


DYOURCRT. 
AMD's CRT controller family wrings every 

last drop of performance out of your video screen. 
You get a dazzling, attractive display your 

customers will find irresistible. 

The Am805i. You'll wonder where 
the flicker went. 

Thanks to on-board DMA and triple row buf
fers, you get vertical and horizontal split screens, 
with smooth-scrolling windows. All flicker-free. 

You even get double-height and double
width characters, superscripts and subscripts. 

The Am815iA/53A. Make your display 
look its sparkling best. 

You get cleaner, crispier characters with the 
lOOMHz video system controller. And propor
tional spacing down to two pixels. 

No other VLSI chip set gives you as much. 
And to top it off, the chips even take over 

many of the functions of the CPU. Like linked 
list manipulation for easier editing. Your CPU 
has better things to do. 

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

Controllers. Bipolar and MOS micro
processors. Communication circuits. Signal proc
essors. Nobody makes as many peripherals for 
as many microprocessors as AMD. 

And every single chip meets or exceeds the 
International Standard of Quality. 

If you want the 
most out of your 
tube, put the 

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

(408) 749-5000, outside California, call toll-free (800) 538-8450, Ext.5000. 
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Squeeze more out of the tube. 
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COMPUTER DESIGI® 

This month 's cover was designed 
and illustrated at Coddbarrett 
Associates using a DICOMED 
D-38 design station and a D-48 
high resolution film recorder. · 

SPECIAL REPORT ON 

DATA COMMUNICATIONS 
97 Network interconnection has become a software-intensive activity in 

data communications. As more local area networks are created, more 
opportunities arise for software solutions that tie LANs to wide area 
networks. Each new opportunity, in turn, presents a new challenge for 
the network designer. This special report explores the latest frontiers 
in network design. 

99 LANs team up to widen the network connection 
The next step in creating a global network is developing protocols to 
match those of different local area networks . 

125 Gateways link assorted networks 
Connecting identical networks is straightforward, but handling different 
types of networks with multiple protocols, priorities, and multiplexing 
calls for gateways. 

137 X.25 standard simplifies linking of different LANs 
Interconnecting with the X.25 protocol allows networks to encompass 
different local area network configurations in wide area, 
packet-switching systems. 

143 Choosing the best local area network for any application 
Regardless of the application, a LAN that adheres to some standard 
provides the most cost-effective, long-term approach to networking. 

151 Controller IC contends with multiple protocols 
The most widely used data communication protocols are now supported 
by a single-chip controller that requires minimum external hardware. 

SYSTEM TECHNOLOGY 
33 Peripherals: 

Options multiply for nonimpact page printers 

46 Integrated circuits: 
DoD struggles to balance IC reliability and price 

52 Integrated circuits: 
Standardization effort focuses on interchange of design data 

65 Test & development: 
Changes in CAE/ CAD requirements affect workstation design Page 46 

76 Test & development: 
Testability analysis becomes commonplace in CAE environment 

86 Control & automation: 
Voice output systems make it hard to distinguish real from synthetic 
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SYSTEM DESIGN 
161 Integrated circuits: Building blocks stack up to high performance 

Designed using concepts of functional partitioning, three-bus 
architectures, and fault detection, a family of 32-bit building blocks 
can satisfy the needs of both general-purpose computing and 
signal processing. 

171 Interface: Multibus II designs exploit advanced bus concepts 
With several bus architectures available, designers face the problem of 
choosing one that provides the features and flexibility needed for new 
multiprocessor designs. 

181 Computers: Computers tailored to efficient expansion 
Sharing utilities and applications as well as automatic code and 
data segmentation can give today's user needed power. Future 
computing, however' requires virtual machines that can handle 
multistate architectures. 

Page 161 
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5 Up front 

13 Editorial 

SYSTEM COMPONENTS 
187 Computers: 

Range of configurations marks Multibus microcomputer 

25 Letters to the editor 
207 Literature 

209 Market forecasts 

188 Test & development: 21Q Calendar 
Logic analyzer furnishes two oscilloscope channels 211 Designer's bookcase 

188 Microprocessors/microcomputers: 
Single-board supermicro handles 32-bit processing 

212 System showcase 
214 Advertisers' index 

190 Data communications: 
Systems link PCs to LANs and mainframes 

190 Peripherals: 
Full-screen EL panel stirs up display waters 

216 Recruitment 
217 Reader inquiry card 
217 Change of address card 

191 Peripherals: 
Advanced touch screens expand input options 
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Get eight channels of intelligent slave serial 
1/ 0 with this new wave Multibus controller 

The versatile 
California Serfboard, 
MCS-1062, is the first 
serial 1/0 controller 
with eight intelligent 
slave channels. Plus 
all the features 
highlighted below. 

That's double the typical capacity in a single 
cardslot. And the on-board CPU means 
performance and programmable flexibility that 
leaves the competition treading water. 

Product Highlights: 
0 Eight individual channels, programmable for 

ASYNC, SYNC, or BITSYNC. 
0 Programmable timers for ASYNC data rates to 

76.8K Baud. 
0 Wide range of modular interface adapters 

available, each field interchangeable. RS-232, 
RS-422/RS-423 Optical Current Loop, 
MIL 188-114. 

0 On-board Intel 8088 CPU. 96K bytes EPROM 
(using 27128's), 128K bytes RAM. 

0 Simple "handshake" architecture for user 
software interface. 

0 Dual Port RAM. Supports 8or16 bit memory 
accesses, 24 bit Multibus addressing. 

0 Standard Multibus architecture. One unit load, 
single card slot, vectored or nonvectored Bus 
Interrupts. 

0 Terminal 1/0 firmware available. 
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 hot sheet on the 
MCS-1062. The California Serfboard. 

MCS-106Z is a trademark ofMETA COMP. Inc. 
Muhi bus is a trademark of Inte l Corp. 
© Copyright 1984 METACOMP. Inc .. all righ ts reserveJ . 

THE MULTIBUS BREAKTHROUGH PEOPLE 
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UPFROIT 
Silicon Graphics predicts an end to current graphics standards 

New workstations may render existing graphics standards 
obsolete, according to Silicon Graphics founder and chairman 
James H. Clark. "The problems normally addressed by graphics 
standards like CORE," the former Stanford University computer 
science professor pointed out, "involve communication between a 
graphics terminal and a host." But Clark said he expects that 
kind of system to be replaced by workstations such as Silicon 
Graphics' new Iris 2000 series. Built around VLSI "geometry 
engine" chips, the Iris workstations avoid using bit-mapped 
graphics in favor of a parallel pipelined architecture that 
calculates as many as 100,000 vertices/s. As such computation
intensive workstations become more common, Clark said he 
thinks the current tendency to treat graphics protocols as 
common data structures will give way to lower level graphics 
primitives. Essentially geometric, these primitives will execute 
directly on future graphics hardware, such as Silicon Graphics' 
geometry engine.-W.E.S. 

Microprocessor operating system standard makes the draft 
The much-debated microprocessor operating systems interface 
standard may finally become official-at least in its basic form. 
Draft 6.2A will be considered by the IEEE's Standards Board 
next month. Work continues on language bindings for Pascal, 
Ada, C, Fortran, Cobol, and PL/ M as well as an extension of1 

the standard to handle memory management and device 1/0. 
Computer designers who want to take part or comment on the 
standard should call MOSI chairman Don L. Jackson at 
602/438-3163.-H.H. 

"Hackers' Mac" promises open architecture 
Hobbyists and professionals in Palo Alto, Calif are developing a 
Macintosh-like computer with an open architecture. They hope it 
will encourage the manufacture of compatible products. The 
machine, appropriately called the "Hackers' Mac," will not be 
plug-compatible with the Macintosh, nor will its operating system 
be identical. It will, however, feature a multichannel DMA port 
and onboard expansion. The designers intend the architecture and 
operating system to be sufficiently compatible to allow porting 
applications from the "Hackers' Mac" to the Macintosh, with 
only a slight loss of features.-T.R. W. 

Semiconductor startup offers nonvolatile RAM cartridges 
A new company with a new idea, Dallas Semiconductor (Dallas, 
Tex), is offering nonvolatile RAM cartridges that plug into 
computer memory boards. These cartridges-compatible with 
JEDEC-standard, 25-pin DIP sockets-can be used for software 
updates, system configuration, or secondary storage. The first 
cartridges available will provide 64 Kbytes, 128 Kbytes, or 256 
Kbytes of RAM. They will use embedded lithium cells in DIPs 
to retain memory contents for up to 10 years, according to 
the company.-R.G. 
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IPFROIT 
Superminis battle for supremacy 

To maintain their niches in the processing hierarchy, 
manufacturers of 32-bit computers are tweaking and tuning their 
machines for higher performance. Data General (Westboro, Mass) 
plans to push its MV / 10000 to 3.5 million instructions per 
second, while Prime Computer (Natick, Mass) will squeeze 4 
MIPS from its model 9955. Not to be outdone, Perkin-Elmer's 
Computer Systems Div (Oceanport, NJ) just dropped a 
price/ performance bombshell: a 32-bit system based on the 3200 
series processor for under $17 ,000. At the high end of the series 
is the 3260 MPS, a tightly coupled IO-processor configuration 
that adds 1/0 processors to the CPU/ multiple-APU array to gain 
performance. Another Perkin-Elmer machine, code-named 
"Cruncher," promises further competition for Digital Equipment 
Corp's VAX 8600 next month.-P.K. 

Portable applications targeted by 8-bit CMOS CPU 
A new CMOS microprocessor from Hitachi America (San Bruno, 
Calif) aims at powering portable, low power CP / M systems while 
reducing chip counts and addressing larger memories than current 
8-bit CPUs. The 6-MHz HD64180 will incorporate a memory 
management unit as well as a two-channel DMA controller. The 
onchip MMU will give the HD64180 direct access to 512 Kbytes 
of RAM, which can be refreshed by an onchip dynamic refresh 
circuit. The processor retains object code compatibility with the 
8080 and Z80. Twelve additional instructions will provide a sleep 
mode, an 8-bit multiply with 16-bit result, immediate 1/0 
address-to-register transfers, and block address increment 
and decrement.-T.R. W. 

MS-DOS fever hits minicomputers 
It used to be that minicomputer programs were scaled down to 
run on microcomputers. Now, the reverse is also true. The 
MS-DOS microcomputer operating system has such an extensive 
array of application software written for it that new coprocessor 
systems run MS-DOS software on Digital Equipment Corp's 
Q-bus and Unibus-based minicomputers. Among the firms 
providing PDP-11 or VAX hardware to perform this chore are 
Logicraft (Nashua, NH), Decmation (Santa Clara, Calif), and 
Virtual Microsystems (Berkeley, Calif). The hardware uses Intel 
8086/ 8088 microprocessors and DOS emulation while running 
under various DEC operating systems.-H.H. 

Odd sample sizes no problem for new FFT algorithm 
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Whitman Engineering of Maitland, Fla has announced a fast 
Fourier transform algorithm that runs on the IBM PC, Texas 
Instruments Professional, Apple II, and other personal 
computers. The algorithm is incorporated in a software package 
called MADCAP (modular access design, computer aided 
processing) that includes a synthesizer / signal generator and 
special-function generators. Company president Joanne Smith 
describes the MADCAP package as "a signal processing 
laboratory in software." A special version of the MADCAP 

(continued on page 8) 
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IPFROIT 
(continued from page 6) 
package serves as a product development system for Tl's TMS320 
signal processing chip. The new algorithm's main advantage is its 
ability to process a wide range of sample sizes without distortion. 
The algorithm also processes a given odd sample size more 
quickly than other FFTs. Further, the smaller samples reduce 
memory requirements.-W.E.S. 

Automation veteran forms CAE firm for mechanical design 
Philippe Villers has done it again. The cofounder of 
Computervision (a manufacturer of computer aided design 
equipment) and of Automatix (a robotics company) now has 
created Cognition Corp. This company, temporarily quartered in 
Burlington, Mass, will develop and produce mechanical computer 
aided engineering equipment. After September, the company will 
move to Billerica, Mass, "close enough to Automatix to permit me 
to get to board meetings," says Villers, who remains chairman of 
the board of that company. By Villers ' definition, CAE is "the 
preliminary or conceptual design stage, basically analysis and 
synthesis. It precedes CAD, which is the execution stage. CAE is 
for engineers, CAD is for designers and draftsmen." Villers says 
electrical CAE is only about three years old, grosses approximately 
$200 million, and is growing at a rate of 70 percent annually. 
"Mechanical CAE needs to be born," he says, "and it eventually 
will be even bigger than electrical." -S.F. S. 

Digital Research forsakes Unix as 80286 port is validated 
AT&T and Intel have validated Digital Research's (Pacific Grove, 
Calif) port of Unix System V, version 2, for the Intel 80286 
microprocessor. The Digital Research version will be marketed by 
Microport Systems, Inc (Pacific Grove, Calif) , a recent spin-off 
from Digital Research, as well as by Unisoft Systems (Berkeley, 
Calif) and Interactive Systems (Santa Monica, Calif). The spin-off 
marks Digital Research's disinvolvement with Unix. The firm 
reportedly wants to concentrate on the Graphics Environment 
Manager and its Concurrent DOS series of operating 
systems.-H.H. 

Custom chip set to back up MAP standard 
Two original supporters of General Motors' Manufacturing 
Automation Protocol are jointly developing a three-chip set 
that will implement the IEEE 802.4 token-passing network 
standard . Concord Data Systems of Waltham, Mass and Gould' s 
AMI Semiconductors (Santa Clara, Calif) say the three-chip set 
will interface with major 8- and 16-bit microprocessors. The set 
comprises a data chip with baseband or broadband modem 
interface, a DMA interface chip , and a protocol controller chip 
linked by a private bus.-S.F.S. 
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WHEN ITCOMES 
TO WINCHESTERS 

WE RUN CIRCLES AROUND 
THE COMPETITION. 

Tan do n's 
made so many 
improvements 
in Winchesters 
that the rest of 

the drive industry is dizzy just trying to keep up. 
We build a wide range of drives. Open-loop 

and high performance closed-loop models. In 
both full and half-height versions ranging from 
12.8 to 36.2MB unformatted capacities. 

All are available in high quantities now, 
because Tandon's been ramping up capacities at a 
pace like never before. And weve kept up the pace 
of improving Winchester performance as well, so 
the most advanced technology is ready when 
you need it. 

As far as our current line is concerned, the 
low-cost TMSOO line has become the most reliable 
full-height 12.8 and 19.lMB drives you can get. The 

newTM252half-height12.8MB surpasses the indus
try's most critical specifications. And our TM703 
has been increased to 36.2MB to make it the ideal 
high capacity drive for desktop business systems. 

Another part of our success revolves around 
our highly automated plated media plant in 
Northern California. Its buttoned-down efficiency 
and technological sophistication guarantee higher 
quality and higher volume production than ever. 

What's more, our proprietary plated media is 
used in all our Winchesters, no matter what the 
capacity It's more durable, more reliable. And it 
has six times more storage capacity than oxide 
media. At less than half the cost. 

In fact, it's so good, other drive manufac
turers are buying their plated media from us. 

So all around, Tandon Winchesters have 
more capacity in less space at less cost. 

And that's a pretty good circle to run around in. 

lanaan 
TIE DRIVING FORCE BEHIND THE SMALL COMMER INDUSTRY. 

Tandon Corporation, 20320 Prairie, Chatsworth, CA 913 11. (818) 993·6644, TWX: 910·494-1721, Telex: 194794. Regional Sales Offices: Boston (603) 888-8612 • 
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 • Kelsterback/ 

Frankfurt, West Germany 6107-2091, Telex: 411547 • Reading/ London, England (0734) 664-676, Telex: 848411. Distributors: Hall-Mark , Kieru lff, Schweber. 
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EDlmRIAL 

FAREWELL TO AN OLD FRIEND 
Those of you with a keen eye for detail may have noticed 
a change on the cover of Computer Design. At the begin
ning of the year, we removed the tag line, "The Maga
zine of Computer Based Systems," from beneath the 
magazine's logo. Unfortunately, our old friend who served 
us faithfully for many years became yet another victim 
of progress. We can assure you, though, the disappear
ance of the tag line does not signal any change in the maga
zine's role. Rather, it is an indication that, while our 
charter has stayed essentially the same, both the computer 
and magazine industries have undergone dramatic changes. 
We shall continue to do what we have always tried to do 
during 22 years of publication-provide the essential infor
mation you need to design better computer systems. 

If you are reading your own copy of this magazine and 
not somebody else's, then you must be either an engineer 
or engineering manager involved in the design of com
puter systems. This role for readers of Computer Design 
never changed. Two things did change, however: the types 
of computer systems you design and the types of maga
zines that compete for your attention . Subsystems form
ing the nucleus of larger computer systems now exist at 
the chip, board, and box levels. And computer systems 
are designed and integrated not only by original equip
ment manufacturers, but also in many other types of 
organizations such as system houses and sophisticated end 
users. Furthermore, today's computer systems require 
both hardware and software design at all stages of the 
development. Moreover, most systems involve communi
cations, information display, and storage in addition to 
digital processing. 

One fact remains amid all this potential for confusion: 
wherever real design work must be done, design engineers 
will be doing it. Hence, the central role of Computer 
Design. While other magazines serve, say, software de
signers but not hardware designers, or value added resellers 
but not OEMs we continue to serve the design engineers 
and their managers wherever and however they design 
computer systems. 

So why was our tag line added and why was it re
moved? Back in the days when the only processors were 
mainframes and minicomputers, people sometimes won
dered whether Computer Design served people who 
designed computers or people who designed with 

computers. The answer then, as 
today, was "both." But, in a 
sense, the magazine was ahead 
of its time. Obviously, there 
was a vast difference between 
the information needs of engi
neers who designed circuits at 
the device level and those who 
designed complete systems. 
Therefore, the tag line was 
added to show that Computer 
Design was aimed at the senior 
engineers and project managers 
who designed at the system level. The development of the 
microprocessor and related chip-level subsystems, of 
course, blurred the distinction between system design and 
design at the component level. More recently, design 
automation of custom chip-level systems has obliterated 
any remaining distinctions between digital circuits and 
digital systems. So, we decided to bid farewell to our old 
friend the tag line. 

Industry trends had conspired to make our tag line both 
misleading and seemingly arrogant. The line implied that 
the magazine was devoted only to system integration and 
not to system design. Also, it implied that it was the only 
magazine serving system integrators. However, during 
recent years, other magazines have emerged to compete 
with Computer Design in that area-though not in all 
areas . We think the magazine is unique in other ways, 
but we can no longer claim to be the only one serving 
system integrators . We think our uniqueness was better 
expressed in a longer tag line we have used in promotion 
pieces aimed at potential advertisers: "The only computer 
magazine that concentrates on design; the only design 
magazine that concentrates on computer systems." 

Perhaps a new tag line-one that succinctly summarizes 
our purpose-will replace our old friend. But, for now, 
we believe that Computer Design says it all. 

Michael S. Elphick 
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INMOS has natural answers 
High-volume production of our new 80ns 
how we accelerate your designs. 
Some creatures are in their natural element when it 
comes to speed. It's breeding and conditioning that have 
enabled them to j ump ahead of all other species. Speed 
is inherent in their sleek, natural design that surfaces 
with sudden bursts of energy, in play or in flight. 

In keeping with the natural design for speed, our new 
80ns 64K x 1 DRAM has evolved as the fastest member 
of our entire high-performance DRAM family. This new 
DRAM chip is available with 80ns. 100ns or 120ns RAS 
access times and 130. 160 and 190 cycle times. The part 
also offers other exceptional features that are common 

only to the INMOS DRAM line. CAS-before-RAS refresh. 
for example, as well as nibble mode are delivered as 
standard features and at no extra cost. We also furnish 
a military version of our new 64K DRAM that's qualified 
to MIL-STD-883C. 

Our 16K x 4 DRAM is another outstanding chip in our 
DRAM selection. You can choose 100ns. 120ns or 150ns 
access time and count on exceptionally high memory 
bandwidth. In addition. we offer you our BK x 8 DRAM with 
120ns. 150ns or 200ns access time and pin-1 refresh . Its 
byte-wide organization can boost the performance of the 
latest microprocessor system. 



on speed. 
64K DRAM is just one example of 

You 'll also get the flexibility in packaging you expect 
from our capable DRAM family. Anything from low-cost 
plastic DIPs to ceramic side-brazed editions. including 
leadless chip carriers. 

The point is. it pays to go to the leader where DRAM 
development. production and delivery are simply faster 
by nature. To the company that can give you the world 's 
broadest DRAM family line with more choices of speeds 
and organizations. 

If you have questions on which member of our DRAM 
field can help you win your design race. just ask us. 

We'll be quick with in-depth answers that will fill you in 
on the rest of our picture. 

90ITl)nlOS 
Colorado Springs. CO (303) 630·4000 - TWX 910-920-4904 • Atlanta. GA (404) 475-1936 
- TWX 810-751 -0015 • Burlington . MA (617) 273-5150 - TWX 710-332-8777 • Baltimore. 
MD (301) 995-0813 - TWX 710-862-2872 • Minneapolis. MN (612) 831 -5626 -
TWX 910-576-2740 • Dallas. TX (214) 669-9001 - TWX 910-997-0822 • San Jose, CA 
(408) 298-1786 - TWX 910-338-2151 • Los Angeles. CA (213) 530-7764 - TWX 
910-347-7334 • Bristol. England 0272-290-861 - TLX 851 -444723 • France (1 ) 887-2201 
- TLX 201222 • Germany (089) 319·1028 - TLX 522645 

lnmos. ~and IMS are trademarks of INMOS' Group of Companies. 
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Get the performance benefits of an 11/73 by using Abie's Microverter Plus. 
At the same time, you can hang on to your investment in UNIBUS* 
peripherals! You benefit because 

• With MICROVERTER PLUS, you can use 18-bit UNIBUS 
DMA devices with up to 4 mb of Q-Bus memory 

• MICROVERTER PLUS is compatible with PDP-11/73, 
LSI-11/23, and -11/23 + processors 

• MICROVERTER PLUS is software transparent to RSTS/E, 
RSX-11, UNIX;• and DSM* 

• MICROVERTER PLUS can help increase your communi
cation capability 

• All at a fraction of the cost of a new system 

UPGRADE with a MICROVERTER PLUS from ABLE. Call us toll-free at 
800/332-2253 (outside California), or 800/225-3332 (inside California) 

ABLE COMPUTER, 3080 Airway Ave. , Costa Mesa CA 92626 
(714) 979-7030, TWX 910 595-1729, TELEX 668307 

•pop, UNIBUS and DSM (DEC System M.U.M.P.S.) are trademarks or Digital Equipment C.Orpo ration. ••UNIX is a trademark of AT&T. 
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Microprocessor programming made simple. 

"Keep it simple" was the principle transputer family. It provides an 
of the 14th Century English philos- efficient. responsive implementa-
opher William of Occam and it has tion language for systems built 
even more validity today. Faced with on today's microprocessors. It also 
the problems of sophisticated opens up future possibilities with 
computer systems. designers have its performance- enhancing 
found that ever more complex pro- multiprocessor capabilities. And 
gramming languages are further INMOS now offers a product to let 
complicating their tasks. Until now. you exploit occam's total capability 

Occam. Created for system in your system. 
design and implementation. Simplify your job with the 
When we started designing our Occam Programming System. 
new VLSI family of 10-MIP trans- The Occam Programming System 
puters. we built on William's simple (OPS) gives you the tools for com-

for execution on the VAX. Cross
compilers for 68000 and 8086-based 
systems will also be available. 

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

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

philosophy. To take advantage of plete VAX I VMS software develop-
the possibilities opened up by the ment. This package includes an Get started today. 
transputer. we needed to create a integrated editor/ checker. an Contact us for our information 
language capable of properly ad- optimizing VAX compiler and full pack on occam, the Occam Program-
dressing parallelism and multi- documentation. This gives you a ming System and the transputer. 
processor systems. supportive environment for the You 'll be surprised how simple 

With the ability to describe con- development of occam programs your life can be. 
currency (whether timeshared or .. .---- ..... , .-r---.w;-1 ______ .. For quick response. call us at 
real) and to handle message- 'S'I•~ ' ,.. ~I !I " •\ · , .. ,. (303) 630-4000 or write: 
passing at the lowest level of the ..,..JI!' ~ '~ • 1 11 ,. •'-~ Occam. P.O. Box 16000. 
language, all_aspects ?fa system .,.~al I - &\ I ~, .. Colorado Springs, co 80935. 
~an be descnb_ed, designed an? IST · ~ ' ( • 
implemented in occam. From in- -· 1'_ ' ,. rw e D 
terrupt_ handling throu9h signal • r!- ,. • I o1n1mos 
processing to screen editors to I ._ " .. ~ Li Li 
artificial intelligence. And on. ••1 ~ra-

But occam is not limited to our

1
, ~ 0omM,G),., =• ~ '~'""~ m '"' 

r i 1 '""""""' "' ~-~"'" 
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WE COULDN'T OVERPOWER 
THE8051. 

SO WE UNDERPOWERED 11 



The Intel 80C51 
8-bit microcontroller. 
Featuring the powerful 
performance of the 
world standard 8051, but 
needing only one-tenth 
the energy. 

The 80C51 is based 
on Intel's revolutionary 
CHMOS technology. 
Achieving the high 
performance and high 

-~ 
~ 

C: 

integration of HMOS, 
with the low power 
advantages of CMOS. 

The result is an 8051 
pin-compatible micro
controller with the most 
powerful eight-bit CPU 
and the highest level 
of integration available. 
The 80C51 runs on 
an incredible 11 mA at 
8MHz clock frequency. 
Average power dissipa
tion can be lowered 
into microamp range, 
by using one of two 
new software program
mable power control 
modes. In the power 
down mode, current 
drain is 50 microamps. 

On the performance 
side, the 80C51 has a 
maximum clock rate of 
12MHz.The fastest data 
throughput of any CMOS 
microcontroller. 

Its high integration 
capabilities include 
4Kbyte ROM 
and 128 byte 
RAM, a Boo
lean Processor 
able to manipulate 256 
individually addressable 
bits, a versatile serial 
port and a pair of 16-bit 
counter/ timers. 

All this helps to make 
the 80C51 ideal for 
high end eight-bit appli
cations ranging from 
hand-held instruments 
<O 1984 Intel Corporation 
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7be BOC51 microcontroller delivers the highest perform· 
ance per irott over the broadest frequency mnge in the 
industry. Giving you control over speed and power: 

to factory line powered 
controllers, to portable 
communications systems. 
A military version of 
the 80C51 will be avail
able soon. 

The 80C51 also 
boasts the world stand
ard in development 
tools. Like the Series 
II/ ICE™-51 emulator 
and the iPDS™ system/ 
EMV-51.Aswell as a 
relocatable assembler 

and high level 
languages. 

·11 MCS-51 
workshops are 

available, too. 
Go with the best. 

The 80C51. Call toll-free 
today at (800)5 38-1876. In 
California,(800)672-1833. 

Because now, 
running with the very 
best requires very little 
energy. 
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Introducing the HP 54IOOA/D 
I GHz General Purpose Digitizing Oscilloscope. 

Now see waveforms you've 

The waveform you see displayed here was captured by 
the new HP 541.00A/D 1 GHz Digitizing Oscilloscope. 
It shows an intermittent extra pulse at the Q output of 
a D flip-flop. Plus, it automatically positions the event 
of interest in the center of the display and shows the 
events in negative time that led up to the trigger. The 
new HP 541.00A/D can easily capture rare events like 
this and hold them for you to analyze with no blooming 
or fading. What's more, you get this with 10 psec resolu
tion and 1 GHz bandwidth necessary to capture sub
nanosecond transistions in today's high speed logic 
designs. And it does all this at the touch of a button. 

The first truly general-purpose 
digitizing scope for de to ECL 

With logic speeds pushing faster all the time, you. 
need a scope that can deliver reliable measurement 

results from de all the way to ECL. The new HP 
541.00A/D 1 GHz Digitizing Oscilloscope gives you 
that versatility. It combines a fast 350 psec rise time 
with a crystal-controlled timebase, sophisticated on
board analysis firmware, and easily re-configured inputs. 
It lets you see low duty-cycle signals with clarity and 
brightness not previously possible. You can even take it 
out of the lab into production. Make it a vital part of 
your computer-based ATE test system for even greater 
productivity and usefulness through HP-IB. 

Complete one-button characteriza
tion of your high-speed waveforms. 

With the HP 541.00A/D Digitizing Oscilloscope, you 
can be productive as soon as you sit down in front of it. 
Simple keystroke sequences give you automatic pulse 
parameter measurements, automatic signal scaling and 
instrument setup, automatic hardcopy output (over 
HP-IB) and more. You can trigger on logic patterns, 

~"""""'" '°"• HP-IB: Not just IEEE-488, but the 

; I :fe I: ~=~r~a~::~~~~~~~est 
SYSTEMS path to a measurement system. 



never seen before. 

time-qualified patterns or 
state, or you can delay the 

,.,. ... , ..... ,.,. trigger by edge count or 
absolute time. The HP 
541.00A/D unloads much of 
the setup and test burden 

from you so you can devote your time to designing. 

Expanded probing capability and 
convenience. 

Designed as a companion product to the HP 541.00A/D, 
the new HP 54300A Dual 8:1 Probe Multiplexer expands 
your scope's two inputs to a total of 16. Use it as a front
end interface for your production ATE test system or as 
a bench test system for design characterization in 
your R&D lab. 

IIlgh frequency, high impedance 
probing. 

Whether you're in R&D or production engineering, 
you know the need for better, more flexible probing 
schemes. With the HP 541.00A/D or the HP 54300A 
Probe Multiplexer, you can choose from 1 GHz minia-

ture probes, 50 olun BNC inputs, or high-impedance 
1 Molun/300 MHz probes. Automatically setup and 
recall up to 100 test sequences of up to 99 steps each 
(3700 steps maximum), either from the front panel 
or under HP-IB control. 

Call HP today. 
For more information on the HP 541.00A/D 1 GHz 

Digitizing Oscilloscope or the HP 54300A Probe Multi
plexer, contact your local HP sales office listed in the 
telephone directory white pages. Ask for the electronic 
instruments department. 

HEWLETT 
PACKARD 

080 1S07 



Kontron Logic Analyzers: 
Kontron's new Series Ill 
Logic Analyzer is the ideal 
tool for debugging digital 
products, taking you into the 
deepest forest, up the tallest 
trees, in pursuit of the rarest 
leaves bearing the most 
exotic bugs. 

Survey more 
of the "forest" 
With memory depth of 8K, 
and up to 64 inputs, the Se
ries Ill captures 4 times as 
many samples per recording 
as any major competitor. 
Capturing more samples 
means a better overview of 
the target system's opera
tion, and clearer insights into 

the cause of system faults. 

Choose your "trees" 
Kontron 's advanced trigger
ing scheme doesn't force 
you to go through compli
cated routines for simple 
measurements. And, for 
more complex requirements, 
the Series 111 makes the 
most sophisticated measure
ments of any logic analyzer 
ever. 

Clutching leaves 
in the wind 
Sampling rates to 100 MHz 
(standard) and 500 MHz 
(optional) are fast enough 
for capturing the briefest in-

termittents. Grab more data 
and multiply effective record
ing time with transitional 
recording and high resolu
tion time measurement. 

A better bug trap. 
Every bug is different, and 
many can only be caught by 
combining advanced record
ing features. Kontron's Se
ries 111 is modular and 
configurable to cover the 
broadest range of applica
tions possible; from main
frame to microprocessor 
system development, and 
from high-speed custom IC 
design to GPIB and RS232 
communications analysis. 



Locate Bugs Efficiently. 
Have it your way. 
The Kontron Series 111 is 
available in stand-alone con
figurations, as an integral 
part of our Kontron Modular 
Workstations, or for maxi
mum economy, as the Per
sonal Logic Analyzer hosted 
on your IBM PC. 

For more information, contact 
KONTRON ELECTRONICS INC. 

630 Price Ave., 
Redwood City, CA 94063, 
800/227-8834, 
(415/361-1012 in California). 

We'll get you out of the 
woods. EL~g~~~~g 1.r ~ KONTRON 

INSTRUMENTATION I ~ ~ ELECTRONICS 
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This Nevv Fiber Optic ~o_dem 
vvill Extend a ' D~E . 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

uire any jury-rigging or 
$nQ clock and interface 

I,ba.t's because, 
stand-

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 

~ :::::! Data --v-u:::; Clock 
and 
Control 

~------' 

Data 
Clock 

and 
Control 
Signals 

:::::£ I =a}t>-1 i rate and continual signal 
!= E{}-<J- quality monitor ing means 
+-- that you 'll operate with a 

MODEM !DCE) 
roM-

7 higher throughput and less 

Once our fiber optic mo
dem is installed and opera
ting it'll really begin to 
shine. You'll benefit not only 

downtime than ever before. 



LETTERS TO THE EDITOR 

Checking the facts 
I was pleased to see that Computer Design 
is interested in covering new develop
ments in symbolic processing-a technol
ogy that is coming of age and certainly 
has vast ramifications for our industry. 
In the November issue (p 45), John Bond 
introduced our new Explorer system as a 
significant new entry into this market. 

Unfortunately, in comparing it to other 
dedicated Lisp machines on the market , 
he made a few factual errors . On the basis 
of these errors, he positioned the Explorer 
exclusively as a low cost delivery vehicle 
for artificial intelligence applications. As 
Bond pointed out, the Explorer is cer
tainly smaller and less expensive than 
some of its competitors, making it an 
ideal delivery system. However, Explorer 
was designed to be a powerful develop
ment tool as well. 

Bond refers to the Explorer's disk capa
city as 112 Mbytes several times when, in 
fact, its capacity is significantly greater. 
The disk system for Explorer can consist 
of four tabletop or stackable enclosures, 
each of which can contain two 5V4 -in. , 
112-Mbyte drives for a total of 896 Mbytes 
of formatted disk storage. In addition, he 
states that while a full Zetalisp implemen
tation is preferable for program develop
ment, Tl chose Common Lisp instead 
because of the 112-Mbyte disk capacity. 

Explorer does support a full Zetalisp 
implementation. Common Lisp, how
ever, was chosen as the default Lisp 
dialect because it is an emerging industry 
standard. In addition, TI has added a 
more consistent and user-friendly inter
face to the MIT-based system software. 
And, as Bond very accurately reported, 
TI has provided several "toolkits," in
cluding natural language and relational 
table management systems, to enhance 
the development environment. 
Joe Watson 
Texas Instruments 
PO Box 2909 
Austin, TX 78769 

Engineering shortage myth 
In response to Mr Feerst's letter ir. the 
December issue, in my experience, the 
"engineering shortage" myth does not lie 
in the number of technically trained peo
ple turned out by the universities, but the 
use of these people after graduation. 

Because management often believes in 
the "mass" approach to problem solving, 
it must keep salary costs down. Accord
ingly, the ranks are filled with young or 
underqualified people. 

Those who have reached a level of 
competence as a result of years of expe-

rience, eventually find that they are at the 
top of the all-powerful "salary bracket." 
They are then often forced to leave what 
they know and do best, and go into man
agement or sales, or leave the technical 
field entirely. 

On a national level, using masses of low 
priced technical people instead of reward
ing individual achievement is self-defeat
ing. Fathers who have been forced out of 
a career in design and development by 
artificially depressed salaries are not going 
to recommend a technical career to their 
sons. Eventually, certainly not now con
sidering the waste of talent, a real short
age of engineers could be forced upon us. 

The "solution" in Mr Young's letter 
is another of the many solutions proposed 
by management in attempts to maintain 
the status quo in which it can blame the 
lack of imagination and ability on the 
chimera of "engineering shortage." Until 
management is convinced it the waste of 
technical talent is a disgrace instead of 
"good business," it will continue to 
cry shortage to the future detriment of 
our country. 
C.W. Spindler, Jr 
PO Box 11220 
Elkins Park, PA 19117 

What's in a name? 
Who is this insignificant whelp, Michael 
S. Elphick? He doesn't have the stature 
or qualifications to review the merits of 
Mr. Iacocca! His comments about Pro
fessor Shannon's works are the epitome 
of the lay media's gall! (P.S. There is a 
much more esteemed member of the press 
with first initials M.S.-maybe you have 
heard of him , but I doubt it.) 
(Unsigned) 
Phoenix, Ariz 

Unlike the author of this letter, the insig
nificant whelp has the courage to sign his 
comments. Fortunately, even in 1984, low 
status people were still able to criticize 
high status people. However, like Mr 
Iacocca, I am a graduate engineer with 
design experience. Several other editors 

.:.r.J ( 

of this "lay media" are engineers and one 
(John Miklosz, our Executive Editor) has 
a PhD. (P.S. I would not expect an advo
cate of corporate welfare to be a fan of 
a true blue capitalist like Malcolm S. 
Forbes. Besides, Forbes is even more 
opinionated than I am.) 
Michael S. Elphick 
Editor in Chief 

Quality is the issue 
In response to the December editorial on 
Mr lacocca, I feel that Mr Elphick's com
ments were completely out of line. First 
of all, Mr lacocca had no other choice 
than to go to the federal government for 
a loan guarantee because if he had not, 
we would all be paying for the welfare 
that the unemployed Chrysler workers 
would be collecting. Time was an issue 
and to negotiate with private banks would 
have taken too long. It was the govern
ment's responsibility to provide Chrysler 
with the guarantees it needed in order to 
prevent the economy from becoming 
worse than it already was. I would like 
to see someone from the computer indus
try save Evotek the way Mr lacocca 
saved Chrysler. 

The automotive industry has more in
fluencing it than does the computer indus
try. Labor is a more important issue due 
to the unions that keep crippling the in
dustry's efforts to solve quality problems. 
I wonder where the computer industry 
will be in 70 years? The automotive indus
try is also a heavy industry, the computer 
industry is not. Automobile manufac
turers deal with more safety issues than 
computer markets. 

To sight Mr lacocca for your problems 
with the Pinto is like me blaming Ken 
Olson because my RL02 drive crashed. 
What does a Colt have to do with Chrys
ler? All they do is sell the car, not 
manufacture it! In fact, the car is made 
by Mitsubishi (a Japanese company of all 
things). Mr Iacocca is also responsible for 
the Mustang, one of the most renowned 
cars of all time. 

I am aware of the problems that major 
industries in the United States are facing, 
and it appears that these problems are 
now surfacing in electronic and high-tech 
companies. Quality is a problem for many 
industries in this country. I know, I work 
in the storage products division of a 
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LETTERS TO THE EDITOR 

major computer company and we are 
constantly fighting for quality parts from 
our vendors. 

Sure, Mr lacocca had help from the 
government, but the debt is gone and 
Chrysler continues to grow and develop 
new and technically advanced auto
mobiles . Why not write about the real 
issue of quality in US industries and stop 
the finger pointing? 
W. Dale Robertson 
Digital Equipment Corp 
333 South St 
Shrewsbury, MA 01545-4112 

Surprisingly, I find myself agreeing with 
Mr Robertson on many of the points he 
makes. But perhaps I am old-fashioned 
in believing a chief executive should be 
held accountable for the quality of the 
products he sells. Though Jacocca was 
demonstrably better than the managers 
who preceded him at Chrysler, I still 
believe that Mr Robertson treats him too 
kindly. Perhaps if Mr Iacocca had men
tioned somewhere in his self-serving auto
biography that he too was "constantly 
fighting for quality parts from our ven
dors, " I might have as much respect for 
him as I do for Mr Robertson and other 
engineers at companies like DEC. In
stead, lacocca merely brags about how he 
superficially restyled the bodywork of 
marginally profitable cars so that he could 
jack up the price. Also, has Mr Robert
son considered who pays the welfare for 
the 33 vice presidents and thousands of 
other workers fired by lacocca after he 
joined Chrysler? 
Michael S. Elphick 
Editor in Chief 

Right man, wrong category 
I have two comments regarding your edi
torial in the December issue of Computer 
Design. I regret your awkward experience 
with "Who's Who of American Women." 
I hope you advise Marquis of their error, 
as I don't believe the company intends to 
perpetrate such faux pas . Secondly, as for 
Lee Iacocca' s award, I would have to 
agree that "entrepreneurship" is prob
ably not the right category . I don't think 
the loan guarantee to Chrysler was fair 
to other struggling businesses either. 
However, I think that lacocca may 
deserve some sort of award or recogni
tion. A lot of people seem to think so. 
And he can hardly be blamed personally 
for design or construction defects in 
Chrysler's cars . 

I myself am listed in "Who's Who in 
the West." I know what I did to get there, 
and think I deserve to be there. If I've any 
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complaint with Marquis, it's about some 
fine colleagues who aren't there who I 
think should be. 
Dave Fafarman 
4330 Jana Vista St 
El Sobrante, CA 94803 

Is this for real? 
I read the December editorial in disbelief. 
I was amazed that you wasted your time 
with this obvious personal vendetta. Sev
eral thoughts occurred to me as I read it: 
1) Who really cares whether or not you 
approve of the selections by "Who's 
Who?" 
2) Do you really believe that Claude Shan
non cared that you didn't attend? 
3) I had a 1973 Pinto (of the alleged ex
ploding vintage) which I loved. It was one 
of the most reliable and economical cars 
I have ever owned. Does that make the 
Pinto one of the most reliable cars made? 
Of course not! A sample of one from a 
population of millions cannot lead to any 
general conclusion . You state that you 
would call these cars lemons "except that 
the word suggests an isolated bad car 
rather than a typical product in the line. " 
What evidence, except the isolated car inci
dents you give, support this comment? 
The same arguments apply to your 
Dodge. I could easily conclude from your 
article that you don't take care of your 
cars (" .. . after a water hose fell off and 
the engine overheated") . 
4) Your criticism of Marquis for sending 
you a letter for Who's Who of American 
Women is totally absurd. I can't imagine 
how many women in the industry have 
probably received letters addressed to 
"Mr so-and-so." In fact, I would bet 
your own magazine has been guilty of this 
same thing-multiple times. 

Let me make it clear that I am not affil
iated with Marquis, Ford, Chrysler or 
anyone else mentioned in your article. I 
simply do not care for sloppy journalism 
which uses isolated examples and totally 
unsubstantiated arguments. Whether you 
are writing an article or an editorial, your 
readers deserve substantiated facts-not 
your wife's opinion . 

I don't know exactly what your gripe 
is against Who's Who, except that you 
don't like lacocca. Regardless, Computer 
Design is not the place for this crap. 
Mark Forbes 
140 Carlton Ave 
Los Gatos, CA 95030 

Like Mr Forbes, I am skeptical of 
mother-in-law (or wife) surveys. That was 
why I quoted an independent survey of 
consumer satisfaction in the editorial. 

Also, Ford was forced by the federal gov
ernment to recall the car twice, and it is 
not likely that this was done on the basis 
of a few isolated incidents. The whole 
point of my argument was that I spent an 
excessive amount of time and money 
repairing the car because of inadequate 
design. Incidentally, I hope Mr Forbes 
was careful to check all of his hose clamps 
before leaving for work this morning. 
Michael S. Elphick 
Editor in Chief 

Thanks for getting it right 
Thank you for taking the time to get it 
right in the December editorial covering 
"Who's Who" and Mr lacocca. Your 
choices of Alan Shugart and Claude 
Shannon (and apologies) are certainly 
more understandable than those of the 
Who's Who committee. 

Although Mr Iacocca's efforts were in 
a business arena, and a very large arena 
at that, his performance is primarily a 
management and finance endeavor. The 
automobile industry certainly does need 
saving. (Even the US auto worker tends 
to purchase foreign automobiles.) 

It is encouraging to find other people 
who do not attend events. I hope that you 
find some events worth attending and 
pass those results on to the rest of us who 
are often not in a position to attend or 
not attend. 
Ronald C. Edwards 
2156 Sierra Ventura Dr 
Los Altos, CA 94022 

Letters to the Editor 
should be addressed to : 

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





A VERY FAST UPDATE ON 
MOS ROM DEVELOPMENTS. 

We have nine different 150ns MOS ROM circuits-from 16K to 256K. 



VLSI from SigQ~Ji~ 
800-227-1817 Ext. 916 F 



RG-62/U Coax 

95ohmCoax 
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At Amphenol Products it's only 
the beginning. 
You can terminate most coaxial and twinaxial 
cables with minimal assembly time and effort 
using Amphenol® R.F. connectors. Our 
QUICKTRIM™ and SQUARE-CUT'"' connector 
designs reduce cable preparation to a single 
cut. SURETWIST™ connectors thread directly 
onto the cable jacket. Our crimp designs offer 
low cost terminations using standard tooling. 

Each design provides the ultra-reliable 
performance you require when interconnecting 
a host computer system with terminals, printers 
and other peripheral equipment. But top quality 
BNC and TNC plugs and jacks are only part of 
our computer connection capabilities. 
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We also provide a wide range of adapters and 
accessories to meet these functional require
ments of your total data transmission system: 

Splicing. Amphenol jack-jack and tee adapters 
provide easy, reliable splices of twinax, coax 
and LANS cable. To provide protection from 
electrical shock on LANS installations, silicon 
rubber boots cover splices and cable ends. 

Isolation. Reduce noise by virtually eliminating 
"ground loop" or common mode current. 
Amphenol 31 Series isolated BNC and TNC 
feed through adapters and bulkhead recep
tacles provide uninterrupted signal paths and 
continuous shielding. 

Termination. Eliminate open circuits on signal 
transmission lines when output plugs are discon
nected. Amphenol 362 Series automatic coaxial 
terminators with self-contained resistive loads 
and automatic circuit insertion switches feature 
a unique make-before-break mechanism. 

Switching. Help eliminate EMI and costly data 
transmission errors with Amphenol isolated
from-ground data switches. Available in panel 
mount, wall mount and desk top designs, these 
low cost, non-shorting switches are ideal for 
use in computer installations and local area 
networks. 

For more information, technical assistance 
and prices . .. 

Call the new connector company 
1-800-323-7299 

Amphenol Products world headquarters: 
Lisle, Illinois 60532 

~LLIED Amphenol 
Products 



Protean 
is today's only 
source for IBM® compatible 
token passing ring networks. It's called 
proNET® and it's from a leading independent 
manufacturer. 

proNET is a high performance 10 megabit/second 
LAN with unprecedented reliability and fail-safe 
operation. It links many vendors including IBM, 
Digital Equipment, Sun Microsystems, Texas Instruments 
and in addition operates on the IBM cabling system. 
Plugging directly into UNIBUS,® Q-Bus,® Multibus® and 
Universal Bus it uses a combination of transmission 
media including twisted pair, infrared, 
co-axial and fiber optic. 

TheproNET 
system includes 
the hardware, 
software, cabling, 
installation, and 
service support. 
And it's comfort
ably priced; your 
investment can be 
modified, updated and easily 
expanded. One last point: the proNET 
token ring is available now. 

P-toteon 
Invest now in your token ring LAN. Call Protean, Inc., 4 Tech Circle, Natick, MA 01760. (617) 655-3340. 
"pToNET is• trademark of Protean, Inc. " IBM is a registered trademark of International Business Machine. 
Uidllus and Q-Bws are registered trademarks of Digital Equipment Corporation. •Multibus is a registtrtd trademark of Intel, Inc. CIRCLE 18 
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Options multiply for nonimpact page printers 

While the laser printer is experiencing 
a drop in cost and a surge in popu
larity, alternative technologies for 
nonimpact page printers are emerg
ing. They will offer stiff competition 
and drive costs even lower. Foremost 
among the laser's competitors are 
magnetic and electro-optical printers. 
As in laser printing, these technologies 
are based on a modified electrophoto
graphic technique, originally devel
oped for copiers. With this technique, 
an image is formed on a photosensi
tive surface by electrical charges that 
can attract a toner. A printed image 
is produced when the toner is trans
ferred to paper and fused under heat. 

These nonimpact page printers dif
fer from other nonimpact printers 
(such as those using ink jet and ther
mal technologies) because they use a 
photosensitive surface to transfer an 
image. This makes them best suited 
for printing a single page. In addi
tion, since they have evolved from 
copier technology, they already 
incorporate automatic paper sheet 
handling. This is an option on other 
printers, hence, an added expense. 

By combining the copier with a 
laser, mirrors, and lenses, it is possi
ble to scan the laser in time with a 
video signal from a computer display. 
This forms a kind of screen printer. 
The resulting basic print engine is 
more properly called a marking engine 
since it marks the paper according to 
the signal it receives. To print actual 
data, such as an ASCII text stream, 
a controller must be added. The con
troller requires memory to buffer the 
data and intelligence to convert the 
ASCII code into dot arrays. The laser 
needs dot arrays to scan across the 
drum to form characters. 

Most manufacturers of low cost 
laser printers buy the marking engine 
from a manufacturer of copiers and 
add their own controller and inter
face . With this approach, there is 
opportunity for many additional 
functions and features. These include 
ROM-based and downloadable 
fonts, bit-mapped graphics, and 
emulations of other standard letter 
quality printers. 

Since the basic task that the laser 
accomplishes is getting the electrically 
charged dot pattern from the com
puter onto the photosensitive surface 
(usually a drum), other technologies 
might be cheaper and better for 
marking engines . The critical factors 
are dot size (resolution), accuracy of 
dot placement, overall cost of the sys
tem, and reliability. 

Variety in marking engines 
In discussing nonimpact page 

printers, it is important to distinguish 
between the various marking engines 
with their different capabilities, and 
the controllers and interface elec
tronics added by the different printer 
manufacturers . In the case of laser 
printers, there are three major sup
pliers of marking engines-Xerox, 
Canon, and Ricoh-but manufac
turers have added a wide range of 
price/ performance capabilities to 
these engines in the attempt to satisfy 
user needs. Although helium-neon or 
semiconductor lasers are commonly 

used in laser printers because of their 
speed, accuracy, and low power con
sumption, it is not altogether neces
sary that a laser be used to sensitize 
the drum surface. First, materials 
other than the selenium are being 
developed as drum surfaces. Second, 
coherency of the light is not as criti
cal as the intensity and the ability to 
precisely focus dots on the drum. The 
light source must also be turned on 
and off fast enough to provide suffi
cient printing speed. When the laser 
is scanned across a photosensitive 
drum by the rotating mirror, it acts 
much like a raster monitor. 

