products. A strong computer sci
ence background and some project 
management experience required, as 
well as good analytical, writing and 
speaking skills. 

Section Head and Senior 
Engineers 

You'll be directly involved with 
performance evaluation and improve
ment, characterization, chip-to-chip 
communication and new design eval
uation for the Series 32000. Also 
involves intimate coordination with 
design, applications, systems integra
tion and testing . Requires BS/MS/ 
PhD in EE or CS, or equivalent, phis 
microprocessor experience, including 
testing and characterization. Pack
aging experience a plus. 

Design Engineering 

Senior Circuit Design Engineers 
With design responsibility for Nation
al's Series 32000 circuits, this position 
provides the opportunity to work with 
advanced architectures and high
performance MOS technologies. You 
will be responsible for all phases of 
microprocessor circuit design, includ
ing logic and circuit design, project 
scheduling, circuit evaluation and 
resolution of testing issues. BS/MS/ 
PhD in EE or CS, or equivalent, plus 
MOS/LSI design experience 
required, including experience in suc
cessfully transferring designs to 
production. 

Get the Full Story. 

The breadth of National's technol
ogies, and the depth of our com
mitment to advancing those 
technologies, makes National the 
ideal place for you to pursue your 
career. Send your resume to National 
Semiconductor, Dept. MS, Profes
sional Employment, P.O. Box 62499, 
Sunnyvale, CA 94088 . We are an 
equal opportunity employer, m/f/h/v. 

*Formerly NS16000 Family 

M,orei· 
~ National Semiconductor 



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 benefit~ . 
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 SOFTWARE CAD/CAM ENGINEERING SYSTEMS 
- Bachelor's and/ or Master's degree, and 

3-8 years' experience. 
- SKillS: 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. 

- SKIUS: FORTRAN, Ada, Assembly 
Languages, IBM, CDC & VAX Operating 
Systems, Computational Geometry, 
Infonnation Modeling & Data 
Dictionaries. 

- APPLICATIONS: Tum-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. 

- SKIUS: Simulation Languages, 
FORTRAN, COBOL & IBM Assembler, 
TSO, SPF, DISSPIA, RAMIS, Scientific 
Programming and Microcomputer 
experience. 

-APPLICATIONS: Simulation, SIAM, 
Manufacturing, Operations Research, 
Image Processing, Graphics Applica•ion 
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 
JOO Winnenden Rd., Drawer 002 

Norwich, CT 06360 





SOFTWARE & HARDWA 
SYSTEMS CAREER 
OPPORTUNITIES 

PROGRESS ... The Only Constant In Leadership 

Progress , the by-product of innovation , is an Intel 
tradition . This leadership quality is well documented on 
the components side. Now, we're putting that same 
tradition to work in the area of systems with 
advancements such as our super-powerful , supermicro 
system for OEMs , the 286/310, to date the most 
powerful we've ever made. When it comes to systems 
integration , we're out in front with our iDIS Database 
Information System. Our iTAPS Transaction Processing 
System handles up to 16 users and allows for the 
development of individual application software 50% 
faster. 

While we have grown in size, strength and technology , 
we have not lost sight of the qualities that put us out in 
front . You will still find a highly charged atmosphere of 
discovery and mutual respect. We still place a high 
premium on finding people who have inqu iring minds, 
strong technical skills , and the ability to adapt quickly to 

changing situations. If you 're an engineer involved with 
SOFTWARE EVALUATION, PRODUCT MARKETING, 
HARDWARE SYSTEMS, DIAGNOSTICS, CUSTOMER 
SERVICE, SYSTEMS SOFTWARE, CAD, PRODUCT 
EVALUATION, GRAPHICS, HIGH-LEVEL LANGUAGES, 
OPERATING SYSTEMS, COMPILER, RELIABILITY, 
TECHNICAL MARKETING, or DATABASE MANAGE
MENT SYSTEMS, and want to see your work integrated 
into sophisticated new systems, let's talk . 

Intel offers competitive compensation , advancement 
based on achievement , and the chance to work with 
some of the best minds in American industry. For 
consideration at Intel sites in Phoenix , AZ; Santa Clara, 
CA ; Portland , OR; and Austin , TX , please direct your 
response to : Mike Gore, Intel Corporation , Dept. 8828, 
2402 W. Beardsley Rd ., Phoenix , AZ 85027. All inquiries 
wi ll be answered promptly and held in strict confidence. 
An Equal Opportunity Employer MI FI H. 



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 plat ing , 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 displacem 
terminal accepts discrete~ 

or ribbon c< 

Standard extruded cover. 
Optional polarizing 
cover is available 

.025" 
selectively 

gold plated-square 
·~ire pins 

Selective gol, 
plating on contac 
area of dual bear 

contact !ermine 

------UL 94V-O 
material 

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 bE 
soldered to one board and mated with the .025" (0,64mm) 
pins on another. Its features include low mating force, eas, 
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) 318221 Telex: 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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Network Designers
Introducing the simplicity 
of a Remote Procedure Call 
... ACCESXNS. 

Er 

ACCES XNS is ACCs networking protocol package ready for use on 
popular minicomputers and work stations. It links applications and system 
level programs to data files and processing services in your distributed 
computer environment ... through simple Remote Procedure Calls . 

The ACCES XNS Protocol Package adheres to Xerox protocol standards: 
Courier, SPP, and /DP-making it compatible with other standard products, 
present and future. 

Whether you are responsible for designing a communication environ
ment around your company's product line, or interconnecting your 
company's computer resources, ACCES XNS meets your network design 
requirements. 

To learn more about ACCES XNS, Courier, and 
Remote Procedure Calls, phone ACC at (805) 963-9431 
and we'll gladly send you the ACCES XNS Brochure. 

~ Make Advanced Computers Communicate. 

''M£our 1 

) 

© ACC 1984 
ACC is a trademark of Advanced Computer Communications. 
Xerox is a trademark of Xerox Corporation 
ACCES is an acronym for Advanced Computer Communications Exchange System 
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