For all these reasons the laser is a 
natural choice. But there are alterna
tives. Optical techniques based on 
liquid crystal shutters, LEDs, and 
beam scanning on a CRT can be used 
to project light onto the drum. 

The cost of laser marking engines 
has been coming down with techno
logical improvements to such alter
natives as the selenium drum. One of 

(continued on page 34) 

The Hewlett-Packard Laserjet printer is a desktop unit based on a 
marking engine by Canon. It has enough memory and intelligence to 
combine text and graphics with a 300-dot/ in. resolution. 
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Nonimpact page printers 
(continued from page 33) 
these developments is the organic 
photoconductor material placed on a 
flexible belt instead of on a hard 
metal drum. A belt is used in the 
Ricoh (West Caldwell, NJ) LP4120 
and is changed easily by the user. In 
another, stamped octagonal mirrors 
are used in laser printers, instead of 
precision machined ones. Sometimes 
the controller is added externally, 
and sometimes it is built into the 
printer package. The most basic func
tion of the controller is to accept 
ASCII, bit-mapped, or graphic data 
from the computer and convert the 
data into a form that turns the laser 
beam on and off as the laser beam is 
scanned across the rotating drum. 
Moving mechanical parts , such as a 
mirror, require precise optical align
ment to keep exact dot placement. 

Dot placement is as important a 
factor in print quality as dot density 
or resolution. There is, however , 
some disagreement about where the 
optimal dot density lies. Many con-

STACKER TRAY 

tend that at about 240 to 300 dots/ in., 
the human eye loses the ability to dis
tinguish between the dots. On the 
other hand, typesetters claim that the 
blackness of printer's ink is ap
proached at about 700 to 800 dots/ in. 
Serving the needs of the very high 
density user, of course, will increase 
the price paid for additional buffer 
memory and for more accurate optics. 

The important aspect of dot place
ment is the ability to place four adja
cent dots so that they are tangent to 
one another. This seems to leave the 
largest possible gap between the edges 
of the dots and leads to the belief that 
better resolution might be attained by 
slightly overlapping the dots. But, in 
both electrophotographic and mag
netic printing, flux lines between 
adjacent dots (with the same charge 
or polarity) pick up toner and tend 
to fill in the gaps and smooth the 
edges between dots . 

Another important factor in the 
quality of laser marking engines is the 
writing method used: scan-to-write or 
scan-to-erase. In scan-to-write, the 

CLEANING 
BLAOE 

CORONA 
WIRED 

(TRANSFER) 

PAPER CASSETIE 

PICK-UP 
ROLLER 

DEVELOPER 

laser places a charged dot at every 
point that should pick up toner-it is 
essentially writing with a black dot. 
Scan-to-erase starts with a fully 
charged surface and removes a charge 
at every point that should not pick up 
toner-essentially writing with a 
white dot. In both cases, low fre
quency noise can cause a scan line to 
vary somewhat from being perfectly 
straight across the page. In scan
to-erase, this variation in the two 
lines on either side of the line to be 
left black would cause the width of 
that line to vary. Scan-to-erase, thus, 
cannot produce lines exactly one pixel 
wide and scan-to-write is inherently 
more accurate. 

Lights and magnets 
Alternative electrophotographic 

marking engines are addressing the 
laser's need for precisely aligned 
optics and a moving part (in the form 
of a rotating mirror). The liquid crys
tal shutter technology recently intro
duced by Epson retains the selenium 
drum and toner system of the laser 

CORONA WIRE B (AC) 

SEMI CO NDUCTOR 
LASER 

ROTATING 
MIRROR 

The rotating mirror in a laser marking engine is timed to sweep the beam of the laser across the drum. The 
drum rotates at a speed defined by the dot density. 
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In the Epson GQ-3000 printer, light from a lamp passes through a guiding 
glass to the liquid crystal shutter. Dots in the liquid crystal panel turn on 
and off to admit light as the drum rotates beneath it. 

printer, but uses an incandescent light 
source behind a stationary liquid crys
tal shutter with an array of over 2000 
dots. The dots are turned on and off 
as the data is fed to the array scan line 
by scan line. As the polarity of the 
liquid crystal changes, light to the 
drum is either admitted or blocked. 
According to Masahiko Mori, general 
manager of design for Epson's printer 
division in Kamisuwa, Japan, this 
method significantly reduces the num
ber of moving parts and the cost, and 
increases reliability. But, he cautions, 
dot resolution has a practical limit of 
about 300 dots/ in. Epson's introduc
tory model, the GQ-3000, has a reso
lution of 240 dots/ in. 

Two other approaches are the K-2 
intelligent printer by Kentek (Allen
dale, NJ) and the Elpho 20 by Philips 
Peripherals (San Francisco, Calif). 
The K-2 uses a fixed array of 2084 
LEDs focused on the drum through 
fiber optic lenses. In the Elpho 20, a 
CRT projection technique focuses the 
beam scanning across a monoline 
CRT onto the moving drum. Philips 
has achieved a dot density of 600 
dots/ in. with the Elpho 20, placing 
it close to the resolution demanded in 
phototypesetting applications. 

Although magnetic printing uses a 
method for sensitizing the drum dif-

ferent from that used in electrophoto
graphic systems, the engine works in 
essentially the same way. Magnetized 
dots on the drum pick up toner and 
transfer the image to paper. 

Two manufacturers currently pro
ducing magnetic printers are Honey
well-Bull, represented in the United 
States by Cynthia Peripherals (Sunny
vale, Calif), and Ferix Corp (Fremont, 
Calif). The Cynthia 6000 series uses 
a hard steel drum with a proprietary 
surface alloy that picks up magnetic 
impulses from a stationary array of 
magnetic cores. The core array is 
manufactured in sections that are as
sembled inline and precisely aligned. 

The Ferix new thin-film head tech
nology is the basis for another mag
netic printer technique. The head, a 
thin strip of metal manufactured by 
a wet chemistry process, consists of 
a 16 x 8 array of magnetic elements. 
Since the head is flexible, it is com
pliant to the drum, making critical 
alignment unnecessary. The magnetic 
elements are toroidal and focus the 
magnetic flux through the surface 
of the head strip onto the drum. The 
drum is coated with the mylar ferric 
oxide material used in a floppy disk. 

In the current Ferix printer Model 
800, the head array is moved back 
and forth across the drum like a 

dot matrix printer. The technology 
can provide a higher dot density than 
currently achievable, and can eventu
ally be implemented within a station
ary array. 

Magnetic printing brings with it a 
couple of inherent advantages. First, 
once the drum is magnetized, it stays 
that way until erased or written over. 
This means that once the image has 
been transferred, multiple copies of 
that page can be printed offline with
out tying up the computer. In addi
tion, it is possible to write the page 
in two or more passes-once for text 
and then around again to add bit
mapped graphics . 

The controller difference 
If the function of the marking en

gine can be compared to that of a 
raster monitor, the task of the con
troller is essentially image processing. 
The controller also handles host and 
application interfacing, protocols, and 
in some cases performs job manage
ment tasks (eg, formatting, integrating 
text with graphics, font changes, and 
higher level graphics primitives). 

Perhaps the most basic function 
provided by low cost electrophoto
graphic and magnetic printer con
trollers is emulation of daisy wheel 
and high quality dot matrix printers. 
This is a feature needed to preserve 
the software investment and provide 
upward compatibility. 

(continued on page 36) 

PHOTOCONDUCTOR 
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Like the Ricoh LP4120 laser 
printer, the Kentek K-2 LED 
printer uses a belt of organic 
photoconductor . Light is 
supplied by a 2084-fixed LED 
array across the drum and 
focused through fiber optics. 
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Nonimpact page printers 
(continued from page 35) 

The next most common function is 
to provide multiple fonts, which are 
most often supplied in plug-in ROM 
cartridges. Even at this level the 
printer will require control codes from 
the host that differ from those used 
in present printer driver software. 

As the features and functions of 
the controller multiply, the require
ment for software grows. In some 
cases, such as the 12/300 laser printer 
by Imagen (Sunnyvale, Calif), even 
fonts are no longer considered dot 
arrays, but are made up of high level 
graphic primitives. 

One thing that laser I electrophoto
graphic and magnetic printers have in 
common is that they are synchronous 
devices. Once they have started to 
print a page, they cannot be inter
rupted without ruining the scan. To 
work properly, they must print a page 
at a time, stopping only on an end
of-page code. The computer must 
therefore supply enough data for a 
complete page description on one 
data transfer, and the printer must be 
able to buffer that data. 

MAGNETIC 
SHIELDING 

L 
PHOTDCONDUCTDR 

DRUM 

A full 8 Y2 - x 11-in. page printed at 
240 dots/ in . is equivalent to about 
8.3 million pixels. This translates to 
a little over I Mbyte of memory to 
buffer a full bit map. Add to this the 
memory needed for program storage 
and ROM-based fonts, and the 
amount of memory can exceed the 
address space handling of some 16-bit 
microprocessors. Nevertheless, some 
manufacturers supply a full megabyte 
of memory space, such as Kentek in 
its K-2. Hewlett-Packard supplies 
varying amounts of buffer memory in 
the Laserjet for storing graphic bit 
maps. But few attempt to buffer a bit 
map of an entire page. The data rate 
of a common RS-232 or parallel inter
face would make this unacceptable. 

In the Kentek K-2, the large 
amount of RAM is provided because 
fonts and emulation software are 
supplied on a floppy disk instead of 
in ROM cartridges. The files needed 
are called off-disk by the page 
description sent to the printer from 
the host. Depending on the capabili
ties of the printer, a page description 
can consist of simple text with a code 
for emulation and a few font changes, 

TUBE CONTROL 
ELECTRONICS 

_J 

' "-. LINE SCAN SYNCHRONIZATI ON 

DATA 
INPUT 

("VIDEO") 

The Philips Elpho 20 achieves very high dot resolution (600 dots/in .) by 
focusing the light from a CRT beam onto the selenium drum. 
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or a complex file combining text , 
graphics, and fqrms definition. 

Still, for the marking engine to 
scan, it must refer to a bit map 
buffered in memory. However, if the 
page description is stored in the 
printer in code form, the bit map can 
be created on-the-fly, then buffered 
and scanned in segments . The host , 
having transferred the page descrip
tion, can do other things until the 
printer signals that it is ready for 
another page description . 

Since a page description that results 
in a printed page of some 8 million 
pixels can be complex, the software 
used to create and interpret page 
descriptions plays a key role in the 
acceptance and integration of these 
printers. Software is needed to adapt 
such widely used applications as 
spreadsheets , word processing soft
ware, and database management pro
grams to the printers . It is also 
necessary to give the ordinary user 
the ability to select options that 
satisfy the need to have a "what you 
see is what you get" transition from 
display terminal to printed page. 

Hewlett-Packard's 2688A text and 
graphics page printer, for example, 
can be driven by a number of soft
ware packages that run on HP 3000 
computers. An interactive formatting 
system, IFS/ 3000, allows the user to 
specify fonts, electronic forms, and 
page configurations from a menu of 
predefined forms or to develop custo
mized formats. Graphics may be 
designed from existing Hewlett
Packard graphics software, such as 
HPDRA W, that is able to drive the 
2688A; individual characters may be 
designed using an interactive design 
system. Such characters are defined 
as any dot pattern within a specified 
area. All this software must be run on 
the HP 3000, using specific graphics 
terminals to provide the "what you 
see is what you get" experience. 

Page printer manufacturers that 
are addressing the OEM market on 
a wider basis have a tougher row to 
hoe. They must make their page
definition software flexible enough to 
adapt not only to a wide range of 
application packages, but also to dif
ferent terminals. Such software does 

(continued on page 38) 



Words Alone 
Don't Describe 
The Laser~afiX 

1200 Printer. 
The QMS Lasergrafix 1200 is a breakthrough in 
electronic page printing. But words alone just 
don't describe it. Because QMS designed the 
Lasergrafix 1200 to do so much more than 
words. With a built in intelligent controller that 
takes simple print commands through your 
normal data stream. Built-in applications firm
ware eliminates the need for additional soft
ware-and frees your computer's resources 
for other work. 

The difference is graphic- for all your 
business, scientific and individual printing 
needs. Create forms that have multiple type
faces and letters up to ten inches high-all on 
the same line. CAD/ CAM. Bit mapped and 
vector graphics. Pie charts. Bar charts. Even 
barcodes. At a crisp resolution of 90,000 dots 
per square inch. With a printing speed of 12 
pages per minute. 

And, of course, letter quality word 
processing. 

The Lasergrafix 1200 interfaces with just 
about any computer system. With versatility 
that lets you take business graphics to the limits 
of your imagination. Ask for a demonstration. 
You'll discover that the whisper-quiet perfor
mance of the Lasergrafix 1200 speaks softer 
than words. 

And says a whole lot more. 

BMs· 
GUALITY MICRO SYSTEMS, INC. 

P.O. Box 81250 Mobile.AL 36689 
Telephone (205)633-4300 Telex RCA 266013 

WHERE IMAGINATION LEADS 

D Send me the Lasergrafix 1200 Information Packet. samples 
of mixed fonts. graphics and everything else it does. 

D Please contact me to arrange a demonstration. 

Name: ______ __ Title: ______ _ 

Company: ______________ _ 

Address: _____________ __ _ 

Type of system you are now using: _ _ _____ _ 

Number of print workstations you are considering: __ _ 

Prime applications for printer:----------

QUALITY MICRO SYSTEMS, INC. CD 
P.O. Box 81250 · Mobile, AL 36689 
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Nonimpact page printers 
(continued from page 36) 
not really exist as programs that can 
be compiled and executed in the nor
mal sense; rather, it is embedded in 
a text stream that is sent to the printer 
to control the printer's functions . 

Two companies that provide soft
ware to drive their controllers are 
Imagen (Sunnyvale, Calif) and Qual
ity Micro Systems (Mobile, Ala). The 
imPRESS package by Imagen sends 
codes to the printer to control text, 
graphics, and orientation. The codes 
are entered as binary numbers. 

An imPRESS page description will 
typically consist of 8 to 10 Kbytes of 
text, font changes, and vectors. The 
page description is then compiled into 
a page object of about 20 to 30 
Kbytes. This page object resides in 
the printer's memory and converts 
to raster information on-the-fly as 
the Imagen 12/ 300 laser printer scans 
the drum. Robert Wallace, vice presi
dent of marketing at Imagen, stresses 
that the Imagen controller is not tied 
to laser technology . However, it can 
be adapted to other types of elec
trophotographic or magnetic sys-
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The thin-film 
magnetic head on 
the Ferix Model 800 
passes an array of 
magnetic elements 
back and forth 
across a magnetic 
drum. ASCII text 
and bit-mapped 
graphics can be 
placed in the same 
images on different 
passes of the drum. 

terns by adding a different person
ality board. 

A software package such as im
PRESS is really an OEM tool that 
lets application or system designers 
adapt existing software or lets them 
design user interfaces to create page 
descriptions interactively on a CRT 
with a mouse or another input device. 
The program will generate a page 
description that contains the proper 
imPRESS binary codes. With this 
package, it would be possible, for 
example, to have a program that 
would take input data from a mouse 
and output imPRESS code to drive 
the printer. 

The Quality Micro Systems' QUIC 
language is similar in concept to im
PRESS. Instead of entering binary 
numeric codes for the command, 
however, mnemonics allow a user to 
write the page description with an 
editor. A lot of numeric strings still 
exist and the QUIC code is not readily 
decipherable in its source form. But 
that is not the main purpose of QUIC 
or imPRESS; they are meant to form 
a bridge between applications and the 
printer's capabilities. Both are spe-

cific to their own controller or con
troller family. QUIC runs on the 
Quality Micro Systems line of Laser
graphix machines, which use Canon 
or Xerox marking engines . 

Quality Micro Systems also sup
ports a text and graphics integration 
software package supplied by Adobe 
Systems (Palo Alto, Calif). Called 
Postscript, the package is a page 
description language that uses a device 
independent imaging model that sup
ports a raster image. Fonts, for exam
ple, are defined as outlines that can 
then be given attributes , such as point 
size, fill, and orientation. The user 
writes the page description in terms 
of standard Postscript commands . 
This description is sent to the printer 
controller where it is interpreted by 
a controller-specific interpreter stored 
in ROM. Using Postscript, the user 
can specify text and graphics using 
the same model. 

Nonimpact page printers, be they 
laser, electro-optical, or magnetic, 
appear to have a definite future. They 
are, in reality, low cost, high resolu
tion graphics output devices with 
embedded image processing capabil
ities. As such, the key to unlocking 
their potential lies in the software 
that is developed to drive them and 
to mate existing applications with 
their capabilities . 

-Tom Williams, 
West Coast Managing Editor 
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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 





NO GUTS. 
NO GLORY. 



-

Give your terminals the guts to deliver maximum 
performance at the minimum price. 

Just call us. We already supply the key circuits in 
a third of all the alphanumeric CRT terminals built 
today. And we can supply almost three-fourths 
of the part types you '11 need for yours. 

By putting more and more features on less and less 
silicon, we're making it easier for you to build all 
the right features into your terminals. And you can 
make them more compact, reliable and easy to test. 

With this much going for you, your sales can take 
off. But however high they climb, we've got the 

We've got the parts. 

I Keyboard I I CPU/ Datacomm I <£@ 
8048 8040 8048 2641 2670 
8049 8031 8049 2651 2672 
8050 80C51 8050 2652 2673 
8051 80C31 8051 2653 2674 
2671 80C39 68000 2661 2675 
8035 80C49 68008 2681 2677 
8039 68010 

production capacity to keep up. That assures the 
volume you want at the price you need. And you get 
high quality parts and service in the bargain. 

So phone us toll free or fill in the coupon for litera
ture about our terminal components, including our 
MOS Microprocessor Manual and free samples. Ask 
for the number of your nearest Signetics sales office 
for applications support and further information. 

We'll give you the guts to make it. While reducing 
the price of that glory. 

800-227-1817, Ext. 910 F 
r--------------, 
I I am interested in fi nding out how to get more terminal features for I I my money. Please send me information on components for the following: I 
I O Keyboards 0 CPU/ Datacomm D CRT Displays I 

Name Title 

I Company Division I 
I Address City I 

State Zi 

I Phone I 
I Mail to: SigneticsCorporation, MS2527,8 11 E.ArquesAve., I L _ P.O. Box 3409,Sunnyvale,CA 94~3~ ___ _J 

VLSltrom 



MEET THE STRONGEST 

here's a lot 
more to a Fujitsu 
gate array than 

_ _____ ,,.. glass,gold,and 
aluminum; it's the human element 
that really sets our product apart. 

When you order a Fujitsu gate 
array, you become part of a team. 
You work through your objectives with 
a highly-skilled design engineer who 
knows silicon the way you know logic. 

That way, you combine your 
expertise with ours to shape the subtle
ties of silicon into product advantages. 

Instead of glitches. 
This approach is a good part 

of the reason that since 1974, Fujitsu 
has produced more than 3,000 gate 
array designs - and every one of them 
has worked according to plan. 

Our engineers can help you 
execute designs in a complete range 
of technologies - CMOS, TIL, ECL
you name it. Because the Fujitsu 
team's incredible versatility comes 
from a solid background within each 
of those technologies. 

That's how you get numbers 
like these: 

CMOS 
GATE PROP DELAY GATE 

TECHNOLOGY LENGTH TIME* CO<JNT 

STD CMOS 3.6 µ 7.0ns 700-3900 

HCMOS 2.8 µ 5.0ns 440-3900 

VHCMOS 2.3 µ 2.5 ns 2600-8000 

*2-lnput NAND Gate,F/0 = 2 

BIPOLAR 
POWER 

PROP DELAY GATE DISSIPATION 
TECHNOLOGY TIME* COO NT PER GATE 

LS TTL 1.8ns 500 2.3mW 

LS TTL 1.9 ns 240-1100 0.8mW 

LS TTL 0.95 ns 2000 0.65mW 

*3-lnput NAND Gate, F/O = 1 



TEAM ON THE CIRCOit 

CIRCLE 20 

There are now three fully 
equipped Fujitsu Gate Array 

Design Centers in the U.S.; 
in Boston, Dallas, and 
Santa Clara. There's a 
sophisticated telecom
munications network 
between centers, and 
high-speed leased
line and satellite 
communications 
with FMI host com
puters in Japan. 

Call the FMI Design 
Center nearest you. 
We'll show you how to 
get our team on your 
circuit. 
Boston Design Center 

57 Wells Avenue 
Newton Centre 
Massachusetts 02159 
(617) 964-7080 

All that, 
and a first
class gate 
array design 
team, too. 
With you 
as star 
player. 

Santa Clara Design Center 
3320 Scott Boulevard 
Santa Clara, CA 95051 
(408) 727-1700 

Dallas Design Center 
1101 East Arapaho Road 
Suite225 
Richardson, TX 75081 
(214) 669-1616 

Literature request line: 800-556-1234 (ext. 82) 
In Califomia,800-441 -2345 

FUJITSU 
MICROELECTRONICS. INC. 
Technology that works 
3320 Scott Boulevard, Santa Clara, CA 95051 · ( 408) 727-1700 
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UNIX™SYSTEM V. FR M AT&T. SELLING 
When you start with roducts 
based on UNIX System V from 
AT&T, you can end up closiqg 
the sale. And opening up new 
markets. 
It's another reason why good 
business decisions are based on 
UNIX System V from AT&T. 

More and more of your cus
tomers will be demanding multi
user and multi-tasking systems. 
The benefits of UNIX System V
portability, reliability, flexibility 
-make it the ideal software 

system for this lucrativ market. 
In addition, AT&T "ll sup

port UNIX System, V ·th the 
service, training, arid d umenta
tion resellers need to prosper. 

More choices, 
more opportuni ies 

UNIX System V is virtually 
hardware independent. So you'll 
be able to configure systems 
using equipment from a variety 
of vendors. 

You can use the flexibility of 
UNIX System V as a real selling 

point to customers who want to 
add hardware that is compatible 
with the machines they already 
have. 

And over the long term, 
UNIX System V offers continuing 
opportunities to upgrade and 
expand your customers' systems. 
End-user flexibility translates 
into market opportunity for the 
reseller. 

Software that sells 
UNIX System V offers 

another sales opportunity in 



FROM THE START. 
an area of tremendous potential
customized scpftware. 

You'll be able to sell software 
for a wider range of configura
tions. You'll have more software 
to offer, too. Your programmers 
can concentrate on developing 
new packages instead of rewrit
ing old ones. 

For more information on this 
sales tool from AT&T, send in the 
coupon for a copy of our free 
booklet, "Why Good Business 
Decisions are Based on 
UNIX System V." 

UNIX System V. From AT&T. 
From now on, 
consider it standard. 

- - - - - - CD-02oo.Cii 
ease send the free booklet "Why Good Business 

Decisions are Based on UNIXrn System v:• 

I Mail to: AT&T, P.O. Box 967, 
Madison Square Station, 

ew York, NY 10159 I Name ___________ ----::---
Title _____________ _ 

I CompanY-----------r--
Address ___________ ---t-.,--

I City State Zip _ _,.__ 
My business category (check one): 

I 0 OEM/VAR 0 Software House 
0 MIS/DP M 0 General Business Mgt. 
Other __________ _ 

~~stem ·=e~Y~:.D Do~ _ 
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DoD struggles to balance IC reliability and price 

The Department of Defense wants 
higher reliability in the ICs it buys . 
Suppliers say that the methods re
quested by the United States govern
ment will cost more money. 

This is only one of several dis
agreements over new testing require
ments, spelled out in revisions to 
MIL-STD-883. This document is 
used by the military to define and 
control tests for the reliability levels 
of semiconductors parts it buys. No 
one wants to say it openly, but there 
is deep animosity and suspicion 
among the government, many of its 
major contractors, and the com
panies supplying semiconductors for 
government programs. Some semi
conductor suppliers are saying they 
will not sell parts meeting the new 
standard. And some federal inspec
tors are telling anyone who will listen 
that the manufacturers are supplying 
parts with inadequate testing. 

"I could tell immediately, based 
upon the price-quote, whether a com
pany planned to test the parts to an 
acceptable level,'' said one govern
ment inspector. Unfortunately, he 
says, he doesn't even see those price 
quotes. He is called in after the con
tract has been awarded and parts are 
being produced. 

The government is making no 
bones about its desires; it wants its 
suppliers to use only Joint Army
Navy qualified parts. Darrell Hill, 
chief of the microcircuit qualification 
branch at the Defense Electronics 
Supply Center in Dayton, Ohio, is 
one who recommends the use of JAN 
parts wherever possible. 

Unlike parts previously procured 
under 883, the JAN parts are pro
duced and tested to MIL-M-38510. 
"It allows no exceptions, no waivers," 
says Hill. MIL-M-38510 is the stan
dard document used by the military 
to define the conditions under which 
microcircuits will be manufactured in 
order to attain JAN designation. 
Parts manufactured under this 
method are tested to both the require
ments of 38510 and those of 883. 

On the other hand, major contrac
tors maintain that the cost of JAN 
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parts is so high that they cannot make 
competitive bids if they are forced to 
use those I Cs exclusively. The limited 
number of suppliers who manufac
ture JAN parts (nearly three times as 
many sources exists for non-JAN 
parts), confines buyers to a list of 
fewer than 20 manufacturers. This 
can result in lengthy delivery times 
and cause program delays . 

Prices will escalate 
Costs for a " newly qualified" JAN 

microprocessor range from $600 if 
JAN parts are specified, $60 for MIL
STD-883 level B parts, and $15 for 
industrial-grade ceramic parts. While 
some of the markup fo r the JAN
quali fied parts represents the initial 
certification costs, the price can never 

fall to the level of 883 parts because 
the documentation required by the 
government is so great. 

Even such " mature" products as 
an 8080 still cost in excess of $150 
each , with JAN certification . The 
reasons are that manufacturers must 
impose controls on the process lines, 
implementing a layer of management 
and bureaucracy that is beyond stan
dard industry practices. The govern
ment insists , fo r example, that 
materials used for manufacturing 
JAN parts be traceable by lot num
ber back to the original manufac
turer. In addition, the testing records 
required are far more detailed than 
for other programs. According to 
DESC's Hill , I Cs are tested to one of 

(continued on page 48) 

Can the military shift to all-JAN? 

Widely touted by the general 
press as " built to best commer
cial standards," the Northrop 
F-20 Tigershark program has 
drawn a great deal of attention , 
due mainly to the high perfor
mance it offers at a relatively 
low price. Since the F-20 was 
designed for sale to third-world 
countries, its design was not 

regulated by the same review and control processes that is ordinarily 
imposed on a U.S. fighter development project. 

According to Northrop (Hawthorne, Calif) design manager Herb Stark, 
the avionics were built with military I Cs. " In no case was any component 
allowed in the project unless it was tested to the full requirements of 
MIL-STD-883, level B," he says. 

Honeywell , who provided the inertial navigation system (INS), 
revealed that only Joint Army-Navy level components were used. In fact , 
the INS for the F-20 is a standard Honeywell military product and is 
manufactured on the same assembly line as those destined for use in 
U.S. military aircraft. 

But at Teledyne Systems (North ridge, Calif) , Alan Smeyne, program 
manager for the avionics control computer used in the F-20, says he 
feels that a push toward full JAN parts is a mistake. " First , 38510 can 
get you into a sole-source situation where only one company is autho
rized to make a particular part ," he explains. According to Smeyne, JAN 
approval takes too long . "The newest technology isn 't there [on the 
QPL], and the JAN parts cost more," he says. MIL-STD-883 parts are 
not only adequately tested , he feels , but also a step ahead of JAN parts 
because of the time that it takes to obtain 38510 approval. 

This opinion is reinforced by Mike Campbell , reliability and quality 
manager at In mos (Colorado Springs, Colo). Campbell says, " I've seen 
it take as long a year and a half to get JAN approval on a 64-K DRAM." 



SOS or SOS? 

It's time to be a little choosey. 

If you need integrated circuits for a high-per
formance government, military or aerospace applica
tion, SOS/ CMOS technology is about the only choice 
you have. Nothing else delivers the critical level of per
formance you require. For instance, SOS is 100 times 
more tolerant of transient radiation than bulk CMOS, 
works at far higher temperatures and is completely 
immune to latch-up problems. So what choice do 
you have? 

Well, you may not have realized that you have a 
choice of your source for SOS circuits. That's right, 
RCA is not the only player in the high-performance 
game. ASEA HAFO is one of the most experienced and 
capable manufacturers of SOS/ CMOS in the world. 

While Silicon On Sapphire is imperative for 
many applications, its simpler layout rules, greater 
density, higher speeds and lower power dissipation 
make it highly desirable for many others. The SOS 
experts at ASEA HAFO will be happy to help you decide 
if SOS is right for you. 

After all, now that you know you have a choice, 
you might as well exercise it. 

Contact Michael Orenich. ASEO HAFO, Inc. 11501 
Rancho Bernardo Road, P.O. Box 27255, San Diego, 
CA 92128-0925, (619) 485-8200. Offices in Stock
holm, Paris and Zurich. 

ASEA HAFO 
The Midnight Sun Rises in the West. 

CIRCLE 22 
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DoD struggles 
(continued from page 46) 
three different levels of reliability cur
rently authorized for use in military 
systems. The highest level is JAN 
MIL-M-38510 parts, the next is 
MIL-STD-883 (which itself has now 
only two levels of testing: S and B), 
and the lowest level is Source Con
trol Drawing. 

Military systems designers, how
ever, feel that SCD parts are their 
"ace in the hole." It takes as much 
as two years to get a specific part 
through the JAN approval cycle, and 
two years is a whole new world in 
ICs. As Ralph Cognac, marketing 
manager for Integrated Device Tech
nologies (Santa Clara, Calif), points 
out, "It precludes the latest round of 
technology. Rather than dealing with 
two year old technology, the best mil
itary designers are trying to guess 
what will be available next. They 
have to be excellent prognosticators 
because in the electronic battle, nano
seconds count. They must have the 
very latest technology.'' 

SCDs were devised to allow military 
contractors to use parts that were not 
JAN qualified but , in view of some 
technological edge, were deemed 
essential for a program. In such cases 
contractors submit a justification for 
using such parts. They also create a 
specification and drawing for that 
part, including test requirements that 
are used as the purchasing specifica
tion. "Our first preference is that 
our suppliers procure JAN M-385 10 
microcircuits. That gives them the 
high reliability that we're all looking 
for. That's what we want," says Hill . 

But Al Jonas, mi litary sales 
manager at TRW Semiconductor (La 
Jolla, Calif), predicts not only will 
prices have to go up to meet this 
change in DoD policy, but the new 
policy will cause production and 
delivery disruptions. " How will that 
help the government? " Jonas asks. 

Despite the high cost of the compo
nents, the military claims it could save 
money by using the parts . But there 
may be other reasons for using them. 

First, most government buyers sim
ply do not like MIL-STD-883 parts, 
which they call JAN look-alikes . 
Although they may be screened to the 
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New standards now in place 

With thei r fi nal meeting in December 1984, JED EC Committee J13, the 
Government Liaison Committee for Sol id State Products, settled the 
issue of extensions to the enforcement of Ml L-STD-883, Revision C. 
Hot ly contested by all sides-DoD, contractors, and suppliers-the revi 
sions essent ially support all the demands the government made more 
than a year and a half ago. Although the committee managed to rewrite 
some of the DoD's requirements, those changes were intended to clarify 
t he document, and " made no changes in substance or intent," says 
committee chairperson, Herb Smith , manager of international marketing 
at Burr-Brown (Tuscon , Ari z). 

Some who attended the meeting were in favor of a three-month exten
sion to the clause, demanding that any parts offered for sale as 883 
tested must be in full compliance with all requirements and provisions 
of MIL-STD-883. In short , there may no longer be any exceptions to the 
standard .The only compromise given by the DoD was the inclusion of 
a so-called grandfather clause stating that , " contracts which issued 
prior to 31 December, 1984 may allow the use of 883-B or SCD procured 
parts unt il the conclusion of the contract. " Smith explains that new 
contracts will only be allowed to use ICs which are produced, tested , 
and certified to MIL-M·38510, or are certified to comply with DESC draw
ings. In certain cases, parts " certified to manufacturers specifications" 
may be acceptable to DESC. 

The DESC drawing system, an intermediate step on the path to full 
Jo int Army-Navy approval , is no longer favored by military contractors 
because it is too time consuming. The military, on the other hand, feels 
that it lost control of the parts procurement process used by its con
tractors . " They felt that the continued use of source control drawings 
was underm ining the JAN high reliability program," says Smith . 

He says he bel ieves the new requirements will increase the cost of 
build ing mil itary hardware, but at the same time he sees benefits. "The 
military spares program has been a nightmare," he says. " Now, at least 
every manufacturer will be playing to the same set of rules. Now an 
883 part is an 883 part. " 

Dick Lambert, quality manager at Signetics (Sacramento, Calif), chairs 
the J13.2 subcommittee for micro-electronic devices. He feels it was 
the grandfather clause that subdued the expected debate over imme
diate compliance. Lambert thinks this is shortsighted, because "sooner 
or later the current contracts will run out, and then everyone who wants 
to stay in this business will have no option other than full compliance." 
Given this situat ion , Lambert says his company will assume that all 
requests for quotes received pertain to new contracts, and will respond 
and bid appropriately. " There simply is no other way to play it . We 
rece ive thousands of requests for quotes, and there is no time to inves
t igate whether they are for new contracts or not , because we have to 
respond with in one week. " 

same reliability standards as JAN 
parts, suppliers of these parts are not 
required to have the same government 
inspections and approval of their 
production lines . This line certifi
cation process is expensive and the ap
proval cycle is lengthy. A company 
actually gives up a great deal of con
trol over its own line. Second, SCD 
parts can be used in DoD equipment 
only through a series of waivers, 
whereby the contractor must justify 

the use of unapproved parts. Origi
nally, the DoD intended for the provi
sion to allow the use of parts which 
had not yet received JAN approval so 
DoD contractors could keep up with 
the state of the art. The DoD now 
believes that this avenue has been 
abused by contractors . 

DoD representatives condemn the 
use of SCDs. Some, off the record , 
accused their prime contractors of 

(continued on page 50) 
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OoO struggles 
(continued from page 48) 
using this practice to inflate the cost 
of government contracts. Because the 
development of parts and suppliers is 
considered "out of scope" (ie, not 
part of the price bid on a contract), 
this activity can be billed directly to 
the government, driving up the cost 
of the contract, without technically 
overruning the budget. 

''These SDCs typically run $2000 
to $6000 per drawing," according to 
DESC's Hill. "Some people are mak
ing a lot of money by generating 
SCDs," he says. At Viking Labs 
(Santa Clara, Calif), Gene Hnatek, 
head of that independent test lab's 
microcircuit qualification testing 
department, says, "Some parts as 
common as a TTL quad gate can 
have as many as 4000 to 5000 source 
control drawings in existence which 
specify that one, simple part." 

Contractors counter that they are 
forced to issue SCDs for many valid 

reasons. They claim SCDs allow them 
to hold down the costs of a contract, 
especially in noncritical applications. 
Often, according to the prime con
tractors, SCD parts are required to 
meet contract schedules when long 
delivery times prohibit the use of the 
military parts or when JAN parts are 
inadequate. "But DESC doesn't seem 
to be addressing the problem of cut
ting the time it takes to get JAN ap
proval," says TRW's Jonas. 

Semiconductor manufacturers, tak
ing yet a third perspective, see SCDs 
as a massive paper jam. A few years 
ago, National Semiconductor Corp 
refused to test to contractors' SCDs. 
"I can sympathize," says Hnatek. 
"Software control can be horrendous 
if you start testing to SCDs because 
each company will want a few things 
to be different on each item." But 
semiconductor makers are divided on 
this issue. 

One of the newer companies to 
achieve JAN certification of its lines 

is Zilog (Campbell, Calif). Kirk 
Lemon, military marketing manager 
there, says Zilog is very interested in 
JAN and 883 business. In reference 
to SCD parts he says, ''I am not say
ing that we would turn any of it 
down. It would depend on the order 
and the pricing, but the only SCD 
business we actively encourage is 
where the contractors use our part 
specification for their SCDs. If they 
don't, then we have to take another 
look at the bid." 

But at Fairchild Semiconductor 
(Mountain View, Calif), John Mig
liori, vice president of marketing and 
sales, says his company will remain 
responsive to requests for parts to 
SCD specifications. Viking's Hnatek 
offers this advice to defense contrac
tors: "Don't fool around with SCDs, 
buy JAN parts." 

One of the major issues defense 
contractors and the DoD are debating 
concerns SCD parts, JAN parts, and 
MIL-STD-883. If the DoD doesn't 



want these parts used, why not the 
"JAN look-alikes?" Why did it pre
pare and impose revision C to the 
spec last year, specifically allowing 
the practice? DoD claims it wants to 
increase the reliability assurance 
levels of the !Cs purchased under 
this document. 

Some contractors feel, however, 
that the government simply wants 
more control over fabrication pro
cesses and test procedures. Some also 
feel that the DoD only wanted 883 to 
serve as the master test document for 
JAN-qualified parts, too. And others 
believe that the DoD, (specifically 
DESC) is using the JAN-part issue to 
expand the role of the agency, with 
little regard to overall costs or sys
tems performance. 

Representatives for the govern
ment agen,cies continuously use catch 
phrases to describe the current stan
dards they see as standing in the way 
of the goals of new standards. 
"Truth in advertising" and "JAN 

look-alikes" regularly crop up in con
versation with government officials. 
The DoD's tendency to use catch 
phrases, along with a pronounced 
fondness for speaking "off the 
record" does little to counteract the 
charges from industry. 

The DoD and industry have focused 
their major differences on one key 
paragraph (specifically 1.2.1) of the 
C revision. The DoD insists that too 
many companies have made too 
many interpretations of the testing 
called for under 1.2.1. 

Again, DoD officials revert to catch 
phrases. "What we are talking about 
here is really truth in advertising," 
they say. "If a manufacturer claims 
to test to MIL-STD-883 Rev C, that 
manufacturer must test to all the re
quirements of that document." To 
further this goal, the DoD has already 
discontinued Class C (not to be con
fused with Rev C) testing from 883. 

This was basically the lowest testing 
level, and did not include burn-in 

screening of parts, the most impor
tant single item in component testing, 
according to Hnatek. This leaves 
many manufacturers asking how 
such divergent interpretations of 883 
ever came into existence in the first 
place. Ambiguity, both of meaning 
and wording on the government's 
side, is one part of it. Cost cutting by 
the manufacturers is part of it too, 
the DoD claims. 

A combination of the ambiguity of 
883 and the proliferation of SCDs has 
led to the many recent cutoffs of 
parts from such suppliers as Texas 
Instruments, National Semiconduc
tor, Signetics, Fairchild, and Ad
vanced Micro Devices . 

In every one of these cases, highly 
publicized by the government, the 
problem has been that the named 
manufacturers may have made inno
cent errors of documentation. Also 
in every case, the parts in question 
were purchased according to the 

(continued on page 52) 
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DoD struggles 
(continued from page 51) 
requirements of SCDs, not 38510 or 
883. With the huge number of SCDs 
(over 100,000 currently exist), it is 
nearly impossible for manufacturers 
to effectively review and test to the 
exact requirements of each. 

The manufacturers involved are very 
careful in their response to inquiries 
about the problem. Norman Nuereiter, 
a corporate spokesman at Texas In
struments (Dallas, Tex), explains that 
in recent incidents involving parts 
from his company, there were 6300 
part numbers being manufactured 
and tested for use in military systems. 

Each one has now been reviewed, 
and the formal report of the audit has 
been submitted to DoD. "We found 
nothing but trivial differences," 
Nuereiter says. He blames the SCD 
process for the problems. Since the 
same part can be ordered under so 
many different SCDs, it is very dif
ficult to detect small changes in the 
test requirements if the customer does 
not flag them . But worse, Nuereiter 
dislikes the way his company was 
abused . "It was a disaster because of 

the way the Pentagon used the 
press," Nuereiter says. His complaint 
is that almost daily the Pentagon 
would announce some ramification 
of Tl's testing deficiencies to the 
general press, without hard technical 
details and without thorough back
ground. Needless to say, TI is sup
porting the new DoD stance that 
SCDs should no longer be used. 

But if the procurement of parts to 
an SCD is such a dangerous practice, 
is it much safer to procure JAN
qualified parts? At DESC, 18 ven
dors are qualified to manufacture !Cs 
to the standards of MIL-M-38510. 
According to a DESC representative, 
six vendors were removed from the 
qualified list over the last few years. 
One-third of the JAN qualified sup
pliers had lost their JAN certification, 
at least temporarily. A government 
source said this is a very unusual hap
pening, but any explanation as to 
how the problem developed would be 
pure speculation . 

The major question that remains is 
why has the DoD publicized test 
problems that occur under the SCD 
program, but not the ones that occur 

under JAN-especially since some 
companies appear on both lists? 

Is there a good side? 
Caught up in the turmoil of the 

military market, it is easy to forget 
that the reliability requirements of 
aerospace programs have paid large 
dividends to the rest of the elec
tronics industry. 

Dan McCranie, vice president of 
marketing and sales at Seeq Technol
ogy, (San Jose, Calif), credits mili
tary requirements for many recent 
gains in electrically erasable PROM 
development. For example, the shift 
to TTL-voltage levels for program
ming, instead of higher voltages orig
inally required, and advances in 
packaging were among those gains. 
"Military requirements are so high 
that they are still driving the advance
ment," Mccranie says. "For exam
ple, the market went to leadless chip 
carriers, almost overnight, to achieve 
the densities that were needed. And 
the military has provided the major 
push toward reliability in the 
EEPROM market.'' 

-Bill Furlow, Senior Editor 

Standardization effort focuses on interchange of design data 

An ambitious standardization effort 
could make it much easier to transfer 
electronic design data among silicon 
foundries, computer aided engineer
ing equipment, and automatic test 
systems. Initiated by semiconductor 
manufacturers and CAE vendors, the 
Electronic Design Interchange For
mat is an attempt to develop a univer
sal format for IC and printed circuit 
board design data. The initial EDIF 
specification, released for public 
review in January 1985, focuses on 
design and layout information for 
gate array and semicustom !Cs. 

"EDIF is an attempt to describe 
any electronic design in a standard 
way, so that somebody else can 
always read and understand it," says 
EDIF committee chairperson Dick 
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Smith, director of computer aided 
design and engineering at National 
Semiconductor (Santa Clara, Calif). 
To accomplish this wide-ranging 
goal, EDIF proposes a Lisp-like syn
tax to define every phase of design
including cell libaries, netlists, mask 
layouts, test and simulation data, and 
documentation. Hardware descrip
tion languages are nothing new, but 
most are proprietary, and none have 
attempted to convey the range of 
information proposed by EDIF. 

Since ED IF defines the postpro
cessing of design data, it should be 
transparent to engineers. However, 
EDIF will permit engineers to trans
fer design data among CAD/ CAE 
tools from different vendors. Ulti
mately, it will allow transfer of design 

data to silicon foundries and test data 
to ATE systems, without a clumsy 
interface process. Because the inter
face process is simplified, the data is 
more likely to be correct. 

Wide·ranging effort 
Representatives from Daisy, Men

tor Graphics, Tektronix, Motorola, 
National Semiconductor, and Texas 
Instruments are on the EDIF steering 
committee. Many other companies 
participate on EDIF subcommittees . 
Over 600 individuals from 60 institu
tions in the United States, Europe, 
and Japan are reviewing the specifi
cations. "We've been getting support 
from everybody," Smith says. "It's 
an incredibly needed thing.'' 

(continued on page 54) 
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Inside an EDIF file 

Although EDIF has a syntax similar to Lisp, it is a data structure rather 
than a programming language. EDIF is not executable, and there is no 
specificat ion on how to interact with an EDIF file . An EDIF file does 
not have to be complete at any given time- it can contain partial 
descri pt ions of a design, or of several designs. 

An EDIF f ile has a hierarch ical structure that gets progressively more 
detailed. It may contain separate cell libraries for a number of techno l
og ies . A des ign block po ints to a cell with in a library that contains the 
top level of a des ign . Different representat ions or " views" of a design 
are brought together within each cell. 

A view is a way of looking at design data. For example, a mask layout 
view describes geomet ric fi gures for represent ing mask layout; the 
schematic view defines log ic diagrams; the symbol ic view specifies 
symbolic layouts; and the netl ist view conveys connectivity information. 
A view generally includes an interface block that describes the commu
nicat ion between cells and a contents block that represents the con
tents of the cel l. 

EDIF syntax supports many types of documentation, includ ing com
ments with in test procedures, annotation in drawings, and full textual 
desc ri pt ions of design elements. A status block documents how and 
when the design information was generated . 

Standardization effort 
(continued from page 52) 

CAE companies hope EDIF will get 
them out of the business of designing 
proprietary interfaces . "Now that 
we're a workstation vendor, the issue 
of the Tower of Babel is very much 
our concern," says Henry Alward, 
senior software engineer at Tektronix 
(Beaverton, Ore) and technical coor
dinator for EDIF. "We want to give 
our users the facility to pick and 
choose among foundries, and even 
other workstations.'' 

Motorola plans to use EDIF to 
supply its gate array libraries to cus
tomers. The Phoenix, Ariz company 
also hopes its customers will provide 
routing and simulation data in EDIF. 
"Up to now, we've been using all 
kinds of ad hoc methods, none of 
them very satisfactory," says Mike 
Waters, senior staff engineer and 
EDIF project manager. Motorola 
has eight people working full time 
on EDIF, and plans to use it whether 
or not it becomes a standard, 
Waters says. 

EDIF began in late 1983 as an at
tempt to combine the best features of 
several existing interface formats. 
EDIF's Lisp-like syntax is derived 
from the Common Interchange De
scription Format, a project of the 
University of California at Berkeley. 
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Daisy's Gate Array Interface Lan
guage and Texas Instruments' TIDAL 
hardware description language have 
also contributed to EDIF. 

An evolving standard 
The initial EDIF specification, ver

sion 1.0, is intended to provide all 
necessary information for exchanging 
gate array or semicustom data be
tween a CAD/ CAE system and a 
foundry. The specification defines 
formats for netlists, mask layout, and 
stimulus/ response vectors for simula
tion. It also defines data usually 
provided by foundries, including 
macro libraries, base arrays, logic 
models, and circuit models. 

Topics such as test data formats 
for automatic test equipment, printed 
circuit board layout, design rules, and 
behavioral descriptions will be in
cluded in future specifications. These 
topics are under development by sub
committees . The testing subcommit
tee, with representation from such 
companies as GenRad, Hewlett
Packard, and Cybernetics Technol
ogy, has recently handed the steering 
committee a proposed format for 
transferring data to ATE systems. 

Behavioral descriptions may be the 
most difficult-these provide models 
for the simulation process. Nobody 
has tried to develop a universal stan-

dard for these descriptions before, 
and the variety of simulators available 
will pose a problem. "There are some 
things nobody knows," Alward says. 
"You can't design a model for all sim
ulators; and once you have a model, 
how do you send patterns to it?" 

Addition of procedural constructs 
to EDIF presents another tough issue. 
This would permit such applications 
as control of layout tools. Some sub
committee members have proposed 
links to languages such as Pascal or 
Fortran while others, such as Alward, 
feel procedural capabilities should be 
provided by Common Lisp. 

CAE-to-ATE networking 
Although the initial version of 

EDIF focuses on design data transfer 
between foundries and CAE environ
ments, EDIF will also provide an in
terface between CAD/ CAE systems 
and A TE systems. CAE-to-ATE net
working has become an important 
issue because of the rapidly increas
ing cost of test programming. In the 
absence of an interface standard, a 
number of companies have developed 
proprietary interfaces. 

The goal of the testing subcommit
tee, according to chairperson Daniel 
D 'Souza, is to "allow designers to 
specify a test and directly transfer it 
to an ATE environment-in a way 
that's transparent to the designer." 
D'Souza, staff software engineer at 
Gould AMI Semiconductors (Santa 
Clara, Calif) says EDIF should allow 
engineers to transport test vectors to 
any EDIF-compatible ATE system. It 
will therefore complement, and per
haps ultimately replace, some of the 
proprietary schemes now in existence. 

The current EDIF specification in
cludes stimulus/ response vectors for 
simulation. To extend this specifi
cation for testing, several additions 
are needed: ac and de parametrics, 
chip initializing sequences, and tim
ing information for driving testers. 
The initial proposal from the testing 
subcommittee is basically a proce
dural language for driving a Sentry
type tester. 

Several other efforts are underway 
to standardize design data in
terchange. The Initial Graphics 

(continued on page 56) 
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DIME 

Our 200E hard disk 
drives are the lowest
priced medium capacity 
(13-53 Mbyte) 511.i " drives 
on the market.Technology, 
not compromise, gives 
you this price advantage. 
Our leadership in micro
processor - controlled 
stepper motor design 
has enabled us to 
bypass expensive 
closed loop voice coil 
actuators, giving you 

optimum performance 
at a significant savings. 

This third generation 
of 511.i "drives reflects our 
four years of production 
and field experience. 
Rugged construction 
and ultra- reliable 
performance -as 
expected from Rodime
have been still further 
enhanced. Phone or 
write for our 200E Series 
data sheet and brochure. 

901 Broken Sound Parkway, N.W. • Boca Raton, FL 33431 • (305) 994-6200 
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Some proprietary interfaces linking CAE to A TE 

Company Product CAE Link ATE Link Comment s 

Cybernetics CTAS Tegas-based Viking 200 Part of 
Technology workstations, VLSI tester automatic 
(Eden Prairie, others under test 
Minn) development generation 

package. 

Factron Daisy-to- Daisy Factron Allows 
(Billerica , Mass) Factron workstations board downloading 

interface testers of board 
data, 
stimulus 
vectors. 

Gen Rad Hi post Hilo - 2 logic Genrad Translates 
(Santa Clara , Calif) simulators GR16, logic 

GR18; simulator 
Sentry results. 
VLSI 
testers 

Hewlett-Packard Cadvantage HP, Applicon, HP 3065 For PC 
(Palo Alto, Calif) Racal-Redac, board boards. 

Computervision, testers Reformats 
others CAD 

outputs in 
test system . 

Marconi CAD link Requires .PCB Marconi For PC 
Instruments format Series 80 boards. Also 
(Sunnyvale, Calif) board designs 

testers graphics for 
repair 
stations . 

Sentry Cad port Tegas-based Sentry Translates 
(San Jose, Calif) workstations 20/21 simulator 

VLSI truth tables 
testers into test 

vectors. 

Teradyne Various Lasar - 6 logic Teradyne, Specific 
(Boston , Mass) postprocessors simulator Genrad , packages 

HP board for each 
and VLSI link. 
testers 

Standardization effort 
(continued from page 54) 
Exchange Specification, sponsored 
by the National Bureau of Standards, 
is an attempt to develop a common 
CAD interface language. The Insti
tute for Printed Circuits is defining 
a board-level CAD output format for 
test systems. The Very High Speed 
Integrated Circuits project includes a 
U. S. Department of Defense effort 
to build a hardware description lan
guage. There may be some overlap 
between EDIF and these efforts, par
ticularly when EDIF addresses 
printed circuit board layout. 

EDIF Version 1.0 will be under 
public review for about six months . 
Meanwhile, the companies repre
sented on the steering committee will 
build implementations of their own. 
Specifications may be obtained from 
Henry Alward at Tektronix (Mail 
Stop 92-826, Box 4600, Beaverton, 
Ore 97075). 

-Richard Goering, Field Editor 

SYSTEM TECHNOLOGY 
(continued on page 65) 





ONE OF THE GREATEST 
ARCHITECIURAL BREAKTHROUGHS 

IN MEMORY 
At last, you can get a MOS ROM with on-board 
latches: 
The 2665.AMROM™ from Signetics. 
Now, your 8-bit microcontrollers won't hav~ 
to go out of their way to access the memory. 
Which will save them time. 
It will also save you space. We squeezed all 
64K into a 20-pin thinline 300 mil DIP. 
Making it take up half the room of standard 
8Kx8 ROMs. 

That means more parts on your PC board. Or 
less real estate for your present system. Either 
way, you're going to cut costs. 

But you won't be cutting performance. The 
, 2665's address time is less than 150 ns.When 

deselected, it gets off the bus in less than 45 ns. 

How did we get so much into so little? By 
multiplexing the address/ data. And our ALE 
is programmable. That makes the AMR OM 
compatible with a variety of byte-wide micro-



-

controllers and MPUs. 
Quality is built in, too. AOQ level for 1984 is 
under 100 ppm. Next year, below 50 ppm. 
1985 will be a big year for AMROMs. Our 
128K and 256K parts are on the way. Count 
on us to help you deliver more and more 
advanced 8-bit systems, while using smaller 
and smaller boards. 
Get on board now. Call us toll-free for the 
name of your nearest salesperson. Ask for data 

sheets and free samples. Or write Signetics, 
MS 2527, 811 E. Arques Avenue, P.O. Box 3409, 
Sunnyvale, CA 94088-3409. 
And discover an architectural breakthrough 
you won't soon forget. 
800-227-1817,Ext. 917F 

VLSI trom Sigo_~~ 
AMROM is a trademark of Signetics Corp. 



Did 



you know. 
that you can build a portable, battery-operated computer 
with built-in MODEM and LCD display that synthesizes speech, 
tells time, reads temperature, voltage, or MPH, drives your 
printer, relay, or robot's arm, times events, "sleeps" when it's 
not in use, and, lives in your briefcase! 

And you can get all the ICs from Hitachi. 

• CMOS 4, 8, 16-Bit Microprocessors 
• CMOS RAMs 
• CMOS ROMs 
• CMOS EPROMs 

• CMOS Real Time Clock 
• CMOS Programmable Timers 
• CMOS Peripheral Interface ICs 
• CMOS LCD Drivers 

If you're planning some new "dream" product design 
(perhaps a computer that fits in a matchbox), give us a call. 
We've been doing the "impossible" in CMOS for some time. 
For more information about the CMOS Family, contact your 
local Hitachi Representative or Distributor Sales Office. 

• CMOS Speech Synthesizers 
• CMOS Gate Arrays 
• CMOS AI D Converters 
• CMOS Logic 
• LCD Displays 

FAST ACTION 
To obtain product literature immediately, 

CALL TOLL FREE 
1-800-842-9000, Ext. 6809. 
Ask for literature number 703. 

@HITACHI 
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A World Leader in Technology 

Hitachi America, Ltd. 
Semiconductor and IC Sales and Service Division 
2210 O'Toole Avenue 
San Jose, CA 95131 
1-408/942-1500 
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PROCESS CONTROL INTEGRATED WINDOWED APPLICATIONS 

NOW THINK Of 
SOMETHING YOU CAN'T 

DO WITH A 
PERSONAL PDP-11. 

Over the years, Digital's 
PDP-11™ systems have proven 
to be the most successful 
minicomputer family in history. 
Powerful development tools 
and over 2,000 applications let 
PDP-11 systems do just about 
anything. 

Our Professional™ 300 Ser
ies systems let you capitalize 
on this rich PDP-11 software 
heritage. And they do it with 
desktop economy and conven
ience. That's why we call the 
Professionals our ''Personal 
PDP-11s." 

Now there's almost no PDP-
11 application that exceeds the 
processing range of our Per
sonal PDP-11 family. Because 
we've expanded the line with 
our new, high performance 
Professional 380 workstation. 

INTRODUCING THE 
PROFESSIONAL 380 
WORKSTATION. 

We've given the Professional 
380 workstation our 10-mega
hertzJ-11™ chip set. So it can 
process data up to three times 
faster than the Professional 350™ 
workstation. In fact, the Profes
sional 380 benchmarks like a full 
size PDP-11/44 minicomputer. 
And all of this power fits right on 
your desk. 

We didn't stop just by mak
ing it fast, either. We gave it an op
tional 33 megabyte internal hard 
disk to hold larger data volumes. 
And we doubled the display 
quality to 960 by 480 pixel reso
lution, available in three mono
chromes or color. 

Memory is expandable from 

512 Kbytes to 2 megabytes. Five 
free module slots allow system 
expansion. Many types of pe
ripherals, interfaces, voice and 
communications options are 
supported. 

All of these attributes open 
up a whole new level of PDP-11 
applications to you on the Pro
fessional 380 workstation. Such 
as process control , scientific 
data acquisition and analysis, 
instrument regulation and auto
matic test. There's almost no limit 
to what you can do. 

YOU CAN GROW 
THROUGH THE FAMILY. 

The Professional 380 is the 
leading member of a compatible 
family of engineering and scien
tific workstations. It's priced at 
just $6595 with monochrome 

monitor and keyboard. 
The Professional 350 system 

is our mid-range standard. With 
monochrome monitor and key
board, it's available for just 
$4595. Both our Professional 
350 and Professional 380 sys
tems let you choose 5, 10 or 33 
megabyte hard disk options. 

At just $3595, the Profes
sional 325™ workstation pro
vides a low cost entry to personal 
PDP-11 computing . It's pack
aged with 512 Kbytes of memory 
and an 800 Kbyte dual diskette 
storage unit. 

Both systems can be up
graded to a Professional 380 
workstation. So you can start 
with just as much Personal PDP-
11 capability as you need. And 
add function as you go. 

© D1g1tal Equipment Corporation 1984. D1g1tal , the D1g1tal logo, PDP-11 , Professional 300 Series. Professional 380, J-11 , Professional 325 , Professional 350, P/OS, RSX-11-M·PLUS, VAX, RT-11 , Synergy, ALL·IN·1 and DECnet are 
trademarks of D1g1tal Equipment Corporallon. MS· DOS® and CP/M·800 are trademarks of D1g1tal Research, Inc UCSD-pSystem is a trademark of SofTech Microsystems, Inc. UNIX 1s a trademark of AT&T Bell Laboratories 
VENIX 1s a trademark of Venturcom Idris 1s a trademark of Wh1tesm1ths, Lid RS/11s a trademark of BBN Software Products Corporation . a subs1d1aryof Bolt Beranek and Newman. Inc SNA 1s a trademarkoflnternat1onal 
Bu~ness Machines Corporation 



SCIENTIFIC DATA MANAGEMENT 

YOU CAN USE PDP-I I 
AND VAX SOFTWARE. 

Our Professionals can run 
proven PDP-11 and VAX™ oper
ating systems. P/OS™ is a modi
fied version of our RSX-11 M
PLUS™ multitasking realtime 
software. It provides VAX and 
PDP-11 file structure compatibil
ity, so you can distribute many 
RSX programs among VAX, 
PDP-11 and Professional sys
tems. 

graphics library, the GIDIS™ vir
tual device interface, Tektronix 
4014 terminal emulation, 
NAPLPS videotex protocol , 
and Digital 's ReGIS™ protocol. 
Business graphics tools include 
ATHENA/graph:M MAPS/PRO
graphics™ and the PRO/SIGHT™ 
object-oriented drawing 
package. 

YOU CAN AUTOMATE 
YOUR OFFICE. 

Our new Synergy™ software 
gives the Professional 300 Series 

·~1 ~- I 
r"' 

P/OS also lets you use Digital 
Classified Software. This exten
sive software portfolio offers so
phisticated applications like the 
Supercomp-Twenty spread
sheet and the RDM-300 data 
management systsem. MS-
DOS~ C P M-80° and ,,_...::===m==;;:;:::;:F;~ 
UCSD p-System™ pack
ages let you handle many 
personal computing tasks. And 
with the RS/1™ industry-stand
ard laboratory research system 
and the CT* OS word processor, 
your Professional becomes a 
powerful scientific workstation. 

Many PDP-11 realtime appli
cations are supported through 
RT-11 ™software. For medical and 
commercial uses there's the 
MUMPS operating system. You 
can choose from three imple
mentations of UN IX™ software -
PRONEN1x:M XENIX and 
IDRIS:M And you can use your 
Professionals for 2-D CAD/CAM. 

Sophisticated graphics 
capabilities include the CORE 

a windowing environment to 
support the work you do in your 
office, as well as in the lab. Word 
processing, database manage
ment, personal filing, spread
sheet and statistical graphing 
functions are provided. Up to 
four windows can be active 
simultaneously. 

Or you can offload ALL-IN-
1 ™functions from a VAX system 
host to your Professional, with 
Pro/Office Workstation. ALL-IN-1 
provides industry-leading word 
processing, automatic spelling, 

CAD/CAM 

electronic fi ling, calendar man
agement and electronic mail 
capabil ities. 

ware and software products, are 
engineered to conform to an 
overall computing strategy. This 
means that our systems are 

NETWORKING GIVES YOU engineered to work together 
UNLIMITED RESOURCES. easily and expand econom-

The Professionals let you ically. Only Digital provides you 
access just about any computing with a single, integrated comput-
resource you need - no matter ing strategy direct from desktop 
which computer provides it. DEC- to data center. 
net™ networking software and For more information on our 
the Ethernet local area network Personal PDP-11 s, the Profes-
let you use your Professional as sional 300 Series workstations, 
a distributed workstation to PDP- call 1-800-DIGITAL, ext. 680. Or 
11 and VAX systems, or to other mail the coupon or write to: Digi

tal Equipment Corporation, 200 
Baker Avenue, West Concord, 
Massachusetts 0127 4. 

I'd like more information on Digital's 
Professional 300 Series Workstations. 

D Please send a copy of your 
Professional Series Brochure. 

5""=====~~ D Please have a sales 

Professionals. And directly or via 
gateways, you can access other 
vendors' systems through 3270, 
278013780 or SNA™ protocols. 

In short, there's an excep
tional range of applications that 
you can handle at your desk 
easily and cost-effectively with a 
Professional. 

BEST ENGINEERED 
MEANS ENGINEERED 
TOA PLAN. 

Professional 300 Series 
workstations, like all Digital hard-

Name 

Tille 

Company 

Address 

City 

State 

Telephone 

representative call with 
complete information. 

Zip 

Ext 

THE BEST ENGINEERED 
COMPUTERS 
IN THE WORLD. 
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Some UPS manufacturers have two standards of quality-the 
ultra-exacting quality specifications for their government con
tracts, and the "other" quality they give their commercial 
customers. But not at GPS. 

All GPS uninterruptible power supplies have the high reliability, 
transistor technology pioneered by GPS; plus state-of-the-art 

At General Power Systems, we know that only one 
customer is tougher than Uncle Sam-

o-U."':r:°'°-o 
-:- r,,..-~ 

operating features. Unusually fast transient response, low 
output impedance and excellent efficiency characterize the 
on- line models. Standby units have set the standard with 
2ms transition time. 

you, the OEM. That's why all GPS unin
terruptible power supplies, both on-line 
and standby, are designed, produced, 
tested and inspected with the same strin
gent standards applied to our defense 
products. Components are traceable, 
reporting is exact, testing is multi-level 
and bum-in complete. 

The result is the highest quality stan
dards in the industry's most complete line 
of UPSs-the only UPS products directed 
specifically to OEM requirements. GPS 
on-line models span the range from 500VA 
to 50KVA, while standby units from lOOVA 

- -• .. -
.. I· 

to 2KVA are available. Inquire about our full line 
of options plus OEM customization. 

-··I ... . 

I 
I· 

CIRCLE 30 

So don't settle for second rate quality. Buy the UPSs 
that satisfy the toughest customers-designed for the OEM 
by General Power Systems. 

Call or write today for complete information. General 
Power Systems, 1400 N. Baxter St., 

---= - -.. -
Anaheim, CA 92806-1201, (714)956-9321, 
(800) 854-3469, TELEX 182283. 

GENERAL 
PSWER 
SYSTEftS 
A Division of ALS Corporation 
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Changes in CAE/CAD requirements affect workstation design 

Just when designers of computer 
aided engineering/ computer aided 
design workstations thought they had 
the formula for future products, the 
requirements changed. Designers 
made it a tradition to provide stand
alone systems that could interface 
with a local area network when neces
sary. But they knew those systems 
would need more capability, more 
power, and lower cost. Now, how
ever, at least one company offers a 
" dumb" workstation that must be 
tied into a LAN to access memory. 

Sun Microsystems of Mountain 
View, Calif recently introduced a 
"diskless" version of this " dumb" 
workstation . Sun-2/ 50 workstations 
share a mass storage disk via high 
speed paging over an Ethernet LAN. 
The system runs on Unix 4.2 and is 
based on an MC68010 microproces
sor . From 1 to 4 Mbytes of physical 
memory and up to 16 Mbytes of 
virtual address space per process 
are available. 

Another workstation introduced 
by the company-the Sun-2/160-is 
also based on the MC68010, but has 
standalone capability. It can operate 
in a LAN with compatible equipment 

from Sun or other vendors. Mass 
storage options offer from 71 to 
380 Mbytes of formatted capacity. 
Quarter-inch and half-inch streamers 
are available for backup. 

Both Sun systems have 19-in. color 
displays with 1152- x 900-pixel resolu
tion. Eight color planes can display 
256 colors simultaneously from a 
palette of 16. 7 million. The display 
controller can instantly zoom in inte
ger multiples of 1-16 and pan in incre
ments of one pixel. 

Tektronix (Wilsonville, Ore) has 
also entered the CAE workstation 
field with its 6000 family , consisting 
of the 6100 and 6200 series. All units 
within the two series of "intelligent 
graphics workstations" are software 
compatible. There are distinct differ
ences in capability among the mem
bers of the two families-but all are 
standalone/ network oriented. 

The 6100 series workstations are 
based on National Semiconductor 
NS32016 microprocesssors, while all 
but one of the 6200 series use 
NS32032 CPUs. (The low end mem
ber of the 6200 series uses the 32016.) 
Memory for the 6100 ranges from 256 
Kbytes to 1 Mbyte, storage is handled 

by a 360-Kbyte diskette , and displays 
are either 15-in. monochrome or 
13-in. color. The 6200 offers 1 or 4 
Mbytes of memory, a 40- or 80-Mbyte 
Winchester for storage, and 19-in. 
monochrome or color displays . 

All members of the family are ob
ject code compatible, and most run an 
enhanced version of Unix. One excep
tion, the 6110 instrument controller, 
runs its own realtime operating system 
but executes object programs gener
ated by other family members. 

The Tektronix implementation of 
Unix includes major features of Sys
tem V and Berkeley 4.2, along with 
local area networking and demand 
paged virtual memory for execution 
of very large programs. Language 
support includes compilers for For
tran 77, C, Pascal, and the proposed 
ANSI Basic. 

Interfacing options are based on 
"industry standards" : RS-232 and 
RS-422, IEEE 802.3 Ethernet, Cen
tronics, Multibus, Small Computer 
System Internee, and IEEE 488 . Tying 
workstations into an Ethernet-based 
LAN makes them compatible for com
munication with Digital Equipment 

(continued on page 66) 

Elements of Tektronix 6000 family 
workstations interface with one 
another on an Ethernet-based local 
area network to make up the unique 
system required for a specific 
computer aided engineering/ computer 
aided design application. The system 
can be used for either mechanical or 
electronic design and analysis as well 
as process control. 
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Changes in CAE/CAD 
(continued from page 65) 
Corp VAX computers running VMS
compatible Unix versions. 

DEC's V AXstation I, also intended 
for CAE/ CAD engineers, is claimed 
to be the Maynard, Mass company's 
"first true 32-bit single-user worksta
tion system." The unit is based on a 
MicroVAX I computer and provides 
VAX/ VMS operating system re
sources, including high resolution 
graphics and multiwindowing capabil
ities. The Graphical Kernel System, 
which DEC considers to be "the 
emerging industry standard," is 
supported by this workstation. Con
nection to DECnet/ Ethernet LANs 
provides access to larger VAX com
puters or workstations. 

The system monitor is a 19-in., 
60-Hz, noninterlaced monochrome 
display with a 960- x 864-pixel resolu
tion. Full-page documents and multi
ple windows can appear concurrently, 
including both DEC VTlOO and Tek-

tronix 4014 terminal emulation. A 
basic configuration includes a 
1-Mbyte main memory, 1-K x 2-K 
bit-mapped video RAM, dual 400-
Kbyte 5 \/.i-in. diskette drive, 31-
Mbyte 5 \/.i-in. mini-Winchester drive, 
19-in. monitor, and a mouse. The 
Ethernet interface is an option. 

Ethernet interfacing will also be 
provided in the D-2300 CAE/ CAD 
workstation from McDonnell Douglas 
Automation Co (McAuto) of St 
Louis, Mo. This tabletop design sta
tion is still in prototype stages of 
development, but it has been shown 
at industry conferences. Production 
models will not be available for 
some months. 

This workstation offers dynamic 
viewing of "extremely realistic" 
three-dimensional shaded models
including rotation and translation of 
shaded and hidden line displays. A 
Megatek Merlin 9200 graphics engine 
allows a display of up to 3072 x 2304 
addressable and viewable positions. 

McAuto claims this pixel phasing 
technology allows for "highest num
ber of addressable display positions 
available in an engineering design sta
tion." Furthermore, up to 4 Mbytes 
of displayless memory are available. 

Dual monitors are included in the 
system. A 19-in. color graphics screen 
provides a choice of 4096 colors for 
surface shading from a 16. 7-million 
color palette; a 12-in. monochrome 
screen functions as a message monitor. 

Aria-a standalone color worksta
tion from Applicon of Burlington, 
Mass-is a VAX/ VMS compatible 
graphics processor. It is based on a 
32-bit CPU and includes a 13-in. 
color graphics terminal, 3 Mbytes of 
memory, and a 160-Mbyte built-in 
Winchester disk. The 8-color termi
nal has 672- x 504-pixel resolution 
and is driven at 60 Hz, noninterlaced . 
All of the company's BRA VO! soft
ware required for two- and three
dimensional design is included. The 
Aria workstations can be used as 

l'ulltsu: World-Class 
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standalone systems, but they can con
nect to an Ethernet or DECnet LAN. 
In this configuration, multiple work
stations can be linked to the com
pany's NetServer to access peripherals 
and mass storage resources. 

Celerity Computing's (San Diego, 
Calif) C1200 professional worksta
tion comes in two versions. Both 
claim to execute 2 million single
precision and 1.5 million double
precision instructions/s. Up to 24 
Mbytes of physical memory and up 
to 720 Mbytes (formatted) of inte
grated disk storage can be included. 
A quarter-inch streaming tape drive 
is built in for backup. The system 110 
bus is Multibus compatible for inter
face to peripherals. 

System software is based on the 
Berkeley 4.2 version of Unix. The 
graphics support library is compatible 
with SIGGRAPH Core standards. 
Interconnection can be made to sys
tems of other vendors that are com
patible with 2780/ 3780 protocols. 

The two systems have different 
graphics display subsystems; both are 
color. A high resolution version has 
a 1280- x 1024-pixel, 19-in. display 
with up to 24 bit planes of image 
memory, yielding a palette of 16. 7 
million colors. Update speed is 9.5 
ns/pixel. A medium resolution ver
sion has a 640- x 512-pixel, 17-in. dis
play window. Vector writing rate is 
1 million pixels/ s. An RS-232 19.2-
kbaud interface is provided. 

Future workstation designs differ 
The future of workstations is tied 

to networking, according to Dr Alex 
N. Beavers, president of Applicon. 
"There is a need for more powerful 
local processing, a lower cost of 
ownership, and more features and 
capabilities on a local basis." He says, 
however, "We realize that engineering 
workstations by themselves are not 
the total solution. In fact, an interest
ing side effect of engineering work
station technology is the need to 

manage data and data bases over 
networks-to provide network level 
functionality.'' 

Many others in the field agree a 
need exists for dual capability. Jeff 
Barnell, hardware product manager 
at McDonnell Douglas Automation 
Co, for example, said he feels his 
company's workstations are designed 
as standalones even though they 
interface to Ethernet. "Intelligence of 
the design station keeps the amount 
of information being passed on the 
line relatively low. The only time the 
[workstation needs] to talk to the 
host CPU is for a database modifica
tion," Barnell says. 

Networking capability, of course, 
implies compatibility-with the prod
ucts of only one company or with 
those from a number of manufac
turers. Ted W. Gary, marketing 
manager of Tektronix engineering 
computing systems, says he believes 
"major customers want compatibility 

(continued on page 68) 

Id-Class Components Update: 

connectors are not equal. 
dltfentnce. The difference Is Fujitsu. 

For example, take the U-contact for terminating 
the flat cable. Fujitsu's exclusive design gives 
you four cutting edges. These edges pierce 
the insulation twice in the same pface to 
make certain the insulation has been re
moved where the U-contact makes 
connection to the flat cable. Fujitsu's 
U-contact maintains very ti~ht toler
ances to ensure the reliability of the 

connection between 
u-con••" the flat cable and the con

nector. Fujitsu IDC connectors 
will accept 28 AWG stranded 
or 30 AWG solid wire. 
Another example of Fujitsu's 
reliability is our own dual beam 
contact design. This design 
assures you a positive contact 

World-Class Components 
Part of Tomorrow's 

Technology 

111111 111111111111 

FUJITSU 

111111111111111111111111111111 
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ith the mating connector 
time. The connector 

and other insulating parts 
are fabricated from a flame

retardant, UL94V-O rated 
PBT. This plastic resin-used 

in the insulating connector 
components-is impervious to 

chemical cleaning agents. 
Fujitsu's FCN-700 Series offers 

you a wide variety of connectors, including 
headers, sockets, transition connectors, card 

edge connectors, a full line of D Subminiatures 
and Delta ribbon connectors. 

Fujitsu connectors have all been designed to provide 
superior reliability as interconnect devices in electronic 

equipment, and they're all described in our literature. 
Circle the number shown below and we'll send you a copy. 

For World-Class components at competitive prices, 
choose Fujitsu. Call your Fujitsu distributor today. 

Component Division Fujitsu America, Inc. 
918 Sherwood Drive, Lake Bluff, IL 60044 
(312) 295-2610 Telex: 206196 TWX: 910-651-2559 
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Changes in CAE/CAD 
(continued from page 67) 
among their different disciplines." At 
the same time, "many companies are 
predominantly-but not totally
either mechanical or electrical. And 
the electrical engineers must be able 

Featuring the 12.SMHz 68000 with 
four multi-protocol serial ports. 

This is a powerful single board computer 
designed for your high performance 
applications like engineering work stations 
and real time process control. Look at 
these features: 

• Motorola's 16/32 bit, 12.SMHz 
MC68000 standard (I OM Hz 68000 
and 68010 optional). 

• 256K or 5 I 2K bytes of dual ported, 
zero wait state RAM with parity. I MB 
or 2MB are future options. 

• (4) multiprotocol Asynchronous/ 
Synchronous RS232C ports with baud 
rates up to 1 OOOK baud. 

to talk to the mechanical and vice 
versa, or at least talk to a common 
data base," he says. "Having a family 
of workstations that can interface 
over a common network provides the 
compatibility necessary." Emphasis 
for future CAE workstation develop-

• Optional memory management. 
• One iSBX* connector-and more! 

Software packages available range from 
VERSAbug** monitor/debugger to 
Realtime executives and target operating 
systems in silicon. 

Omnibyte gives you a reliable, high 
performance product at a reasonable cost. 
Our boards are backed by our famous 2 
year limited warranty. 

Call Peter Czuchra, Marketing Manager, 
for a free data sheet. Or send $I 0.00 for 
a detailed technical manual. 

•iSBX .n:t Ml.*ibus .nu.oirnm rllntel Corporaion. 

• •VlRSAbui is I ~cl HocoroY. Inc. 
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ments at Tektronix will be along three 
directions, according to Gary. '' One 
is providing the range of processing 
power. The second is the range of dis
play cases. And the third is software," 
he says. "We are continuing to invest 
in these areas-with the intent to 
improve performance and reduce the 
price where that is possible." 

Gary says he sees a need for stan
dards, and feels that Unix has almost 
become a de facto standard for oper
ating systems already. "Even though 
there are several variations of Unix, 
such as System V and Berkeley 4.2, 
there is enough commonality among 
them to maintain compatibility. So 
much software is being developed for 
Unix that you have more options 
with Unix workstations," he says. 

Some networking standards exist, 
he adds, "but no one standard is over
whelming." The one receiving the 
widest acceptance for some time, is 
the IEEE 802.3, he maintains. This is 
the Ethernet standard with TCP / IP. 

The direction developments are 
likely to take in the next two to five 
years, according to Jeff Barnell of 
McDonnell Douglas, "will be toward 
a series of low to medium range work
stations, each having its own pro
cessor integrated into the graphics. 
Above that you will see very high per
formance, fully animated graphics 
design stations, requiring a great deal 
of power." 

Midrange terminals, however, will 
be able to do anything that high end 
terminals do now. Some of the dedi
cation to specific tasks now existing 
on high end systems will be dropped. 
High end terminals, therefore, will be 
able to get maximum use of each fea
ture integrated into the software. 

-Sydney F. Shapiro, 
Managing Editor 

SYSTEM TECHNOLOGY 
(continued on page 76) 

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. 



DecouP-ling N /:._\Yb:( 
Techfile Series 

TECHNICAL INFORMATION FROM THE LEADER IN MLCs 

MLC Decoupling of 256-K Dynamic RAMs 
A dynamic RAM's sensitivity to 

decoupling-induced "soft-errors" (ran
dom loss of one or more bits of mem
ory) increases dramatically with higher 
speeds, higher density, and an 
increased number of sense amplifiers. 
The new 256-K DRAM designs have 
large, instantaneous current demands 
which must be satisfied by a local cur
rent source. 

That source is the decoupling 
capacitor directly adjacent to the RAM 
package. And the capacitor most often 
used for this application is a multilayer 
ceramic capacitor (MLC) because of 
its low series inductance, low series 
resistance, and high capacitance in a 
small size. 

Test Results 
Tests were conducted by AVX on a 

256-K DRAM memory board to deter
mine the noise level obtained with var
ious values of MLC capacitors. Figure 
1 compares the results obtained using 
256-K DRAMs with those from similar 
board tests on 64-K DRAMs. As indi
cated, 0.33-µfd capacitors are 
required on the 256-K DRAM board to 
obtain a noise level equivalent to t:1at 
obtained using 0.1-µfd capacitors on 
the 64-K DRAM board. Performance 
improvements on the 256-K DRAM 
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w ' \ . µ 
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Fig. 1. Decoupling characteristics for 
64- Kand 256-K DRAMs with AVX MLC 
capacitors (including V-bump and 
V-droop). 

test board leveled off between 
0.33-µfd and 1.0-µfd, indicating that 
the preferred value for decoupling is 
about 0.33-µfd. 

Figure 2 shows the scope traces 
obtained during refresh cycle on the 
256-K DRAM test board with a 0.33-
µfd AVX MLC. In all tests, the general 
decoupling scheme used was one 
MLC capacitor for each DRAM, with 
no board-level bulk capacitors. 

Discussion 
General-application ceramic formu

lations, such as Z5U, show considera
ble change in capacitance with tem
perature. However, this change has 
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Fig.2. Scope traces for refresh cycle on 
256-K DRAM test board with 0.33-µfd 
AVX MLCs. 
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TEMPERATURE. ·c 

Fig. 3. Effect of temperature on 256-K 
DRAM decoupling with 0.33-µfd AVX 
MLCs (Z5U) . 

little affect on the total noise level for 
256-K DRAM when the correct value 
is chosen. Thus, the 0.33-µfd value is 
high enough to meet the 256-K 
DRAM's current requirements over its 
full operating temperature range, as 
shown in Fig. 3. 

For a complete technical paper 
describing these tests in detail, com
plete and return the coupon below. 

r-----------, 
0 Please send me the AVX Technical 

Paper, "Decoupling 256-K DRAMs:· 
0 Please send me literature 

describing AVX MLCs 
O Please send me samples 

Name __________ _ 

Title ___________ _ 

Company _________ _ 

Address __________ _ 

City ___________ _ 

State _____ Zip, ____ _ 

Phone __________ _ 

Send to: AVX Corporation, Dept. 25, 
PO Box 867, Myrtle Beach, S.C. 295n 

/•\V/l'( Technolo~ 
/ft\ I h . For The Times ___________ .J 

AVX and AVX TechFile are trademarks of AVX Corporation. 
~' 1984 AVX Corporation. 



There Are Only Two Things 
New Tested Pairs 

The Testing. 

OEMs face major problems trying to 
decide which hard disk drives uild 
into their microcomputer stems. What 

with the wide range of drives, and so 
many tiidden costs associated 
with evaluation, testing and 
integration, the process 

----l'Jm:rm~:nirnme-consuming and cosll hassle. 
But there's a way out-from the company that's 
helped solve OEM disk controller integration prob
lems more often and over a longer period of time 
than anybody in the business. That company is Xebec. 
From standard-setting to vertical 
int ration. fr ~ UJ· lW~llli:nL 

the act" drive testing for many of our OEM cus
tomers, we have decided to offer a "before the fact" 
program. We'll guarantee quality and reliability 
by assuring a match between our zero defect 
controllers and a choice of drives in different 
capacities and form factors. 

you're considering and we'll test 
them on Xebec-designed equipment 
against the most rigorous standards 
in the industry. Standards we at 
Xebec have set. Then we'll tell you 
which of our controllers is the best 
match for that drive-or we'll cus-

in computer-aided design to the 
total commitment to the most auto- accelerate your time to market. 
mated manufacturing technologies, The Edge In Controller Technology. 
Xebec has demonstrated its leader- Xebec controllers are well known as the best in the 
ship position in supplying micro- industry. Their single-board designs incorporate MOS 
computer storage solutions. microprocessors and the latest standard cell and sur-
Tested Pairs. The Gua~r.;;:a;;;;n;.:t;;::e;;::ed=-M=a:.:t;.:c;:::h=-.-----~f~a~ce~m::"!o~u~n,...t~I':':C-:-:ote:":>:c:-::h~n~o~lor.igy~.~C:':':o:-:m~~at"'"ib"l:":'e:-w=it~h:-s:::-ta~nred:-a-r_d_ 
With its new tested pairs program, Xebec solves a m er aces, our con o ers ave se e pace w1 
major industry problem: post-delivery drive failure sophisticated data separation, advanced error detec-
when interfaced to the controller. Having to do "after tion and correction, hard-fault isolation, a high-level 

CORPORATE HEADQUARTERS 
2055 Gateway Place, Suite 600 
San Jose. California 95 11 0 U.S.A. 
(408) 287 ·2700 



And The Pairing. 

command set and other performance and reliability 
features. 

Now these superior controllers can be paired with 
high-quality, Xebec-qualified drives. And you save 
time and money on evaluation engineering, incoming 
inspection, and service-while gaining a single-source, 

How Xebec Does It. And Why. 
Xebec can offer its tested pairs service to OEMs 
because of our commitment to quality. Zero defect 
quality symbolized by our "Xero D" 
signature and demonstrated by our 

· · · ·vr integration. 
superior computer-aided design, 
manufacturin,B and testin . Our 
talented people. Our experience. 
That's how we can provide high
quality products for prices no more 
than products that deliver a lot less. 

The Front Line Of Drive Testing. 
We were recently asked to design and 
build a disk drive tester for one of the 
world's largest OEMs. We'll be using that 
tester to analyze disk drive performance 
~or yo~. Full environ~enta~ testing, 

functional testing at elevated tempera
tures, with read/write tests at marginalized 
voltages. Careful calculation of hard and 
soft bit error rates. Complete checking 
of FCC and other agency emission stan
dards. We'll make sure any drive meets its 
stated s ecifications and erformance 

~offer our tested pairs? Why originate a new 
concept in quality? Enlightened self-interest. Because 
if we don't someone else will. Frankly, we w_a,_n_t_t .... o _____ _ 
contmue to enjoy the benefits of our leadership 
position as much as our customers do. 
Call Xebec today. Pair up with one of our 
representatives to find out more about ~ " 
how Xebec tested pairs can ~ 

__ b_e_nefit you. ' 

SAID, INTERNATIONAL, 
Belgium 

SALES, U.S.A. 
Sunnyvale, CA (408) 733-4200 
Irvine, CA (714) 851-1437 
Atlanca, GA (404) 457-9872 
Boston, MA (617) 740-1707 
Dallas, TX (214) 361-0687 
Baltimore, MO (301) 992-7377 

U.S.A. AND CANADA DISTRIBUTORS 
Kierullf 

32·02 -762 -9494 
England 
44-734-693511 
Icaly 
39-6-350201 Federal (301) 621-3010 

Chicago, IL (312) 931-1420 

Hamilton·Avnet 
Avnet Electronics 
Hamilton Electro Sales 
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Today, you can design the most sophis
ticated computer hardware imaginable. But 
if the system elements cannot interface at 
optimum data rates and performance levels, 
the effectiveness of your computers could 
be lost. 

That's why we're now introducing the 
AT&r ODI.!" Lightwave Data Link: the high 
performance data link. 

A product of the outstanding design 
capability and experience of AT&T Bell 
Laboratories, these state-of-the-art links 
will grow with your customers' data com-

munications needs. With data rates up to 
200 Mb/s, low transmission losses and low 
error rates, our data links will assure your 
computers' ability to meet the future. 

And AT&T offers the complete system. 
This includes all the required components
from the transmitter, through the cable and 
associated connectors and hardware, to the 
terminating receiver. You also get the com
mitment to customer support and user 
training services youtl expect from the lead
ing name in communications. Let us help 
you design a computer system with built-in 



growth, not obsolescence. For more in~or
mation, write: AT&T, Dept. CG, 555 Umon 
Blvd., Allentown, PA 18103. Or call: 1-800-
372-2447 (toll free) or 1-201-771-2601. 

ATs.T 

~-------------------------~ 
AT&T, Dept. CG, 555 Union Boulevard 
Allentown, PA 18103 

O Please send me information on AT&T ODl.!" Lightwave Data Links. 
O Let me know how I can get a 40 Mb/s Data Link models kit. 

Name (please print) Title 

Company 

Address 

City State Zip 

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



de it for 
odreasons. 
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We established a precedent on better than 150,000 desktops with our terminals. 
More performance, with more style, in less space, for less money. So when our 
terminal customers got ready to include PCs in their plans, they didn't think 
they should have to settle for anything less. Or pay more. 

We agree. And now you can get the WYSEpc with IBM compatibility in 
hardware, software and expandability. 

We've thoroughly tested more than 350 software packages and accessories. 
It runs even the acid-tests-Lotus 1-2-3 and Flight Simulator-beautifully. 

Our unprecedented $1995 price includes dual floppy drives , mono
chrome 14" tilt/swivel monitor, height-adjustable keyboard, 256K RAM, two 
serial ports, one parallel port, MS-DOS with OW-BASIC-and more. 

There's also an IBM PC/XTcompatible model with a IO-Megabyte 
Winchester disk, and a color graphics option. 

For more information, call the regional office nearest you. 

WYSE 
I I I I 

Regional Sales Offices: 
Northeast (201) 725-5054 
Southeast (305) 862-2221 
Midwest (313) 471-1565 
Southwest (818) 340-2013 
Northwest (408) 559-5911 

IBM and IBM PC/XT are trademarks of International Business Machines Corporation. Lotus 1-2-3 is a trademark of Lotus Development Corporation . 
MS-DOS and OW-BASIC are trademarks of Microsoft Corporation . 
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Testability analysis becomes commonplace in CAE environment 

The growing complexity of VLSI 
makes it harder to design products 
that can be tested. Because untestable 
products usually come back for 
expensive redesign, testability is 
becoming a concern in the design 
environment. As a result, many com
panies are turning to testability analy
sis, a software tool that provides an 
evaluation of testability and suggests 
ways to make designs more testable. 

Testability analysis is usually sold 
with a fault simulator, a program for 
determining the fault coverage (the 
percentage of nodes that can be 
tested) for a given set of test vectors. 
Generally, testability analysis runs 
after the design verification stage. It 
is usually an interactive process in 
which an engineer modifies a design 
until it reaches an acceptable level of 
testability. Test vectors are then gen
erated, and the fault simulation is run 
to see if the vectors adequately test 
the product. 

Proponents of testability analysis 
say it provides an easy way to help 
designers build testable products. 
Since fault simulation is a computa
tionally demanding process, testabil
ity analysis can be used first to ensure 
that adequate test coverage is possi
ble. In addition, testability analysis 
can help identify such design errors 
as opens and shorts . 

"Testability has been the domain 
of the test engineer in the past,'' says 
John Hengesbach, product market
ing manager for the GenRad (Santa 
Clara, Calif) HIT AP testability 
analysis program. "Now we're tell
ing the design engineer he has to pro
duce a testable design. HIT AP gives 
him a tool to do that.'' Hengesbach 
notes the demand for such programs 
has been fueled by the advent of 
semicustom ICs. 

However, testability analysis is not 
without its critics. Prabhu Goel, 
designer of the AIDSSIM fault simu
lator and president of Gateway 
Design Automation Corp (Littleton, 
Mass), maintains that "testability 
analysis is being oversold. It's very 
hard to correlate the measures it gives 
with the actual test coverages you 
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PHYSICAL PROTOTYPE ANO 
DESIGN VERIFICATION i-- LAYOUT 

..__ MANUFACTURING 
TEST 

t I 
TESTABILITY I TEST TEST 

ANALYSIS t--- -1 PAnERN i-- PROGRAM 
GENERATION TRANSLATION 

1 
FAULT 

SIMULATION 

Testabili ty analysis is generally run after the design verification stage. 
The engineer modifies the design and adds test points until it can be 
adequately tested. Test patterns are then generated and faul t simulation 
determines the fault-cowrage percentage for a specified set of 
test vectors. 

come out with." Although other re
searchers have voiced the same criti
cism, vendors of testability analysis 
programs claim proper use of the 
programs will give useful and accu
rate results. 

Controllability and observability 
Testability analysis measures con

trollability and observability by 
examining each node in a product. 
Controllability is the ability to con
trol a logic value at a node from a 
primary input. Observability is the 
ability to observe the node at a pri
mary output. Although each node 
has controllability and observability 
values, testability analysis reports 
usually provide maximum and aver
age values for a circuit. 

The Calma (Austin, Tex) COPTR 
program and the Daisy (Sunnyvale, 
Calif) Testability Analyzer are based 
on the Sandia Controllability/Observ
ability Analysis Program (SCOAP). 
This algorithm, developed at Sandia 
National Labs in Albuquerque, NM, 
provides six values: combinational-0 
and combinational- I controllability, 
sequential-0 and sequential-I con
trollability, and combinational and 
sequential observability. The higher 
the value, the less testable the circuit. 

Combinational-0 and combina
tional- I measurements show the 

number of nodes that must be con
trolled to set a given node to 0 or 1. 
Sequential-0 and sequential- I mea
surements represent the number of 
logic states that must be set before a 
given node can be set to 0 or I. Com
binational observability measures the 
number of nodes that must be set to 
observe a given node, while sequen
tial observability measures the num
ber of logic states that must be set to 
observe a desired value. 

Both Calma and Daisy have en
hanced the original algorithm. Calma 
adds a seventh value for test observ
ability called "testability" that shows 
the number of nodes required for a 
sensitized value to be observed at an 
output. A sensitized value is one that 
changes when a fault is introduced in 
a circuit that is presumed to be good. 
Testability can differ from combina
tional observability if the output of 
a node is observable only through an 
unpredictable element. 

Calma's COPTR program also 
serves as a kind of pathfinder for its 
automatic test generation program. 
Observability values identify the fan
ins most likely to result in the pro
pagation of a fault to an output. 
Controllability helps the automatic 
test generation program select most 
promising paths and patterns for 

(continued on page 78) 
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Testability analysis 
(continued from page 76) 
sensitizing. COPTR is part of the 
TEGAS-5 based TCAT package. It 
includes the automatic test generation 
program and a fault simulator. 

The Daisy Testability Analyzer 
speeds up SCOAP by adding selective 
trace, event-driven techniques. It also 
provides test point insertion com
mands. These recommend the place
ment of test points and allow the 
engineer to add test points without 
having to edit the original circuit 
drawing. The Daisy analyzer runs off 
the same data base as Daisy's fault 

simulator and logic simulator. This 
allows it to share common libraries 
with other Daisy design tools. 

Return to CAMELOT 
GenRad's HITAP is based on the 

Computer Aided Measure of Logic 
Testability (CAMELOT) algorithm, a 
product of Sears Computers in the 
United Kingdom. CAMELOT pro
vides normalized values for controll
ability and observability, with a range 
between 0 and 1. CAMELOT does 
not provide separate combinational 
and sequential measurements, nor 
does it distinguish between 0 and I 

controllability. However, HITAP can 
distinguish input that will have a 
direct effect on output from input that 
will have a clocked effect on output. 

"SCOAP has a large number of 
controllability and observability cri
teria," says Hengesbach. "It goes 
through and acts like a simulator to 
determine how the paths affect each 
other. CAMELOT has a set of equa
tions that solve the problem from the 
outside going in." This approach, 
Hengesbach suggests, makes CAME
LOT-based programs faster and 
easier to use. 

(continued on page 81) 

This sample report from Daisy's Testability Analyzer gives maximum and average values for controllability 
and observability. It also shows how values are improved by the addition of test points. 
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The Technology 
Of Commitment 

" ... investing $675 million in plant expansions 
over the past five years assures reliable 

capacity today." 

!'/IN. Buua.:, 
Ferdinando Beccalli 

General Manager. 
Marketing Department, 

LEXAN Products Division 

" How does a business demonstrate commit
ment to its industry and its customers? One 
way is to point to capital investment in pro

duction facilities and equipment in anticipation 
of marketplace demand. At GE Plastics, investing 

$6 75 million in plant expansions over the past 
five years assures reliable capacity today. More 

importantly, we'll invest another $1.5 billion 
before 1990 to be prepared tomorrow. 

But capacity is only one measure of 
commitment. It's the sum total of all 
the things a company does to foster 
mutual growth. It's GE scientists and 

engineers constantly refining existing 
polymers and inventing new ones 

to meet emerging needs. It's GE 
people in the field at district offices 

and Application Development Centers 
all around the world, exchanging 

experience and problem-solving ideas. 
It's designers and molding specialists and 

finishing experts and people who know agency procedures ... 
and it's the fact that they're readily available to assist in your programs. 

When you consider all the resources we offer and all the people whose 
function isn't to write orders but to optimize your use of our resins, it's 
clear that GE Plastics really does make a technology of commitment." 

Call (800) 422-1600 and request our Global Directory. It's the first 
step in putting GE Plastics' commitment to work for you. 

GE PLASTICS 
THE STRATEGIC SUPPLIER 
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The future's no longer There's a battery 
a space age away. It 's backup option for 
practically here. volatile memory. And 

And if you're working you can choose from a 
to meet the demanding variety of standard 
international specs for options. 
safety and EMI, there's / The new units have 
one company you'll be • • had over three years in 
interested in , development and testing. 

::~~~iii. Earth's newest high power switching ~fr~e~~·re 
50,000 engineer

ing hours. ~~:7A~~:~:~ frontiers SUPPIY lo meet VOE and IEC. So, they're 
designed to provide MTBFs comparable to our existing 
Oependables line. (In one customer test of 1.1 million 
hours, 333 high power switching supplies had a 
demonstrated MTBF over 115,000 hours.) 

Most recently we've created a whole new line of single 
and multiple output switching supplies to meet VOE, 
IEC, FCC, UL and CSA requirements. In the same 5x8xll 
envelope that we made standard ten years ago. 

So you can just plug into existing products. 
You can specify from 250 to 1,000 watts. With single 

and multiple outputs. And optional switch-selectable 
input voltages for worldwide operations. 

An internal VOE/ FCC filter takes care of one of your 
major system noise problems: the power supply. So your 
system filter requirement is minimized. Or even eliminated. 

Call us. 
Whether you need 400 or 10,000 supplies, we'll help 

you meet tomorrow's specs today. 
Pioneer Magnetics, 1745 Berkeley St., Santa Monica, 

CA 90404. (800) 233-1745 (outside California). 

<C> 1984 Pi oneer Magnetics 

(800) 848-1745 (~·n ,-~~~ 
California). I lftm~ 

ncztkl 
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Testability analysis 
(continued from page 78) 

HIT AP provides ratings of "good," 
"fair," and "poor" for controllability 
and observability . Unlike SCOAP, 
higher values indicate that the design 
is more testable. HIT AP character
izes the range from . 1 to 1 as 
"good," .01 to .1 as "fair," and less 
than .01 as "poor." HIT AP adds a 
third value, "testability," that is 
simply a product of controllability 
and observability. 

HIT AP also has an algorithm that 
recommends the selection of specific 
test points. This repetitive algorithm 
starts at the least observable node and 
locates a small number of test points 
on each pass. The algorithm can be 
rerun until a desired number of test 
points are selected. 

HIT AP can come as a separate 
package, but it uses the circuit de
scription language from GenRad's 
HIL0-2 logic and fault simulator. 
"It's pretty dependent on HILO 
being around," Hengesbach says. 
HIT AP currently runs on VAX/ 
VMS systems, and may be ported to 
other systems running HIL0-2 in the 
future. It is specifically designed for 
gate array and standard cell ICs . 

Back to the lab 
Several research efforts are under

way to improve the accuracy and ex
pand the applications of testability 
analysis. While these efforts have not 
produced commercial products, they 
point to future directions in test
ability analysis, which appear to be 
blending with fault simulation. 

The COP algorithm, an internal 
product of Bell-Northern Research 
(Ottawa, Ont) , predicts fault cover
age for a given number of random 
vectors without actually simulating 
the vectors. Thus, it gives a measure
ment of random pattern testability. 
COP can also perform fault simula
tion using random vectors, at a much 
faster speed than full-fledged fault 
simulation. COP's designer, Franc 
Brglez, says his method provides a 
very high correlation between testabil
ity assessments and fault detection. 

ST AF AN, a product of AT&T Bell 
Labs (Murray Hill, NJ), uses test vec
tors to calculate controllability and 

observability as probabilities. It then 
estimates the fault coverage from 
these methods-thus, it combines test
ability analysis and fault simulation 
techniques. A "test counting" algo
rithm under development at Tektronix 
(Beaverton, Ore) estimates the num-

Central Data 

ber of vectors needed to test a product 
from the circuit description. It also 
helps generate the actual test vectors. 

- Richard Goering, Field Editor 
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Acquires AMD Multibus* 
Board Business 

"Here's the most versatile, most 
complete line of Multibus boards 
we've ever offered. You can take 
advantage of Central Oats quality 
and rellablllty from our line of more 
than 35 different boards." 

For years, Multibus buyers have counted on Central Data for one of the industry's most reliable and varied 
line of boards and accessories. Now, ~ COll'1Jlele Multibus source has even more to offer with the 
~ of an entire new line of boards. Central Data is OON manuflllring the line of Multibus boards 
fonner1y produced by Advanced Micro Devices, Inc. of Sumyvale, Califomia. The acquisition of AMD's 
Multibus Board Division has dol.bled our product line and m009 one-stop shopping easier 1han ever. 

As additions to Central Data's product line, we're now offering these Multibus boards. 

D Multibus Intelligent Serial Interface Board D Multibus Dual RS-232 iSBX' Module 
0 Multibus 8086 CPU Board 0 Multibus Serial 110 iSBX Module 
D Multibus Color Video Controller Board D Multibus Parallel 1/0 iSBX Module 
D Multibus Floppy Disk Controller Board D Multibus iSBX Motherboard 
D Multibus EPROM/RAM/10 Board D Up to 4M Multibus Memory Boards 

Quallty from the Inside out The industry's most 
rigorous diagnostic testing program has established 
Central Data as a leader in Multibus board reliability. 
Our new boards will OON be manufactured at our 
Champaign, Illinois headquarters, so you're assured of 
continued Central Data quality from our entire line. 

Want to kOON more? Please call or write for more 
infonnation on our new line of Multibus boards and 
accessories. 

Central Data 
Central Oats Corporetlon 
1602 Newton Drive 
Champaign, IL 61821-1098 
(217) 359-8010 
TWX 91G-245-0787 
(800) 482-0315 OU1alde llllnols 

CIRCLE 41 

*Multlbus and ISBX are trademarks of Intel 
Corporation 
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In the ~rid of CAE, 
only Mentor Graphics 

makes waves. 



If you're familiar with generic SPICE 
analog simulation, you're probably 
aware that the deck is stacked against 
you from the start. 

To change a circuit parameter and 
see the results, you've got to return to 
the SPICE input deck, change the value 
in question, rerun the entire simulation 
and then review the printed output. 

A lot of work just to tweak a resistor, or 
apply a bit more voltage. 

Only one CAE system stacks the 
SPICE deck in your favor. The IDEA 
Series™ from Mentor Graphics. 

How? First of all, we make the deck 
disappear entirely. Our analog simula
tion package, MSPICE;M works directly 
with the Circuit design data you've cre
ated through our schematic entry tools. 

But that's just the start. When the 
simulation is in progress, MSPICE 
doesn't just disappear and leave you in 
the dark. 

Instead, you see analog waveforms 
drawn on the fly. And watch selected 
points in the schematic constantly 
updated with new simulation output 
values. 

You can even graphically "probe" 
selected points in the displayed circuitry 
and view the results as waveform 
output. 

And if you don't like what you see, you 
can immediately stop the simulation, 
change a circuit parameter and rerun. 
All without modifying the original circuit 
design input. 

You can also view the results of 
parameter changes as a multi-trace 
waveform display. 

In fact, you can even run the actual 
simulation task at a remote processing 
site for faster throughput. 

In short, MSPICE makes analog simu
lation what it should have been all 
along: A highly interactive, graphics
oriented process. 

It's all part of a vision unique to 
Mentor Graphics, the technological 
leader in Computer-Aided Engineering. 
Let us show you where this vision can 
take you. 

Call us toll-free for an overview bro
chure and the number of your nearest 
sales office. 

Phone 800-547-7390 (In Oregon 
call 284-7357). 

Menlt>r Grapt;1cs'" 



The new TMS4161 Multiport Video 
RAM from Texas Instruments is the first 
high-density dynamic RAM with two 
separate and independent ports. You can 
quickly move data out of or into the 
memory through the serial port at the 
same time the CPU is accessing the 
memory through the random-access port. 
Thus, the TMS4161 can supply video 
data to a bit-map display at the same 
time the graphics processor updates the 
video memory. This breaks the "bottle
neck" of conventional DRAMs. 

A 256-bit shift register is built in on 
the chip. As a result of this unique 
architecture, display refresh overhead 
consumes as little as 4% of available 
memory accesses rather than the typical 
70% required by systems with standard 
DRAMs. This effectively eliminates 
memory contention problems inherent in 
computer graphics systems. 

You also quadruple memory update 
bandwidth through the random access 
port. And the separate serial port can 
supply video data to support pixel rates to 
beyond 150 MHz-with a resolution 
exceeding 1, 280 pixels per line. 

These performance advantages are 
responsible for the Data General 
DS/4200 advanced engineering work 
station shown here, which has more 
functionality packed into an extremely 
compact system. 

Proven technology 
for greater reliability 
The TMS4161 Multiport Video RAM is 
built using the same proven high-volume 
technology as Tl's industry-leading 
TMS4164 64K DRAM. Timing for 
the TMS4161 is compatible with the 
TMS4164-meaning that both of these 
top-quality memories can be mixed in 
the same memory system. Address pin 
locations are also the same on both 
devices, making PC board layout easy . 

..... Improved memory efficiency is pro
duced by the unique multiport architec
ture of Tl's new TMS4161 Video RAM. 
It increases memory system functional
ity while reducing system size and cost 
for applications such as this advanced 
Data General engineering work station. 

27-4972 
©1984 TI 



video memory bandwidth 
with Tfs new Multi.port RAM. 

CONVENTIONAL MIXED TEXT AND GRAPHICS SYSTEM 
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NEW UNIFIED TEXT AND GRAPHICS SYSTEM 
USING THE TMS4161 MULTIPORT VIDEO RAM 
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Major reductions in system component count and board area are achieved by using the 
TMS4161 Multiport Video RAM in the unification of graphics and text into a totally 
bit-mapped system. 

Design higher ... performance 
graphics systems using fewer parts 
with new Multiport Video RAM. 

Because Tl's TMS4161 Multiport Video 
RAM integrates the shift register and 
associated control logic onto the memory 
chip, you can reduce your overall system 
parts counts dramatically. Thus, system 
reliability is substantially improved. 

As illustrated in the charts above, Tl's 
Video RAM helps unify and consolidate 

memory arrays, simplifying system design 
even more. This unification of memory 
makes feasible new system architectures 
not possible with single-port memories. 

The most significant advances are in 
the area of bit-mapped graphics. The 
higher update bandwidth of the 
TMS4161 allows a major step forward in 
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graphics system design-the treatment of 
characters as graphic elements in a 
totally bit-mapped display. 

Tl's TMS4161 will allow the develop
ment of even higher-performance graph
ics systems, with a more efficient use of 
memory resources. Your designs will gain 
simplicity, flexibility, and improved per
formance with reduced system costs and 
increased reliability. 

Nonvideo uses, too 
The dual-ported architecture and the 
ability to move data rapidly make the 
TMS4161 ideal for other, nonvideo 
applications such as image processing of 
video data streams, bulk data transfers 
between disk and main memory, radar, 
and even laser printers. 

Call 1-800-232-3200, Ext. 132 
Detailed applications information on Tl's 
unique new TMS4161 is available in a 

series of five Application Notes. For your 
set, plus a data sheet and reprints of 
Video RAM articles, call the telephone 
number above. For additional technical 
information, contact the TI field sales 
office or Regional Technology Center 
nearest you. 

TEXAS ..,, 
INSTRUMENTS 

Creating useful products 
and services for you. 
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Voice output systems make it hard to distinguish real from synthetic 

Synthesized voices now regularly pro
vide information on telephone direc
tory assistance, bank balances, and 
product inventory. Casual listeners 
usually cannot distinguish between 
synthesized and "real" voices and 
probably don't care. Certainly, 
workers in a foundry don't care if the 
voice warning of an overheated unit 
is real or synthesized as long as that 
voice is loud-and clear. 

Applications for text-to-speech syn
thesis vary widely. They are now being 
used for such diverse tasks as proof
reading documents during the type
setting process, instructing a jet engine 
quality control inspector which checks 
to make next, or telling a maintenance 
person how to troubleshoot and repair 
a factory workstation. 

The most prominent of the text-to
speech voice synthesizers is DECtalk, 
from Digital Equipment Corp (May
nard, Mass), but other capable voice 
output systems do exist. Among them 
are MITalk-79 from the Massachu
setts Institute of Technology (Cam
bridge, Mass), Prose 2000 from 

Access to DECtalk is 
commonly made via telephone, 
as demonstrated by senior 
engineering manager Walt 
Tetschner. Capabilities of the 
host computer determine the 
number of telephones in any 
system. A typical VAX-based 
system, for example, could 
handle 100 or more access lines 
simultaneously. 
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Speech Plus Inc (Mountain View, 
Calif), and Type 'n Talk and the 
L VM Business Communicator from 
Votrax, Inc (Troy, Mich). 

Both DECtalk and Prose 2000 were 
developed through research originally 
conducted at MIT, although along 
somewhat different paths. Type 'n 
Talk was developed concurrently but 
separately. Dr Dennis Klatt, a mem
ber of the MIT staff, developed the 
DECtalk software independently and 
licensed the technology to DEC. 

Inside DECtalk 
Walt Tetschner, senior engineering 

manager of DEC's terminal engineer
ing group, claims that DECtalk is 
unique in its capabilities. He empha
sizes that "all DECtalk hardware is 
off the shelf; only the software is 
proprietary." The system uses a com
mercial Motorola 68000 microproces
sor, a Texas Instruments TMS32010 
signal processor, and support compo
nents such as a D-A converter and an 
anti-aliasing filter. 

The 68000 was chosen as system 
microprocessor, according to Tetsch
ner, because of its 10-MHz clock and 
because it can address I 6 Mbytes of 
memory. The TMS32010 was chosen 
because it can perform fast mathe
matical computation . For example, 
the TMS32010 can execute a 16- x 
16-bit multiplication in 0.200 µs. 
Because it can perform a basic com
putation in less than 10 µs, this signal 
processor has most of its time free for 
other tasks. 

The software approach used for 
speech synthesis involves three separ
ate levels of processing. In the first, 
Tetschner says, unambiguous digital 
representations of speech sounds are 
generated from 8-bit ASCII text. The 
character sequences at the input do 
not matter. At the second level, the 
digital representations are accepted as 
input and a total of 18 acoustic con
trol parameters are calculated. These 
parameters control the third level, 
which is the synthesis of voice output 
by digital signal processing. 

According to Larry Twaits, a DEC 
product manager, "This three-tiered 

approach helps DECtalk achieve 
authentic human vocal characteristics 
and unlimited vocabulary." In prac
tice, the system creates speech by 
comparing incoming words to a dic
tionary of 500 exceptions, contrac
tions, and abbreviations. Then the 
pronunciation is pulled from the list 
and filed. For words not located in 
this main dictionary, the system 
searches through a user-defined dic
tionary that contains jargon and spe
cial words. Only 40 phonemic symbols 
are required to represent all the 
sounds of the English language. 

DECtalk provides eight standard 
voices-including male, female, and 
child-and a ninth that the user can 
modify. Each voice is completely syn
thesized; there is no recorded human 
speech involved . 

The user chooses which voice or 
voices will be used. Simple commands 
permit the user to change the speak
ing voice, sex, intonation pattern, 
rate of speech, and special effects for 
emphasis if desired. Rate of speech 
can be varied from 120 to 300 words 
per minute. Pronunciation control 
can also be achieved (although in a 
demonstration, the system had con
siderable trouble in pronouncing this 
writer's name). 

No accents 
All DECtalk voices are in "Ameri

can English" only. "There have been 
no attempts to achieve regional 
accents-but this has not caused a 
lack of acceptance," says Tetschner. 
The ninth voice, of course, could be 
manipulated by the system user to 
develop a special voice if necessary. 
"We're working on other major lan
guages," Tetschner says, "but none 
are ready for market. Spanish is 
likely to be the first foreign lan
guage available." 

Prose 2000 responds to input of 
English words or whole sentences in 
standard computer code. The system 
dictionary contains about I 500 
words. If the required word is not 
found in the dictionary, the word is 
assigned a phoneme string and a 

(continued on page 88) 



AND LESS EFFORT PROGRAMMING PARTS. 
Thenew60A. 

Data l/O®'s economical new 60A 
Logic Programmer is designed to do 
one thing only and do it very well : 
program logic. 

Almost every programmable logic 
device is supported including PAL ®s 
and IFLs. 

And it's user-upgradeable as new 
devices become available. 

Logic pure and simple. 
But what's really remarkable about 

the 60A is how easily it lets you pro
gram logic. 

All you have to do is use the menu 
to select the kind of device you 're pro
gramming, depress a single button to 
specify programming operation, and 

press the start button. In less than a 
second your device is programmed. 
And selectable three-step functional 
testing ensures it is programmed 
correctly. 

Add ABEL™ and design the way 
you think. 

Taking advantage of programmable 
logic has never been easier, espe
cially with ABEL, Data I/O's 
high-level design language. 

Working with your com
puter, ABEL lets you 
express your designs in 
Boolean equations, truth 
tables, state diagrams or 
any combination ... 
whatever works best. 

Call toll-free 1-800-426-1045 
for a demo or details. 

To spend more energy designing 
logic and less effort programming 
devices, call Data 1/0 and ask about 
the 60A Logic Programmer. It's dedi
cated to one thing only: logic pure 
and simple. And like every Data 1/0 
product, it's fully backed by our com
mitment to quality and our worldwide 

---
network of service 
representatives. 

Data 1/0® is a regis· 
tered trademark of 
Data 110 Corporation, 
and PAL'" of Mono-
lithic Memories, Inc. 
ABEL~ is a trade
mark of Data 1/0 

Corporation. 

Data 1/0 Corporation, 10525 Willows Road N.E .. P.O. Box 97046, Redmond, WA 98073-9746. For immediate action , contact us DATA l~O 
directly, CALL TOLL FREE : 1-800-426-1045. In Washington, Alaska and Hawaii. call 206-881 ·6444. Europe : Vondelstraat 50-52, 

1054 GE, Amsterdam, The Netherlands, Tel : (20) 186855. Germany GmbH : Bahnhofstrasse 3, D-6453 Seligenstadt, 
West Germany, Tel : (6182) 3088. Japan : Ginza Orient Building 6-F, 8-9 -13, Ginza Chuo-ku, Tokyo 104. Japan, Tel : (03) 574-0211 . 
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Voice output systems 
(continued from page 86) 
stress pattern is chosen by a set of 
about 300 context-sensitive rules. 

The system controller in the Prose 
2000 system is an 8086 microproces
sor. Other components include a for
mant synthesizer, D-A converter, 96 
Kbytes of ROM for the program, 8 
Kbytes of RAM for retention of tem
porary data, and Multibus interface. 

Alan Yatagai, a Speech Plus mar
keting manager, says that Prose 2000 
accomplishes an accurate representa
tion of the required pronunciation by 
assigning variants of phonemes based 
on surrounding speech sounds. This 
system also uses rules of metrical 
structure to determine duration of 
sounds as well as the frequency pat
terns of words. The result is speech 
with human-like qualities . 

Automatic conversion 
Both DECtalk and Prose 2000 are 

programmed to automatically con
vert abbreviations, numbers, and 
symbols to colloquial speech . Lesser 
systems, for example, would pro
nounce " St. Botolph's St." as " ST 
period Botolphs S T period." The 

more sophisticated DECtalk and 
Prose 2000 systems would recognize 
the term and pronounce it as "Saint 
Botolph's Street." In the same man
ner , dollar terms such as "$375.25" 
would be pronounced as "three hun
dred and seventy five-dollars and 
twenty-five cents," just as the listener 
would expect. 

Type 'n Talk, according to Tad 
Jones, sales manager for Votrax's 
consumer division, is intended only 
for low end applications. It has a 
robot-like sound, but sells for 
only $120. 

The Votrax L VM Business Com
municator, on the other hand, is on 
a par with DECtalk and Prose 2000 
in many ways. It has several voices
both male and female. The customer 
chooses words and phrases that 
Votrax includes in a fixed vocabulary 
within the system's 64-Kbyte ROM. 
This must be done by Votrax, and 
field modifications cannot be made 
by the user. In addition, up to 64 
users can simultaneously access the 
system through a multiplex routine. 

At the University of Indiana's 
Speech Research Lab, Howard C. 
Nusbaum and David B. Pisoni con-

ducted an independent evaluation of 
DECtalk, MITalk, Prose 2000, and 
Type 'n Talk. They found that system 
capabilities vary significantly, particu
larly in the quality of voice generation. 

In Modified Rhyme Tests, for ex
ample, which compare the intelligi
bility of synthetic speech to natural 
speech, DECtalk was significantly 
ahead of the others. At 96. 7 percent 
correct, the synthetic speech gener
ated by DECtalk is now the most 
intelligible. It is also the synthetic 
speech closest to the benchmark of 
99.4 percent correct observed with 
natural speech . According to the 
Indiana University report, test results 
of other systems varied from a low 
of 67 .2 percent to a high of 93 .1 
percent (achieved by MITalk-79) . 

Greater consistency seems to have 
been achieved with male voices as 
compared to female voice synthesis. 
For example, the study found that for 
word recognition in meaningful sen
tences, listeners identified 95 .3 percent 
of the words correctly for Perfect 
Paul (a male voice), compared to 
90.5 percent for Beautiful Betty (a 
female voice). 

(continued on page 90) 
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Key components of DECtalk are the 68000 microprocessor, which handles first- and second-level processes, 
and the TMS32010 digital signal processing chip set, which handles voice synthesis on the third level. Half 
of the 256-Kbyte ROM is used for the basic dictionary. The input first in , fi rst out buffer decouples the 
high speed signal processor from the slower second-level process output. 
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ITT Cross-Flow Blowers 
cool more quietly than 
virtually any of the axial 
fans you're using right 
now. They're lower in 
profile, too, measuring 
only 2.3 inches or 60 
mm high. 

These blowers aren't just 
quieter by design. In many 
cases, they can reduce noise 
levels even further by requiring 
fewer cubic feet of air per min
ute to do a given cooling job. 
The reason: an airflow pattern 
that causes less turbulence and 
fewer hot spots. 

ITI Cross-Flow Blowers 
deliver 20 to 600 cubic feet per 
minute. You can pick from many 
sizes, configurations, termina
tions, bearings, and lubricants. 
And ITI's technical support is 
second to none. Contact your 
nearest ITI Schadow represen
tative or mail the coupon for 
details. 

CD·2 

D Please send literature on ITI Cross
Fl<JN Bl<JNers. 

D Have a sales rep call. 
Name 

Title 

Company 

Address 

City 

State 

Telephone ( 

Zip 

MAIL TO: ITI Schad<JN Inc., 8081 
Wallace Road. Eden Prairie. MN 55344. 
(612) 934-4400 

SchadowlTT 
L _____________ J 
CIRCLE 45/Li terature CIRCLE 101/Sales Call 
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Voice output systems 
(continued from page 88) 

Applications-potential and ac
tual-vary over a wide range, within 
many areas of automated office oper
ations, factories, and the military. A 
typical voice synthesis response system 
might include a mainframe computer 
with 35 to 100 or more telephone 
lines. The 35 to 100 or more lines, 
therefore, could ac~ommodate that 
many calls simultaneously. Systems 
are limited only in the number of 
phone lines that can be connected 
economically. The computer can 
handle an almost unlimited number 
of passwords. 

Applications increase productivity 
One factory application for synthe

sized voice involves a critical series of 
inspection steps in the manufacture 
of jet engines. The procedure is very 
detailed and the inspector must per
form and verify every step. This often 
means that the inspector must move 
from one part of the inspection site 
to another and back in order to carry 
out all steps. With the synthesized 
voice system, the inspector receives 
verbal instructions at various points 
in the inspection routine and indicates 
completion of the inspection step by 
inputting information on a portable 
touchtone device. The Government 
Printing Office, which produces the 
Congressional Record and many 
other critical federal documents, is 
experimenting with a synthesized 
proofreading system. Normally, the 
GPO uses 900 proofreaders, who per
form two-person proofs. In this 
procedure, after a document has been 
input to the typesetting system, one 
person reads the input copy from a 
CRT screen and a second person com
pares that copy with the original. Only 
after verification is the copy typeset. 

If the synthesized voice system is 
accepted, the proofreading staff will 
be reduced to about 100. The system 
will "read back" the input copy and 
the only human proofreader required 
will be the verifier. Most important, 
however, accuracy will be improved. 
Very often, a human proofreader sees 
what that person expects to see, not 
what is actually there. The synthe
sized voice system, however, reads 

back exactly what has been input. 
Another practical application for 
synthesized voice systems is pro
grammed instruction on an assembly 
line. This has routinely been accom
plished by "written" instructions on 
a CRT. "Many people follow voice 
instructions better than those viewed 
on screen," Tetschner says. "There 
are also time/motion savings with 
voice instructions because the eye 
movement from screen to work object 
and back to screen is eliminated." 
And, according to Tetschner, verbal 
instructions are more efficient. "In 
some areas of the United States, many 
members of the work force often can
not read English. Most, however, can 
understand English with little prob
lem, and English verbal instructions 
are therefore effective." 

Other industrial applications of 
synthesized speech response have 
achieved success. At a large aluminum 
producer, a Votrax L VM Business 
Communicator operates with a moni
toring system in the company's pot 
lines. The speech subsystem gives crit
ical information such as ''temperature 
is too high at pot line number three" 
or "pot line two is losing energy" ver
bally rather than in a visual display 
that humans in the system might miss. 

Military applications now being 
studied by such companies as TRW 
and Raytheon, Tetschner says, in
clude experiments with cockpit simu
lation and training aids for pilots. 
Other systems are being developed to 
give weather reports to pilots for pre
flight checks-as well as to skiers 
before they head for the mountains . 

Despite dramatic improvements in 
realism of voice synthesis systems, 
costs of most such systems are still 
too high for many applications. Tele
phone companies, banks, and other 
large organizations can afford to 
amortize the costs over long periods 
and for extensive use. They can 
afford the sophisticated synthesis 
systems-the ones that sound real. 
Smaller (and possibly less profitable) 
companies, however, must accept the 
crude "robotic" sounds of the less 
expensive systems or choose to have 
humans answer their telephones. 

-Sydney F. Shapiro, 
Managing Editor 
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THIS EMULATOR IS INTEGRATED . 
RIGHT INTO YOUR MUL TIBUS®CHASSIS 
ATRON ANNOUNCES A 
STATE OF THE ART 
ADVANCE IN DEBUGGING 
FOR THE MULTIBUS 
ENVIRONMENT. 
MBUS PROBE 86 / 88 lets you 
debug your 8086 or 8088 based 
Multibus boards with a powerful set 
of debugging features. It replaces 
bulky and costly development 
systems and emulator boxes during 
debugging. Tied to a PC or through 
a link to a remote host, this tool is 
flexible enough to be integrated 
into many different development 
environments. 

COMPARE THE MBUS 86/ 
88 PROBE to a development 
system with ICE or a stand alone 
in-circuit emulator and you will find 
that the MBUS PROBE 86 / 88 is 
much lower in cost, more portable, 
and still provides the debugging 
features you need to get the job 
done. In fact, MBUS PROBE has 
more debugging capabilities than 
many ICE systems available today. 

A SNAPSHOT OF REAL 
TIME PROGRAM 
EXECUTION 
Program flow is saved in trace 
memory while running at full speed. 
MBUS PROBE 86/88 displays the 
real time trace data with the users 
program symbols included in the 
display. Real time trace can be 
qualified to ranges to maximize the 
useful information in the trace. 

HARDWARE BREAKPOINTS 
The MBUS PROBE has 4 very 
flexible hardware breakpoints which 
can trap memory or 10 opera
tions. The breakpoints can occur 
on ranges of address and data too. 
This allows events such as over
writing memory to be trapped. 
Breakpoint pretrigger and timeout 
conditions can also be defined. 

SYMBOLIC DEBUGGING 
MBUS PROBE lets you use 
symbols to display or change your 
code or data. MBUS PROBE can 
use the symbol table from your 
host. MBUS PROBE recognizes 
standard Intel 8086 object module 
formats. 

DON'T LOOK IN THE 
MANUAL 
The MBUS PROBE designers know 
the importance of EASE OF USE. 
The interface has a menu window 
which displays the syntax of each 
command - so you never have to 
remember how a command works. 
This saves wasted time which 
should be spent making critical 
product schedules. 

A Debugging Company 

PERFORMANCE ANALYZER 
How do you find critical timing 
problems or know where to start 
performance tuning your software. 
MBUS PROBE can give you the 
answer with a flexible set of timing, 
counting, and performance 
measurement utilities. 

MEMORY MAPPING 
MBUS PROBE comes with 64k of 
memory which can be mapped into 
the target system. You can debug 
your program in mapped memory 
before commiting to eprom. 

FOR USE IN FIELD OR 
ON THE PRODUCTION LINE 
The MBUS PROBE user can write 
test routines .and include them 
in the PROBE proms for turn key 
field service and production line 
testing. 

Why waste time on primitive 
debugging techniques - Call us 
today. 

Intel, Multibus, and ICE are registered 
trademarks of Intel Corp. 

20665 FOURTH STREET • SARATOGA, CA 95070 • (408) 741-5900 

CIRCLE 46 





NEC 8" Winchesters 
have twice the industry 
standard MTBF 

Is 24,000 hours too much to ask? 
We don't think so. But then we're the 
only disk drive producer who could 
dare ask this question. Because we're 
the only one who has a disk drive 
MTBF of 24,000 hours. And not just in 
the lab but proven in the field. 

We did it on our 8" Winchester drive. 
Which makes our 8" Winchesters two 
to three times as reliable as anybody 
else's. 

You can expect superior reliability 
from NEC drives in any size. And that 
includes our 51/4

11 and our new 31/z" 
drives. 
We go to greater lengths in 
building and testing. 
Our drives are more reliable 
because we take extra care. 
From the initial design through 
manufacturing and testing. 

One reason is our ''zero-defects'' 
policy. The goal is nothing less 
than perfection. That's why every 
NEC drive is subjected to a 24 
hour burn-in before testing. And 
our floppy disk drives are assem
bled automatically. 

Take a nice, long drive with NEC. 
NEC has been designing disk drives 
for over 25 years. We were one of 
the first to develop magnetic record
ing devices way back in 1959. Today, 
we're a worldwide company with 
8 billion dollars a year in sales. 

Obviously we're here to stay. 
And we have the resources to give 

you the support you need to stay 
competitive. Along with the drives. Not 
just today. But also down 
the road. 

Isn't it time you got 
started with NEC? Just 
call 1-800-343-4418. (In 
Massachusetts call 
617-264-8635.) Or send 
us the coupon. 

And find out why 
more and more 
OEM's are say-

"- --1 1NEC9" Winchester 
has a 15 millisecond 
seek time. ing, "NEC 

and me:' ~1 NEC 8" Winchesters 
store up to 167.lMB. 

NEC 8" flexible 
drives are compact 
and have 24000 
MTBF 

NEC 5 11•" ha/f-hei9ht 
Winchesters provide 
12.91 -25.83MB. 

NEC 5'1•" floppies 
offer up to 1.6MB 
capacity. 

NEC 3 112" floppy 
drives are ready for 
delivery. 

------------------------· 

Please send me more information on: ~EC 
Floppy Drives Winchesters 
031/2' 08" 
051/4'half-height 051/4' half-height MD 
08" 09" 
Name ________ _ 

~~~pany Mf ·O....._• 
Address _______ _ 
City ________ _ 

State ___ Zip ___ ~fi~ ~~o;~~%~~:rr:~':'e~~~c 
Tel ( Department 1610 

Boxborough, MA 01719 
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81020 

Two-piece connections 
for every itinerary. 
Get on board now with 
the world's biggest 
selection. 
Name your application- our two-piece connector 
schedule covers every stop on the map . 

Need maximum reliability and flexibility in a 
medium-to-high pin-count application? AMP Box 
Contact Connectors and high-density AMP-HDI 
Connectors feature four-way contact on every pin . 

Very reliable. Very forgiving of pin angle during mating 
and unmating. And both also offer power and coax 
contacts-big design help in those crowded 
little comers. 

Headed for design-wide compatibility? 
AMPMODU two-piece connectors are part of a 
complete , cost-saving, modular system , featuring 
shortened signal paths for high-speed designs. Or, 
go Eurocard. The European standard for over 10 
years, now used everywhere . And now available 
everywhere-from AMP. 

Whatever your destination , AMP has the two
piece connectors you need , engineered for quality, 
reliability, and-especially with our compliant-pin 
option- increased productivity. 



At left: 
AMP-HDI Connectors 
• To 684 positions 

on standard 
. 100" grid 

•Selective 
gold plating 

• Press-fit ACTION PIN 
contacts available 

• 10A and 30A 
power contacts 

• Miniature coax Box Contact Connectors 
contacts 

• .100", .075", .050" center 
lines 

• MIL-C-55302 versions 
available 

• Power and miniature 
coax contacts 

• Compatible with 
DIN 41612 connectors 

• Selectively 
gold-plated press-fit 
contacts 

• Standard and inverse 
mating 

Call (717) 780-4400 and 
ask for the AMP Two
Piece Connector Desk . 
AMP Incorporated, 
Harrisburg, PA 17105. 

•Standard .100" grid, 12-200 
positions, horizontal or 
right-angle versions 

• Duplex or selective gold plating 
• Press-fit ACTION PIN 

contacts available 

AIVI P Interconnecting ideas 
AMP, AMPMOOU, AMP-HO! and ACTION PIN are trademarks of AMP Incorporated. 
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~·3006 can keep a custo 
their quo=n=a=~~der happy tor years. 1Jo cps NLQ, single or multl-
even the toughest .conditions for years. mode printing, automatic sheet feeders, document 

The result has been a large number of very satis- inserters, multi-color printing and graphics, plus 
fied customers, which means a large number of more. There's such a diversity of models, features 
satisfied OEM's. But durability is only part of the and options, you can choose just the right printer 
Genicom 3000 printer advantage. and you don't have to pay for things you don't need. 

The Genicom 3000 family of printers offers multi- See how long you can keep your customers satis-
model flexibility combined with single design sim- fied ... with the long lasting, field proven printers that 
pticity to give OEM's real dollar savings with price/ have earned the respect of OEM's nationwide-the 
performance matching for every customer. Parts Genicom 3000 family. 

G- •• ,.."M ™ Cl I I 
The New Printer Company. 

Genicom Corporation, One General Electric Drive, Waynesboro, VA 22980 In Virginia, call 1-703-949-1170 
For the solution to your printing needs call 

TOLL FREE 1-800-437-7468 
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SPECIAL REPORT ON 

DATA COMMUNICATIONS 
With the flurry of activity in new local area networks and the influx of personal 
computers (serving as intelligent nodes and making these LANs practical), the year 1984 
can now be proclaimed "The Year of the LAN." Market figures, analyzed by at least 
one research firm (International Resource Development, Inc of Norwalk, Conn), show 
that 3.1 million personal computers were sold in 1984, with 4.5 million expected to be 
sold this year. This increase, coupled with the projected growth of the OEM LAN market 
from $300 million in 1984 to $405 million in 1985, makes the LAN a viable technology 
in data communications. Thus, if 1984 is labeled "The Year of the LAN," then 1985 can 
be called "The Year of the PC LAN." 

With this healthy LAN market come the technical challenges of connecting LANs with 
each other, and with larger, wide area networks. Whereas technologies for LANs are 
primarily hardware components that meet the specifications of the first two layers of the 
well-established Open Systems Interconnection (OSI) model, the challenges to 
interconnecting networks lie in developing protocols for the upper five layers of the 
model. And the farther one moves up the layers, the more software intensive the 
challenges become. 

Now that LANs are a dime a dozen, being able to choose the proper configuration for 
specific applications makes life easier for the system designer. And, as more standards are 
defined, designers who opt for a LAN that adheres to one of the IEEE 802 standards will 
find that these LANs have a better chance for continued availability and support than 
those that do not. 

Until the protocols for all levels are developed, several approaches to network 
interconnection offer some relief to the designer. If the need to link different types of 
networks is unavoidable, gateways are one solution. Gateways have the necessary 
protocols converted at both ends of the communication path. (This avoids centralizing 
the conversion process in a large switch.) 

The international packet-switching X.25 protocol can act as a switch for different LAN 
configurations. Designing gateways for the X.25 network is a matter of implementing 
protocol translators in VLSI chips. With the OSI model as a standard and the availability 
of VLSI network controllers, such gateway design is possible. 

With today's plethora of communication protocols, designers must implement different 
ICs for each individual protocol. To overcome this problem, semiconductor companies 
are developing chips that can be used with several protocol standards simultaneously, and 
with minimum additional hardware. 

Nicolas Mokhoff 
Senior Editor 
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Where Mii your 
network be after 

the fault? 

ABLE's ATIACH System keeps your 
CPUs and terminals on solid ground. 
ATIACH, the multi-host terminal network system for 
DEC UNIBUS computers, provides the level of fault 
tolerance required for any application. 

ATIACH can guard your system and users with 
fail-safe rerouting onto redundant paths. ATIACH 
hot-swappable modules maximize uptime because failed 
modules are replaced without interfering with the continued 
operation of most users. 

FULL REDUNDANCY 
The ATIACH network can be configured for complete redundancy. 

Should one ATIACH subsystem or module fail, users can be detoured 
around the failed component On-board battery backup sustains configura
tion assignments in memory for up to one month. 

1,000 terminals or more can access the many host computers in the 
ATIACH network, with each computer requiring only a single host inter
face and single cable to support 128 terminal users in remote or local sites. 

ATIACH HELPS MAXIMIZE RESOURCES 
In an ordinary multi-host environmen~ if one host 

computer goes down, lots of users could be left sitting idle. 
The ATIACH network system eliminates user down time, 
by allowing users to switch to a working CPU, maximizing 

human and computer resources. 
Prevent the potential catastrophies associated with Host 

Dedicated terminals-buy ATTACH. 
For more information on ABLEs ATIACH System, contact the 

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

3080 Airway Avenue, Costa Mesa, CA 92626 In the Costa Mesa area: (714) 979-7030. Or TWX 910-595-1729 
DEC. PDP. UNIBUS and VAX are trademarks of Digital Equipment Corporation. ATTACH is patent pending. 
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SPECIAL REPORT ON DATA COMMUNICATIONS 

LANs TEAM UP 
TO WIDEN THE 
NETWORK CONNECTION 
The next step in creating a global network is developing 
protocols to match those of different local area networks. 

by Nicolas Mokhoff, 
Senior Editor 

Now that local area networks are abundant, designers 
are focusing their attention on how to interconnect 
different types of LANs with wide area networks. 
Whereas LANs are usually specified in terms of the 
two lowest layers of the Open Systems Interconnec
tion model, the interconnection between LANs and 
larger networks deals with upper layers three to seven 
of the OSI model. The design emphasis is changing 
from pure hardware to hybrid software/hardware for 
the lower layers, and is migrating to pure software for 
the higher levels in the OSI model. 

This change has become especially evident with 
the proliferation of personal computers (mainly from 
IBM). Designers are faced not only with the chal
lenge of interconnecting them within the networks, 
but must also find ways to gain access to IBM's Sys
tem Network Architecture. Thus, protocol conver
sions and gateways must be designed for both SNA 
networks and the non-IBM world that adheres to 
the OSI model. Over the past several years, protocol 
converters have basically met this challenge. They 
provide the best way to communicate between a non
IBM device and the IBM environment. (The protocol 
converter market for IBM interfaces-estimated to 
be around $120 million in 1984-is expected to grow 
at an annual rate of 50 percent.) 

The main advantage of using protocol converters 
is cost reduction. For example, the cost of outfitting 
each peripheral with synchronous data link control 

capability and an expensive synchronous modem can 
be $1000 or more. Protocol converters, on the other 
hand, allow any device with an RS-232 interface to 
connect to the host. This makes dial-in ports, pri
vate branch exchanges, and remote dial-up termi
nals possible. These features are not usually available 
in the IBM environment. 

While protocol converters off er cost advantages 
for individual devices, the more efficient way of 
interconnecting peripherals within a geographical 
area is via the LAN. LANs also offer perhaps the most 
promising method of interconnecting to IBM main
frames as well. Independent manufacturers are cur
rently offering many LANs. These LANs present a 
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choice of the three most popular media access tech
niques: carrier sense multiple access/collision detec
tion (CSMA/ CD), token bus, and token ring. Most 
of these networks use a gateway to a mainframe 
through hardware and software that convert the 
LAN's protocol to any one of IBM's protocols. IBM 
has recently announced LAN offerings for its various 
families of computers. 

The IBM PC network, for instance, resulted from 
the collaboration with Sytek, Inc of Mountain View, 
Calif. Sytek's LocalNet/PC, the backbone of IBM's 
PC Network, is basically a communication architec
ture supporting personal computers on broadband 
local networks. It is a peer network conforming to 
the OSI model, and its cabling system is based on 
broadband cable distribution systems. 

The cabling system not only supports LocalNet/ 
PC, but also LocalNet and other industry standard 
broadband networks. The cabling system is compat
ible with the in-development broadband network 
standards of the IEEE 802. 7 broadband standards 
committee. This committee considers a large broad-

band cable system as a collection of small (hundreds 
of nodes) broadband, small area networks integrated 
via a common broadband trunking system. 

LocalNet/PC provides communication function
ality up to OSI's session layer. Since presentation 
and application functions are not included within 
the architecture because of their user specific charac
teristics, they are combined in a "user application" 
layer. These user applications, such as file access, 
would be typically implemented as software execut
ing on the main processor of a personal computer 
or server. This software would send network com
mands to the LocalNet/PC protocol interpreters in 
a manner similar to a procedure call. Thus, software 
modules are shown performing procedure calls on 
lower level software modules. 

A protocol for every level 
Residing on a physical medium such as a broad

band cable, the network can handle 2-Mbit/s broad
band channels using a frequency modulated carrier. 
At the link level, the link access protocol provides 

Local Area Networks Offered by IBM 

System Token Ring PC Network Industrial 3270 PC System Cluster Kit 

Technology Token-passing CSMA/CD bus Token-passing bus 327X Communications CSMA/CD bus 
ring as subset 
of SNA 

Availability 1986-1987 1985 1985 1985 1984 

Channel 4 to 16 2 Mbits/s 1,5, or 10 Mbits/s Low speed 256 Kbits/s 
rate Mbits/s 

Media Twisted-pair, Broadband Broadband IBM 3270 point Baseband 
Optical pair, coaxial coaxial to point coaxial coaxial 
Baseband 
coaxial , 
Broadband 
coaxial 

Products IBM systems IBM PC, XT, 5531 , Series 1 327X controllers PC,XT, PCjr 
supported AT, Portable PC line 3270 PCs 

Number of 256 72 to 1000 N/A 32 64 
devices 
on LAN 

Intended Large Small businesses Factories 327X community Small 
users corporations businesses, 

schools 

Responsible Communication Entry systems Industrial Communication Entry systems 
IBM division products products 

Other Rolm Corp Sytek, Inc General Motors, - -
companies Concord Data Systems, 
collaborating Hewlett-Packard, 

Prime, Allen-Bradley, 
Gould , and others 

Note - Intel Corp provides interface circuits for most LANs. 
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TERMINAL EMULATION 
DISTRIBUTED DATA BASE 

ELECTRONIC MAI L 
PRINT SERVICE I 

FILE ACCESS 
SYSTEM NETWORK ARCHITECTURE GATEWAY 

USER 
APPLICATIONS 

SESSION 
MANAGEMENT 

PROTOCOL 

NAME 
MANAGEMENT 

PROTOCOL 

RELIABLE 
STREAM 

PROTOCOL 

OTHER 
LINKS 

PACKET 
TRANSFER 
PROTOCOL 

USER 
DATAGRAM 
PROTOCOL 

DIAGNOSTIC/ 
MONITORING 

PROTOCOL 

DATAGRAM 
TRANSPORT 
PROTOCOL 

BROADBAND 
LINK ACCE SS 

PROTOCOL 

SESSION 

TRANSPORT 

NETWORK 

LINK 

The protocol layers for Sytek 's LocalNet/ PC 
cover all the upper layers of the Open Systems 
Interconnection (OSI) model. The session layer 
protocols make their services available to the user for 
such applications as file access. The structure can be 
interpreted as software modules performing 
procedure calls on lower level software modules. The 
usual presentation and application layers of the OSI 
model are combined in this network into the user 
application layer. 

basic CSMA/CD channel arbitration functions as 
well as addressing and error detection. The packet 
transfer protocol routes packets at the network level 
between separate link-level channels. The two pro
tocols in the transport layer provide two distinct ser
vices. The reliable stream protocol furnishes a virtual 
connection service with full-duplex, flow-controlled 
data streams while the datagram transport proto
col supplies end-to-end exchanges of simple best
effort datagrams. 

In the session layer, the session management pro
tocol builds stream-oriented sessions on top of the 
reliable stream protocol's virtual connections. This 
allows session participants to acquire an identification 
by using symbolic names. Users have a complemen
tary protocol-the name management protocol
to register symbolic names with the network. The 
user datagram protocol allows datagrams to be sent 

using location independent symbolic names rather 
than network addresses. The diagnostic and moni
toring protocol provides users with node status and 
network statistics information. By implementing these 
protocols, users obtain an open broadband archi
tecture that can accommodate up to 1000 different 
type nodes per channel at distances of 10 km or more. 

New standard provides a choice 
On the whole, broadband networks are usually 

more expensive to install than baseband networks. 
And, with the increase of personal computers, even 
the Ethernets are not the most efficient propositions 
for small businesses. Therefore, the IEEE 802 LAN 
Standards Committee has made a move to create a 
marketplace for a new standard. This standard 
would be a simple, low cost, and user manageable 
open system network called Cheapernet. The tech
nology adopted for the IEEE 802.3 standard 
CSMA/ CD LAN has been optimized for wide area 
coverage and relatively high performance. Cheaper
net, on the other hand, has been created simply by 
performing a series of adjustments that effectively 
trade off geography for economy. 

The major differences between the two networks 
include a single segment of Cheapernet, which is 
limited to 600 ft, as opposed to 1600 ft of cable for 
the standard CSMA/ CD LAN. Also, only 30 nodes 
per segment of Cheapernet cable are permitted, 
whereas 100 nodes per segment are allowed for the 
standard version. The biggest departure from the 
standard CSMA/ CD LAN is the physical integration 
of the transceiver function into the Cheapernet data 
terminal equipment (DTE). (This change in con
struction results in significant cost savings.) Cheaper
net DTEs are then linked to the thin-segment cable 
in a daisy chain fashion via a coaxial cable. 

In addition to full-fledged LANs, a number of 
companies have begun to offer partial LANs
networks that are specific to a class of peripherals. 
There are applications where a full LAN cannot be 
justified even when price and the standardization 
effort settle down. Basically, for slow transmission 
such as 300 baud to 19.2 kbaud, LANs can be 
overkill. In such application areas as the factory, 
many types of peripherals and controllers are used 
which cannot be supported by today's LANs. Thus 
one company has developed a peripheral network 
concept to satisfy the slow transmission rates asso
ciated with RS-232 or Centronics parallel interfaces. 
Compared to some of the most popular LANs on 
the market today, Advanced Systems Concepts, 
Inc's (Pasadena, Calif) peripheral network costs sig
nificantly less on a price per node basis. 

Even more specific to the engineering environment 
is a file transfer software package for high speed data 
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BNC I I 
COMPATIBILITY II : 

INTERFACE I I 
TRANSCEIVER 

CHIP 

THREE MINIATURE 
PULSE 

TRANSFORMERS 
11 

ELECTR ICAL 
ISOLATION 

SERIAL 
CHIP 

OATA TERMINAL EQUIPMENT STATION 

transfer between computers sharing the IEEE 488 
bus. Also known as the general-purpose interface 
bus (GPIB), the IEEE 488 has become the accepted 
high speed parallel communication technique be
tween computers and programmable instruments 
and peripherals. Its use is growing at 30 to 50 
percent/year. (Over 40,000 new systems were in
stalled in 1984.) 

National Instruments of Austin, Tex has devel
oped a file transfer package for a network called the 

Standard Ethernet Parameters 
versus Cheapernet 

Standard 
Parameter CSMA/CD LAN Cheapernet 

Data rate 10 Mbits/s 10 Mbits/s 

Segment length 1600 ft 600 ft 

Network span 8000 ft 3000 ft 

Nodes per 100 30 
segment 

Nodes per 1024 1024 
network 

Node spacing At 2 .5-m 0 .5-m minimum 
intervals (on separation 
cable marker 

bands) 

Segment 0.4-in. diameter 0 .25-in . diameter 
cabl ing system 50-fl coaxial 50-fl coaxial 

N-Series with BNC 
connectors connectors 

Transceiver 0 .38-in . Not applicable 
int erface diameter 

multiway cable 
w ith 15-pin 

D-Series 
connectors 

(length up to 
165 ft) 

Installation Electricians Simple - mainly 
required by user 
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Cheapernet is an abbreviated 
version of the Ethernet 
CSMA/ CD method adopted 
by the IEEE 802.3 Standards 
Committee. It includes three 
VLSI chips: transceiver, serial 
1/ 0 , and LAN controller. 
Three miniature pulse 
transformers between the 
transceiver and the serial chip 
provide the electrical isolation 
required within the data 
terminal equipment. 

Net-488. This system allows rapid data transfer 
without copying files to a removable disk pack or 
tape. Up to 15 devices can be connected on the bus 
with data rates varying from 500 kbytes/ s to a maxi
mum of 1 Mbyte/ s. GPIB interfaces for computers 
range from $400 on personal computer products to 
$2500 on VAX computers and other mainframes. 
Thus, personal computers and workstations can play 
a double role of processing administrative office 
tasks as well as taking engineering measurements in 
the laboratory. In office networking, the delinea
tions have fallen along different lines. According to 
Intel's (Santa Clara, Calif) chip designers for LAN 
applications, office networking is evolving into a 
three-tiered structure. Each tier cost/ performance 
ratio is optimized to a particular application. 

Tier 1, a high speed link, is used primarily between 
mainframes but can also interconnect different 
LANs. Here, the rate is in the 20- to 100-Mbit/ s range 
and is mostly fiber optic-based. Tier 2 covers the 2-
to 10-Mbit/ s data rate range. This tier can serve 
several applications . One, a LAN backbone, inter
connects the clusters of personal computers and ter
minals of tier 3. Another provides access to data bases 
and expensive peripherals so that they can be shared. 
And, the third supports high end workstations. 

With a data range of 1 to 2 Mbits/ s, tier 3 has 
the largest volume and the most cost sensitive net
work. The IBM PC Network is a prime example. 
The Intel 82586 LAN coprocessor acts as the VLSI 
controller for the data link layer of this PC Network. 
Handling up to 762 nodes , the IBM PC Network 
can cover a radius of up to 1000 ft. 

Chips for LANs 
The 82586 has an onchip processor that works in 

parallel with the system CPU, and handles the data 
communication processing. The system side of 
the 82586 supports high level command functions 
from the host CPU, such as the transmit command. 
This allows the CPU to deal with the 82586 on a 



~ Thrfonnance Ethernet &llutions. 
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/IP) 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 1.2 Mbit/sec and increases Host computer 
performance over 30% by offloading protocol processing. 
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 execu
tive that manages memory resources, supervises trans
mission/rec~Rtion of messages, and performs sophisticated 
diagnostics. 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 ~g 
plans. For delivery of the ~ ll -=:... 

ENP Series, call CMC \ 
today. (805) 963·94 71 

'tl'.. 
achinery ®unication 

~at1on Setting IAN gears in motion. 

1421 State Street, Santa Barbara, CA 93101 iwx 910 334-3508 



Cost Per Node Comparison for Various LANs 

Price 
Company Network Topology Per Node 

Connection 

Advanced Peripheral Star $110 
Systems 

Concepts, 
Inc 

ALSPA Zero-net Bus $1195/ 
Computer workstation 

Altos $2500/ 
Computer Ethernet Bus interface card 
Systems Altos-net Bus $295/ 

interface card 

Datapoint Star 
Corp ARC NET clusters $500/ 

(logical workstation 
ring) 

Nestar Star 
Systems Plan 4000 clusters $595/ 

(logical interface card 
ring) 

Protean 
Pro net Ring $2500 Associates 

3Com EtherSeries 
GQrp products Bus $950/ 

for interface card 
Ethernet 

Vector $3750/ 
Graphic LINC Ring workstation 

packet basis rather than on a byte basis, as with 
other controllers. 

Besides Intel, National Semiconductor of Santa 
Clara, Calif, Advanced Micro Devices in Sunny
vale, Calif, and Texas Instruments of Dallas, Tex 
are also developing LAN chips. One of the more 
ambitious projects is the five-chip set expected from 
TI by the middle of the year. Its token-ring LAN 
adapter is just one of many joint efforts with IBM. 
The adapter is in a VLSI chip set and mounted on 
a printed circuit card within the attaching product. 
The chip set consists of a 16-bit communication pro
cessor with an onboard 2.75-Kbyte RAM, an IEEE 
802.5 protocol handler with 16-Kbyte ROM, a sys
tem interface chip compatible with both the 8086 and 
the 68000 microprocessors, and a two-chip media 
interface set. 

The TI adapter will be compatible with both the 
IEEE 802.5 cabling specifications of ·a balanced, 
shielded twisted-pair attachment to a trunk cable and 
to the IBM cabling system. When used with the IBM 
cabling system, the ring interface circuits will meet 
the less than 1-bit/billion-bit transmitted error rate 
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specified by IEEE 802.5. The adapter will be capable 
of transfer rates of 40 Mbits/s, 5 Mbytes/s. The 
adapter's integrated buffer memory will free the at
taching product's processor from the processing 
LAN frames not explicitly required by applications 
in the attaching product. Most other LAN adapters 
also feature buffer memory onboard. 

Because the ring adapter has such dense circuitry 
and needs to be 100 percent reliable with error-free 
operation, TI established a design methodology 
called RAS-reliability, availability, and service
ability. This program was conceived to ensure that 
the token-ring LAN adapter has a highly reliable, 
easily maintainable, and "zero escape" error envi
ronment. A zero escape environment is possible with 
built-in features such as error detection, fault isola
tion, parity on all address and data paths, and 
power-on, self-test diagnostics. These features ensure 
proper functioning of the adapter before inserting 
it into the network. They also guarantee that the 
adapter maintains the data integrity as data is passed 
through the network. 

Working with IBM on the token-ring adapter led 
TI to adopt a strict design methodology program. 
The goal of the program is to prove that the VLSI 
design is based on specifications defining the func
tional requirements of a token-ring adapter. The pro
gram known as ratification, verification, and 
validation is used to show that the VLSI chip under 
design fulfills the end user's requirements. 

The functional specification, based on the system 
requirements of a token-ring network, includes such 
items as the media access control, physical transmis
sion layer, system interface software and hardware 
description, software control interface, environ
mental considerations, power requirements, and 
rror procedures. Verification is applied by placing 

multiple identical hardware emulators in a ring test 
environment. This is done to prove that the actual 
implementation specification, including the micro
controller instruction set, fulfills the functional 
specification requirements. 

In the ratification phase, the specifications are 
confumed within the many error conditions possible. 
All error conditions are handled properly without 
lock-up of the ring. In validation procedures, the 
hardware emulators are connected to an IC tester 
to verify test patterns against those from a software 
model output. This ensures that the hardware emula
tors and software models are identical to the VLSI 
module boundaries. 

While IBM has recently made significant progress 
in the LAN market, the company has a substantial 
investment in all kinds of data communication equip
ment that may not easily fit into the LAN environ
ment. Such is the case with synchronous terminals 



that were basically designed for the company's inter
nal System Network Architecture. Last year the com
pany celebrated the tenth anniversary of the SNA, 
claimed to be "the most successful computer archi
tecture in the information processing industry today.'' 
Currently, IBM's customers around the world are 
using SNA in more than 20,000 host computers. 

Latching on to the SNA giant 
SNA resembles the seven-layer structure of the 

OSI model. But IBM divides SNA into three distinct 
entities: a specification, a plan for structuring a net
work, and a set of products. SNA specifies the oper
ating relationship of IBM products as part of a 
system. It also provides a coherent structure to 
manage networks, and in response to new require
ments, to change and expand them. 

IBM's set of products includes a large number of 
computer terminals for both specific industries and 
general applications. The predominance of IBM 
products has forced the rest of the industry to 
develop paths into the SNA world. On the other 
hand, market pressure by its competitors has caused 
IBM to react by opening up the SNA environment 
to non-SNA equipment. As such, IBM has an
nounced the 3710 network controller, which enables 
a variety of SNA and non-SNA devices to communi
cate with any host computer on the network. In addi
tion, the company has made available enhanced 
software products that extend the number of logi
cal addresses from 84,000 to 8 million for worksta
tions and other devices in a single SNA network. 
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Still, there are companies that want to hook up 
to Big Blue, and they are making interface products 
for such applications. Exel Microelectronics, Inc 
(San Jose, Calif), for instance, has developed a bit
oriented communication coprocessor (XL88C565/ 
XL68C565). The company claims that the processor 
provides a much higher level silicon solution than 
previously available chips by off-loading the CPU 
realtime 1/0 interfacing. A number of integrated 
circuits at varying levels of capability have been 
developed to support bit-oriented protocols such as 
synchronous data link control, high level data link 
control, and advanced data communications control 
procedures. Although they are effective communi
cation interfaces, these devices leave a substantial 
portion of the realtime communication control and 
buffer management up to the system processor. This 
affects CPU throughput for other tasks adversely. 

Some devices, such as Zilog's Z8030 serial com
munication controller and Signetics' (Sunnyvale, 
Calif) SCN68562 dual universal serial communi
cation controller, handle multiple protocols of 
the character-, byte-, or bit-oriented types. They 
are principally designed to operate as a slave to 
a microprocessor. 

When used with a microprocessor, these commu
nication controllers are first initialized for the cor
rect frame format. Then, by polling, or via interrupt, 
the microprocessor must read received data, or write 
data for transmission directly to or from the con
troller on a character by character basis if the device 
incorporates a first in, first out register. This type 
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(2 to 10 MBITS/S) 
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To provide a wide variety of solutions for the various network configurations, the goals for which LAN 
chips should be designed are categorized into three tiers. The tiers are assigned according to the data 
transfer speeds that each has to provide for the end user. Chips are starting to appear for the workstation 
cluster tier and the LAN backbone tier. For the fiber optic-based tier that links large computers, optical 
transceiver chips and high speed ECL chips are on their way. 
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Token-ring access technology requires 100 percent 
reliability. As part of Texas Instruments' reliability 
program, the company follows a strict design 
methodology for its token-ring VLSI chips that are 
slated for IBM's token-ring LAN. Tl's ratification, 
verification , and validation procedures ensure that the 
VLSI chip under design can meet IBM's, or any other 
customer's, specifications for a token-ring LAN. 

of operation can severely limit available microproces
sor time for other tasks. In LAN applications where 
the data speeds are high, communication support may 
not even be possible, or at best, a dedicated CPU may 
be required to handle the communication tasks. 

If a DMA controller is added to the chip as in the 
AMD 9517 A, the processor overhead is substantially 
reduced. However, much CPU support is still needed 
for buffer management of linked lists because these 
lists not only rob the processor throughput, but also 
add to the software complexity. Thus, the better 
solution is a single device that not only off-loads real
time 1/0 communication support from the micro
processor, but also provides the integrated software 
on silicon that handles message buff er management. 
Exel believes its communication coprocessor does 
the trick. 

The single-chip high performance CMOS (HCMOS) 
device integrates two processors: a high speed data 
link controller operating at up to 4 Mbits/s, and a 
channel processor that interfaces to CPUs operating 
at up to IO MHz. A CPU interface allows direct con
nection of the IC to most 8- and 16-bit processors. 
The XL88C565 is geared for operation with micro
processors from Intel, Zilog, and National Semicon
ducter. The XL68C565 is optimized for the Motorola 
and Mostek processors. 

The giant link between DNA and SNA 
A monumental attempt was made in 1984 to con

nect to IBM's SNA world when Digital Equipment 
Corp (Maynard, Mass) introduced its DECNet/SNA 
gateway. The gateway serves as a transparent and 
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bidirectional communication link between the DEC 
and IBM data networks. The company's Digital Net
work Architecture (DNA) is proprietary like the 
SNA, but also follows the general outline of the OSI 
model. DNA defines the standard protocols, inter
faces, and functions that enable DECnet nodes to 
share data and resources. Its hierarchical framework 
provides flexibility for adding communication tech
nologies such as Ethernet without affecting user 
applications. Ethernet protocols are added to the two 
lowest layers of DNA and the structure of all other 
layers remain unchanged. 

DEC's latest software links for connecting to the 
SNA environment include DDXF, a document ex
change facility; DHCF, a distributed host command 
facility; PrE, a printer emulator; and Micro VMS 
operating system versions of the 3270 terminal emu
lator and gateway management. These products pro
vide users with the decentralized resources of IBM 
SNA networks while delivering the power of the 
VAX environment. 

DEC also became involved in another attempt to 
link LANs last year. Together with Mountain View, 
Calif-based Vitalink, DEC is marketing TransLAN, 
a combined hardware and software product that 
transparently connects LANs via satellites and/or 
terrestrial lines. Ethernet 802.3 LANs connected 
via TransLAN appear to any LAN station as a 
single LAN. 

The predominance of IBM products 
has forced the rest of the industry to 
develop paths into the SNA world. 

The system of bridge hardware and software that 
connects the LANs with digital transmission net
works is supplied by Vitalink. Using technology 
developed by DEC, TransLAN learns the configura
tion of the network by remembering which stations 
are local and which are remote. LAN information 
intended to be sent to remote sites is automatically 
forwarded across the digital transmission network 
in a data-link-layer relay, or bridge. This bridge 
screens and forwards information to protect the 
LAN and transmission system from unnecessary 
traffic. TransLAN has eight V.35 or RS-232 satellite 
channels or terrestrial link ports. Port capacity is 224 
kbits/s. The frame processing rates are 4000-frame/s 
filtering and 1500-frame/s forwarding. 

Developmental work is also progressing on com
plete fiber optic LANs. AT&T Information Systems 
has already based its Information Systems Network 
on fiber optic cable which, the company feels, is 
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clearly the medium for efficient, secure, and high 
capacity distribution of multimode information 
(voice, data, and video). ISN is a high performance 
packet controller network for high speed (8.64 
Mbits/s) data handling and switching. The network 
architecture can allocate bandwidth on demand to 
individual users with the Datakit virtual circuit 
switch (VCS) protocol. The switch is based on a kit 
of compatible modules that can be assembled to pro
vide a range of network functions. According to 
AT&T, a major problem in some LANs is that pro
tocol and switching schemes do not allow communi
cation between nodes without gateways. The Datakit 
VCS solves this problem with its unique interconnec
tion scheme. Whole series of nodes can be connected 
while keeping transmission delays to a minimum. 

Functionally, the Datakit VCS is a digital virtual 
circuit switch that uses an internal high speed packet 
switch. Combining the high speed internal 8-Mbit/ s 
backplane bus with relatively small packets (16 bytes 
long) provides little delay and high throughput 
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even across a wide area network made up of several 
such switches. 

Forming backend networks that can adapt main
frames, file servers, and full-fledged LANs, becomes 
essential as more LANs are connected and more 
throughput is required. Such a network would imple
ment a Fiber Distributed Data Interface (FOOi) cur
rently being defined by the ANSI X3T9.5 Committee. 
A wideband 100-Mbit LAN such as FDDI can supple
ment frontend LANs of lower speeds by providing 
backend interconnections of dissimilar networks. 

Fiber optic standards for LANs 
The FDDI is a ring topology LAN with a token

passing access scheme. It is specifically designed for 
communication over fiber optic cables at up to 100 
Mbits/s for distances of 1to2 km. Data rates above 
50 Mbits/ s usually dictate a fiber optic communica
tion medium since it has inherent advantages over 
coaxial cable. FDDI performance is depicted rela
tive to other interfaces in logarithmic scale. 
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A typical communication coprocessor IC accommodates the basic functions for transmitting, receiving, and 
buffering the data between the LAN and a microprocessor. Exel 's chip comes in two versions for the 8086 
and the 68000 family of parts. It incorporates circuitry to support all bit-oriented protocols. The device 
integrates two processors: a data link controller operating at 4 Mbits/ s and a channel processor that 
interfaces to the CPUs operating at 10 MHz. 
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A comparison of the intended Fiber Distributed Data 
Interface (FDDI) spectrum of parameters
transmission rates, the number of nodes, and the 
extent of its reach-against those of other types of 
communication schemes shows the tremendous 
advantage offered by FDDI. Plotting this data 
linearly for the Y-axis identifies FDDl's full 
potential. Also, because fiber is in its youth and the 
other schemes are mature technologies, even more 
significant data improvements can be expected. 

The advance offered by FDDI can be seen if the 
plot is drawn on a linear scale. Close to 500 nodes 
are permitted on the network and, despite the high 
transfer rate, more than 80 percent of the peak trans
fer rate can be sustained even at the maximum extent. 
Also, since FDDI, as specified, is actually two 
counter-rotating rings, the basic available data rate 
can be doubled. In addition, fiber technology is still 
advancing and promises significant data rate 
improvements whereas the other plots represent the 
performances of mature technologies. Properly con
figured then, FDDI will support sustained transfer 
rates as high as 80 Mbits/s, between 1000 nodes, over 
a 200-km data path. Currently, the ANSI Committee 
is defining a standard for the physical layer (1) and 
the media access control layer (2), conforming to 
layers 1 and 2 of the OSI model. 

Design trade-offs 
A possible node configuration for this type of net

work would entail a 32-bit microprocessor, RAM, 
FDDI, controller, and host interface. Without VLSI 
components, the FDDI node processor would be 
prohibitively expensive. Thus, one semiconductor 
manufacturer, AMD, has already announced a chip 
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set that will conform to the FDDI specifications. 
Three VLSI devices that will attach a 32-bit micro
processor with closely coupled RAM to FDDI net
works are planned for 1986. They include a link 
protocol processor, a media access controller, and 
an encoder I decoder. 

Engineers working on these designs are faced with 
some difficult design options. Foremost, when going 
from the relatively slow 10-Mbit/ s data rates of 
Ethernets to FDDis 100-Mbit/ s rate, a processing 
bottleneck appears. In effect, the network interface 
hardware has to convert 8-, 16-, and 32-bit wide 
parallel data into a serial bit stream while the data 
is transmitting. A network interface also has to pro
vide buffering for this data. To accommodate all 
these requirements at high speeds requires the use 
of ECL logic at the medium's end. 

Many of the design trade-offs can be better evalu
ated if a comparison is made between the FDDI spe
cifications and the IEEE 802.5 token ring standards. 
Both the FDDI and the 802.5 standards specify token 
passing ring protocols. In such rings, stations are 
serially connected by the transmission medium to 
form a closed loop. Packets are transmitted sequen
tially from one station to the next downstream sta
tion. Packets are retimed and the signal levels are 
regenerated at each station before transmission to 
the next station. Idle stations can be bypassed or can 
act as active repeaters . The addressed station can 
copy the packet as it passes through the station. 
Finally, the station that transmits the packet strips 
it off the ring. 

Transmitting tokens 
In token-passing protocols, a station gains the 

right to transmit when it has the token, a special 
packet that circulates on the ring. When a station 
needs to transmit, it captures the token, transmits 
its packet(s), and releases a new token which the 
downstream node can use for its transmission. 

FDDI has tried to retain the services and facilities 
of the 802.5 standard. But since FDDI is designed 
as a 100-Mbit/s standard and the maximum speed 
of the 802.5 is 4 Mbits/s, several key aspects have 
to be taken into consideration when streamlining the 
protocols for the higher data rates . 

For more modest data rates, of course, a num
ber of companies are offering either baseband or 
broadband cable solutions. One company, however, 
has developed the capability of serving its customers 
with LAN systems operating on four different 
media: baseband, broadband, optical fiber, and thin 
coaxial cable. 

In 1984, Ungermann-Bass Inc of Santa Clara, 
Calif, introduced the industry's first commercially 
available fiber optic, Ethernet-compatible LAN, 
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adding to an already impressive stable of LAN hard
ware and software offerings. According to PC Net
line, a Hyatt Research Corp newsletter (Andover, 
Mass) that keeps track of the network industry, 
Ungermann-Bass has in the past five years become 
the largest third-party supplier of general-purpose 
LAN systems. A family of Network Interface Units 
(NIUs) form the core of the company's Net/One 
LAN architecture, which is based on the Ethernet 
specifications. The NIUs range from the single-port 
onboard personal NIU to the expandable 24-port 
NIU-2A. Communication between NIUs is handled 
by Net/One software which is not specific to any 
one vendor's system hardware. 

Ungermann-Bass currently offers four versions of 
its Net/One system: a 10-Mbit/s Ethernet-compatible 
baseband system, a 10-Mbit/s thin coaxial baseband 
system, a 5-Mbit/s cable TV-compatible broadband 
version, and an Ethernet-compatible optical fiber 
system. Also its Personal Connection is an exten
sion of Net/One for networking IBM personal com
puters which can be connected to any host or 
peripheral device on the network. 

The company's latest offering, fiber optic Net/ 
One, consists of fiber optic cables, optical star cou
plers, and Ethernet-compatible optical transceivers. 
Baseband models of Net/One use the optical trans
ceivers to provide the transmission interface to the 
optical fiber cable. At the transceiver, the electrical 
signal is converted to an optical signal coupled to 
an optical fiber cable. The data travels to the star 
coupler, which outputs the signal onto all the fibers 
leaving the star coupler. The data is then received 
by all the other transceivers. 

Using a 64 x 64 star coupler, a maximum of 64 
optical transceivers per star segment can be imple
mented. The maximum length of the transceiver 
cable can be 50 m while the separation between sta
tions cannot exceed 2800 m. Network repeater units 
can be used to extend the range of the transmission 
medium beyond a single segment. Repeaters regen-
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erate the signal from segment to segment. As a result, 
multiple star couplers can be interconnected to a 
coaxial cable segment. Standard Ethernet transceiver 
cables are used to connect stations to the optical 
transceivers, whose access method and collision 
detection signals are identical to those of a coaxial 
Ethernet system. These products are also imple
mented with the same software. 

While Ungermann-Bass has shown a strong posi
tion in the CSMA/CD media access world, its recent 
announcement of a new venture with General Elec
tric may catapult the company into the deterministic 
end of the business. In September 1984, the two 
companies signed a letter of intent to form an inde
pendent joint venture company to develop, manufac
ture, and market LAN communication systems for 
the industrial market. This means that the resultant 
product must be based on a token-passing access 
method to ensure that, in a factory environment, each 
station can "talk" whenever it needs to, and not rely 
on the probabilistic CSMA/CD scheme. 

Products answer to standards 
The new company's principal goal is to provide 

products that will interconnect all industrial automa
tion equipment, and other intelligent devices such 
as computer aided design/computer aided manufac
turing systems, regardless of the system brand. The 
products will be sold on an OEM basis and will be 
compatible with the Ungermann-Bass LAN systems. 
They will also be made according to General Motors' 
manufacturing protocol specifications and the IEEE 
802.4 standards. A working model of the manufac
turing protocol network was demonstrated at the 
1984 National Computer Conference. The under
lying token-passing LAN for that demonstration was 
Concord Data Systems' Token/Net. This Waltham, 
Mass company was the first company whose product 
met the IEEE 802.4 token-passing standard. 

In the Token/Net Interface system, the basic hard
ware is the Token/Net Interface Module (TIM), 

ENCODER/DECODER 

FIBER
OPTIC 
CABLE 

Work has begun on the 
development of VLSI chips 
for the FDDI-based fiber 
optic network. AMD's 
development focuses on three 
ICs that can be interfaced 
with a 32-bit microprocessor 
and its associated RAM. A 
link protocol processor, a 
media access controller, and 
an encoder/decoder should be 
available in 1986. 
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Proposed FDDI and IEEE 802.5 Features 

Fiber Distributed 
Features Data Interface IEEE 802.5 

Transmission Half-duplex; Full-duplex; 
scheme byte-level bit-level 

manipulation manipulation 

Traffic control Via timed token Via priority and 
reservation bits 
in each packet 

Encoding Group with 10 Differential 
percent de Manchester; no 
component de component 
variation 

Architecture Decentralized Ring with one 
ring, individual active monitor 
clocks; and one clock; 
limited packet very long 
size packets 

which connects to the broadband cable. This cable 
serves as a high speed (5-Mbit/s) broadcast medium 
to all other TIMs on the network. Within each TIM 
is a modem, a TIM access unit, a TIM control unit, 
and a power supply assembly. The access unit moni
tors receive signals from the modem and watches the 
medium for proper token operation. It checks to 
determine that all received messages pass a 32-bit 
frame check sequence and then passes good frames 
to the control unit via shared memory receiver queues. 

In ongoing operations, the control unit provides 
the session establishment and packet addressing 
functions for its own serial interfaces and port option 
boards within the base unit. The control unit can 
connect to any ASCII terminal capable of 9.6-kbit/s 
start/stop operations. 

Another Massachusetts company believed to be 
the first to fully comply with the IEEE 802.3 Ether
net CSMA/CD standard is Westford-based Interlan, 
Inc. Its NTlOO transceiver is the latest addition to 
the company's NET /PLUS product line. Featuring 
a nonintrusive cable tap, the transceiver permits 
nodes to be attached or removed from an active net
work without disturbing network communications. 
An alternative tap is available for initial installation 
with preassembled coaxial wire. Interlan provides 
a plethora of Ethernet-based products to intercon
nect equipment ranging from personal computers to 
DEC hosts and Data General host computers includ
ing servers, transceivers, device driver software, 
cabling, and controllers. It also supports multiple 
operating systems including MS-DOS, VMS, RSX, 
Unix, and AOS. 

Interlan was also one of the first companies to sup
port Microsoft's announcement of Microsoft Net
works, a file server for the MS-DOS environment. 
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In relation to the OSI model, Microsoft Networks 
provides an application interface, presentation and 
session layers, and a well defined interface to the 
transport layer. Interlan's NET /PLUS begins with 
the IEEE 802.3 Ethernet specification for the physi
cal and data link layers, implements the network and 
transport layers according to Xerox Network Sys
tem's Internet Transport Protocols, and extends 
through the application layer in its server products. 
With Interlan offering Microsoft Networks at the 
upper layers, the personal computer user's capabili
ties can be extended beyond the personal computer
only environment into a wide range of host computers 
potentially spread across a number of internet
worked LANs. 

One company has shown exactly how internet
working can tie various LANs together. Novell Inc 
of Orem, Utah collaborated with 3M's Interactive 
Systems (St Paul, Minn) to demonstrate the capabil
ities of Novell's Advanced Net Ware 1.0 at the 1984 
Comdex show in Las Vegas. Interactive Systems' 
LAN/PC was used in conjunction with the Advanced 
NetWare 1.0 operating system to form a network 
of between 20 to 30 different LANs. The connec
tion between separate LANs was accomplished via 
NetWare Bridges. 

When it comes to personal computers, 
not all users will need the full 
Ethernet transfer rate of JO Mbits/s. 

Advanced NetWare 1.0 allows simultaneous use 
of files residing on different networks and will sup
port workstation access to as many as eight file 
servers simultaneously. Thus, the Net Ware operating 
system brings file server flexibility and true multi
user functionality to a number of popular LANs 
including Corvus Systems' Omninet, Gateway's 
0-Net, Proteon's proNET, 3Com's EtherLink, 
Nestar's Plan 2000, Davong's MultiLink, SMC's 
ARC PC, Televideo's Personal Mini, and Novell's 
own S-Net Network. 

Novell's NewWare Bridges essentially act as servers 
in their own right and communicate through 
a normal LAN link. The NetWare Bridge Box con
sists of three boards. One contains up to 2704 
PROMs that hold the firmware while the other two 
contain the communication circuits for the bridge 
to link the LANs. The PROMs contain the routines 
necessary to translate packet data between LANs for 
ultimate use at the receiving station. Reception and 
transmission are completely transparent to the user 
and the file server access is identical to a multiple 



server environment. Up to 84 personal computers 
can share up to 150 Mbytes of disk storage attached 
to the NetWare file server. The file server is a dedi
cated personal computer or file server/ workstation 
that requires a minimum of 250 Kbytes of memory. 

Using several operating systems in the same net
work is accomplished via a software shell. This shell 
translates the commands of each operating system 
into the native command structure of the file server. 
All workstations, regardless of their operating 
system, can view the same directories and share the 
same files. 

Another company that is trying to make a dent 
in the LAN internetworking market is California 
Network Systems. The Milpitas-based company has 
its own NetServer communication system, a special
purpose communication processor designed to sup
port multiple LAN interface cards in personal 
computers. The system supports up to 13 card slots 
compatible with the IBM personal computer, with 
one extra card designated as the bus master. This 
SysCard and the control ComCard have their own 
dedicated 80188 and onboard RAM. An optional 
OEM/ SNA Gate Way software package is available 
for the ComCard that converts the personal com
puter into a gateway to an SNA network. The result 
is that the network emulates an IBM 3274 cluster 
controller with the attached display stations and 
printers. The gateway software is written in C and 
supports up to 32 concurrent SNA sessions. 

More moderate data rates for LANs 
When it comes to personal computers, not all 

users will need the full Ethernet transfer rate of 
10 Mbits/ s. Thus, IBM's PC Network is specified 
for 2 Mbits/ s while the upcoming StarLan from 
AT&T is scheduled to carry data at half that rate. 
Starlan's major advantage is that it is based on the 
already installed twisted-pair wires that can be found 
in most buildings where telephones are used. As a 
result, Starlan can be installed without rewiring
an advantage not found in Ethernet. 

A total of 21 companies have formed a task force 
of the IEEE 802.3 CSMA/ CD committee to investi
gate the possibilities of a standard for a 1-Mbit/s 
baseband CSMA/CD Star Lan. A major stumbling 
block to making such a standard effective lies in 
deciding whether or not the twisted pairs are the 
proper medium for data transmission over meaning
ful distances and immune to electrical interference. 
AT&T, so far, has not committed the StarLan con
cept to the product stage, pending the verdict of the 
task force. 

One semiconductor company that is a member of 
the task force, however, has committed itself to 
produce a controller chip for a 1-Mbit/s CSMA/ CD 

baseband network. Intel's 82588 is a programmable 
LAN controller that can operate in both a 1-Mbit/s 
baseband network such as StarLan as well as in a 
2-Mbit/ s broadband system such as the PC Network, 
the IBM/ Sytek collaboration. Some of the program
mable parameters include framing for end-of-carrier 
or for synchronous data link control, address field 
length, station priority, interframe spacing, slot time, 
CRC-32 or CRC-16, and nonreturn to zero inverted 
or Manchester encoding/ decoding. 

Advantages in the VLSI chip 
Embedded in the VLSI chip is a high level com

mand interface, such as the CPU sending commands 
(eg, Configure or Transmit). This alleviates the task 
of the designer in developing low level software. This 
feature saves CPU memory by having the receive 
frames saved in buffers that are chained together in 
system memory, an important advantage for per
sonal computers with limited memory. Similar fea
tures are included in the higher performance chip 
82588 that is used in most Ethernet applications. But 
because of the lower bit rates, which require less 
sophisticated circuitry, a higher level of integration 
can be achieved. Thus, the CSMA/ CD controller 
functions of the 82586, except for the coprocessor 
portion, are on this chip. Also included are the data 
encoder/ decoder function of the 82501 Ethernet 
Serial Interface and the collision detection functions 
of a transceiver. 

Networks using collision detection can attain the
oretical throughput rates of 98 percent, compared 
to only 38 percent on networks with collision avoid
ance. For this reason, Intel has incorporated two 
kinds of collision detection on the 82588 to increase 
the total data throughput. The first collision detec
tion method checks to determine whether or not 
incoming bits violate Manchester or nonreturn to 
zero inverted schemes. If these bits do violate these 
schemes, they are assumed to have been "damaged" 
by a collision. This method is useful in short bus 
LANs, such as AT&T's DataKit LAN, from which 
the StarLan is derived. 

In the second collision detection method, the chip 
performs a bit comparison on its transmitted mes
sage as it returns on the receive channel. This method 
is used in networks with the separate transmit and 
receive channels usually found in broadband sys
tems. Both methods permit detection of the collision 
while the message is still being transmitted; there
fore, both methods have the advantage of immediate 
back off and retry. 

As one addresses the layers above the physical and 
datalink, one leaves pure specifications and enters 
the software realm. Intel has joined the ranks of 
those who address the higher levels of the OSI 
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model. (It is not resting on its laurels by providing 
Ethernet-based chips that respond only to the two 
lower layers.) The company has made available its 
iNA 960, a software package that meets the ISO 8073 
Class 4 Service requirements for the transport layer 
of the OSI model. This layer's task is to ensure that 
a message arrives at its destination. While CSMA/ CD 
guarantees that only a single frame will be trans
mitted on the network at any one time, the trans
port layer breaks a message up into frames and sees 
that each message is properly received. The trans
port layer also sees that the message is correctly 
placed back together again at the receiving end. 

A high level command interj ace saves 
CPU memory by reserving the receive 
frames in buffers that are chained 
together in system memory. 

The iNA 960 comes in two configurations. The 
first one allows it to run as a task under Intel's iRMX 
86 operating system at speeds of 150 kbytes/ s. The 
second configuration has the iNA 960 run as a com
pletely independent transport engine in which a speed 
of 300 kbytes/s can be achieved. 

Toward umbrella protocols 
Although designing neat packages for each of the 

OSI model layers may seem simple enough, the fact 
is that the model defines only the functions of each 
layer, but does not specify the interlayer communica
tion standards. Thus, there are differences between 
various LAN vendors-even between Ethernet pro
viders. The interlayer communication techniques 
often result in the inability of vendors to provide 
satisfactory multivendor networks. 

Network Research Corp of Santa Monica, Calif 
has developed a C-based portable LAN program 
called Fusion. It implements the upper level pro
tocols to accommodate a wide variety of normally 
incompatible computer processors, operating sys
tems, LAN hardware, and network interfaces. 
Fusion provides full implementation of the XNS 
internet transport protocols, including the datagram, 
error, echo, routing, and packet exchange and se
quenced package protocols. Fusion also implements 
the ARP ANET TCP /IP protocols. 

Another company that supports the XNS and 
TCP /IP protocols with its products is ACC of Santa 
Barbara, Calif. Its family of ACCES products con
sist of modular hardware and software packages 
designed for multivendor, multi-operating system 
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environments. Its latest offering is the ACCES Net
work File Management System (FMS) that provides 
complete file management devices for VAX VMS 
and Unix operating systems. With FMS complete 
files, individual blocks and even individual records 
can be manipulated across a network regardless of 
the different operating systems' file management 
structures. Every complete file transferred is accom
panied by a file header that provides critical infor
mation to.the receiving host computer regarding the 
incoming file format. Thus, the network file header 
ensures that information is not lost as the file is 
moved, even though each host may maintain differ
ent file attributes. 

In general, ACC is in the forefront of providing 
solutions for distributed processing systems. The 
company has set up a LAN center in Soquel, Calif 
whose sole purpose is to develop interconnectivity 
solutions for equipment from different vendors. 
Here, computers are ripped apart, inserted with 
Ethernets and intelligent communication controllers, 
plastered back together, and then made to talk with 
each other. The center becomes the proving ground 
for the next generation of higher level communica
tion products under the ACCES umbrella. It uses 
the Xerox-developed courier Presentation/ Session 
level protocol as the vehicle between its application
oriented packages such as the FMS and the bit
oriented TCP / IP and XNS protocols. 

The company keeps close tabs on the standardiza
tion efforts for the higher level protocols of the OSI 
model. As such, the company's products follow on 
the heels of new developments in that arena. Thus, 
one can almost suspect that L. Brian McGann's 
predictions may one day come true. The manager 
of ACC's LAN center, referring to the capabilities 
of the center, says "Our current capabilities are 
really foreshadowing the next giant step in comput
ing, that of tying computers into a network as func
tional blocks." 

According to McGann, these blocks will then 
make many new services available to the end user. 
The final verdict on this will be delayed for a while. 
It remains to be seen whether the ACCs of this indus
try will be able to match the network solutions that 
companies like IBM offer for their products. In the 
final analysis, the network industry needs both types 
of companies to wire our global village called Earth. 

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 



Unbelievable performance - and price . . . Go ahead! 
Investigate your options. You simply will not find a more 
capable multi-pen plotter on the market today. Priced at 
$5,995.00*, Houston Instrument's DMP-51152 MP combines 
top-of-the-line technical performance with sleek styling, 
quiet servo motors and our matchless DM/PL™ resident in
telligence. 

Holding up to 14 self-capping pens in a unique carriage 
assembly, the DMP-51152 MP responds to any drafting
intensive demand. Whether your plots require multi-color 
capability or a variety of line widths, the DMP-51152 MP 
quickly and effici~ntly meets the challenge. This multiple 
pen capability means your days of multi-stroking lines or 

• U.S. suggested retail price 
DM/PL is a trademark of Houston Instrument 

constantly changing pens are over - which allows you to 
dramatically reduce your drafting throughput time when 
creating C and D size plots. 

Redefining state-of-the-art . .. The DMP-51/52 MP offers all 
the best features of Houston Instrument's phenomenally suc
cessful DMP-51152 series. The multi-pen version features a 
maximum speed of up to 22 inches per second, a user-select
able acceleration rate of up to 4 Gs and a resolution of .001 
inches. We've also added a constant velocity control to en
sure uniform inking regardless of the angle of pen movement. 

We're confident you'll be impressed with our newest plot
ter. Call us at 1-800-531-5205 (512-835-0900 for Texas 
residents) for the name of your nearest dealer or distributor 
or write Houston Instrument, 8500 Cameron Road, Austin: 
Texas, 78753. In Europe, contact Houston Instrument 
Belgium NV., Rochesterlaan 6, 8240 Gistel, Belgium. Tel.; 
059-27-74-45. Tix. 846-81399. 
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Introducing OPTIMUX™ 
communications controllers. 
Four new ways for DEC™ users 
to free up theirVAX~PDP-11™ 
and LSI-11™ systems. No other 
controllers even come close 
to offering the high-performance 
features you get with OPTIMUX. 

FREEDOM FOR UNIBUS USERS. 
DILOG's 16-channel 

OPTIMUX/16DMF + works 
with all VAX and PDP-11 
computers. It's the first one
board controller with all DEC 
DMF and DHll functions. 

For high-throughput appli
cations, the 16DMF+ offers 
three important enhancements: 

Bidirectional flow control 
virtually eliminates the potential 
for data loss. 

Multi-word DMA transfers 
reduce CPU overhead during all 
communications operations. 

The 16DMF+ also offers 
software-selectable data trans
fer rates-from SO bps to 
38,400 bps. 

You can add PCs, graphics 
terminals, high-speed digitizers, 
stat-muxes, or simply more 
I/0 stations. OPTIMUX keeps 
r~sponse time down and effi
ciency up. 

Should you need even greater 
capacity, there's the add-on 
32-channel OPTIMUX/32DMF+. 
It contains two 16DMF+ boards, DEC. VAX. PDP, LSI. RSX·ll. RSTS/E, Unibus and QBUS are trademarks of Digital Equipment Corporation. 
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II and adds four slots and 20 
amps to your host computer. 
You can daisy-chain two, three, 
four or more of these units to 
over 128 channels without using 
any host power or backplane 
space! 
FREEDOM FOR QBUSNUSERS. 

For LSI-11 systems, the 
OPTIMUX/64DH exceeds all 
the capabilities of DEC's DHll. 

Occupying just one backplane 
slot on the QBUS, this single, 
quad-height board expands up to 
64 asynchronous communica
tions channels in 16-channel 
increments. 

To prevent loss of received 
data during high traffic condi
tions, the 64DH features a 
switch-selectable 64 or 128-
character FIFO buffer. 

The 64DH is compatible with 
the standard DHll and DMll 
drivers contained in the RSX-11~ 
RSTS/E® and UNIX® operat-
ing systems. 

Still another new product for 
QBUS is the OPTIMUX/8DZ. 
It multiplexes eight RS232 data 
channels on a single, dual
height board and is software 
compatible to the DZll driver. 

Isn't it time you proclaimed 
freedom for your DEC computer 
systems? For more information 
on OPTIMUX controllers, call 
(714) 937-5700. Or write DILOG, 
P.O. Box 6270, Anaheim, CA 

92806. lllll 
EMULATION IS NOT ENOUGH. 
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Wire-Wrap can't be used 
with High Speed Logic 

... and Bumblebees can't fly! 
An aeronautical engineer once "proved" that bumblebees can't fly, because 

they couldn't possibly move their wings fast enough. 
And a lot of people still believe that. 

Some electronic engineers believe that 
Wire-Wrap can 't be used with high-speed 
logic, down to the sub nanosecond range. 

But Augat's been doing it for years. 
So you can have high-speed logic, plus 

all the advantages of Wire-Wrap: faster 
time to market, design flexibility, better ther
mal management, component pluggability, 
and the lowest possible development costs. 
Along with the kind of engineering support 
you would expect from the market leader. 

VAX-BASED WIRING SOFTWARE 
MAKES IT FLY 

The key to making high-speed logic per
form in Wire-Wrap is Augat's VAX-based 
wiring software. 

You might expect problems with cross
talk, uncontrolled high impedance, and 
propagation delays. 

But, in fact, crosstalk can be minimized 
through the selective use of twisted pair 
wiring, and transmission line reflections can 
be nearly eliminated by the proper wiring of 
terminating resistors. Orthogonal wiring is 

But Bumblebees 9!! fly. 

This unretouched photo shows a .& nsec rise 
time pulse at the entry point (top wave form) and 
at the end (bottom wave form) of a 2r· Wire
Wrap transm1ss1on line. By using twisted pair and 
properly terminating the line. ringing and reflec
tions are mm1mal. 

The inherently low capacitance of a Wire
Wrap transmission line increases signal 
velocity. Circuit changes are easy to make, 
without incurring sudden, unexpected costs 
or delays. 

Wire-Wrap boards run much cooler than 
multilayer, because the pins act as radia
tors. One test showed that the ambient 
temperature for a large Wire-Wrap board 
was a full 7 degrees C. cooler than the 
same circuit in multilayer. That means in
creased component life and product re
liability. 

Pluggability makes it easy to replace 
parts when they fail or upgrade with new 
components when they become available. 
Or to work around component scarcity, 
building boards in advance and plugging in 
components as they arrive. 

Wiring information can easily be extract
ed from your CAE workstation, so you can 
transmit the data to one of the Augat wiring 
facilities and have fully wired and docu
mented panels sent back to you in days, not 
weeks. 

F 1 OOK ECL devices and term1nat1ng resistors on 
always routed to minimize line length, and a wire-wrap panel. AND THE SWEETEST PART OF ALL

YOU GET TO MARKET FASTER even point-to-point wiring is automated. 
Once the VAX is done routing and analyzing your circuit 

requirements , a machine-readable set of documentation is 
provided to you to assist you in debugging the board and 
back-annotating your CAE database. 

WIRE-WRAP BRINGS YOU A BEEHIVE OF BENEFITS 
Wire-Wrap offers numerous advantages in developing and 

producing high-speed logic boards. 

Augat has all the design and engineering tools in place to 
support you when you need it the most. And the largest in
ventory in the industry of standard Schottky, 10K ECL, and 
F100K panels - all available from a nationwide network of 
distributors. 

So, before you design that next generation high-speed 
board, you should have Augat's Wire-Wrap Flight Manual. 

Because, after all, bumblebees E!!? fly; -,, . ,,. ... 
: .' '. 
I I 
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Write for the 
AUGAT 
"Wire-Wrap 
Flight 
Manual" 
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SPECIAL REPORT ON DATA COMMUNICATIONS 

GATEWAYS LINK 
ASSORTED NETWORKS 
Connecting identical networks is straightforward, but 
handling different types of networks with multiple protocols, 
priorities, and multiplexing calls for gateways. 

by Eugene von Taube 

Developing efficient, multipurpose gateways to link 
local area networks and/ or long-haul networks (wide 
area networks) is the coming challenge in high speed 
data transmission. Such gateways must support mul
tiple protocol conversions among networks, and at 
the same time, provide efficient routing of data 
packets. In addition, gateways perform operational 
functions such as enhanced control, multiplexing, 
the forwarding of packets by priority, and temporary 
packet storage. 

Packet switching, the key to efficient gateways, 
began in the very successful and well known DAR
P ANET fielded by the Defense Advanced Research 
Projects Agency in the early 1970s. As a result of 
DARP ANET's success, packet switching has become 
standard practice in modern data networks. 

LAN to LAN communications 
In its simplest form, LAN to LAN communica

tion presupposes LANs that use identical communi
cation protocols and operate at the same speed. 
When there is a need to connect two such LANs, 
a simple bridge or gateway node suffices. When there 
is a packet to be transferred from LAN A to LAN 
B, the functions of the gateway noqe are relatively 
simple. Like any other node on LAN A, the gateway 

Eugene von Taube is senior product manager at 
Codex Corp (Mansfield, Mass). He holds an MBA 
from the University of Minnesota, and an MS in 
electrical engineering. 

reads the address on all packets circulating within 
that LAN, but it accepts only those addressed to 
LAN B. Once accepted by the LAN A gateway, the 
packet is forwarded to the LAN B gateway. Inas
much as the protocols and speeds of both LANs are 
the same, there is no requirement for protocol or 
speed conversion. 

The main purpose of such gateways is throughput. 
At a minimum, the gateway should be able to process 
at least 1000 packets/ s. This figure is arbitrary, but 
it satisfies commonly accepted speed requirements. 
Because the gateway node is identical to all other 
nodes in the LAN, each node must have the same 
1000-packet/s minimum throughput. This through
put is equivalent to a little over a million bits/s-a 
speed well within the ability of the microcomputers 
in the interface units. 

The best way to optimize throughput is to use 
modular expandable gateways. This technique pre
supposes a gateway architecture-hardware and 
software components-that initially provides only 
minimum throughput (eg, 1000 packets/s). But, this 
gateway can be expanded to handle ever larger vol
umes (at least 10,000 packets/s), to let engineers 
change the design for specific volume requirements. 

Linking several LANs in one overall network not 
only provides data transport over a wide area, but 
permits the implementation of dedicated subnets on 
a hierarchical basis. Dedicated subnetworks can 
reduce the load on primary gateway nodes. Through
put increases because packets not intended for other 
LANs or W ANs do not pass through the major gate
ways. As computer devices attached to LANs grow 
in processing power and diversity, dedicated subnet
works become even more important. But, taking 
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-----, ---------------------------------------------

SYSTE M A 

SYSTEM B 

LONG-HAUL 
COMMUN ICATION 

TRUNK 

When connecting two homogeneous local area 
networks, a simple gateway node can be used to 
transfer packets between system A and system B. 
The designated node on system A reads all packets 
transmitted by the other LAN and accepts only those 
designated for system A. In this case, protocols and 
speeds of both LANs are the same. 

advantage of this increased power and diversity re
quires the appropriate choice of data routing. 

The best path between any two communicating 
nodes in a single LAN (or two nodes in separate 
LANs), which communicate through gateways and 
WANs, is the shortest and least congested one. 
Although the concept is simple, the gateway designer 
should be aware that there is no single ideal algo
rithm to determine that path. Depending on network 
conditions, one particular algorithm can perform 
better than another . 

One common and simple algorithm, called flood
ing, floods the network with many identical packets. 
The packets, traveling in different directions on 
many random routes, eventually lead to the same 
final destination. This is considered to be an extremely 
"robust" algorithm, but it can congest the network 
with redundant packets. Although reliable, this algo
rithm reduces throughput because of network con
gestion and time lost in processing redundant 
packets. In addition, it requires complex software 
for the gateway and node microcomputers. 

Static, or directory, routing is another widely used 
routing algorithm. It is based on a routing table that 
contains preselected optimal routes to each destina-
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tion. Each node in the LAN has the table. When 
the table receives a packet, it "looks up" the best 
path to the packet destination. The routing table can
not adapt to changing traffic conditions, however. 
For this reason, static routing works well only if the 
network topology and the traffic volume do not 
change appreciably. 

If the traffic conditions on the network change 
dramatically, static algorithms cause congestion. In 
this situation, a centralized routing algorithm is more 
efficient. This algorithm is similar to the static, but 
optimal routes are not determined in advance. A cen
tral routing control facility computes the best routes 
based on the conditions of the entire network. 

Overcoming routing problems 
Although centralized routing is a successful tech

nique, it creates a dependency on one central point 
of command. If the control center fails, routing 
fails, and data transmission stops. In addition, rout
ing traffic information to the central control point 
causes still another problem-overhead functions 
compete with data packets for the use of the trans
mission medium. This often increases congestion and 
reduces throughput. 

To overcome the shortcomings of the centralized 
routing algorithm, the isolated adaptive routing algo
rithm was created. This algorithm decentralizes the 
routing decisions and lets each node make such deci
sions, as required. Each node tries to forward the 
packet as soon as possible via the least congested 
route. For direction purposes, a variation of this 

A routing bridge can be used to reroute data onto 
another LAN when the link between any two LANs 
becomes congested or breaks down. Thus, when the 
link between LAN A and LAN B is out of service, 
the bridge routes the data from LAN A to LAN B 
via LAN C or via any other connected LAN in 
the network. 
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As more LANs are interconnected, an enormous 
amount of detail must be considered to optimize the 
routing. One method is to create a hierarchical two
tier routing scheme. Here, packets are routed up the 
hierarchy between superclusters and then down the 
hierarchy to the destination. 

algorithm combines the static algorithm with the iso
lated adaptive method. 

If the transmission channel goes down or becomes 
overloaded , there is no mechanism to correct the 
direction of the immediate traffic. To deal with these 
conditions, a variation of isolated adaptive routing
the backward learning algorithm-has been formu
lated. This algorithm directs packets along routes 
where packets traveling in the opposite direction 
have just passed. The major advantage of the back
ward learning algorithm is its efficiency and ease 
of implementation. 

Routing within multiple networks 
Serious routing problems arise in a network made 

up of many interconnected LANs because of the very 
size of the network and the difficulty in determining 
optimal routes . A hierarchical structure using two
tier routing provides a possible solution. In very large 
networks, an in-depth hierarchy using superclusters 
could be established . Packets would be forwarded 
up the hierarchy, between superclusters , and then 
down the hierarchy to the destination. 

The gateway switch can be expanded to an inter
network gateway which can be used to interconnect 
not only similar LANs, but also LANs and X.25 
packet assembler I dissassemblers and other combina-

tions . Essentially, the gateway is a hybrid packet 
switch. Such a gateway is needed in multiple linked 
LANs and to transmit data among these networks 
using WANs. 

Any network or point to point transmission 
medium that connects geographically dispersed 
LANs can be viewed as a WAN. W ANs can be sub
divided into public switched telephone networks , 
analog leased circuits, and packet data networks . 
The first two are self-explanatory, but the packet 
data network is described in more detail. 

There are two types of packet data networks
point to point and packet switching data networks . 
A point to point data line is economical for multi
plexed high volume communication traffic and for 
short distance communications. The most often used 
PSDN conforms to the X.25 network standard. Such 
PSDNs are widely used to link dissimilar LANs. 

Linking geographically dispersed LANs often re
quires transporting data through intermediate net
works which may be dissimilar. If this is necessary, 
a PSDN X.25 network in combination with an Inter
net Protocol (IP) provides an inexpensive solution. 

An essential IP feature is the sharing of a common 
protocol for internetwork traffic by the gateway and 
LAN nodes. Data transmitted by a network is encap
sulated in a packet and forwarded over the inter
mediate network. After transportation through that 
network, the address information is removed from 
the packet header by the receiving gateway located 
in some other LAN. The IP fits between the network 
routing and transport layers of the International 
Standards Organization's Open Systems Intercon
nection model. To support communications between 
dissimilar networks requires an extra level of ad
dressing within the network layer. Within any single 
LAN, the IP is transparent and is dispensable, 
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lnternetworking geographically dispersed LANs often 
requires transporting data through an intermediate 
network that may be dissimilar in architecture. An 
Internet Protocol (IP) provides a common protocol 
for gateways and LAN nodes on internet traffic. 
As data is transmitted from network A, it is 
encapsulated by an address that is removed by 
the receiving gateway on network B. 
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although it is useful for data transport among 
various multiple networks. 

Easing traffic congestion 
Congestion in intermediate networks often results 

in lost data packets. The effects of this are seen in 
the large differentials that can exist in the transmis
sion speeds of the transmitting LAN and interme
diate W ANs. While LANs currently operate in the 
megabit range, W ANs usually operate at much 
slower speeds. In addition, the W ANs usually pro
cess packets through intermediate switching nodes. 
The fast transmission of packets from the LAN into 
the intermediate WAN can flood the intermediate 
network with data packets, causing the intermediate 
WAN to discard the excess packets. 

To avoid the loss of data packets, congestion con
trol is required. In principle, an infinite supply of 

The packet switching method 

By definition, packet switching is a technique for 
switching message packets. In concept, a message 
packet is identical to an envelope in the postal sys
tem. The packet bears an address and other header 
information and contains a message or a part of a 
message. The message in the packet is the data 
being forwarded. 

In electronic communication, a packet is a string 
of bits of any length up to an arbitrary maximum. 
There is no standard packet length, but 1096 bits 
is a common length. This corresponds to 137 eight
bit ASCII characters. ASCII characters may be de
fined by only 7 bits, but if a character by character 
parity check is desired, the eighth bit is needed. 

Data to be forwarded over a network or among 
networks is deposited in packets. Packets bear the 
address of the message contained in the packet 
envelope, a sequential identification number, and 
other header data. In a 1096-bit packet, for exam
ple, 800 bits are reserved for the message and 296 
bits for header information. Messages in excess of 
800 bits are divided into maximum 800-bit lengths, 
then placed in packets. As an example, a message 
that is 2888 bits in length would be divided into 
three packets-two packets 1096 bits long, and 
one, 696 bits. Packets arrive at their destination in 
random sequence and are sorted according to their 
sequential ID numbers. The data in each packet is 
then extracted, and the original is reassembled. 

Because packet switches subdivide long mes
sages into shorter packets, many messages from 
many sources-messages that are both long and 
short-time share a single transmission channel. 
Short messages are not delayed by long messages. 
Packet switch hardware is minimal and an inexpen
sive microcomputer comprises most of the hard
ware. The software is also simple. As a result, 
packet switching systems are economical to build 
and operate, and message transmission is fast 
and efficient. 

1 28 COMPUTER OESIGl/February 1985 

buffers can be used to prevent congestion by tem
porarily storing all packets for as long as necessary. 
Bt:it in practice, there is always some possibility of 
buff er overflow, loss of packets, and loss of data. 
For example, a LAN operating at 10 Mbits/s can 
fill a 64-Kbyte buff er in less than a tenth of a sec
ond if all the traffic is intended for another network 
that is temporarily busy. 

Congestion control requires innovative solutions. 
One approach, using a device called the filter in 
Ethernet terminology, discards overflowing packets. 
Ethernet designers believe that such an approach is 
consistent with the philosophy of providing a "best 
efforts" service, rather than a "guaranteed delivery" 
service. Packets can be discarded randomly or accord
ing to priorities associated with the type of packet 
or its source/destination. But this is unacceptable to 
the armed forces, government services relating to pub
lic safety, private businesses, and most individuals. 

The best and least expensive way to avoid conges
tion is to keep traffic below the level at which general 
congestion occurs. The congestion control technique 
based on this principle is called isarithmic. It keeps 
the number of packets at or below a critical level. 
The technique is effective within a single network, 
but it tends to lose efficiency in network interopera
tions since it does not guarantee that an individual 
gateway will not suddenly be flooded with packets 
from an outside source. 

But regardless of the type of congestion control 
adopted, the gateway nodes can form a bottleneck. 
Increased internetwork traffic causes increased con
tention for the gateway resources and, although rout
ing algorithms can send traffic down alternate 
routes, unexpected congestion can occur at other 
nodes. Specifying an efficient congestion avoidance 
mechanism in a large network is difficult because 
traffic congestion can occur in some other, possi
bly quite remote, overloaded part of the network. 

While much attention is given to routing and ad
dressing in large interconnected networks, flow con
trol is often neglected in gateway design. Because 
of the long distances that can exist between sources 
and destinations, any flow control technique must 
give priorities to the packets coming from the re
motely located LAN. If this is not done, then very 
slow data flow rates may be seen on the longer paths. 

All gateways modify the content and format of 
the packets they handle. For example, gateways may 
encapsulate the packets into larger packets as in the 
IP approach. An even more technically complex 
gateway is needed when LANs of different types 
and/or data devices, whose protocols differ from 
the ones on the LAN, are interconnected. Reconcili
ation of the dissimilar protocols is usually achieved 
by terminal emulation and protocol conversion. 



What kind of operator do you 
design for your terminals? 

When you design a work station, you naturally look 
for positioning and tracking controls that will permit 
optimum efficiency, speed and accuracy. Yet, some
times the most critical link in the entire system is 
neglected. 
The operator. 
No matter how good positioning and tracking con· 
trols may be, their effectiveness is diminished in pro
portion to the difficulty in using them. Obvious? Yes. 
Disregarded? Often. 
But not by Measurement Systems. 
We're a leading designer and manufacturer of joy· 
sticks, trackballs and control grips. From our begin
nings a quarter of a century ago, we've recognized 
the importance of the human element in successful 
equipment design. We've spent substantial time 
and money researching the interaction of man and 
machine. We've become experts in the human factors 
in control design. 

We've put our extensive knowledge to good use. For 
example, a joystick that's perfect for one type of 
application is often totally unsuitable for another. So 
we offer joysticks in numerous sizes and models, each 
with features suitable for the special requirements of 
dissimilar applications. 
Versatile as they are, if our standard models don't 
meet your needs, we'll work closely with you to 
design one that does. If you're designing a system, 
we'll assist you. Whether your design requires point· 
to-point positioning, tracking, mapping, processing or 
something more exotic, we can help. 
Nor does it matter to us if you're a Fortune 500 com· 
pany or a considerably more modest enterprise. You 
can count on us to respond to your needs with the 
same enthusiasm and thorough professionalism. 
Let us help you put the human touch in your equip· 
ment. Talk to us. Write or call: 
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Emulation can provide connectivity and supply 
the users with the necessary information. The infor
mation being delivered to the user can be printed 
or viewed on the screen. However, emulation has 
certain limitations. With emulation, personal com
puters appear to be dumb terminals when they are 
integrated into some other network with a different 
architecture. In this case, users cannot use the full 
power of personal computer application programs. 
As application programs or personal computers 
become more sophisticated, this limitation becomes 
more critical. 

Another drawback of emulation is the limited 
throughput capabilities on a gateway that uses emu
lation to integrate networks with dissimilar proto
cols. Bottlenecks will always exist in certain segments 
of a datacomm network, so the issue becomes the 
minimum throughput acceptable for the network. The 
inherent inconsistency in speed affects the desired 
throughput level-LANs are designed for megabit 
data rates while terminal emulation is often done at 
300-bit to 19.2-kbit/ s data rates. 

In addition, terminal emulation does not provide 
a data recovery mechanism and integrated LANs for
ward data at high speed rates over large distances 
and diverse media. Bits of the data are inevitably 

lost or damaged. Therefore, having an error correct
ing mechanism to help restore the integrity of the 
received data is essential. 

The modern approach to the reconciliation of dis
similar protocols is protocol conversion. A gateway 
based on true protocol conversion can provide better 
throughput, better error recovery, and better net
work integration than terminal emulation. Protocol 
conversion in theory is rather simple, but implemen
tation is rather complex. The challenge becomes ap
parent when comparing the levels in the International 
Standards Organization's Open Systems Intercon
nection to those of IBM's System Network Architec
ture. In both schemes, the lowest level is the physical 
or electrical interface. The data level is next. It 
governs the lowest level data protocol conversion 
that can be accomplished using one VLSI chip. Next 
come the network and transport level protocols. To 
achieve true protocol conversion, all differences in 
architecture and protocols should be accounted for. 

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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YOU CAN HAVE THE GUTS OF A LEADER 

Star Micronics is a 
leading manufacturer 
of high quality, high 
performance, printer 
mechanisms. 
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I 
I 
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customer support. From 
pre-sale application 
assistance to immediate 
shipments . 

So if your OEM de
Now the Star line features -----------------' sign needs a printer 

mechanism, give it the guts of 
a leader. A printer mechanism 
from Star Micronics. 

the very same mechanisms 
that are the heart of our highly 
successful Gemini series 
printers. So now our full line 
of mechanisms ranges from 21 
to 136 columns. 

In Star printer mechanisms 
you'll discover our long
standing commitment to 
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product reliability. 
You'll find Star mechanisms 

easy to install, simple to inter
face, and trouble-free. All Star 
mechanisms feature user
replaceable print heads. 

One last point. The first 
thing you'll notice about Star 
is the depth and quality of our 
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THE QBUS COMPATIBLE LEADER 
Chrislin, the leader in QBUS compatibles for over a decade, 
now brings you the best assortment of microcomputer 
systems. Our QBUS family of products give you hundreds of 
configurations to choose from, while at the same time pro
viding state of art technology at affordable pricing. 

System configurations include DEC's LSl-11/23, 11173, or 
MICROVAX CPU's. From 10MB to 140MB winchesters with 
floppy or tape backup. From 256K4MB of RAM on a single 
card. Each unit operates all LSl-11 software without any 
modifications. Also, each system is completely QBUS 
compatible. 

Cl-MICR0-11 C 
LSl-11 /73 CPU, 1 MB RAM , 4x8 Backplane, 

Power Supply, 4 serial 1/0, 
20MB winchester, 2MB 8" floppy, 
all in a rack or table-top chassis . 

$9695* 
In addition to systems, Chrislin carries a complete line of 

MEMORY 
and 

WINCHESTER SUBSYSTEMS 
for your Q-BUS applications. Call for further details ... 





The dear lead we established with our 
8" medium-capacity Winchesters has 
now been extended. Our 51//' drives are 
out front now, too. With both 8" and 51//' 
drives leading the field, we now make 
more medium-capacity disk drives than 
anybody. 

If there's a lot riding on your disk 
drive decision, you may want to consider 
our record as a consistent winner. 

51/4
11 drives, from: 20 to 40 megabytes. 

8" drives, from 10 to 85 megabytes. 
Quantum Corporation, 1804 

McCarthy Boulevard, Milpitas, CA 
95035, (408) 262-1100, TWX 910-338-
2203. Eastern Regional Sales Office: 
Salem, NH (603) 893-2672. Western 
Regional Sales Office: Santa Clara, CA 
(408) 980-8555. European Sales Office: 
Frankfurt, West Germany 069-666-6167. 

OUAMUIR 
Quantum products are distributed in the United States 

by Arrow Electronics, Inc. 
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The Power of a Mini, 
The Cost of a Micro, 

The Clout of UNIX. 

Introducing The Perfect 
System Builder 
With the VISUAL 2000, we've de:;igned 
the perfect tool for system builders and 
integrators. A multi-user computer system 
that supports more terminals, offers more 
expandability, and gives you more con
figuration flexibil ity than any other system 
in its price range. Truth is, it outperforms 
a lot of higher priced systems as well. 

What that means for you is an important 
competitive edge in delivering integrated 
business solutions. An edge that comes 
not just from the VISUAL 2000's sur
prisingly low price. But from its higher 
technology. Technology that gives you .. . 
Power to support more on-line users 
in demanding applications-up to 16 
independent terminals or workstations. 
Flexibility to accommodate a remarkable 
variety of application requirements, thanks 
to an open architecture, compatibility with 
mainstream industry standards, and a full 
spectrum of configuration options. 

Expandability that can take you further 
than any other system in its class-an 
unrivaled upgrade path to protect your 
system investment. 

Put the Full Power of Inters 
286 in Your Systems 
The Intel 286 is today's chip of choice for 
UNIX-based systems. Only the 286 gives 
you: on-chip memory management; an 
instruction set -: ;:itimized for multi-tasking; 
pipelined architecture; and an optional 
287 numeric coprocessor which can 
speed up floating point by a factor of 10. 
What do these features mean to the end 
user? Faster response time, more users 
supported, and lower system cost. 

A "Mainframe" on a Single 
Board 
The VISUAL 2000's single-board base
level design is the key to higher perfor
mance, greater reliability and lower cost. 
A single high-density board includes the 
286 CPU; 512KB-2MB of RAM; controllers 

for Winchester, floppy and streaming 
tape; an intelligent communications 
processor; six RS-232 ports; and a 
parallel printer port. There's even a real
time clock with battery backup. A few 
short years ago a system with these fea
tures might have been called a mainframe. 

From a Multi-User System to 
a Multi-System Network 
With the VISUAL 2000 you never pay for 
more system than you need, and never 
have to settle for less. Up to 6 megabytes 
of RAM. 4 Winchester disk drives. Floppy. 
Streaming tape backup. And mainframe 
communications. All in a small stand-up 
enclosure which looks right at home next 
to a desk. 

Use it as a central processor for 
inexpensive video terminals, or as a 
database manager for a cluster of intelli
gent workstations or personal computers, 
including VISUAL:s own IBM®-compatible 
COMMUTER'". 

And if a fully expanded VISUAL 2000 



isn't enough, you can connect up to 254 
systems in an ARCNET® local area 
network. 

In all configurations, the VISUAL 2000 
achieves an exceptional ratio of price/ 
performance. 

Software: A Complete System 
Builder's Tool Kit 
Ultimately, the strength of a system is the 
strength of its software. And there too, the 
VISUAL 2000 really shines. Start with 
XENIX'", Microsoft's enhanced version of 
UNIX'", which gives you everything you 
expect from UNIX plus greater speed, 
reliability and ease of use in business 
applications. Then add all the tools you 
need to deliver end-user applications 
quickly and easily. Languages such as C, 
SMC BASIC, RM/COBOL'", TOM BASIC'", 
SOFTBOL'", and MicroFocus Level II 
COBOL'" to give you instant compatibility 
with hundreds of proven business applica
tions. Plus sophisticated system founda
tions such as INFORMIX'" database 

management and RealWorlcf" modular 
accounting. And professional productivity 
software such as 20/20'" spreadsheet 
modelling and XED'" word processing. 

The Bottom Line 
High performance. Superior flexibility. 
Extensive software. And low cost .. . 
VISUAL 2000 systems start at 
under $10,000, suggested list. No 
one gives you more in a UNIX
based multi-user system. 

And when you consider 
that VISUAL has long been a 
leader in video terminals, and 
can supply a full range of compatible 
terminals and workstations, we think 
you'll agree that VISUAL is the sys
tem builder's system supplier. 

The VISUAL 2000. 
It began with a better design. 

And ifs available now to help you 
build better systems. But don't take 
our word for it. 

See for yourself. 
Call VISUAL today. CIRCLE 65 

'\1151.W. See for yourself ® 

Visual Technology Incorporated 
540 Main Street, Tewksbury, MA 01876 

For more product information call 
1-800-341 -5400 (1 -800-462-5560 in MA) 
or 1-617-851 -5000. 

ARCNET• trademark The Datapomt CorpJUNIX trademark 
AT&T Bell Labs/XENIX trademark Microsoft/IBM3 trademark 
lnternat10nal Business Machines/COMMUTER trademark 
Visual Technology 1ncorporated/RM/COBOL trademark 
Ryan-MacFarlandfTOM BASIC trademark The Office 
Manager/SOFTBOL trademark Omtool CorpJMicrcfocus 
Level ll COBOL trademark M1croFocus/INFORMIX trade
mark RelahOnal Database Systems/RealWorld trademark 
RealVVorld CorpJ20/20 trademark Access Technology/XED 
trademark Computer Concepls Lid. 



EASY TO OPERATE: touch sensitive 
switches and LED indicators with 
decimal readouts. Tape threading 
guides allow simple, fast loading. 

MAINTAINABILITY MEANS RELIABILITY. 
Keystone tape units need no field 
adjustments of any kind. 
No scheduled preventive 
maintenance either. 

AIR BEARINGS give better tape 
control, cut media stress and 
wear caused by spring
loaded guides and rollers. 
Tape rides on a cushion of air. 

GCRTAPE PATH. Unique, patented 
tape path (only13" ), solid-state 
tension sensing, and µP-controlled 
servos for precise high-density tape 
motion control. 

SIMPLE MECHANICAL DESIGN. 
No tension arms, vacuum columns, 
capstan motors or guide rollers. 

T H E KEYSTONE'" S E R E S 
We designed the Keystone Series with built-in diagnostics and maintenance 
features that make it simple to operate, easy to service, low in life-cycle costs. 
For more information, call your local Control Data OEM Sales Representative 
or write: OEM Product Sales, MNB04A, Control Data Corporation, 
P.O. Box 0. Minneapolis, MN 55440. 

@: 2) CONTR.OL DATA 



SPECIAL REPORT ON DATA COMMUNICATIONS 

X.25 STANDARD 
SIMPLIFIES LINKING 
OF DIFFERENT LANs 
Interconnecting with the X.25 protocol allows networks to 
encompass different local area network configurations in 
wide area, packet-switching systems. 

by Mark Stieglitz 

Today's finely tuned local area networks are the link 
between personal computers or workstations located 
in single organizations or departments. Since the 
capabilities needed by these LANs are usually deter
mined by the environment in which they will be used, 
the underlying communication protocols are usually 
restricted. Although these protocols have in com
mon the transmission of data· frames, the data for
mats in these frames (and the error correction 
techniques used) need not be the same for all LANs. 

While ideal for an office, a LAN cannot directly 
interconnect workstations and data bases in multi
ple facilities . Such communications over longer dis
tances (ie, a mile or more), are provided by a public 
or private wide area network. The WAN protocol 
is substantially different from that of the LAN be
cause it must provide for alternate routing, poten
tially high error rates, and lengthy propagation 
delays-especially on satellite links. Communication 
between the two networks requires a gateway to 
interface with the low level protocols. With a gate
way available to connect the popular LANs to 
long-haul networks (WANs), it becomes a simple 

Mark Stieglitz is director of LAN marketing at 
AST Research, Inc (Irvine, Calif). He holds a BS 
in industrial technology from the University of 
California at Long Beach. 

matter to interconnect different LANs, even in the 
same organization. 

The ideal gateway protocol needs three elements. 
It must be in common use, be efficient over long 
distances to complement the LAN protocol, and be 
affordable. The X.25 protocol standard for data 
communications over public data networks fills the 
bill. Since the mid-1970s, communication over PDNs 
such as Telenet and Tymnet has been popular due 
to its reasonable cost. Both cost and data reliability 
of such a packet-switching system are insensitive to 
the distances covered. And, because the transmis
sion facilities are used only when sending data, 
charges reflect only the amount of data transmitted. 
Such a pervasive and attractively priced infrastruc
ture is a prerequisite for a useful and cost-effective 
LAN gateway. 
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X.25 

LAN 

An X.25 interface augments a local area network 
in three ways. It eases interconnection to another 
LAN of the same or other type, directs LAN to a 
mini- or mainframe computer, and directs interface 
with a private long-haul data network or public data 
network (PDN). 

Although such services have existed for several 
years, users seeking PDN cost advantages have 
dialed in with asynchronous terminals to local 
packet assembly and disassembly devices. These 
PADs then connect them to the X.25 backbone net
work. LAN users, on the other hand, must connect 
to the X.25 network directly to maintain the LAN's 
high data integrity and the X.25 connection's higher 
serial speed. 

Ensuring data integrity 
Data reliability becomes critical as more people, 

especially those not technically oriented, use personal 
computers. As users become comfortable with the 
data integrity of a chosen LAN, this performance 
will automatically be imposed on any intervening 
data communication link. Users will not tolerate an 
occasional data error simply because personal com
puters, which look to LANs for specific data, need 
something that the LAN system has routed through 
a gateway. The entire data communication system 
must be closed from an error control point of view. 
It thus becomes the network architect's responsibility 
to ensure data reliability. This requires the use of 
error controlled protocols throughout the network. 

The cyclic redundancy check, used for error detec
tion and the sliding window method in the retrans
mission protocol, ensures end-to-end data integrity 
in X.25. In normal operation, a sender transmits its 
sequenced frame or frames into the network. While 
sending, the full-duplex X.25 continues to watch for 
incoming frames. 

In the gateway, the incoming X.25 data frames 
are routed to the LAN destination while incoming 
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control frames (or data frame control headers) are 
used to acknowledge earlier message transmissions. 
A typical X.25 system can transmit up to seven 
frames before the first is acknowledged. Because of 
the time required for an acknowledgment to come 
back, the X.25 approach is more efficient. Data 
transmission and error recovery procedures are per
formed in parallel. 

Using X.25, the sender cannot free the transmis
sion buffers immediately after transmission, but 
must wait for acknowledgment in case the frame 
must be retransmitted. Buffering is usually no 
problem as seven, 512-byte buffers usually suffice 
for transmission. A bigger challenge for the gate
way software is the full-duplex nature of X.25. The 
gateway can choose to ignore any incoming data that 
it cannot process immediately (as many LANs do), 
but this is inefficient. A better way to reduce or 
"flow control" incoming data is to send the X.25 
network a receiver-not-ready control message. This 
holds the network until the gateway software frees 
a buffer. 

Matching serial speed 
Efficient flow control is a key consideration in 

gateway design because of the unpredictable data 
profile passing through the gateway. For example, 
many LAN users, or none at all, may decide to access 
the gateway at any given time. Moreover, the raw 
data rates of the networks are seldom close. 

On a homogeneous LAN, flow control is usually 
handled by a low level protocol. As a result, only 
a limited amount of data can be generated on a 
shared wire at a time. In fact, data frame pre- and 
post-ambles are often added to all messages to en
sure that receivers have at least a nominal amount 
of setup time before any transmitter on the LAN 
can start. With the receiver properly set up, data that 
cannot be stored is simply ignored, and retrans
mitted later. 

By design, X.25 does not have a similar "throw 
it away, it will come back" luxury. Because of the 
slower transmission speed and longer transmission 
distances in X.25 applications, anything thrown 
away is much more costly in terms of bandwidth 
than a corresponding message on a high speed LAN. 
Thus, a major portion of the X.25 protocol involves 
cutting down on data retransmissions. Anything dis
carded wastes bandwidth-a chargeable commod
ity on a PDN. Since the PDN bandwidth is shared, 
proper flow control is necessary to allow others to 
use the X.25 channel while an individual user or 
node is busy. 

Applications of efficient gateway protocols are not 
limited to the LAN and PDN connection. X.25 is 
also valuable for connecting the LAN to another 



LAN or to a local host within a single building. A 
few of the most popular LANs have direct native 
bus interfaces for some of the most popular mini
computers. On the other hand, the LAN vendor 
often supplies a generic interface unit with asyn
chronous ports that can be directly connected to 
ports on the host. 

Additional X.25 advantages 
In addition to the cost, installation, and reliability 

concerns when using multiple cables, this method 
is generally limited to speeds of 9.6 kbits/ s. The con
vert to asynchronous LAN-to-host gateway tech
nique is too simple. It forces users to take high speed 
data from the personal computer, transmit it over 
an efficient LAN, and then squeeze it into a tiny 
serial channel, on its way to a high speed mini- or 
mainframe. This method effectively limits LAN-to
mainframe applications to interactive 1/0. On the 
other hand, X.25 provides an efficient and stan
dardized communication link between LAN and 
host. The X.25 protocol is already implemented by 
virtually all mini- and mainframe computer manu
facturers, partially due to its inherent technical capa
bilities and partially due to X.25's status as an 
international communication standard. 

With the LAN-to-X.25 gateway, a single con
nection between the LAN network interface unit 
and the host supports efficient, high speed (typi
cally 64 kbits/ s to 1.544 Mbits/ s) data exchange. 
An added benefit to the multiple asynchronous ap
proach is X.25's ability to allocate the LAN-to-host 
bandwidth as needed. This allocation, which is trans
parent to the user, is accomplished with a multiplex
ing technique known as virtual circuits. Using this 
standard feature of X.25, one user may have the 
total link bandwidth, or many may share it, depend
ing on the instantaneous system need and user 's 
system configuration. 

BUFFER X.25 t--_X.2_5 __ 

The gateway is a store-and-forward protocol 
converter. Incoming user data is error checked and 
separated from the network frame. It is then placed 
into a buffer where it is encapsulated with the 
transmission protocol and sent out on the other side 
when that protocol allows. 

GATEWAY 
APPLICATION 

APPLICATION(S) 

OPERATING SYSTEM 

CHARACTER 
1/ 0 

MEMORY 
MANAGEMENT 

DISK LAN X.25 

REALTIME CLOCK 
1/0 
LAN 
X.2 5 

INTER~UPTS 

A gateway can be built on a single- or multitasking 
operating system, depending on required gateway 
throughput and power of the underlying processor. 
The LAN and X.25 1/0 protocol drivers map 
into the file system when they resemble block
oriented devices. 

X.25 's virtual circuits allow one or more users on 
a LAN to access multiple host sessions. This feature 
is becoming both feasible and necessary with today's 
windowing personal computer operating systems. 
Since X.25 is a packet-oriented protocol, it is typi
cally integrated into the file management portion of 
an operating system. In the personal computer envi
ronment, simultaneous X.25 virtual circuits are often 
managed with the technique called "drive aliasing." 
With this technique, spare disk drive designators 
map user and application software requests for infor
mation to the proper X.25 virtual circuit. 

Gateway implementation 
The gateway is simply a store-and-forward pro

tocol converter. It receives messages from the LAN 
like any other LAN node by comparing each mes
sage's destination address with its own. If a match 
is found, the gateway uses a combination of the mes
sage's source and destination address along with in
cluded control information. Thus, the gateway 
computes the address for which the data is destined 
on the other network. This computation is really a 
gateway table lookup. Using the X.25 gateway, the 
LAN user must have set up the X.25 connection by 
originally supplying the complete X.25 address. 
The gateway at this point deals only with logical 
channel numbers. 

Like LANs themselves, there are many possible 
gateway implementations, depending on the required 
cost/performance ratio. A gateway is implemented 
with a combination of hardware and software. The 
hardware usually consists of a general-purpose high 
level data link controller (HDLC), such as the Zilog 
SIO (serial 110) chip or the Intel 8274, a DMA con
troller, and miscellaneous hardware counter/timers. 
The HDLC chip handles all framing and cyclic re
dundancy check generation/ verification. 
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l\e,gateway software interprets the X.25 control 
a.nd arranges retransmission if necessary. It 

~nes incoming data to outgoing addresses and 
.::rforms any simple protocol conversion. Major 

tasks consist of data buffering, flow control, and 
associated buffer management. Typically, this soft
ware is written in a high level language and executed 
on a dedicated microprocessor. 

A dedicated gateway is only suitable, however, for 
high volume applications that can justify the neces
sary custom hardware and software engineering. A 
more general solution is to use off-the-shelf com
ponents. These components consist of hardware and 
software, on a personal computer base, to configure 
a gateway for the given protocol pair. 

The personal computer as a gateway 
The gateway software can be viewed as an appli

cation program running on top of an interrupt
driven operating system. The operating system 
typically executes the gateway application, an addi
tional user application, or idles, until an interrupt 
occurs. When a data-received interrupt is detected 
from either the LAN or X.25 controller, for exam
ple, the system checks the incoming message's des
tination address. It then routes it to another running 
application, the local disk storage subsystem, or to 
another communication controller. Sending the mes-

sage to another communication controller merely in
volves adding it to the appropriate transmission 
queue. In addition to its communications and disk 
1/0 control, the operating system manages the real
time clock and memory pools. The realtime clock 
is used by the X.25 section of the gateway program 
primarily to detect unacknowledged (presumed lost) 
messages. This differs from failsafe timers associated 
with conventional 1/0 requests. The X.25 protocol 
actually includes many states that are driven by con
figurable timers. This protocol dependence on dis
crete time requires the timer operation to be not only 
consistent but accurate. Also , since these timers are 
usually programmed to be in the hundreds of mil
liseconds range, it is not feasible for the X.25 appli
cation to " loop" in order to detect expiration. 

Memory management is one of the real challenges 
to a successful gateway design . It must buffer data 
between the two communication interfaces to smooth 
any temporary bursts from either end. In addition, 
it must provide speed matching through efficient 
flow control. The memory management system also 
deals with potentially different buff er management 
techniques used by the different protocols. The LAN 
controller typically has an open-ended first in, first 
out scheme. The X.25 section uses a simple indirect 
lookup through a table reflecting the protocol's need 
to retain the transmitted data until it is ultimately 

Communicating by means of X.25 

X.25 is designed to make communicat ions between 
intelligent digital equ ipment in a packet mode on 
publ ic data networks easier. It is an evolving stan
dard f irst approved in 1976 by the International Con
sultat ive Committee fo r Te lephone and Telegraph . 
A revised edition, X.25-1980, widely used today with 
a minor 1984 update available, is offered as an option 
by some vendors. The X.25 standard is defined in 
terms of the lower three layers of the seven layer 
reference model for the Open Systems Interconnec
t ion from the International Standards Organization . 

The X.25 phys ical layer sends binary information 
over the communicat ion channel , includ ing control 
and data signaling . It is typically implemented with 
X.21bis, a method virtually identical to the common 
RS-232 interface. X.21 is a more elaborate physical 
connection method with fewer electrical signals, 
but it is not yet in common use. 

Corresponding to layer 2 of the OSI model , the 
X.25 link level is primarily responsible for send ing 
error free data over the physical channe l. The link 
level protocol supports a pair of communicating 
un its connected point to po int. These two ent ities 
build control and informat ion f rames on the physi 
cal bit transportation serv ice provided by the phys
ical layer. The control frames are used to establish 
synchronization in an ini ti al connection . Link level 
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information frames have control information 
(sequence numbers), level 3 control and header 
information, and user information . Each link level 
informat ion frame contains a sequence number 
which , with defined protocol timers and control 
messages, ensures that any frame lost or corrupted 
by the physical layer is retransmitted. The link level 
ensures data transparency and reliable frame delim
itation with the HDLC technique of bit-stuffing. 

The X.25 packet level , also known as X.25 level 
3, allows multiplexing of the reliable link level con
nection with a technique called virtual circuits. 
Each virtual circuit is established with a call request 
packet . This packet contains a logical channel 
number (LCN) and the specific address of the in
tended data destination. This address, (up to 15 
digits long), identifies not only the specific node 
on the entire X.25 network, but also an individual 
process or port within that node. 

Once the network has established a circuit to the 
requested destination, a call accepted packet is 
generated on the same LCN . From this point, all 
information packets with a given LCN are routed 
to the previously addressed destination. Then an 
X.25 node can be configured with a number of per
manent virtual circuits and the specific addresses 
are pre-associated with LCNs. 
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Moving data between the 
normal file manager and the 
LAN and X.25 protocol 
processes is a simple matter 
once proper address mapping 
has been established. This 
mapping can be generated 
via system configuration 

OA = DESTINATION ADDRESS 
SA = SOURCE ADDRESS 

X.25 OUT 

acknowledged. Each buffering method is optimized 
for the characteristics of its associated protocol and 
must be matched by the gateway. 

A personal computer can accommodate many 
different LAN types. Since the LAN interface need 
not have been designed explicitly for gateway appli
cation, even proprietary interfaces such as the IBM 
PC Network can be used. The ability to simply swap 
LAN modules is being made even easier with IBM's 
migration to a common NETBIOS interface whereby 
all different LANs appear the same to the higher 
level software. 

There is a rich hardware selection on the X.25 side 
as well. Simple HDLC protocol modules, such as 
the CC-232 from AST Research, are popular. These 
hardware intensive controllers leave much of the 
actual protocol processing to the host, which is cost 
effective whenever sufficient processing power is 
available. Such processing power is becoming espe
cially available and cost effective with the introduc
tion of personal computers like the IBM PC/ AT. 

The CC-232 is a two-channel controller with each 
channel configurable as either data terminal equip
ment (DTE) or data circuit terminating equipment 

files or with ad hoc 
"connect" requests. 

(DCE). Serial rates can be up to 38.4 kbits/s, though 
this is typically limited by the X.25 protocol soft
ware to 9.6 kbits/s. The controller supports full 
modem control and contains the interrupt-driven 
hardware interface needed for gateway applications. 

The primary advantage of a comparatively sim
ple controller is its system reliability. By not duplicat
ing the host microprocessor and the onboard 
memory, the simple communications controller uses 
less power and generates less heat. Also, reduced 
component count translates into more available real 
estate for additional (but not necessarily communi
cation related) functions to reside on the card. Keep
ing the protocol software on the host instead of in 
adapter firmware (ROM-based) eases upgrades as 
protocol standards evolve. Lastly, a simpler adap
ter costs less than more complex offerings. 

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

High 707 Average 708 Low 709 
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Un~qualled price performance 
m a protocol analyzer ... 

just $3995 *! 

Whether it's X.25, SNA, DDCMP or 
one of the many other major protocols that 
complicate your life, HP's fumily of proto
col analyzers can simplify problem resolu
tion in the field or in your data center. 
And you'll be surprised by our low prices 
and high performance! 

With the portable yet powerful HP 4951A 
Protocol Analyzer, you can accurately diag
nose and correct network operating problems. 
Simulate network components, monitor data 
transmission, perform bit error tests, and 
even do remote testing with other HP 
protocol fumily members-the HP 4955A 
or HP 4953A. 

One button autoconfiguration 
gets you up and running fast. 

Our advanced one-bunon autoconfigura
tion does the setup work for you. It automati
cally determines line protocol, data code, 
speed, parity, error checking, and more. 
Softkeys guide you through your measure
ments for quick and easy analysis. 

The preferred choice for 
equipment manufacturers, 
service providers, and 
communication centers. 

Network downtime is a costly proposition . 
With the low-cost HP 4951A, you can keep 
your customers' networks (or your own 

14.0 pounds 
of portability. 

network) operating at high efficiency. Sixty
three triggers give you extensive data analy
sis capabilities to 19 .2 kbps real time. In 
post-processing mode, you can do detailed 
repetitive analysis on those really hard-to
detect errors. Trap on characters, error 
conditions, and lead transitions. BERT mode 
lets you measure bit errors, block errors, 
errored seconds, and percent error-free 
seconds to quickly isolate problems down 
to the network component level. 

Supports popular protocols 
for enhanced flexibility. 

With X.25, BSC, and SDLC protocols 
(and more) built in, you're ready for just 
about any network test situation. Software 
applications extend your analysis capabili
ties. Because you can choose from any one 

CIRCLE 67 

of five display formats, you quickly get 
solutions for greatly reduced test times. 
For especially difficult problems, our built-in 
32 Kbyte nonvolatile memory stores data, 
timing information, and lead status at up 
to 64 kbps (bit-oriented protocols) for ex
tensive postprocessing. Additional memory 
saves all your monitor/simulate programs 
and test setups as well . For even greater 
memory capacity, and compatibility with 
the HP 4955A and HP 4953A, use the 
optional 512 Kbyte tape storage. 

Even more versatility with 
our family concept. 

Remote transfer of data and test programs 
is a simple operation. Printer output 
gives you hardcopy for convenient record 
keeping and problem comparisons. Com
plete family compatability gives field service 
personnel direct access to home office techni
cal resources for tough datacomm problems. 

To find out more about the HP 4951A, 
HP 4953A, or the HP 4955A Protocol 
Analyzers, call your local Hewlett-Packard 
sales office. 

• U.S.A. lis1 pnce only. 
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SPECIAL REPORT ON DATA COMMUNICATIONS 

CHOOSING THE BEST 
LOCAL AREA NETWORK 
FOR ANY APPLICATION 
Regardless of the application, a LAN that adheres to some 
standard provides the most cost-effective, long-term 
approach to networking. 

by Richard I. Wittlin and 
Daniel V. Ratner 

When choosing a local area network, the first and 
most important decision to make is whether to use 
a LAN that adheres to an existing or emerging stan
dard, or to go with a unique or proprietary solution. 
While it is certainly true that a unique solution is 
best in some applications where performance is the 
overriding issue, most data communication require
ments can be met with a standard solution. 

A standard solution is beneficial for many reasons. 
One key benefit is that there are usually a number 
of vendors supplying products that adhere to the stan
dard. This fosters competition, resulting in continual 
development and enhancement of the product offer
ings, as well as lower cost. It also means that a par
tkular LAN technology can be obtained from more 
than one source, which helps prevent obsolescence 
due to the whims of a vendor's product strategy. 

Richard I. Wittlin is director of technical operations 
at Concord Data Systems (Waltham, Mass). He holds 
a BS in electrical engineering from the University 
of Wisconsin. 

Daniel V. Ratner is a technical staff member at 
Concord Data Systems. He holds a BS in electrical 
engineering from the Rose-Hu/man Institiute 
of Technology. 

Communication standards also help to promote 
interoperability among devices attached to data 
communication systems. Once a device can commu
nicate with another device, device vendors have a 
strong incentive to adopt common protocols and 
data structures, making the information transferred 
easily understood. 

Facing crucial performance issues 
Basic considerations for any LAN choice are 

whether or not the network can transfer the amount 
of data sent at a required rate, among a required 
number of users, and over a required distance. No 
one access method and medium can cover all the 
bases and be the best under all conditions. Each has 
its strengths and weaknesses. Carrier sense multiple 
access/ collision detection methods excel where net
work traffic is "bursty" and frame arrival times are 
not critical (eg, for asynchronous terminal communi
cations). As network use increases, collisions 
between transmitted frames become more likely. The 
collision resolution method does not guarantee that 
further collisions will not occur when a station makes 
repeated attempts to access the network. For this rea
son, the CSMA/ CD network cannot supply an upper 
bound on the time required to transfer data across 
the network. 

The traffic load threshold at which CSMA/ CU 
becomes less efficient due to repeated collisions is 
approximately 30 percent of maximum capacity. If 
network loading is less than this and occasional long 

COMPUTER OESIGNIFebruary 1985 143 



( START ) • 

I 
NEED LIMIT 

ON YES 
NETWORK 
DELAYS? 

POSSIBLE 
LOADING OVER YES 
30 PERCENT OF 

CAPACITY? 

NEED USER 
OR DATA YES 
PRIORITY 1--- --11-----, 

CONTROL? 

NEED MULTICHANNEL YES 
CAPABILITY? 1------, 

NEED MULTICHANNEL 
CAPABILITY? 

NO 

TOTAL 
DISTANCE 
> 2.5 km? 

YES 

8oL 

NO 

STATION-TO- YES TOTAL YES 
STATION f--- DISTANCE M 

DISTANCES 
> 100 m7 >2.5 km ? 

N~t. ' 802.4 802.3 
BASEBAND 
CS MA/ CD 

NO BASEBAND NO 
802.4 

BASEBAND 
TOKEN BUS 

BROADBAND 
TOKEN BUS TOKEN BUS 

802.3 
BROADBAND 
CSMA/ CD 

802.5 
BASEBAND 

TOKEN RING 

Using criteria such as network delay, capacity, priority 
control, multichannel capability, and distance helps 
network designers choose a LAN that adheres to one 
of the IEEE 802 Committee standards. 

transfer times can be tolerated, CSMA/CD is the 
desirable choice. However, if present or future 
requirements involve heavy network loading of pro
cess control, digitized voice, high speed computer 
aided design/computer aided manufacturing, or syn
chronous traffic, then a token-passing network is 
more appropriate. 

It is important to consider peak loading situations 
as well as average traffic volume when determining 
the network throughput requirements. Although a 
CSMA/CD system might appear ideal for a network 
with hundreds of stations that rarely transfer data, 
certain emergency situations (eg, plant-wide power 
failure), could result in an instantaneous loading far 
above average. As all stations on the network attempt 
to report the problem and request reinitialization 
from the network manager, throughput could go to 
nearly zero because of repeated collisions. It is 
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important, therefore, to consider networking re
quirements under all conditions. 

If the network is expected to experience periods 
of heavy loading, there is a feature of token passing 
that makes it attractive-the ability to set priorities 
for data frames and users. Critical users can be given 
increased access to the media by lengthening their 
allowed token hold time. 

In addition, the token bus protocol defines four 
priorities of data frames. The highest priority frames 
are sent providing that the token hold time is not 
exceeded. The lowest priority frames are sent only 
if the time for the token to make a complete rota
tion around the ring is less than the predeter
mined amount. Low priority frames are sent as 
quickly as high priority frames if the network loading 
is low. They def er to high priority traffic if the 
loading is high. 

The token ring approach has the most controlled 
priority scheme of the three access methods endorsed 
by the IEEE 802 Committee. Stations circulate 
tokens that have a priority associated with them. If 
a station has high priority data to send, it requests 
a high priority token from the frame originator by 
changing bits in a special priority request field in the 
token or data frame as it passes. The originator raises 
the priority of the token and sends it around the ring. 
Only stations with that priority of data or higher can 
use the token. This enables stations that have high 
priority data to access the ring first , regardless 
of the network load. This is desirable in some spe
cial applications. 

Another factor that affects media access perfor
mance, as well as influences the choice of media, 
is the length of the network. To detect collisions 
accurately, CSMA/ CD has data rate/ system length 
and system length/ frame size trade-offs. For the 
802.3 baseband network, these parameters have been 
optimized at a 10-Mbit data transfer rate, a 512-bit 
minimum frame size, and a 2.5-km maximum end
to-end distance. The broadband proposal, currently 
being finalized in IEEE 802.3, has nearly identical 
limits as those for baseband. In cases where broad
band is chosen as the desirable medium because the 
network is large in geographical extent, the distance 
limitation may be unacceptable. In this case, IEEE 
802.4 token bus would be the best choice. 

Deciding which medium is best 
The media options chosen for the 802 LANs in

clude shielded twisted-pair cable, baseband coaxial 
cable, and broadband coaxial cable. When choosing 
a LAN, network designers must consider that some 
access methods are better suited to a particular 
medium than others. Shielded, twisted-pair cable is 
the only medium presently supported by the token 





ring method. It is limited in its frequency response 
and ability to run long distances, but has excellent 
noise rejection. This medium is ideal for the token 
ring method because it need only run from station 
to station. Each station functions as a repeater to 
restore the signal to its original state. 

Coaxial cable has been the medium of choice for 
the baseband bus topologies of CSMA/ CD and 
token-passing networks . It can run longer distances 
than shielded , twisted-pair cable but is not as noise 
immune. When stations interface with the baseband 
coaxial cable, transmission properties of the cable 
cannot be disturbed. This constrains how and where 
the interface assemblies are allowed to attach to the 
cable. For example, 802.3 specifies that the cable can 
be tapped only at specific intervals along its length. 
The access unit drivers and receivers must be located 
right at the tap. The 802.4 standard for baseband 
transmission at 1 Mbit uses a "tee" connector to 

couple to the cable, but the cable length from the 
bus to the station cannot exceed 1 ft. 

At this time, only the 802.4 standard token bus 
employs broadband cable as the transmission 
medium. Broadband cable systems have superior fre
quency handling characteristics, can run the longest 
distances, have excellent noise rejection, and can carry 
signals for several independent networks at once. 
The network interface units need not be located at 
the main cable. Impedance matching taps allow drop 
cables of up to 30 m to be run from the bus trunk 
to the station. 

Broadband cable systems are more complex than 
baseband systems. Signals in a particular frequency 
range can only travel in one direction on the system. 
The low end of the broadband frequency range is 
used to transport signals from remote sites to a com
mon central point, called the head-end. The high 
portion of the frequency spectrum is used for signals 

IEEE Committee addresses LANs 

The IEEE 802 project is making a major effort to 
standardize local area networks. The primary focus 
of this effort is to develop standards for the lower 
two layers of the International Standards Organi
zation's Open System Interconnection reference 
model , namely the physical and link control layers. 
In the IEEE 802 standards documents, these layers 
are subdivided into sublayers, known as the logical 
link control , media access control , physical , and 
medium layers. 

The logical link control sublayer is the common 
interface to the higher software layers. All the 
access methods to the logical link control sublayer 
allow the station processes to deal with data trans
fer without knowledge of the exact access method 
used. Th.e media access control sublayer arbitrates 
between users when they attempt to transfer data 
on the common communication media. Three ac· 
cess methods have been endorsed by the IEEE 802 
Standards Committee. They are described in three 
documents that include physical specifications and 
media requirements: the 802.3 CSMA/CD method 
and physical layer specification; the 802.4 token bus 
access method and physical layer specification ; 
and the 802.5 token ring access method and physi
cal layer specification. 

All three access methods have several common 
characteristics. First, data rates on the media fall 
within the 1 - to - 20 Mbit range. In addition , access 
control to the network is decentralized and a failure 
of one station will not render the network inopera
ble. Finally, robust error detection is implemented 
by a 32-bit frame check sequence included in all 
data frames. 

The physical sublayer serves to connect the media 
access circuitry to the media being employed. The 
IEEE 802 standards are written to make the physical 
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layer provide for the requirements of the media 
access protocol. The exact method of interconnec
tion is transparent to the media access layer. As 
new media, such as fiber optic cable become avail
able, new physical sublayer standards can be writ
ten to use the proven access methods. Thus, for 
example, the IEEE 802.3 standard specifies the 
CSMA/CD method. Supported only by a bus medium, 
the standard enables users to simultaneously hear 
all transmissions. All of the stations on the bus that 
have data to send wait until the media is not busy 
before attempting to transmit. After initiating a 
transmission, a station monitors the media in order 
to determine if another station began transmitting 
at the same time. Upon detecting a collision, all 
stations are required to cease transmission. Each 
station waits for an unequal amount of time before 
attempting retransmission. 

Token bus, on the other hand, as defined in 802.4, 
uses a more deterministic approach to allow access 
to the media. A special data frame, called a "token," 
continually circulates among the stations on the 
bus. A station is allowed to send data only if it is 
the last station to receive the token frame (in effect 
it " holds" the token). Once a station has completed 
transmission of data frames, it passes the token to 
the next station. 

The token ring access method (IEEE 802.5) is sim
ilar to the token bus method (IEEE 802.4) except that 
its order of token passing corresponds to a physical 
ring rather than one arranged by an address num
ber. The protocol is optimized for the ring topology 
and differs significantly from that of token bus. 
Receipt of a token frame still controls the right to 
access the medium, but each station on the ring can 
only " hear" frames from one preceding station on 
the ring and can only send frames to its successor. 



Since STEP Engineering has always been 
a "Step Ahead" in quality high-speed 
processor development support, it's only 
natural to be the first with these 
emulators. The STEP-27, a complete 
development station. includes the 
following : 
Disassembler? The First For the 
Microprogrammer! No need to 
convert ones and zeros into mnemonics. 
Poly-Meta-Symbolics (PMS)™ does it for 
you. It even enters your patches 
symbolically. 
Fast, Bug-Free Programs? Simple! 
STEP-27's powerful logic analyzer 
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that originate at the head-end and are broadcast to 
all users. This topology has resulted in IEEE 802.4 
including specifications for a "remodulator" located 
at the head-end of the cable system to receive signals 
in one "upstream" channel and remodulate them 
to a channel in the "downstream" band. 

The remodulator not only adds cost to broadband 
cable networks, it represents a potential single point 
of failure. Broadband cable network suppliers are 
well aware of this failure potential and have manual 
and automatic switches available to allow for backup 
of the network's remodulator. 

The overriding cost trade·offs 
The two primary costs associated with communica

tion systems are the hardware costs for the backbone 
media hardware, and the cost of the communication 
node. Typically, total component costs for broad
band cable TV systems are somewhat higher than 
for comparable baseband coaxial or shielded twisted
pair systems. This is particularly true in smaller cable 
installations where the additional cost of a head-end 
unit and amplifiers (if required) can be a significant 
percentage of the total system component cost. In 
larger systems however, the cost differential between 
the 802.3 baseband coaxial cable and the 802.4 broad
band coaxial cable implementations becomes less sig
nificant. This is due to the higher per meter cost of 
the special 50-Q coaxial cable, the higher cost of the 
special drop cables, and the higher cost of the active 
taps required in an 802.3 baseband system. 

Media costs for shielded, twisted-pair cable sys
tems are typically lower than costs for broadband 
and baseband coaxial cable. There is, however, an 
additional cost associated with the node bypass 
switching mechanism required in 802.5 token ring 
systems. (The switching mechanism is required to 
remove inoperative stations from the token ring .) 

Installation costs for the three types of cable sys
tems are comparable, although installing coaxial sys
tems requires somewhat more specialized knowledge 
and may be more labor intensive. In addition, broad
band installations normally require a preinstallation 
design which may add to the system cost. 

Node costs for CSMA/ CD and token bus sys
tems typically stay within $500 to $1000 per connec
tion. CSMA/ CD nodes range from the lower to 
middle part of this range, while token-bus node costs 
occupy the middle to upper portion of this range. 

The lower cost of CSMA/ CD implementations, 
due to the maturity of both the access method and 
the 802.3 standard, has led to silicon implemen
tations of the CSMA/ CD protocol. This, in turn, 
has allowed many vendors to offer CSMA/ CD
based products. The token bus, on the other hand, 
is relatively early in its maturity cycle, with only one 
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company at present offering an 802.4-based product. 
A number of companies, however, have announced 
that they will soon be offering 802.4 products. Sili
con implementation of the 802.4 token bus scheme 
are also under development. Vendors anticipate that 
the cost per connection for token bus-based products 
will follow an evolutionary path similar to that 
of CSMA/ CD. 

Growing needs of LANs 
When a LAN is installed, the network manager. 

should expect system requirements to change. It is 
therefore very important to understand the degree of 
flexibility offered by the different types of LANs. One 
of the key differences between baseband and broad
band implementations, for example, is the large 
amount of bandwidth offered by broadband systems. 

The broadband bandwidth is divided into discrete 
channels, each capable of carrying different infor
mation. Because of this division, a broadband system 
can support a variety of data channels (eg, token 
bus, CSMA/ CD, and point-to~point systems), video 
channels, and voice channels all simultaneously . 
Baseband systems, by their very nature, support only 
a single channel. This is an important consideration 
when a LAN must support multiple applications or 
be ready to accommodate growth. 

Another flexibility issue is the ease with which sta
tions are added to the existing network. Adding sta
tions to the bus topologies of 802.3 and 802.4 is 
easier than adding a station to an 802.5 ring architec
ture. Typically, adding a station to a broadband bus 
is simply a matter of attaching one end of a drop 
cable to an already existing tap on the trunk cable 
and the other end of the drop cable to the station. 

In baseband 802.3 systems, the drop cable must 
be added to an existing trunk cable tap. If no tap 
exists, a cable piercing "vampire" tap can be added 
at one of the designated places along the cable. To 
add a station to an 802.5 ring topology, the cable 
system must be physically severed and the new sta
tion added, thus temporarily rendering the system 
inoperable. Depending on how the splicing method 
is implemented, the ring's operation could be dis
rupted for a period of time ranging from milli
seconds to minutes . 

Another consideration is the ease with which the 
media can be extended to include locations not origi
nally intended for the LAN. Baseband systems have 
distance limitations that may prevent the LAN from 
reaching a new area. Broadband systems, on the 
other hand, can be designed to easily extend from 
a small local system to one that encompasses a 
metropolitan area. 

One area of LAN communication systems that 
is gaining importance is the management of an 



operational network. Performance monitoring tools 
on a network spot potential trouble areas before 
serious problems occur. Also, configurable param
eters can be altered to optimize network throughput. 

The IEEE 802 committee is at work on a station 
management specification that will result in a stan
dard format to transfer status and configuration 
information for each media access method. This is 
being written for each media access method under 
guidelines set forth by IEEE 802.1 subcommittee. 

A predictable, ordered access technique, such as 
token passing, is beneficial in that it readily lends itself 
to being managed and to providing information about 
how the system is functioning. Because each system 
error may be detected and resolved by a well-defined 
set of protocol rules, tracking and reporting the errors 
is easily implemented within each station. 

The 802.4 and 802.5 token-passing methods have 
defined many configurable network parameters that 
can be used to change and optimize network perfor
mance for different applications. For example, 802.4 
stations (whose access to the media is noncritical) 
can be configured to temporarily drop out of the 
token-passing logical ring when they do not have 
any data to send. This lets a network dynamically 
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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 . 

CIRCLE 70 

reconfigure itself to minimize token passing over
head for high priority users. 

Regardless of the application, the implementation 
of the access method calls for configurable param
eters that can be used to optimize system perfor
mance, to provide mechanisms to aid in diagnosing 
system problems, and to provide the flexibility to 
meet ever-changing system requirements. Another 
point to consider when determining the best LAN 
for a particular application is that the software above 
the 802 layers provides functions and features that 
could outweigh media access considerations in the 
decision making process. Although the higher layers 
can enhance the performance of a LAN, they can
not overcome absolute limitations imposed by the 
media access technique and the media used. 

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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• Designed for FCC approval 

•Life tested at 3500 rpm, 20 g.cm 
(. 28 oz-in.) torque, 165 mA current 
maximum, continuous unidirectional 
rotation, load imposed by a 
dynamically balanced fan blade. 
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When choosing VMEbus 
Industrial l/0, consider this: 
Xycom offers you the widest 
choice of modules in the world. 
With a common system archi
tecture that can save you sub
stantial design and program
ming time ... while greatly in
creasing your system's design 
flexibility. You can also count 
on Xycom's team of technical 
support engineers - before 
and after the sale. 

Each module is backed by a 
full two-year warranty and 
Xycom's 15 years experience 

in designing and manufacturing 
industrial microcomputers. 

So make the right VMEbus 
1/0 choice, right now. Call us 
toll-free (1-800-367-7300) for 
details, or write for our 
free l/O module brochure. 
Then put our better 
VMEbus mousetrap 
to work for you. 
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SPECIAL REPORT ON DATA COMMUNICATIONS 

CONTROLLER IC 
CONTENDS WITH 
MULTIPLE PROTOCOLS 
The most widely used data communication protocols are 
now supported by a single-chip controller that requires 
minimum external hardware. 

by Jim Magill and 
George Wong 

The need to transfer large amounts of data at high 
speed between several different local workstations and 
large computer systems has generated a variety of 
message transaction schemes or protocols. While 
several protocols have evolved, development of dedi
cated controller I Cs to handle them has not kept pace. 

Now a single-chip VLSI device, the SCN68562 
Dual-Channel Universal Synchronous Communica
tions Controller (DUSCC), incorporates circuitry for 
virtually all subsystems and functions required in ad
vanced data communication systems. The chip pro
vides interfacing to advanced DMA controllers and 
supports such interrupt structures as vectored, daisy 
chained, priority, and masked using minimum exter
nal logic. In many applications, the DMA and inter
rupt interfaces are implemented easily through direct 

Jim Magill is a marketing manager at Signetics 
Corp (Sunnyvale, Calif). He holds an MS in 
operations management from City University, 
London, England. 

George Wong is a senior applications engineer at 
Signetics. He holds an MS in electrical engineering 
from the University of Kentucky. 

connections from the DUSCC's request and 
acknowledge lines to the control bus. 

The DUSCC's two independent data communica
tions channels permit substantial programming flexi
bility for handling multiple protocols. Because of 
variations in bit- and character-oriented protocols, 
a controller must provide a more encompassing solu
tion for high performance data communication sys
tems. For example, when the transmitter / receivers 
can be operated either as full-duplex synchronous 
or asynchronous channels, the chip can embrace a 
broad range of advanced bit- and character-oriented 
protocols, including HDLC/ADCCP, SDLC, X.25, 
X.75 link level, IBM Bisync, DDCMP, and X.21. 

An architectural overview 
Architecturally, the DUSCC has four major sub

sections: interface and operational controls, timing 
circuitry, channel receivers, and channel trans
mitters. The interface and operational control sec
tion handles transactions between the device and its 
various interfaces, coordinates activities between the 
other sections, and executes commands. Interface 
circuitry extends to a host processor, an interrupt 
structure, the DMA, and multifunction pins. 

The host processor interface is dedicated to the 
complete set of control, data, and bus signals for 
the 68000 microprocessor. Eight DMA interface pins 
can be configured to provide individual DMA re
quest and acknowledge signals for the individual 
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transmitters and receivers . An additional control sig
nal, DONE, provides flow control. For example, it 
can signify the completion of a message sequence 
and the termination of DMA operation . 

A triple set of registers configures each channel. 
The channel-mode configuration pair (CMRl and 
CMR2) selects the channel protocol/transmission 
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mode, message format , and error-check sequence. 
The system interface and pin configuration register 
(PCR) selects the function of the multifunction pins. 

Each channel 's interrupt structure is controlled 
through the interrupt control (ICR) and interrupt 
enable (IER) registers. '(The second diagram shows the 
interrelationship between these registers and the 
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Almost all data communication protocols and functions are supported by the 
Signetics SCN68562 commumcations controller (DUSCC) chip ' s mterface and 
operational control section , timing circuitry, and channel receivers and 
transmitters. The VLSI device' s hardware simplifies such system operations as 
DMA interfacing and setup of complex interrupt mechanisms. 
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Leading the way in 
touch technology 
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more people to use computers in more ways 
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kinds of information stored.) Channels follow a 
fixed interrupt priority starting with receiver ready, 
transmitter ready, receiver or transmitter status con
dition, and finishing with external event or counter I 
timer ready. The relative priority of interrupts of one 
channel with respect to the other is selected through 
the ICR. These priority combinations are A before 
B, B before A, and alternating priority with either 
A or B as highest. Other bits in the ICR select vec
tored or nonvectored interrupt operation and vector 
format when the vectored mode is selected. 

Interrupt masking can be performed either on 
individual groups or channel interrupt conditions 
using the IER, or on an entire channel under con
trol of the ICR. In addition to handling interrupt 
request and acknowledge signals, the DUSCC pro
vides a mechanism to create interrupt daisy chains 
using its X2/IDC pin to propagate the interrupt 

acknowledge signal. Most application timing func
tions can be derived from the DUSCC's internal tim
ing circuitry. This section consists of independent 
16-bit timer I counters and digital phase locked loop 
(DPLL) circuits for each channel, and a common 
crystal clock and baud rate generator. Clock signals 
for the transmitters and receivers can be selected 
from an external source or from one of the internal 
sources mentioned above. 

The crystal oscillator operates directly from a 
crystal connected across the Xl/CLK and X2/IDC 
pins or from an external clock connected to the 
Xl/CLK pin. The oscillator's output provides the 
clock signal for the DUSCC's logic and other inter
nal timing circuits. 

The baud rate generator runs off the oscillator sig
nal or on the external signal, generating 16 baud rates 
simultaneously. These signals are made available to 
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A variety of interrupt schemes including vectoring, daisy chaining, and masking can be set up through the 
DUSCC's interrupt control register (ICR) and interrupt enable register (IER). The ICR determines the 
relative interrupt priorities of one data communication channel with respect to the other. Channel interrupt 
conditions are enabled in the IER. 
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the receiver, transmitter, DPLL, and counter/ timer. 
Since the 16 baud rates are available simulta
neously, each receiver and transmitter can select its 
baud rate independently. 

Each channel includes a DPLL that is used in syn
chronous modes to recover clock information from 
the received data stream. The DPLL contains a 6-bit 
counter that is incremented by sampling a clock sig
nal at 32 times the nominal data rate. The clock 
source can be from an external input, the receiver 
baud rate, the counter / timer, or the crystal oscillator. 
The DPLL uses the sampling clock signal together 
with the received data to construct a data clock that 
can be used as the DUSCC receiver data clock, trans
mitter clock or both. This results in a DPLL square 
wave output clock at a data rate that can be pro
grammed to be sent out on a special pin. Users can 
select NRZ/ NRZI, FMO, FMl, or Manchester as the 
encoding format of the received data. 

Transmitter/receiver flexibility 
Dedicated hardware is integrated within the trans

mitter and receiver circuits to generate and detect 
special character sequences, to generate various error 
sequences and to handle many of the overhead tasks 
associated with advanced message formats. The large 
number of operational registers for each channel and 
the concise set of control commands allow easy setup 
and operation of the DUSCC. 

Each transmitter channel consists of three major 
sections: clock multiplexer and control registers; first 
in, first out and shift register; and special character 
generation logic. After a channel is configured for 
a protocol/transmission mode, transmitter opera
tion is refined by the contents of the transmitter 
parameter register (TPR) and the transmitter tim
ing register (TTR). 

The transmitter's clock source is selected from 
inputs to the transmitter-clock multiplexer. Inputs 
are the channel counter/ timer, the other channel's 
counter / timer, baud rate generator, DPLL, or an 
external clock signal. The TPR selects the clock 
source and baud rate if the baud rate generator is 
chosen as the transmitter clock signal. 

The transmitter accepts parallel character data 
from the data bus and loads the data into the trans
mitter FIFO register {TxFIFO), which consists of 
four 8-bit holding registers. Data is then moved to 
the transmitter shift register {TxSR), which serializes 
it according to the transmission format. The TxSR 
can also be loaded from special character logic or 
from the cyclic redundancy check/ longitudinal 
redundancy check. 

The transmitter-ready signal, TxRDY, indicates 
the status of the TxFIFO and is set either when an 
empty position exists in the FIFO or if the entire 

FIFO is empty. The user can choose the frequency 
of service requests because the DMA and interrupt 
service request follow the state of TxRDY. 

The receiver architecture is basically similar to that 
of the transmitter. The receiver consists of a clock 
multiplexer and control registers, FIFO and shift 
register, receiver data path, and error accumulation 
logic. After a channel is configured for the transmis
sion mode, receiver operation is refined by the con
tents of the receiver parameter register (RPR) and 
receiver timing register (RTR). The RPR selects the 
number of bits per character and controls operation 
of an external enable control line for all receiver 
transmission modes. The interpretation of the 
remaining bits in the RPR depends on the transmis
sion mode selected. 

Timing signals are selected from the receiver tim
ing multiplexer. Its inputs are an external timing 
source, the baud rate generator, channel counter I 
timers, and the DPLL output clock. The clock 
source and data rate selections of the baud rate 
generator are made through the RTR. This register 
also selects the DPLL clock source from among 
counter/ timers, external source, baud rate generator, 
and crystal oscillator inputs. 

No single data path can support the diverse 
requirements of the various transmission modes effi
ciently. Thus, the DUSCC data path can be viewed 
as four separate paths-an asynchronous path and 
three paths to support the requirements of different 
protocols. Each data path is responsible for assembl
ing characters into the receiver shift receiver (RxSR). 
After assembly, characters are sent to the receiver 
FIFO along with appropriate status information. 

The receiver FIFO consists of four 8-bit holding 
registers with appended status bits. Data is loaded 
into the FIFO after a character is assembled; data 
is removed when a character is read. The state of 
the receiver FIFO (RxFIFO) is indicated by the re
ceiver ready status signal (RxRDY). As in the opera
tion of the transmitter, a user can choose when the 
RxRDY bit is set. 

Down the data paths 
The asynchronous path of the DUSCC is com

prised of the holding register (HSRL) and the RxSR 
in parallel. The HSRL path is active only if a char
acter comparison option is selected. In this case, all 
incoming data is matched against the contents of the 
SYNl register on a bit-by-bit basis to determine a 
character match. If a match is obtained, a flag in 
the receiver-status register is set. This feature can 
be used to generate an interrupt. If the character 
comparison option is not selected, character data 
is shifted only to the RxSR. After a character is 
assembled in the RxSR, it is loaded into the RxFIFO. 
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To support the requirements of various protocols, the DUSCC provides a number of internal data paths. 
One path is asynchronous-the holding register (HSRL) in parallel with receiver shift register (RxSR) 
configuration at the bottom of the figure-while the other three paths are synchronous. Synchronous paths 
are used for the bit-oriented protocol (BOP) without CRC, BOP with CRC, and the character-oriented 
protocol (COP) including Bisync data communication protocols. 

Synchronous data paths can be pictured as one 
of three parallel paths that become active in the fol
lowing channel conditions: a character-oriented pro
tocol (COP) with or without a block-check character 
(BCC); a bit-oriented protocol (BOP) without BCC 
and BOP with BCC. The COP path contains the two 
8-bit holding registers (HSRH and HSRL) in series 
with the shift register, CRC accumulation logic, two 
synchronizing flipflops, and special Bisync compari
son logic. Data entering this path is held first in either 
or both of the holding registers. During each bit 
time, data in the register (or registers) is compared 
against the contents of either the SYNI register or 
the SYNl and SYN2 registers. Comparison depends 
on the synchronizing pattern chosen-whether the 
pattern uses single or dual SYN characters. A match 
is indicated by the setting of a status bit in the 
receiver status register (RSR). 

The BOP without a BCC path uses three parallel 
inputs to the character comparison (CCSR), HSRH, 
and HSRL registers, in series with the receiver 
register. In this arrangement, data is shifted into the 
three registers simultaneously. The holding pair of 
shift registers compares their contents with the SYNl 
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and SYN2 registers to determine if the correct station 
address has been received. All data entering this path 
is compared in the CCSR for the flag sequence. 
When a match occurs, the status bit in the RSR is 
set. Data entering the HSRL is assembled in charac
ter form in the RxSR and then transferred to the 
FIFO. Zero deletion occurs on all data received 
unless a flag or abort is detected. 

In the case of the BOP with BCC data path, the 
CCSR, the holding registers, and the RxSR, are 
arranged in series. The CCSR remains active through
out a message frame and compares the incoming bit 
stream to determine the flag sequence. The address 
is compared using the 16-bit holding registers. As 
character data bits are shifted from the CCSR to the 
holding register pair, they generate the received BCC 
character according to the selected accumulation for
mat of the CRC/ LRC logic. 

In Bisync mode, special comparison logic checks 
for control sequences and is active for both normal 
and transparent operation. Comparisons can be 
made either with EBCDIC or ASCII text messages 
as selected in the channel mode register. When 
detected, these sequences cause either a status bit in 
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the RSR to be set or initiate special processing. This 
comparison logic makes the DUSCC a powerful tool 
for processing Bisync text. It frees the processor 
from searching for these special sequences and elimi
nates the need for additional processing associated 
with such sequences. 

Minimum of hardware 
An advanced two-channel data communication 

system can be implemented with the DUSCC. {The 
Table depicts the specifications for a typical data 
communication system supporting the different pro
tocols.) Because so much of the hardware is already 
in the device, few additional parts are required. 

Since the DUSCC provides separate DMA request 
and acknowledge signals for the transmitter and 
receiver, the full-duplex requirement for channel A 
is satisfied with a minimum of hardware between 
the DMA controllers and the DUSCC. 

The complex vectored interrupt scheme for chan
nel B is established by programming the interrupt 
control register for vectored interrupts and their for
mats. Separate interrupt vectors can be generated 
for the transmitter, receiver, and counter / timer by 
selecting bits in the interrupt control register. An 
interrupt masking can be performed through the 
interrupt-enable register. The interrupt interface 
involves simply connecting the interrupt request and 
acknowledge signals to the appropriate control bus 
signals. No additional hardware is necessary to com
plete this portion of the design. 

A minimum of design is required to select the vari
ous interfaces for both channels. For channel A, five 
registers are used to select the channel interfaces 
and to set up the protocol requirements. Channel
configuration registers CMRl and CMR2 establish 
the DMA structure and define operation of the data 
channel. External inputs are defined by the pin
control register and the address of the secondary 
station is stored in the SYNl and SYN2 registers . 
Channel B is set up just as easily. But it requires addi
tional programming of the interrupt control and 
enable registers to establish the interrupt structure. 

Operating refinements for each channel are made 
through the transmitter and receiver parameter 
registers {TPR and RTR). These define the message 
format and select automatic features that are in
voked under various transmitter and receiver condi
tions. The channel A transmitter, for example, is set 
up to terminate the BOP message automatically by 
sending an end of message sequence and then mark 
the data line when an underrun occurs. In similar 
fashion, channel B is set up to linefill with a sync 
pattern until another character is loaded into the 
transmitter when an underrun occurs. These actions 
do not require the intervention of the host processor. 
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Advanced Dual-channel OMA 

Channel A Channel B 

System Full -duplex DMA Vector interrupt 
interface Separate vectors 

channel, 
Transmit/receiver , 
end of message 
characters , and 
mask off all other 
conditions 

Tx req on Tx req on 
FIFO empty FIFO not full 

Rx req on Rx req on 
FIFO full FIFP not empty 

Tx clock Ext clock Ext clock 

Rx clock DPLL-Manchester Ext clock 
encoded internal 
sampling clock 

Protocol Bit-oriented Bisync 
protocol - CRC- 16 preset 
secondary address to 1 's 
CRC CCITT 
preset to O' s 
single control byte 

Once the interfaces are established, transmitter 
and receiver operations are controlled and monitored 
through the command and the transmitter / receiver 
status registers. The DUSCC provides a set of com
mands that directly supports transmission of Bisync 
and BOP messages. Each command performs an 
action necessary to generate a message in the specific 
protocol. In Bisync , the first character of a message 
after the SYN pattern is an SOH, STX, or DLE-STX 
pattern. The send-DLE command not only sends the 
DLE-STX sequence, but the command can be ap
pended to any character to transmit special control 
sequences as the protocol requires. 

In BOP mode, the message frame after the flag 
character consists of 0 ton address bytes, followed 
by 1 or 2 control bytes. The sequence is transmitted 
by loading the data into the transmitter FIFO. After 
the last control byte, the transmitter switches auto
matically to the programmed character length. A 
feature of the transmitter is its ability to send the 
last character for a bit count less than the pro
grammed character length by specifying a shorter 
character length in the output/miscellaneous register. 

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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BUILDING BLOCKS 
STACK UP TO 
HIGH PERFORMANCE 
Designed using concepts of functional partitioning, three-bus 
architecture, and fault detection, a family of 32-bit building 
blocks can satisfy the needs of both general-purpose 
computing and signal processing. 

by Timothy J. Flaherty 

As processing rates, machine densities, and system 
reliability requirements increase, functional integra
tion at the device level becomes mandatory in high 
performance controllers and processors. When used 
as standalone devices or combined in a high speed 
system, functional building blocks can provide solu
tions to a wide range of design problems. They fit 
equally well into a general-purpose computer and 
a digital signal processor, despite the great functional 
differences between these two systems. 

As device densities have increased over the years, 
system word widths have grown, bringing greater 
precision and allowing a larger memory space to 
be addressed. The jumps from 4- to 8-bit and from 
8- to 16-bit systems occurred relatively quickly. 
The leap to 32-bit systems has already taken place, 
bringing with it a slowdown in the quest for wider 
system words. Partitioned into 32-bit building 
blocks, Advanced Micro Devices' Am29300 family 
integrates functions that are difficult, if not impos
sible to implement with bit-slice devices. These func
tions include barrel shifting, priority encoding, and 
mask generation. 

Whenever carry-lookahead logic can be contained 
in the same device as the arithmetic logic it supports, 
cycle time is improved. In fact, by reducing the 

Timothy J. Flaherty is a product planning engineer 
at Advanced Micro Devices, Inc (Sunnyvale, Calif). 
He holds a BS in electrical engineering from the 
University of Santa Clara. 

amount of intrafunction communication across chip 
boundaries, cycle time no longer has to depend on 
the speed of the interface between components. Be
cause of this, all intrafunction communications were 
eliminated in the Am29300 family. Pipelining can 
result in the faster execution of certain highly repeti
tive operations, but system latency increases. In some 
cases, this latency will actually degrade throughput. 
In a recursive algorithm, where a calculation depends 
on the immediately preceding result, true through
put can be lost while waiting for intermediate results 
to work their way through the pipe. To maximize 
performance without sacrificing architectural flexi
bility, intrafunction pipelining was also eliminated 
in the Am29300 devices. 

A three-bus, flow-through architecture comple
ments functional partitioning in this chip family. 
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The data path members share a common bus con
figuration with two input operand buses and one 
output bus. Independent of each other (neither 
bidirectional nor shared), these buses provide 
maximum accessibility. 

Bidirectional or shared 1/0 buses limit the speed 
at which information can be transferred between 
different parts in the system. Achieving rapid turn
around of bidirectional TTL data buses is often an 
arduous task. And shared input buses require greater 
timing restrictions than do nonshared buses. These 
limitations have been eliminated in the Arn29300 
data path devices by removal of shared or bidirec
tional buses. 

A high data transfer bandwidth is achieved with 
the flow-through architecture . This direct access 
allows the designer to tailor the system's register file 
to the specific application rather than forcing use 
of a fixed, more general memory organization. The 
beauty of the three-bus architecture lies in its sim
plicity. This straightforward structure permits many 
possible component configurations optimized for 
different micro-architectures. 

Simple, internal 1/0 r~gisters may introduce un
wanted pipeline delays. A flexible register strµcture 
requires that any 1/0 registers can be made trans
parent. The input and output registers on both the 
Am29323 parallel multiprecision multiplier and the 
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The three-bus, flow-through architecture affords the 
greatest access to the device cores. Byte-parity 
checking detects connection failures between devices. 
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Master/ slave checking provides device failure 
detection using redundant parallel devices. This 
happens without incurring the delay of a " voting" 
scheme often used in high reliability designs. 

Arn29325 floating point processor can be made trans
parent independently, providing a number of differ
ent register configurations including flow-through. 

Fault detection 
The philosophy governing this chip family is maxi

mum functionality with minimum impact on system 
cycle time. The methods used for fault detection put 
this idea into practice. 

The 32-bit family addresses fault detection at the 
component level using a twofold scheme-byte par
ity and master/ slave checking. To detect intercon
nection failures, byte parity is both generated and 
checked by the data path elements of the family. The 
byte parity circuitry checks for single bit failures 
across each byte of the two input operands. Even par
ity checking was chosen for this family of TTL
compatible parts instead of odd parity to provide the 
additional check for bus failure. Any parity faults 
detected cause assertion of the parity error 
(PARERR) flag. 

Master/ slave checking detects failures at the device 
level. When using this mode, two devices are oper
ated in parallel, each receiving the same data and 
instructions. The master device generates its result 
and transfers this information to the output bus. The 
slave device generates its own result from the same 
inputs; instead of delivering this data, however, the 
slave reads the output bus and compares the master's 
results with its own. The hard error (HARDERR) 
flag indicates any discrepancies between the two out
puts . Moreover, the assertion level of both the par
ity and hard error flags indicates device failure due 
to loss of power and error signal faults. 



Both error checking schemes operate on a cycle
by-cycle basis so any detected fault triggers an in
terrupt at the microinstruction level. Unlike other 
redundant schemes, specialized software is not re
quired, and system performance is not affected 
by the communication between redundant func
tional units. 

Cycle time and control paths 
In high performance system design, the system's 

intended operations must be given, with careful con
sideration paid to required cycle time. The cycle time 
depends on the type of operation the system per
forms. The design should be optimized for quick exe
cution of the instructions that make up the largest 
percentage of the system's operations. 

Complex operations requiring long cycle times, 
but used infrequently, should be performed over 
multiple cycles. For example, a complicated arith
metic procedure such as division should not deter
mine the cycle time of the system if the operation 
only used a small portion of the time. On the other 
hand, if this operation is used frequently, the sys
tem should be made to handle it efficiently. 

Comparing the instruction mixes of a general
purpose processor and a dedicated array processor 
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illustrates this point well. Multiplication operations 
dominate the array processor's instruction set, while 
the general-purpose machine's set would be less 
multiplication intensive. The Am29323 parallel 
multiplier would enhance an array processor by 
providing a high speed, single cycle 32- x 32-bit 
multiplication. The general-purpose machine might 
not need a dedicated multiplier and could fare well 
with the Am29332 ALU chip and its multiple cycle 
multiplication capability. 

When optimizing the system for speed, a designer 
should remember the control path. By causing a 
change in the normal flow of information in the con
trol path, conditional branching often becomes the 
system bottleneck. Conditional codes must be 
checked to determine the next address, but this check
ing can extend the cycle time. The speed of the con
trol path must remain on a par with the speed of the 
data path. The Am29331 microprogram sequencer 
architecture balances the timing between the control 
and data paths. 

By integrating the conditional code multiplexer, test 
logic, and polarity control logic in the same device, 
cycle time is reduced by eliminating intrafunction 
delays. The microprogram sequencer can perform 
four sets of 16-way branches upon the simultaneous 

+232 The 32- x 32-bit parallel 
multiprecision multiplier 
provides dual input registers 
to support extended 
multiplications. An internal 
wrap-back path and shifter 
eliminate transferring data 
offchip for shifting. 
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A family gathering 

A member of the Am29300 family, 
the Am29332 32-bit noncascad
able ALU chip, was designed for 
systems requiring fast number 
crunching, high data transfer 
rates, and powerful bit-manipula
t ion capabilities . The internal 
data path of the ALU chip inter
connects several functional 
blocks. These blocks include a 
mask generator, a funnel shifter, 
an ALU, and a priority encoder. 
The ALU chip allows operations 
that once took multiple cycles to 
be executed in a single cycle. 

The ALU chip uses a 64- to 
32-bit funnel shifter to perform a 
full complement of N-bit shifts, 
N-bit rotates, field extract ions, and field logical 
operations in a single cycle. This funnel shifter 
works on either one or both input operands. Such 
shifting is extremely useful in such operations as 
floating point mantissa normalization or denormali
zation , and in applications where packing and un
packing of data is a frequent task. Also, the ability 
to extract a 32-bit contiguous field from two oper
ands provides a useful function in many graphics
related operations. The output of the tunnel shifter 
is directed to the A input of the ALU, allowing logi
cal operations to then be performed on the shifted 
word . The ALU section of the Am29332 has three 
input ports . One input comes from the funnel 
shifter, another from the mask generator, and a third 
can be selected from various sources including 
both input buses. This three-input ALU allows 
merger of two instructions into a single cycle. 

The Am29325, a single-precision floating point 
processor, integrates a fully combinatorial 32-bit 
floating point adder/subtractor, multiplier, and 
data path in a single chip. This integration min
imizes processing overhead. The floating point 
processor supports both IEEE P754 and Digital 
Equipment Corp floating point formats . All instruc
tion-addition , subtraction , multiplication, float
ing point/integer conversions, and IEEE/DEC 
conversions-are performed in a single clock 
cycle. There are no internal pipeline delays to limit 
true throughput. 

The core of the floating point processor is a 
3-port arithmetic unit containing a mantissa proces
sor, an exponent processor, and additional logic re
quired to implement floating point operations. 

The Am29323 is a 32- x 32-bit parallel multi 
plier with multiprecision capabilities designed 
to perform a 32- x 32-bit multiplication in a single 
cycle. The parallel multiplier also supports multi 
ple cycle, multiprecision multiplications. Using 
a 67-bit onboard accumulator and internal wrap
back paths, this device can perform a 64- x 64-bit 
multiplication every four cycles. This part also 
supports 96- x 96-bit and 128- x 128-bit multiplica
tions. These expanded multiplications offer support 
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to extended and double
precision format floating point 
multiplications. 

To provide a flexible interface 
for a variety of applicat ions, the 
parallel multiplier has dual 32-bit 
registers on each input bus. Both 
halves of a 64-bit input word can 
be loaded, stored , and selected 
as needed when extended multi
plications are performed. The 
input registers can be made 
transparent and the outputs can 
be selected directly from the 
array core to provide a high 
speed multiplier accelerator in a 
system designed with the other 
members of the Am29300 family . 

The task of reducing cycle time in a micro
programmed system-a primary goal for the 
Am29300 family-is assisted by the Am29331 pro
gram sequencer. The critical path in the control sec
tion of a system typically passes through the status 
register through test logic, test multiplexer, 
sequencer, and microprogram memory. The micro
program sequencer removes the " control bottle
neck" by integrating the test logic, multiplexer, 
and sequencer. 

Handling interrupts 
Interrupts and polling both handle asynchronous 

events. But in interrupts, unlike in polling, explicit 
tests in the microcode are not required . Quicker 
response times and less microcode are the reasons 
the microprogram sequencer uses interrupt han
dling. When an interrupt is received , the interrupt 
return address is pushed on an internal 33-level 
stack allowing nested interrupts. 

Interrupts are handled by the sequencer at the 
end of a microcycle. Traps, on the other hand, must 
be handled before the end of the microcycle. Be
cause they indicate an unexpected condition 
caused by the current microinstruction, traps cause 
the sequencer to halt the operation before the cur
rent instruction changes the state of the system. 
When a trap occurs, the current microinstruction 
must be aborted and re-executed after the trap han
dling routine has taken corrective measures. 

The Am29334, a high speed, 64- x 18-bit, dual
access RAM , provides the Am29300 family with flex
ible, configurable memory. The device's dual read/ 
write ports allow simultaneous access for two oper
ations every cycle: two operand fetches, a read and 
write to two locations, or two write operations. 

Because it can be expanded in both width and 
depth, the register file allows several memory con
figurations. Two of these devices may be hooked 
together in an expanded 6-port configuration , for 
example. This setup allows two processors to oper
ate on the same memory simultaneously. Four reads 
and two writes every cycle could provide high speed 
local memory, possibly configured as a cache. 



occurrence of four external test conditions. This abil
ity to handle multiway branching greatly reduces the 
branching delay penalty. 

Data routing 
A system should be able to route data punctually 

to the proper location-a task as important as reduc
ing cycle time. Cycles wasted while waiting for results 
to work their way out of the pipeline and into the 
arithmetic unit where they are needed degrade per
formance. Bus bandwidth is lost by the redundant 
transferring of intermediate results back and forth 
from memory. And cycles lost shuffling data reduce 
true throughput. 

Often data is fetched from one memory location, 
processed, and the result of the operation returned 
to the original memory location. The Am29334 
register file supports these read/ modify/ write oper
ations by allowing a single cycle read and write 
memory operation to the same location. The register 
file's internal circuitry makes this operation possible 
without requiring external hardware to store the 
modified data temporarily. 

Maximum bus bandwidth requires operands to be 
in the right place at the right time without monopoliz-
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ing the bus structure. Redundant data transfers, such 
as returning intermediate sums from a sum-of
products operation to memory, only congest the bus 
structure and reduce bandwidth. The Am29325 
floating point processor provides internal wrap-back 
paths and handles such data routing onchip. These 
internal wrap-back paths for sum-of-products oper
ations with intermediate results double the band
width of a bus shared between multiple processors. 

The Am29323 parallel multiplier also provides 
internal wrap-back paths and shifting circuitry for 
extended multiplications. These elements eliminate 
the delays resulting from data leaving the chip, being 
adjusted by an external shifter, and then returning 
to the device. The parallel multiplier has dual 32-bit 
input registers to support the cross-products needed 
for multiprecision multiplications. These registers 
also reduce bus congestion by eliminating the need 
for redundant memory fetches. 

System bus structures 
A general-purpose CPU falls short of today's 

number crunching requirements because it cannot 
take advantage of highly structured array and digi
tal signal processing algorithms. The differences 
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A 32-bit floating point/ 
integer processor can be 
designed using a parallel 
configuration. In the system 
shown, the floating point 
processor shares three 32-bit 
buses with the ALU chip and 
the parallel multiplier. 
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between a general-purpose CPU design and an array 
processor design allow optimization of the configura
tions to serve specific needs. 

Different system designs often have different data 
bus requirements. Parallel configurations are useful 
and easily implemented. In a general-purpose ma
chine, for example, several processing units might 
share the same data buses. The Am29332 ALU chip 
can share three 32-bit buses with the parallel multi
plier and the floating point processor. Data could be 
passed from one processor to another through the 
shared register file. 

Although parallel configurations fit a general
purpose design, specific processors may require 
different bus structures. With a dedicated bus 
structure and paired Am29331 RAMs configured 
as a 6-port register file, for example, a high speed 
system that is well-suited for matrix processing 
can be designed. For array processing this arrange
ment offers a distinct advantage over the shared 
bus system. 

To perform a multiplication/accumulation, the 
Am29323 multiplies two 32-bit numbers, the product 
is passed through the register file and added to the 
previous product by the ALU chip. Performing the 
multiplication and the addition in parallel, results in 
an effective throughput of one multiplication/accum
ulation per clock cycle-twice that of the system with 
shared buses. 

Status generation 
The status flag generators on Am29300 data path 

devices create flags that indicate where significant 
events occur during the calculations. These flags, 
generated as the operation is performed, reduce the 
processing overhead. The fully decoded flags mini-

mize the amount of hardware needed for status inter
pretation. Such special conditions as a zero result or 
a byte carry may provide the user with important 
information about the calculation. A zero result
reported via the ZERO flag-is useful in compari
son operations, for example. 

Many of the status flags report such exception con
ditions as underflow, overflow, and invalid. Each of 
these conditions would indicate that the result ob
tained is not correct. These flags are active whether 
or not the output bus is enabled. In this way, the sta
tus of such iterative operations as floating point multi
plication/ accumulation can be monitored without 
enabling the output bus to check each intermediate 
calculation for exception conditions. This will reduce 
both hardware requirements and bus congestion. 

Many of the conditions reported by the status flags 
indicate a problem with the current operation. The 
INVALID flag on the floating point processor, for 
example, indicates an invalid operation has been at
tempted. This flag can be used to generate an inter
rupt. The microprogram sequencer handles this 
interrupt at the microprogram level. After accepting 
the interrupt, the sequencer allows an external inter
rupt handling address to gain access to the micropro
gram address bus. This address begins the interrupt 
handling routine. The microprogram sequencer saves 
the interrupt return address on an internal stack. 

Traps are unexpected situations caused by the cur
rent microinstruction, which must be handled before 
the end of the current microcycle. Conditions such 
as overflow can be trapped so corrective action can 
be taken. 

Suppose the current instruction requires a read 
from memory locations A and B, a floating point 
addition using this data, and a write of the result 
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Two dual-port register files 
can be configured as a six
port register file. With this 
setiJp , four reads and two 
writes may be performed 
every cycle. 



Now Sophia Systems makes it 
practical to use the power of in
circuit emulators anytime, anywhere. 
Our family of SA700 portable 
emulators lets you develop in the 
lab or troubleshoot in the field 
complex micro systems. 

COMBINED DEVELOPMENT 
SYSTEM AND IN-CIRCUIT 
EMULATOR 
- Z80 and 8085 models are 

combined development systems 
and in-circuit emulators. All the 
development tools, from macro
assembfer and linker, to inte
grated real-time ICE probe and 
PROM programmer, are standard. 

- 68000 systems include a 68K 
mini-assembler for software 
development and over V2MB of 
emulation RAM for real-time 
debugging. 

- 8086/87 /88 models are floppy 
disk compatible with Intel® MOS 
Series Ill and CP/M-86TI' systems. 

Serial links are available to easily 
connect any SA700 to VAX®, IBM® 

PC or Hp®64000 hosts and down
load to our floppy disk. 

DEBUG WITHOUT A HOST 
You can also debug and handle 

hardware/software integration 
without a host or add-on periph
erals, saving time and money. 
Sophia's SA700 systems give you 
effective standalone micro develop
ment, debugging and test for 
as little as S7,000. Nothing else 
compares. 

A WORLDWIDE LEADER 
An international market leader of 

development systems and emulators, 
Sophia Systems has delivered more 
than 4,000 SA700 systems worldwide. 

CALL TODAY FOR A 
DEMONSTRATION 

In the rush to get your designs to 
market Sophia Systems stands alone. 
Call or write today for a demonstra
tion and further information. 

Sophia Computer Systems, Inc. 
3337 Kifer Road 
Santa Clara, CA 95051 

lnternatlonal Office: JAPAN. SOPHIA SYSTEMS CO .. LTD. NS Bldg .. 2+1. Nishishinjuku. Shinjuku-ku. 1bkyo 160, 03-348-7000. 
U.S. Reglonal Offices: SOPHIA COMPUTER SYSTEMS. INC.. 22 Executive Park-Suite 280. Irvine. CA 92ns. fn4J 261-8688; 
Glenpointe Centre East. 300 Frank W. Burr Blvd .• Teaneck, NJ 07666. 121:11) 836-5959. 

•t985 Sophia Computer Systems. Inc. Sophia Systems is a trademar1< of Sophia Computer Systems. Inc. 
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COMPARE THESE FEATURES: 
• Software development (assetrolerJ and debugging 

without host connection 

• Portable, rugged package witll integrated CRT. 
floppy drive, ASCII keyboard, PROM programmer. 
and ICEN Probe 

• Batch DEBUG programs 
created and executed 
on the emulator 

• Real-time trace. timing 
and emulation 

• Full symbolic support 
-breakpoints. trace. 

(dis)assembly. display 

• Single-step/slow-mode 
execution 

• Proprietary & CP/M9 
operating systems 

can toll-free 1-800-824-9294 
fin caut., 1-800-824-6706) 

MICROPROCESSOR DEVELOPMENT 
SYSTEMS & IN-CIRCUIT EMULATORS 



WHERE TO MEET 
THE MOST OEM'S AND 
SYSTEMS INTEGRATORS 
FACE TO FACE TO FACE ... 

Meet them at a Mini/Micro. 
It's the one computer trade event that focuses 

entirely on computer design needs. That means you , 
as an exhibitor, can deal face to face with a prime 
concentration of OEM's, designers, systems 
integrators and software developers. On your own turf, 
but in their backyard ; Mini/Micros are held regularly in 
the prime markets. 

And many run concurrently with other high-tech 
electronics shows. That gives you extra value in the 
form of crossover attendees. 

So if you 're after OEM 's and systems integrators, 
be at a Mini/Micro. For complete information , call tol l
free: 800-421-6816. In Cal ifornia, 800-262-4208. 

Meet OEM's and systems integrators where they live. 

Feb. 5-71985 Mini/Micro West Anaheim 

Mar. 5-71985 Mini/Micro Southeast Atlanta 
Southcon Atlanta 

Apr. 23-251985 Mini/Micro Northeast New York 
Electro New York 

Sept. 10-121985 Mini/Micro Midwest Chicago 
Midcon Chicago 

Oct. 22-24 1985 Mini/Micro Northwest Portland 
Northcon Portland 

Sponsored by regional chapters of 
IEEE and the Electronic Representatives Association 

M ~r.. 

'a~ : Ii Mini; Micro 
FOCUSING ON THE OEM 
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back into location A. If this addition operation 
results in an overflow and the result is written back 
into location A, information may be lost. This may 
happen if the OVERFLOW flag is used to generate 
an interrupt. A trapping setup, however, offers a 
different scenario. 

If the OVERFLOW flag is used to indicate a trap, 
the operation can be interrupted before the overflow 
result can be written over the data in memory loca
tion A. An overflow trap handling routine scales both 
operands. Upon re-execution of the addition opera
tion, the result does not overflow. The microprogram 
sequencer pushes the address of the current microin
struction onto its internal stack and allows the trap 
handling address to gain access to the microprogram 
address bus. After completion of the trap handling 
routine, the trapped instruction address is popped 
from the stack and re-executed. 

Multiway branching 
The Am29331 address sequencer's multiway 

branch instructions allow the selection of 16 consecu
tive addresses as a branch target. Generated in a single 
cycle, the address consists of the upper 12 bits from 
the D bus concatenated with 4 bits from the multi
way inputs. This type of branching allows the test
ing of up to four conditions in a single clock cycle. 

Four multiway sets of 4 bits each allow designers 
to group test conditions according to type. The 2 least 
significant bits of the D bus, DO and D 1, control 
which 4-bit multiway is selected. 

The multi way-branch feature provides designers 
with a hardware solution to the problem of per
forming certain high level software instructions in a 
single cycle. Many combinations of conditions could 
be arranged. For example, CARRY, ZERO, and 
NEGATIVE flags from the Am29332 ALU chip 
might be used to perform If (AND/ OR)-Then 
(AND/OR)-Else operations. By using multiway 
branching, the AND/ OR functions in the If-Then
Else statement do not incur the penalty of additional 
gates or additional delay. 

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 



TeleVideo corrects 
the VT220 key mistakes. 

The new TeleVideo® 922 shares but one feature 
with the VT220®: DEC®-compatibility. The simi
larity ends there. 

I Take our keyboard, 
• for example. The 

RETURN key is within direct, easy reach. But 
VT220 users must stretch over an additional 
key to hit RETURN. Or have the hands of a 
concert pianist. 

2 
DECVf220 

Our ESCAPE key 
• is located above the 

TAB key, right where you'd expect 
to find it. 

Theirs isn't. 
In fact, you have to go 

hunt for the VT220 ESCAPE key 
halfway across the row off unction 
keys. 

Where's theVf220 ESCAPE key? 3 Take a look below 
• at the 922 key

board. That's a true accounting keypad, complete with a Clear 
Entry, Double Zero and a TAB key. Not merely the numeric keys 
you get with the VT220. 

4 Our SHIFT key is exactly where it 
• should be, so it does exactly what it 

should do-shift. Their SHIFT key is shoved over 
by the < and > key to create lots of < and ) on the 
CRT. Of course with ·a little practice, you could re
learn their keyboard. But why, now that you've seen 
our 922? · 

922 Display Screen. 

• I .. • ' • ' l t -t ~ f'- ~ ~ ' • t I ~ I • 

Vf220 Display Screen. 

5 And after we built a better keyboard, we built a bet
• ter terminal. With exceptional reliability. Quality. 

Advanced ergonomics. Everything you'd expect from the in
dustry ANSI leader. 

The new 922 is available now and priced to move 
now. And it's backed by a worldwide sales and support net
work. 

6. Here are 5 more advantages to the 922. 

TeleVideo 922 DECVf220 
Programmable 15 15 
Function Keys (30 with shift) (shifted only) 

True Accountant YES NO Keypad 

Plug-in Graphics YES NO Upgrade Option 

Full Tilt &S..Vivel YES NO 
Enhanced ANSI Mode YES NO 

800-538-8725. 
In California, call 408 -745 -7760. 

TheTeleVided922 
0.TultMdeo Systems, Inc. 
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Extend the capalJililies of y(JUr PC/ MS-DOS™ 
base,d system and duplicoJe the /nt,el™ Series III, 
Iv, and 861310 with KICS softuxire develnpment 
(001,s. 

Don't buy expensive hardware to get the 
exact same professional development capabili
ties. For around $500, the RTCS/UDI Universal 
Development Interface software lets you use 
Intel Series ill Microcomputer Development 
System software, available from RTCS, on your 
IBM PC™ or any other MS-DOS-based computer. 
And Intel software runs up to 20% faster on 
your PC using the RTCS/UDI. 

DIDYOUKNOW 
YOU'RE ALREADY 
SITTING ONA 
$30.000 
INTEL SYSTEM? 

Fortune 500 companies like IBM, General 
Electric, Honeywell, and over 1,500 others have 

found the RTCS/UDI easier to use with 
higher performance than most Intel 
systems. Besides the obvious expenditure 
comparison, they see Intel Systems as 

special purpose computers with limited 
software. But with RTCS, a PC/MS-DOS-based 
computer becomes a reliable performer with 
a wide repertoire of software possibilities. 

~~~~ 

$30,000 

$1,500 

$500 

INTEL YOUR PC RTCS SOFTWARE 

Also available from RTCS is PC/RTX, 
Real-Time, Multi-user Multi-tasking Operating 
System for IBM PC and others; Intel languages 
such as Pascal, Fortran, PL/M~ and C 
Compilers; Utilities such as high level software 
debuggers, as well as a wide range of software 
support supplied with the RTCS/UDI at no 
additional cost. 

Before you go out and buy expensive 
hardware for capabilities you're already sitting 
on, call RTCS today. (805) 987.9781 

Getting the most from what you have. 

1390 Flynn Road, Camarillo, CA 93010 
Tulex: 467897 RTCS CI 
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MULTIBUS II DESIGNS 
EXPLOIT ADVANCED 
BUS CONCEPTS 
With several bus architectures available, designers face the 
problem of choosing one that provides the features and 
flexibility needed for new multiprocessor designs. 

by Amy Shuen and 
John Beaston 

New bus concepts that provide higher performance 
and increased reliability are becoming more impor
tant in multiprocessor system design. The Multibus 
II architecture and the products that use it incor
porate these bus concepts, including interconnect 
space, cache-based memory, and message passing. 

The family of products incorporating the Multi
bus II bus architecture ranges from the iSBC 286/ 100 
CPU board to bus interface silicon. At the lowest 
level of the family are the bus arbiter controller 
(BAC) and the message interrupt controller (MIC). 
With their generic local bus interfaces, these CMOS 
components make it easier to develop boards and 
systems using any processor family or architecture. 
Most importantly, standardizing the bus interface 
portion of a board design ensures that board-level 
products from multiple vendors can communicate 
with one another, even with diverse processor or 
memory technologies. 

The BAC and MIC components provide the inter
face standard for the parallel system bus (iPSB) of 
the Multibus II architecture. They implement the full 
data transfer and reliability features of this bus, as 

Amy Shuen is a product marketing engineer for 
Multibus II products at Intel (Hillsboro, Ore). She 
holds an MBA from Ha;vard University. 

John Beaston is marketing manager for Multibus II 
products at Intel. He holds an MS in electrical 
engineering from the University of Illinois. 

well as support for the interrupt message subset of 
the Multibus II message passing. The BAC performs 
all the arbitration and system control functions and 
the MIC transmits and receives interrupt messages. 

The first of a family of Multibus II bus interface 
silicon, BAC and MIC offer the advantages of VLSI. 
With these components, bus interface real estate 
requirements are 70 percent less than those of equiva
lent programmable logic array implementations. The 
next generation of Multibus II bus interface silicon 
will integrate this combination of capabilities into 
one component with full message-passing support. 

Bus interface in si licon 
The BAC and MIC combination is so flexible that 

all intelligent Multibus II boards can take advantage 
of their features. A 286-based CPU board can han
dle central processing and multiple 186-based boards 
can perform file serving and other 1/0 functions in 
the same backplane. The board designer does not 
have to worry about mixing and matching bus inter
face components; the BAC and MIC combination 
provides a modular, multipurpose standardized 
interface to the system bus for any intelligent board. 

The BAC performs the complete bus arbitration 
and system control line management for the board. 
It functions much like a combination of the 82289 
bus arbiter and the 82288 system controller Multi
bus I interface components that has been optimized 
for the Multibus II specification. When the on board 
CPU wishes to access the bus, it activates a bus re
quest input to the BAC. The BAC then performs 
the appropriate arbitration algorithm (either fairness 
or priority algorithms are dynamically selectable) and 
returns a grant signal to the CPU once the bus is 
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acquired. During the data transfer, the BAC per
forms all the necessary handshaking and error check
ing on the system control lines. 

The MIC component helps solve the fundamen
tal problem of communicating interrupts among 
multiple boards. In a multimaster, multiprocessing 
system, the number of interrupts often exceeds the 
capacity of the traditional dedicated interrupt lines. 
Since the onboard MIC sends and receives all inter
rupt messages, it eliminates the hardware bottleneck. 
This controller manages up to 255 interrupt sources 
and destinations. 

To send an interrupt message, the CPU simply 
tells the MIC which module to interrupt and the 
MIC does the rest. The MIC asks the BAC to gain 
access to the bus and once that is done, the MIC 
runs the appropriate message interrupt bus cycle. 
The CPU and its local bus are free to continue 
processing rather than waiting for arbitration and 
access to the system bus. Decoupling the CPU and 
local bus from the iPSB can dramatically improve 
CPU utilization. 

For receiving interrupt messages, the MIC moni
tors the bus, looking for interrupt cycles contain
ing its message destination address. When one is 
received, the message goes in an internal 4-deep first 
in, first out queue, and the CPU is interrupted. The 
CPU may then read the message from the queue. 
The CPU is involved only when a message is received. 

The new bus interface components can identify 
bus parity errors and check for interrupt message 

PROGRAMMABLE 
INTERRUPT 

CONTROLLER 

INTERRUPT 

INTERRUPT 
REQUEST 

ADVANCED 
OMA MEMORY 

accuracy. Any detected errors are registered on 
the appropriate component and are reported to 
the on board CPU. The CPU may then read the 
error registers to identify the cause and take appro
priate action. 

The iSBC 286/ 100 single-board computer takes 
advantage of the Multibus II system architecture for 
OEM applications. The combination of the iAPX 
286 processor and two new bus structures, the iPSB 
and the local bus extension II (iLBX II), makes the 
iSBC 286/ 100 board uniquely suited to high perfor
mance multimaster system application. This board 
supports the new Multibus II features of intercon
nect space, built-in-self-test diagnostics, and mes
sage-based interrupt. 

The board is a complete microcomputer system 
on an 8.7- x 9.2-in., double-high Eurocard printed 
circuit board-roughly the same real estate as a 
Multibus I board. It has the complete functional 
capability of a single-board computer, including 
iSBX bus expansion, 80287 numerical coprocessor 
options, advanced DMA control, JEDEC memory 
sites and expansion, SCSI configurable parallel inter
face, serial I/ O, and programmable timers. 

The ever-increasing performance of CPUs cou
pled with their larger addressing ranges poses a 
dilemma to the board designer. The best CPU-to
RAM access performance comes with a high price 
tag. In addition, the CPU board cannot hold enough 
RAM to approach the CPU's maximum address size. 
These constraints have led designers to develop the 

INTERFACE 
The bus arbiter controller 
(BAC) and the message 
interrupt controller (MIC) are 
two CMOS components that 
implement the full data 
transfer and reliability 
features of the parallel system 
bus. They also include 
support for the interrupt 
message subset of Multibus II 
message passing. 

ERROR 
INTERRUPT 

MULTIBUS II PARALLEL SYSTEM BUS 
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local extension memory bus concept, such as the 
iLBX II for the Multibus II. 

The iSBC MEM/3xx memory boards in the fam
ily are cache-based, 32-bit dynamic RAM boards with 
dual-port support (iLBX II and iPSB). They provide 
both the performance and the memory capacity 
needed. The memory boards, together with the iSBC 
286/100 CPU board, give 0 wait-state iLBX II access 
performance for up to 16 Mbytes of memory. 

Cache memory concept 
To illustrate the cache concept, imagine a desk 

drawer and a filing cabinet farther away-both are 
places to store documents. Frequently used files are 
in the desk drawer and the less frequently accessed 
files are in the filing cabinet. Correctly planned, 
80 percent of the files needed will be in the drawer, 
limiting the number of trips to the file cabinet. 

The desk drawer is a good analogy for the 8-Kbyte 
high speed cache memory on the iSBC MEM/ 3xx 
memory boards. Data requested by the iSBC 286/100 
CPU from the memory board over the iLBX II bus 
is retrieved with 0 wait-states, if the data is in the 
cache. Depending upon the application code, 80 per
cent or more of the time the cache algorithm ensures 

that the data requested is in the cache. This is called 
a cache "hit." If the data requested is not in the 
cache memory, this is called a cache "miss." In the 
iSBC MEM/3xx and iSBC 286/100 combination, a 
cache miss takes 1 wait-state. These performance 
numbers refer to up to 16 Mbytes of iLBX II mem
ory, the full physical addressing range of the 286 
CPU. Each memory board added to iLBX II adds 
an additional 8 Kbytes of cache. 

Going back to the desk drawer and file cabinet 
analogy, a search will go outside the desk drawer 
less than 20 percent of the time. Some of the unused 
less current documents from the desk drawer can go 
into the filing cabinet. The documents needed imme
diately, as well as some that might be used later, 
return to the desk. This simple, but effective, algor
ithm increases the probability that the desk drawer 
will contain the most useful documents, and that 
processing time will be used efficiently. 

The cache replacement algorithm works in a simi
lar way. On any miss or write access, the contents 
of one cache entry are updated to maintain con
sistency with the corresponding entry in the DRAM 
array. In addition, a full 32 bits, two sequential 
16-bit words, are moved each time. 

PAii 
INTERFACE 

(SCSI, CElffllONICS, 

DllA 
CONTROL 

6- .. a.MHz 
CPU 

iSBX 
INTERFACE 

MULTIBUS II PARALLEL SYSTEM BUS 

Besides taking advantage of the Multibus II system architecture, the iSBC 286/ 100 board has complete 
single-board computer functionality. The combination of the iAPX 286 processor, the iPSB, and the 
iLBX II enables this board to handle high performance, multimaster system applications. 
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The cache control and most of the logic required 
on the iSBC MEM/3xx memory boards are imple
mented in VLSI. This proprietary cache controller 
supports the 32-bit architecture of both the iLBX II 
and iPSB interfaces. A VLSI solution saves real 
estate for putting large amounts of DRAM (64- or 
256-Kbits) on the memory boards along with an 
8-Kbyte high speed static RAM. These new cache
based, 32-bit memory boards come in 1/2-, 1-, 2-, 
or 4-Mbyte sizes. 

Software and hardware converge 
One of the advanced concepts of the Multibus II 

architecture is the definition of the interconnect 
address space, which integrates hardware and soft
ware . This integrated approach makes building and 
dynamically configuring a Multibus II system easier 
and faster. Multibus II interconnect space is a com
bination of a standardized set of read-only and soft
ware configurable registers on every board and the 
ability to access them by any bus master. 

An integrated approach makes 
building and dynamically configuring 
a Multibus II system easier and faster. 

The read-only registers hold information, such as 
board type, revision number, and serial number. 
This allows board manufacturers to code this infor
mation into the hardware so that software can deter
mine what boards are being used in a system, and 
configure itself automatically. The software con
figurable registers allow software to write to these 
registers for board configuration purposes or to 
access or control diagnostics. This facility can help 
reduce or completely eliminate hardwired jumpers 
or DIP switches and gives new flexibility for local 
and remote diagnostics. 

Geographic or by-slot addressing allows the soft
ware to address individual boards via their physical 
position in the backplane. Automatically at power
up, the iSBC CSM/100 assigns slot IDs to the boards 
located on the iPSB backplane. These IDs are picked 
up and saved by the onboard BAC. After this assign
ment, software can identify which boards ate in the 
system and where they are located. This becomes sys
tem configuration information. 

By using the interconnect address space to per
form geographic addressing, the iRMX 86 Multibus 
II operating system automatically configures all 
memory boards at power-up. The system software 
is aware of the hardware characteristics of the 
memory boards because each of the iSBC MEM/3:xx 
boards has read-only registers in its onboard inter-

connect space registers. These registers indicate the 
size of the DRAM array of that particular board. 

The iRMX 86 Multibus II operating system identi
fies which memory boards are in the system and 
where they are in the iPSB backplane and then 
assigns the starting and ending address of each 
board. This assignment is made by the system soft
ware writing to the software configurable inter
connect registers located on each board. As a 
result, no hardwired jumpers are necessary on the 
iSBC MEM/3xx boards. Changing the memory size 
or swapping memory boards is an easy and straight
forward process-simply put new boards in the 
backplane and power-up the system and the soft
ware does the rest. 

The central services module also supplies the 
system clocks and contains front panel reset and 
interrupt switches. In addition, it provides a battery
powered time-of-day clock so that software can 
access time/date records and initialize local clocks. 
It also forms one side of a link to Multibus I sys
tems. Also, it contains an 8751 microcontroller to 
perform built-in-self-test (BiST) diagri9stics. 

Every Intel Multibus II board has an 8751 micro
controller onboard and firmware to run these BIST 
system confidence tests at power-up or at software 
command to check out each board's vital functions. 
These confidence tests and diagnostics improve relia
bility and error reporting capability and reduce 
manufacturing and maintenance costs for the user. 

A micro~oi:nputer watchdog 
The BIST diagnostics combined with the use of 

interconnect space provides a powerful diagnos
tics and development environment. The BISTs pro
vide vital board status and error information at 
power-up. Because this error information is recorded 
in each board's interconnect space registers, the 
information can be accessed from software on a 
system-wide basis for logging, display, or remote 
diagnostic purposes. Additionally, during develop
ment, modification, or manufacture of a Multibus 
II system, you can evoke specific BISTs for status 
information significant to a particular application. 

The BIST results are indicated in two ways. First, 
an LED on the front panel indicates the status of 
the power-up diagnostics. It is on when the BIST 
starts running and off when the BIST completes suc
cessfully. Second, the diagnostic test results are 
stored in the onboard interconnect registers acces
sible to system software. 

In a large, complex multiprocessing system it is 
often difficult to determine the specific hardware 
source of a system failure . The interconnect space 
allows software to access board status and diagnostic 
information. The system software can identify which 
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The iSBC MEM/ 3xx boards 
have four main subsystems. 
These boards have capacities 
ranging from 0.5 to 4 Mbytes 
and they incorporate 32-bit 
data paths. 

iLBX II BUS 
INTERFACE 

ONBOARD DATA BUS 
MEMORY 

DATA 
BUFFERS 

boards in a system passed or failed their power-up 
diagnostics and by examining the appropriate error 
register contents determine the possible sources of 
the failure. The software can then dynamically 
change the memory size to disable a nonfunctioning 
memory board. It can also check for correct instal
lation of the iSBX bus or PROM on a remote iSBC 
286/100 board. Additionally, the iRMX 86 Multi
bus II operating system can interrogate the boards 
in the system for their system-wide go/ no go status 
and thus determine problem boards. 

As an example of the BISTs, a memory board will 
not function properly if the DRAM array, the cache 
RAM array, or the parity detection are not function
ing properly. The BIST performed by the onboard 
microcontroller checks vital functions; an address 
ripple RAM test on DRAM array in Miss Only 
operation mode, a cache RAM test on all the cache 
memory, a Refresh check on a small portion of 
DRAM, and a parity test which injects parity errors 
in the DRAM and verifies that the board detects 
them accurately. 

Until now, system performance enhancements 
have come primarily from improvements in CPU 
technology: higher clock speeds and wider data paths. 
There have been very few similar technology improve
ments applied to the system architecture. The Multi
bus II architecture is specifically designed to 
accommodate CPU improvements while allowing 
technology to be applied to the system architecture. 
Enhanced CPUs give raw performance improve
ments, but the message-passing concept allows simi
lar improvements in system architecture. 

Performance improvements lie in the efficient sup
port of multiprocessing. Multiprocessing is not a new 
concept, however. The problems encountered in 
implementing it tend to reduce its promised benefits. 
Many systems contain multiple processors such as 
a host CPU, an intelligent disk controller, and other 
intelligent 1/0 subsystems. The job of communica-

1 7 6 COMPUTER DESIGllllFebruary 1985 

tion and data movement among boards has typically 
been a system software and dual-ported memory 
task. Multibus II message passing standardizes the 
communication and data movement functions among 
the boards. This standardization allows the applica
tion of VLSI to the problem. It gives a hardware
based solution to the problem, alleviating the software 
development burden and giving hardware assistance 
to data movement. 

The message-passing protocol specified by the 
Multibus II architecture achieves full multiprocess
ing capability. The next generation of bus interface 
silicon provides a hardware solution to off-loading 
the CPU during the interprocessor communication 
and data movement functions. Very much like a dis
tributed smart DMA controller, this message-passing 
coprocessor communicates with other intelligent 
boards to transfer data and information over the sys
tem bus. The CPU that initiates this communica
tion is free to continue its computing process until 
the data is received. 

The benefits of this silicon-supported approach 
are significant. First the message-passing interface 
can take full advantage of the bus bandwidth-32-bit 
data and burst transfer mode-independent of the 
type, word width, or architecture of communicat
ing processors. Hardware transfer rates and 1/0 sys
tem performance is higher than a software-based 1/0 
transfer where the software must copy and check 
each transfer and CPU intervention is required. 
Also, since the message-passing interface effectively 
decouples the local-system-local bus transaction, 
each portion of the transfer can proceed at the 
maximum transfer rate of that bus. The commu
nicating boards utilize as little of the all important 
system bus bandwidth as possible, freeing it for 
additional communication. 

Second, the Multibus II message-passing interface 
provides a uniform software interface for all boards 
in the system. Since modules communicate through 

-



Microbar's COMI6. It begins where "intelligent" 
serial 1/0 controllers leave off. 

The new COM16 communications single board computer from Microbar means your next 
Multibus™-based system can set new standards in serial communications performance and flexibility. 

COM16, for example, simultaneously runs all 16 serial ports-full-duplex-at 9600 baud. 
And that's only the beginning. COM16 is "Unix™- optimized" to a degree that leaves the 

competition on "square one~' 
Flexibility? Each COM16 transmit and receive channel has its own programmable baud-rate 

generator-offering 32 baud rates from 50 to 56K baud. And your 8- or 16-bit 1/0 or memory data 
transfers can use any mix of protocols needed. 

There's more. Our eight-line COM16 boards-in either RS-232C/Current Loop or RS-449 
versions- can be expanded by four-line expansion modules that allow mixed interfaces within a single 
COM16 system. Or that add DMA channels to each of four to eight baseboard lines. Or give you 
128K of Dual-Ported RAM. 

Obviously, we've been busy-working to make your next system a pacesetter. Of course, we're 
well qualified to do that. Because we're independent-and objective. And because making SBCs is 
our only business. 

Call or write today. Learn how COM16 makes the leap from simple intelligence to pure genius. 

Within California: (800) 421-1752 
Outside California (continental U.S.): (800) 821-1011 MICROBAR 

SYSTEMS, INC. 
785 Lucerne Drive, Sunnyvale, CA 94086 

Your future system is our current project. 
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•• Unix is a trademark of Bell Laboratories. Inc. 



If it Wasn't Important, 
We Wouldn't Ask You to Do It 

\ 
\ 

Every year, Computer Design 's 
95,000 subscribers fill in the 
most detailed qualification form 
required by any magazine in the 
world. Why? Because this form 
tells us who you are, where you 
are, what your functions are, 
what your company does and 
what you do . It tells us the kinds 
of projects you are working on, 
the kind of products you deal 
with, and where they are used . It 
becomes the starting point in 
planning our editorial program . 

The information you provide 
helps us to select the kinds of 
features, special reports and 
surveys that will be of 
immmediate, practical use to 
designers of computer based 
systems. 

The other side of the coin is 
the value advertisers place on 
circulation as a major criterion in 
media selection. As everyone 
knows, the more advertising 
pages we carry, the more 
editorial pages we can provide to 
you without cost. The bottom 
line is a better magazine that can 
speak your special kind of 
technical language, page after 
page, issue after issue . 

COMPUTER DESIGN 
PennWell Publbhin& Company, 
Advancecl TechnoloC)' Group 
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either control or data messages over the system bus, 
boards can be added or replaced without any soft
ware changes in the controlling boards' operating 
system software. This makes it easy for users to add 
new capability, such as new disk controllers, without 
completely rewriting the driver software. 

The system software's standardized protocol for 
passing data and communicating over the system bus 
opens the door to multi-operating systems com
municating via message passing over the Multibus 
II system bus. The message-passing silicon interface 
would decouple the operating systems so that multi
tasking can take place in one functional unit while 
human interfacing and timesharing can take place 
in another. 

A distinguishing characteristic of the iSBC 
286/100 CPU board is the bus interface multimodule 
that isolates the BAC and MIC silicon on a piggy
back connected to the baseboard by a pin grid array 
socket. When full message-passing silicon is available, 
this BAC/ MIC multimodule will be replaced by a 
pin-compatible, full message-passing bus interface 
controller multimodule. This multimodule approach 
means that upgraded boards can be introduced 
quickly so that Multibus II users can take advan
tage of new message-passing features . 

Multibus II's integral message-passing protocol 
defines a standard and uniform way for modules to 
communicate over the iPSB bus. Because the pro
tocol is standardized and modularized at the bus 
level, Intel has taken a phased approach to the imple
mentation of message passing. The BAC and MIC 
components available now provide the basic iPSB 
requirements for development of Multibus II sys
tems including message-based interrupts in the mes
sage address space. 

In the system software for the newly introduced 
Multibus II boards, the operating system uses mes
sages only for intermodule signals and synchroniza
tion. A conventional dual-port approach transfers 
data between boards in a system. When full mes
sage passing is supported, the system software can 
use messages for passing data between system mod
ules. Although both types of data transfer will be 
supported by the system software, the message
passing solution will off er substantially increased sys
tem performance for multiprocessing systems. 

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

High 719 Average 720 Low 721 



We'll bend. 
FLEXSTRIP® HEADER 
& SOCKET SYSTEM 

Discover adv _ ce 
with Flexstritf jumpe 

When tough interconnection and pack
aging problems arise, Flexstrip jumpers 
and Flexpac Cable- Connector Assem
blies offer the custom flexibility you need 

Flexstrip jumpers give you greater reli
ability and easier installation than con
ventional point-to-point wiring. They 
feature flat conductors for life- long 
flexibility, round pin ends and uniform 
pitch spacing for easy PCB insertion. 
Hundreds of sizes are available from stock , 
in a variety of insulations, pitch dimen
sions and pin configurations. 

When pluggability is needed, choose 
the Flexstrip Header & Socket System 
We" connectorize" the ends of our 
jumper to mate with a special socket 
mounted on your board A nylon tab 

locks the jumper into place and functions 
as a strain relief/handle. 

Print head assembly or membrane 
switch applications? Try our Flexpac 
system With off-the-shelf convenience, 
you get customized assemblies using 
Flexpac solder pins or connectors ... 

I 
terminated to our flat conductor cable 
or your own flex circuits. 

For complete data, contact: Customer 
Service, Thomas & Betts Corporation, 
Electronics Group, 920 Route 202, Raritan, 
NJ 08869. (201) 469-4000. 
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Where Interconnection Meets Imagination. 
SEE OUR SHORT FORM 
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Fujitsu modems have lots of 
ways to fit into your plans. 

At Fujitsu, we offer a diverse line of OEM high
speed stand-alone modems and boards to bring out the 
best in your product designs. Now you can take advantage 
of the industry's most technologically advanced features. 
Like operating speeds up to 14,400 bits per second. Like 
powerful automatic equalizers that minimize the effects of 
line interference. And versatility that makes our modems 
compatible with any type of equipment. 

As one of the world's largest data communications 
suppliers, we know that our growth depends upon how 

well our products help your company grow. That's why we 
continue to develop OEM products on the cutting edge 
of technology. And every product we make is backed by 
the Fujitsu name - recognized worldwide as a leader in 
data communications products. 

For more information, contact us today. We'll be 
delighted to show you how our products fit into your plans. 
Fujtsu America, Inc. •Data Communications Division• 3055 Orchard Drive 
San Jose, California 95134 • (408) 946-8777 ••••• 
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COMPUTERS TAILORED 
TO EFFICIENT EXPANSION 
Sharing utilities and applications as well as automatic code 
and data segmentation can give today's user needed power. 
Future computing, however, requires virtual machines that 
can handle multistate architectures. 

by Thomas C. Boos 

The computer industry has a critical need for large 
scale systems with much more than sheer processing 
power. Trying to fulfill this need are huge numerical 
arrays and information management applications 
coupled with major data processing tasks. This com
bination only emphasizes the need for machines with 
near limitless virtual memories, large real memory, 
wide 1/0 bandwidths, shared data bases, and high 
level application development tools. An effective 
system must also let multiple users share system util
ity codes, application instructions, and data easily. 

Two additional challenges are application develop
ment costs and security requirements. Even with the 
advent of higher level (fourth-generation) languages, 
the cost of application development has increased. 
Purchasing predeveloped, packaged applications is 
often a viable solution. Software portability, how
ever, can be a severe problem if the target system 
architecture does not lend itself to portability easily. 
The prolif era ti on of data terminals and microcom
puters that access mainframe computers increases 
the risk of unauthorized access to programs and data 
bases. This risk must be minimized to effectively 
meet the security requirements of a large, diverse 
user base. The Control Data CYBER 180 design ad
dresses all these issues with its instruction set and 
ring-based security scheme. 

The development strategy of this line of computers 
is based on a total system architecture. A key design 

Thomas C. Boos is general manager of the Computer 
Development Division at Control Data (Arden Hills, 
Minn). He graduated from the Brown Institute of 
Electronics in Minneapolis. 

objective was to create a system that could exploit 
hardware features to support an advanced operating 
system, high level language, large amounts of 
memory, and information management technology. 
The thrust of the CYBER 180 hardware approach 
is to implement hardware features that support the 
advanced concepts in operating system technology
an innovation, since previously advanced concepts 
for operating systems were introduced on out
dated hardware. 

The new system architecture had to remain com
patible with previous Control Data products, allow
ing migration to the new systems without a total 
reinvestment in application software. This required 
any new machines to support multiple instruction 
sets and word lengths. By developing a virtual 
machine that tightly coupled the new architecture 
to the existing CYBER 170 series, both existing real 
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memory code and new virtual memory code could 
run in the same machines. 

The design objectives for the system cover several 
areas. Architecturally, a distributed approach moves 
the 1/0 overhead from the central processor to the 
peripheral processors. In memory, code and data are 
automatically separated into segments and combined 
with virtual addressing to ease both portability and 
application development. A dual-state ability allows 
two operating systems at once. The operating systems 
share the central processor; an extended "virtual 
machine'' supports other states. The machine also 
incorporates cost-effective data security features that 
do not limit the machine's usability. 

Some architectural features 
The CYBER 180 systems include a storage-man

agement architecture that simplifies applications, 
improves software portability and configuration 
flexibility, and supports large main storage capacity 
and secure data sharing. The storage-management 
architecture also provides large virtual addressing 
capabilities. For example, the system can access over 
8 trillion bytes of virtual memory, allowing support 
for advanced languages, operating systems, and 
security concepts. The architecture supports multi
tasking jobs, compilers that automatically generate 
fully reentrant code, recursive languages, and 15 
rings of security for optimal code sharing between 
jobs and tasks. To place these system features in per-

CENTRAL 
MEMORY 

PERIPHERAL PROCESSORS 

110 CHANNELS 

PERIPHERAL EQUIPMENT 

Although only one program can use the central 
processor at a time, many programs can have 
peripheral processors performing operations for 
them. Thus, many programs, in some state of 
execution, can be in the system at the same time. 
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spective, consider the IBM XA, the closest compar
able system. It has a virtual address space of only 
2 Gbytes of central memory-1 / 4096th the capabil
ity of the CYBER 180. 

In the CYBER 180 architecture, a program's ad
dress space can include up to 4096 unique segments. 
The size of each segment can increase and decrease 
independently. (A segment is the unit of sharing 
between programs. It partitions the virtual address 
space, plus typically provides the natural divisions 
of code and data in a program.) One segment is equal 
in size to the maximum total address space of a pro
gram executing on a XA system. Other IBM systems 
in that product line restrict a program's address 
space to even less than one CYBER 180 segment. 

Another aspect of the multiple virtual shared seg
ment architecture is its effect on 1/0 operations. The 
system can declare data sets to be segment access 
files, which allows a programmer to view a file as 
an array or a repeating group. Since the data is refer
enced directly as though it were a table in memory, 
no program 1/0 is required . 

Combined with this is a powerful and unique f ea
ture of the CYBER 180 1/0 system that allows a 
user to state "intent" when opening a data set for 
processing. Certain "intent" declarations turn the 
CYBER 180's huge memory into a highly efficient 
"global cache" that supports 1/0 page level read
ahead and write-behind processing. Data processing 
industry analysts agree that a large memory global 
cache approach is the most efficient way to access 
data sets between tasks and jobs . 

The architectural design objective was to have the 
main processor (or processors) directly linked to the 
process. Each model has a large central processor 
that executes all user programs. Smaller peripheral 
processors (integrated microcomputers) execute all 
1/0 operations and various operating system func
tions, keeping the central processor free from 
these tasks. This distribution of functions in a 
parallel processing context is a cornerstone upon 
which all CYBER systems have evolved. Offloading 
much of the 1/0 tasks to peripheral processors in
creases system throughput, thus the central processor 
can concentrate on processing user programs. Based 
on this concept of parallelism, the computers will 
achieve up to a 125-Mbyte/ s 1/0 bandwidth with 
minimal CPU involvement. Central memory isolates 
the central processor from the peripheral processors 
and serves as the communications vehicle between 
them. Data is read from peripheral equipment by 
the peripheral processors and then stored in central 
memory. The central processor then accesses data 
and program instructions from the central memory. 

Central memory words are read and written be
tween central memory and peripheral processor 



-

180 STATE 
MONITOR MOOE 

(EXECUTES OPERATING SYSTEM ROUTINES) 

In dual state, two operating systems-NOS 
(6-bit/60-bit words) and NOS/VE (8-bit/64-bit 
words)-run simultaneously in the same memory and 
CPU. The 170 state environment is actually 
supported as if it were a special-purpose 180 state 
program. Thus, parts of the 180 state support the 170 
state but the 180 state is transparent to any user 
programs executing in the 170 state environment. 

memory by the peripheral processors using a buff er 
register that assembles and disassembles the words 
in a first in, first out fashion. When a central memory 
word is read, it is disassembled into a fixed number 
of peripheral processor words (there are four 16-bit 
peripheral processor words in each 64-bit central 
memory word) and sent to successive locations in the 
peripheral processor's memory. To write a central 
memory word, the hardware assembles several succes
sive peripheral processor words into one large word 
and sends it to central memory. The hardware that 
performs this function is called a read/write pyramid. 
The main benefit of this process is maximizing band
width while minimizing hardware complexity. 

Another reason for accelerated system throughput 
is the concurrent processing by the central proces
sor and peripheral processors. For example, while 
the peripheral processors perform 1/0 operations, 
the central processor continues executing other pro
grams. Furthermore, because peripheral processors 
operate independently, they can be performing oper
ations for many programs at the same time. 

The CYBER 180 memory architecture simplifies 
application development and improves software por
tability by combining virtual addressing capabilities 
with automatic separation of code and data into seg
ments. For instance, one segment can hold data files 
used by the process, another executable code unique 

to the process, and another a duplicate copy of the 
operating system code shared with other users. Each 
segment has a capacity of 2000 Mbytes or 262 mil
lion words . Segment size varies according to the 
amount of information it contains. Over 65,000 seg
ments can exist systemwide for all user processes. 

Since peripheral processors operate 
independently, they can perform 
operations for several programs at 
the same time. 

This segmentation scheme is utilized by all of the 
system compilers. All compiler-generated instructions 
are automatically loaded into an instruction segment 
without any explicit intervention by programmers. 
All data related to specific tasks is automatically 
loaded into data segments. This type of structure 
enables the system to easily have one copy of a 
program-such as the Fortran compiler or a user 
application-work on multiple problems. In other 
words, the concept of instruction and data segmenta
tion allows the CYBER 180 architecture to share pro
grams and data systemwide. Further, the ability to 
share data segments makes it possible to easily imple
ment complex data processing tasks such as concur
rent file access and subjob-level multiprocessing. 

Moreover, since data sets can be declared segment 
access files and file 1/0 is not required, users can 
directly address file contents as though they were 
tables. This feature separates storage management 
functions from applications and runtime services. 
Thus, application programs are not dependent on 
media size, type, and location. The user does not 
have to rewrite or modify programs to take advan
tage of more real memory and different types of 
storage media, or to execute on smaller or de
graded configurations. 

Dual-state virtual machine advantage 
Through the unique architecture of the CYBER 

180, it is possible to run two operating systems simul
taneously, dynamically on a job basis, in the same 
memory and central processor. This capability is 
referred to as "dual-state." The actual mechanics 
of the dual-state are invisible to the user, who sees 
only one operating system at a time. 

The memory organization of the CYBER 170 net
work operating system is 6-bit bytes and 60-bit 
words. The memory organization of the network 
operating system/ virtual environment is 8-bit bytes 
and 64-bit words. Although the environments for 
each state are present, the central processor executes 
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in either one state or the other. High performance 
is ensured in both states since neither state is an 
emulation mode. 

NOS is an established, feature-rich system, based 
on user-friendly, menu-driven programming tools, 
such as full-screen editors, online documentation, 
and interactive debuggers, which operate in both 
Cobol and Fortran environments. The NOS instruc
tion set supports real memory addressing of up to 
131,000 60-bit words per program (131 Mbytes) and 
a 12-bit mode for the peripheral processors. 

NOS/VE is an easy-to-use operating system that 
provides access to large memory spaces using an ad
dress range of about 8.8 x 1012 bytes. Further, all 
NOS/VE programs, utilities, and procedures are 
automatically and completely reentrant or shared. 
Both the virtual memory and the reentrance capabil
ity are automatically available to all applications 
writers. One of NOS/VE's most advantageous fea
tures is its ability to run customer programs origi
nally developed by other vendors with either minimal 
or no code conversion, The instruction set running 
NOS/VE is 8-bit-byte-oriented, supports virtual 
memory addressing, and handles packed instructions 
of 16, 32, and 64 bits. It includes powerful scientific 
and engineering instructions (with vectors in one 

PROCESS VIRTUAL ADDRESS 

SEGMENT 
DESCRIPTOR TABLE 

SECURITY 
AND ACCESS 
VALIDATION 

PHYSICAL 
MEMORY 

MANAGEMENT 

CHECK ACCESS ATTRIBUTES 
ANO RING NUMBERS 

IS THIS A VALID REFERENCE 
FOR THIS PROCESS? 

YES 

SYSTEM VIRTUAL ADDRESS 

SYSTEM 
PAGE TABLE 

~ SECUR ITY 
VIOLATION 

IS THIS ADDRESS IN A PAGE NO PAGE 
CURRENTLY IN CENTRAL - FAULT 

MEMORY? 

YES 

REAL MEMORY ADDRESS 

Even though code and data can be shared in a virtual 
memory system; security features constrain each task 
to an address space and prevent it from reading, 
writing, or executing code or data outside of this 
space. Because every memory reference requires a 
translation from a virtual address to a real address, it 
is appropriate to check for security violations prior to 
accessing real memory. 
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model) and a comprehensive set of business data pro
cessing instructions. 

The system allows an application developer to di
vide a program into a series of tasks that can be run 
synchronously and/ or asynchronously. Since tasks 
may be shared by users, a 256-byte message queue 
handles communication among tasks. If more shared 
area is needed, a file or memory segment may also 
be used. Tasks return status when called and, if 
needed, upon completion. 

This multitasking architecture is available in the 
higher level CYBIL language that is used for the 
entire system. CYBIL is a block-structured language 
supporting structured programming techniques. It 
provides full ASCII character support and can be 
called from the other languages. 

Switching packages 
The exchange jump operation and the exchange 

package switch programs in and out of execution. 
The exchange jump occurs whenever one program 
must enter an inactive state and another program 
has to be executed. A single instruction starts and 
performs the exchange operation, then writes this 
information to an exchange package. The exchange 
package in every program contains all the informa
tion necessary to start or resume program processing: 
a description of the central memory used by the pro
gram, the next instruction word to be executed, the 
contents of all central processor registers, and the 
contents of certain status registers. 

The crucial feature of dual state is the dynamic 
sharing of the central processor. Since the software 
systems can coexist on the same mainframe and in 
the same central processor, the user can introduce 
NOS/VE in a controlled, nondisruptive manner
choosing the operating system that best suits the 
application. In this mode, if the central processor 
is executing a program and has to wait for some 
action to be taken before continuing, it can switch 
programs and process a different one. On the other 
hand, if the central processor has to wait for some 
action before continuihg a program in one state and 
an unfinished program exists in the other state, it 
is able to switch states and work on the other pro
gram. The advantage is that the central processor 
never has to wait in one state if there is a higher pri
ority task in another state. In addition, the operation 
of NOS is not affected when the user implements 
NOS/VE other than for some minor resource utili
zation-the functioning of NOS/VE is invisible to 
the NOS user. 

Tran sf erring operating states is an easy task for 
the user. After logging into NOS, the user enters 
NOS/VE by switching applications, either explicitly 
or implicitly by procedures. At that point, the user 



regards NOS/VE as a natural timesharing system. In
put and output files are automatically linked to the 
terminal. Interactive users, if so validated, may switch 
states if they need to work at first with NOS and then 
return to NOS/VE. Since the full screen editor is the 
same for NOS and NOS/VE, the application writer 
has the same access view of both states. Batch access 
(or remote job entry) is also user-transparent. 

Multistate architecture, which permits 
16 machine states to operate in one 
CPU, is an extension of dual-state 
virtual machine capabilities. 

During the development of the CYBER 180 archi
tecture, the designers predicted that users would 
require machines capable of executing other, more 
specialized instruction sets, such as symbolic primi
tives for artificial intelligence or specialized codes 
for relational data bases . As a result, they extended 
the dual-state "virtual machine" capability to sup
port additional machine states. Called multistate 
architecture, this currently permits up to 16 differ
ent machine definitions to operate in the same CPU. 
The user benefits by having a computer that can not 
only expand technologically, but also perform at 
optimum levels while allowing the change. 

Greater data security 
The increasing number of computer users coupled 

with the well-publicized incidents of computer crime 
point to the need for improved computer security. 
As a result, data processing managers are implement
ing plans to safeguard computer resources from sys
tem errors and to monitor the access of sensitive 
data. The CYBER 180 computers contain extensive 
built-in security features to protect valuable com
puter resources cost-effectively without compromis
ing use of the system. 

The CYBER 180 security levels are based on the 
address space of the program, access attributes, and 
rings of protection. As previously discussed, the sys
tems address space can have from 1 to 4096 segments, 
with up to 2 Gbytes per segment. The segments' 
ability to separate programs into sections of execut
able code and data and further separate these seg
ments into rings so that code can be shared (but 
not changed), dumped, or viewed is a built-in secu
rity feature. 

The access attributes also contribute to data secu
rity by determining what can be done in a segment. 
Every segment has certain access attributes associ-

ated with it, such as read, write, execute, or a combi
nation of these three. Because of the access attributes 
associated with it, each segment is safeguarded from 
inappropriate use. For example, no data can be writ
ten into an execute or read-only segment, so the infor
mation contained there is safe. 

A program's virtual address space also includes 
layers, or rings, of protection to ensure the safe
guarding and management of memory. The segment 
ring number determines the levels of privilege, which 
determine use of that segment. Fifteen levels of 
privilege can be assigned to each segment. Each ring, 
or level, is more privileged or less privileged than 
those adjacent to it. The lower the ring number, the 
more privileged and, thus, more secure the infor
mation. Most operating system codes execute in the 
lower, or inner, rings; while less secure user pro
grams execut~ in the higher, or outer, rings. This 
mechanism ~llows one group of users access to cer
tain machine capabilities, such as information 
retrieval and loading, and allows another group the 
ability to add or alter stored data. In addition, rings 
allow code that has different levels of protection to 
execute in the same address space using the same 
conventions and rules for procedure calling and 
parameter passing as code in an environment with 
single-level protection. 

Another security feature results from CYBER 180 
1/0, which is controlled by separately programmed 
computers, rather than directly through the CPU. 
Although users indirectly request 110 through the 
system server, the actual 1/0 is performed by these 
peripheral processors. This form of 1/0 isolation 
protects the operations of the requested central pro
cessor from tampering. 

Furthermore, because of the central processor's 
exchange jump mechanisms, the CYBER 180 secur
ity system does not limit system performance. 
Through a form of "context switching," user oper
ations are separated from other users and system 
operations, even though they are able to run concur
rently. Thus, security controls cause little delay in 
user operations. 

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

High 722 Average 723 Low 724 
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"lnlerphase 
co11trollers 
will i11troduce 
your system 
to life in the 
fast lane?' 
TomThawley 
Vice President of Engineering 
lnterphase Corporat ion 

Interphase, one of the original pro
ducers of Multibus\'!!!> products, now 
offers more high-speed, high
f>erformance Multibus controlfers 
than ever before . Including a full 
line of controllers for 51/4;' 8" and 14" 
hard disks, local area networks and 
video monitors, plus powerful con
trollers for the IBM® PC. And we're 
continually developing new control
ler products, to give your system 
more power. 

Storager@- Multibus multi
function controller. Supports 
ST506, ESDI, ST412HP interfaces 
for Winchesters, QIC-02 for tape, 
and 31/2: 51/4" and 8" floppies. Intel
ligent caching, concurrent disk
tape-bus transfers, on-board 68000 
CPU , 1: 1 interleave with zero 
latency reads and writes. Makes a 
51/4'' disk pt;rform like an 8'.' 

Mavenck - SMD rigid disk con
troller for the IBM PC and com
ratibles. Supports two SMD drives 
(16-800 MB). Five times the speed of 
a 51/ 4

11 Winchester plus removable 
disk cartridges. The ultimate in reli
ability. Software for PC-DQS\'!!!> 2.0 
and QNX\'f!!> available. Compatible 
with most LAN s. 

. - - ii 
· _ ' 1: ·, 1 I -
.. ' ' --.. 

~ - ~ -
- I •: 4 H .. '" - ~ ... ::~ I I It 

• ~J~~!'HASE 
2925 Merrell Rd. • Dallas, TX 75229 
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SMD 2190 -Multibus SMD disk 
controller. High-performance disk 
controller with intelligent cache 
memory for UNIX~ RMX and sim
ilar operating systems. Supports 
four SMD drives, 1: 1 interleave, 20 
Mb/S data rate, 32-bit ECC, auto
matic error correction, 4.5 MBytes 
DMA, 24-bit addressing. 

LNC 5180 - Muftibus token 
passing network controller. Sup
ports up to 255 devices on a star or 
bus network. Data rates up to 2 Mb/S 
on coax or Tl lines. Higher through
put than Ethernet~ automatic flow 
control and error recovery, ISO lev
els 1-5 on board. Simplified software 
interface with features for real-time 
applications. 

All Interphase products are 
backed by a great customer support 
team that makes sure our products 
work the way they should-inJour 
system. Let Interphase intro uce 
your system to life in the fast lane. 
Call 214/350-9000. 

~~&~ ais:.,~=:,1f ~~&~s ~d~~iories. 
IBM and PC-DOS are registered trademarks of 

International Bwiness ~achines. 
Ethernet is a trademarlrnf Xerox Corporation. 
QNX is a trademarl<. of Quantum Software Systems, Ltd. 
Storager is a trademarl<. of lnterphase Corporation . 



SYSTEM COIPOIEITS 

Wide range of configurations marks Multibus microcomputer package 

A flexible, packaged microcomputer 
lets designers mold diverse configu
rations. This system, dubbed the 
SMS 8000 model 40, includes a Mul
tibus backplane, a single-board 
Foundation module for disk control 
and subsystem diagnostics, a front 
panel, and a high output de power 
supply. Designers can choose boards 
to connect to the backplane or use 
manufacturer supplied boards . 
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PERIPHERALS 

The model 40 boasts a five-slot 
Multibus backplane that accepts user
selected CPUs, memory cards, and 
other modules. This 24-bit backplane 
(which provides communications 
among the CPU, memory, peripherals 
and system control units) supports 
emulation of the Intel 215 controller. 
Applications developed for the 215 
controller reportedly run without 
modification on the system. The 

FIVE-SLOT 
MULTIBUS 

BACKPLANE 

model 40 can be con
figured with any Multi
bus-compatible CPU 
and with up to 16 
Mbytes of memory (in
cluding iLBX support). 
A separate P2 module 
allows the customized 
interconnection of P2 
backplane signals. Sys
tems can include setups 
that are based on the 
86/ 05, 86/ 35, or 286/ 10 
CPUs. Memory options 
range from 512 Kbytes 
to 2 Mbytes of RAM. 

The Foundation module is a single
board that does not require a Multi
bus backplane slot. Included in the 
module are Winchester, tape, and 
floppy disk controllers, plus hard
ware to operate a Support Monitor 
Subsystem. The Foundation module 
provides port-switching logic to con
trol communication between the 
RS-232 port of a CPU board (or the 
RS-232 port of the Foundation 
module) and an external unit. The 
module connects to the backplane via 
two DIN two-piece connectors, so size 
and mating of the module differ from 
Multibus standards. It sports full soft
ware compatibility with the Intel iSBC 
215/iSBX 218 combination. 

The Support Monitor Subsystem is 
a group of diagnostic and monitoring 
programs residing within ROM on 
the Fou;idation modules. These pro
grams oversee system parameters, 
run system diagnostics, perform 
backups, and format disks. 

Flexible memory configurations 
are key to model 40 performance. A 
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"Chinese" menu of 5 V4-in. Winches
and floppies, 8-in. floppies, and 
5 V4-in. tape drives highlight this 
offering. The integral 5 V4-in. Win
chester disk delivers fast data access-

transfer rate is 625 Kbytes/ s and 
average access time hits 30 ms-and 
provides a wide range of capacity 
choices . RMX-86 is offered for real
time applications, and a BIOS and util-

ities for CP/ M-86 are also available. 
Scientific Micro Systems, Inc, 777 E 
Middlefield Rd, Mountain View, 
CA 94043. 
Circle 260 -J.V. 

Logic analyzer furnishes two oscilloscope channels 

Designers can find both digital and 
analog test capabilities in the HP 
1631 AI D logic analyzer. Billed as the 
first logic analyzer with two digitizing 
oscilloscope channels, this instrument 
allows simultaneous cross-domain 
analysis of state, timing, and analog 
channels. By viewing timing and ana
log channels simultaneously, users 
can correlate parametric activity with 
hardware timing problems. 

The two analog channels provide a 
200 megasample-per-second digitizing 

rate. These channels permit simul
taneous single-shot capture and stor
age of waveforms up to 50 MHz. 
Combined with pretrigger viewing, 
these features allow users to observe 
parametric faults. 

Single-shot time interval measure
ments can be made with an accuracy 
of up to ± 1.5 ns. Such accuracy lets 
the engineer examine and character
ize designs requiring critical pulse
edge placements . At the same time 
the engineer can also locate faults or 

measure hardware performance. 
Post-acquisition triggering allows the 
unit to compare data with a preset 
specification, and automatically 
retrigger if user criteria are not met. 
Specific events in time can be isolated 
rapidly using this "search and stop" 
technique. Single-shot, time-interval 
measurements can be specified, lead
ing to automatic single-shot and 
repetitive measurements. 

The 1631A provides 27 channels of 
state and 8 channels of timing, while 
the 16310 provides 27 channels of 
state and 16 channels of timing. With
out the timing channels, the 1631A 
can provide 35 state channels, and the 
16310 can provide 43 state channels. 
State channels have a bandwidth of 25 
MHz, while timing channels provide 
100 MHz with ± 10-ns resolution. A 
± 1.5-ns resolution can be attained 
for single-shot measurements. 

The 1631A/ D is marketed as a 
general-purpose logic analyzer. This 
R&D debugging tool is ideally suited 
for system integration and characteri
zation. The 1631A sells for $11,000, 
and the 16310 sells for $13,000. A 
disk drive ($1000) can supplement the 
volatile analyzer memory. Hewlett
Packard, 1830 Embarcadero Rd, 
Palo Alto, CA 94303. 
Circle 261 -R.G. 

Single-board supermicro handles 32-bit processing 

The dual-processor GS-32 is built 
around National Semiconductor's 
32000 microprocessor series. A Z80B 
coprocessor handles onboard inter
faces to hard and floppy disks, 
printers, and terminals. In addition, 
the board contains a memory manage
ment unit, a floating point unit, a 
timing and control unit, and a CPU. 
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With 512 Kbytes of onboard RAM 
(expandable to 2 Mbytes), the 
machine ensures that each byte is in
dividually addressable and parity
protected. The virtual memory unit 
supports demand-paged virtual mem
ory with access to 16 Mbytes . The 
MMU also sports extensive debug
ging and error trapping capabilities. 

The 1/0 subsystem consists of the 
Z80B, a four channel OMA device, 
a floppy disk interface, an SCSI link, 
a 24-bit parallel port, six serial chan
nels, an interrupt controller, and both 
local RAM and PROM. Character 
interrupts, echo, queueing, tab 
expansion, character translation, and 
line edits can be executed without 



interrupting the main processor. The 
board becomes a complete system 
with the addition of a power supply, 
disk drives, and terminals. Single
card design eliminates the need for a 
card cage and motherboard, thus 
reducing the cost and size of a sys
tem. The system can, however, be ex
panded through either a proprietary 
bus or a compatibility module, which 
links the board with standard buses. 

In addition to the bus, other fea
tures of the design are proprietary. A 
unique dynamic RAM controller de
sign that uses a programmable logic 
array and random logic has jurisdic
tion over the 16 Mbytes of main mem
ory. Another programmable logic 
array implementation allows a 16- or 
32-bit system master. Also, the board 
incorporates techniques allowing an 
8-bit microcomputer to achieve com
plete access over the 32-bit main 
memory of the CPU, as well as allow
ing a single 8-bit ROM to boot both 
the 8- and 32-bit micros. 

Regardless of the availability of the 
32032, the board can be used now for 
design-ins since it can implement the 
32016 16/ 32-bit processor or the 
32032 "true" 32/ 32-bit chip. The 
substitution is 100 percent software 
transparent. At higher speeds, the 
preferred processor is the 32032, with 

Texas Instruments named as a second 
source for the chip. 

A single unit costs $5500 with 512 
Kbytes of DRAM. Goodspeed Sys
tems, Inc, PO Box 29, East Haddam, 
CT 06423 . 

-M.B. 
Circle 262 

OAS VS C-68000 
TOOLKIT 

SNAP-SHOT 
CROSS AND NATIVE OPTIMIZING COMPILERS 

FOR 68000/10 (and 68020 SOON) 

OASYS offers a "ONE STOP SHOPPING" service for software developers in need of proven 8-, 16- and 32-bit cross and 
native tools for Unix and non-Unix 68000, 8086 and 32000 systems. Our critically acclaimed and widely used 68000 tool kit 
offers high quality, reliable, cost-effective tools. 

The OASYS 68000 tool kit consists of Green Hills compilers (C, Pascal and FORTRAN), our own M68000 Macro Assembly 
Development package, and dozens of other OASYS compatible support tools. Simply stated, we beat the competition on 
price, speed and tightness of emitted code. 

C-68000/10 

• Full K & R with Western Electric and Berkeley 
extensions 

• Complete run-time library available as 
source. No royalty if passed on. 

• Supports DEC & IEEE Floating Point 

• Integrated optimizer: 30% tighter code than 
Portable C; 4 times faster 

• Generates M.l.T. or EXORmacs assembly 
source code 

• Interfaces to all OASYS tools and Pascal, 
FORTRAN and PL/M-68K compilers 

• Ideal for cross development of boards with no 
OS, a kernel OS (e.g. VRTX, PSOS, MTOS), 
or Unix based 68000's 

C68K-11 /84 

68000/1 O Assembly package 

• EXORmacs compatibile Macro 
Assembler, Linker, Librarian, and 
Cross Reference Utility 

• Generates S-records and a.o. 

• PIC and reentrant code 

• ·used 2 years in house 

• Over 3,000 sold to date 

• Runs on VAX, Prime, PDP-11, 
68000's, 8086/88 (PC) 

• Written entirely in C 

Coming soon 

• 68020 C and Cross assembler 

CIRCLE 86 

Other tools 

• Symbolic C Source Debugger 

• 68000 Simulator 
& Disassembler 

• C Linecount and Time Profiler 
Utility (CLUET") 

• LINTforVAX/VMS 

• Check Out compiler 
(SAFE-C™) 

• Communications tools 

OASYS 
60 ABERDEEN AVENUE 
CAMBRIDGE. MA 02138 

(617)491-4180 
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Systems link PCs to LANs and mainframes 

Aiming a product at the IBM PC 
establishment can be a challenging 
development effort. Most companies 
would stumble at the prospect of 
introducing three new products to 
both software and hardware market 
targets-not so with the fledgling 
company, California Network Sys
tems. This month it presents a fam
ily of products that link the PC, XT, 
or AT to the SNA world, as well as 
to local area networks outside the 
IBM realm. 

Hardware offerings consist of 
a ComCard communication card 
for the PC bus backplane that holds 
a 16-bit microprocessor support
ing one channel of synchronous or 
asynchronous communication. The 
NetServer, a special-purpose commu
nications processor, can support 
these cards, as well as several LAN 
interface cards. Basic systems include 
a 1-Mbyte floppy diskette drive and 

a backplane that supports up to 14 
card slots wired on one bus. 

To top it off, California Network 
Systems is introducing an OEM/ SNA 
GateWay software package as an 
option on the ComCard. The pack
age converts the IBM PC family into 
a gateway to SNA setups. The gate
way also connects other worksta
tions, printers, and related devices to 
the SNA network. Thus, the system 
emulates an IBM 3274 cluster control
ler with attached display stations and 
printers. Software provides standard 
session layer interfaces, including 
MSNET, IBM PC-LAN, NETBIOS, 
and a subset of CCITT X.25 session 
layer functions. The 80188 micropro
cessor onboard the ComCard sup
ports the SNA/ SDLC protocol at 
speeds up to 9.6 kbits/ s. 

Pricing for the ComCard is $990 
in quantities of 250. The NetServer 
is priced at $2170. The initial OEM/ 

Full-screen EL panel stirs up display waters 

Electroluminescent flat-panel dis
plays possess an inherent complexity 
that probably precludes head-on 
competition with CRTs in mass mar
kets . But, expected production vol
ume upswings may significantly cut 
today's $700-plus price tags, accord
ing to James Hurd, president of 
Planar Systems, Inc. Hurd's firm has 
just announced a 25-line, 80-column 
EL display that is only 3/ 4-in. thick. 
It costs $775 in production volumes 
of 1000. "I would expect that high 
volume users will be paying about 
$250 for displays of this sort within 
two to three years," Hurd says. 

To justify presently higher unit 
costs, makers of EL displays have 
turned to value-added techniques to 
reduce the cost differential versus 
competing technologies. This makes 
their displays more attractive on an 
overall systems cost basis. When 
drive and control circuits comparable 
to those provided with EL displays 
are added to CRT systems, the prices 
that Hurd projects will become more 
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compet1t1ve. In applications where 
size, weight, and ruggedness are 
important factors, the EL displays 
may already be cost effective. 

The EL6648 MX has been reduced 
to one-half the thickness of the orig
inal Planar panel, introduced last 
year. This size reduction resulted from 
the aggressive redesign achieved by 
Planar engineers, who used custom 
standard cell LSI and surface-mount 
techniques. The EL panel works in 
virtually all lighting conditions. 

Designers can work with the same 
signals used to interface conventional 
CRT monitors because the EL6648 

SNA GateWay offering will be $580 
for an eight-station configuration. 
California Network Systems, 372 
Turquoise St, Milpitas, CA 95035. 

-N.M. 
Circle 263 

MX controller board converts signals 
provided by many standard CRT con
trollers. The 256-row x 512-columns 
of pixels are individually addressable 
and can provide excellent graphic dis
plays. Planar's EL displays have also 
been environmentally tested and 
proven to withstand shocks of up to 
100 Gin all axes. Operating temper
atures are rated between 0 and 55 °C. 
Overall dimensions are 10.3 x 5.7 x 
0.75 in. and the unit weighs 16 oz. 
Planar Systems, Inc, 1400 NW 
Compton Dr, Beaverton, OR 97006. 

-B.F. 
Circle 264 



Advanced touch screens expand input options 

Smart-Frame touch input systems are 
lower cost, higher reliability touch 
screens. These products signal this 
technology's ascent to an important 
plateau. The number of parts (220) 
for this device is almost half the num
ber its predecessor requires. Since this 
opto-matrix frame sports built-in 
intelligence, it does not require a con
troller to handle communication with 
a host computer. 

Central to the input system is the 
opto-matrix frame . This frame con
tains the infrared LEDs and photo
transistor detectors. Encircling the 
screen of a flat panel or CRT display, 
the frame creates a transparent grid 
of infrared beams. When the beams 
are broken by the touch of a finger 
(or stylus), a command is sent to the 
computer to perform a predefined 
action. Microprocessors on the frame 
notify the host computer of touch ac-

Touch-screen devices find 
uses in many applications (eg, 
public information displays, 
database retrieval, and process 
control). Here, a Honeywell unit 
sports touch systems from 
Carroll Touch. 

tivity and convey related messages 
among the host, application soft
ware, and the user. 

Smart-Frame features include im
proved ambient light compensation, 
which prevents adverse lighting con
ditions from affecting accuracy; 
enhanced resolution, which precisely 
defines the point of the stylus; and 
four operating modes (Enter Point, 
Exit Point, Track, and Continuous). 

Reduction in the number of parts, 
use of automated test and insertion 
equipment, as well as rising volume 
requirements, have contributed to 
Smart-Frame price cuts. The Smart
Frame costs $595 for the 13-in. ver
sion and $795 for the 19-in. model. 
A 9-in. Smart-Frame, available next 
month, may be priced as low as $150 
in high volume quantities . The 13-
and 19-in. versions are scheduled for 
April and May, respectively. Carroll 
Touch, PO Box 1309, Round Rock, 
TX 78680. 
Circle 265 -J.V. 

As part of OASYS' "ONE STOP SHOPPING" service for software engineering tools, we are proud to announce the addition 
of WIZARD C to our integrated collection of more than 50 professional programming tools (e.g. compilers, assemblers, 
linkers, debuggers, simulators & translators) for M68000, Intel 8086/80186 and NS32000 micros. 

WIZARD C benchmarks (against Lattice, Microsoft) prove that It Is, by far, the most advanced, full featured, fastest, 
tightest, optimizing C complier now available for cross and native (PC) development. Here's why ... 

FEATURES 

• Complete K&R implementation plus 
V7, Ill extensions 

• Supports 8087 Floating Point 
• Built-in LINT 
• Long, medium, short models 
• 190 + UNIX Ill functions - complete 

run-time library 
• In-line assembly allowed 
• 100 + extensive warnings/diagnostics 
• Intel and Microsoft compatibility at 

source and object levels 
• Written in C - easily ported 
• Comprehensive bound documentation 
• Supports DOS 2.0, 2.1, IBM/BIOS 

W86CH-11 /84 

SUPPORT TOOLS 

• Symbolic C Source 
Level Debugger (CDEBUG TM) 

• 100% Intel compatible structured 
Macro Cross Assembler, 
Linker/Locater and Librarian 

• 8086 Simulator 

• Floating point math package 
(40 + functions) 

• C Time Profiler (CLUE TM) 

• Checkout compiler (SAFE-CTM) 

• Comm. utilities for up/down 
loading to MOS, TEK, Microtek 

CIRCLE 87 

AVAILABILITY 

NATIVE: PC/XT/AT using 
MS/DOS, PC/DOS (Xenix soon) 

CROSS: VAX/VMS, Bsd 4.1, 4.2, Ill, V; 
8086's, 68000's (All Unisoft Ill, V; 
ports); Callan, Masscomp, Sun, 
Pyramid, dozens more . .. 

Call for pricing, OEM, Site, Corporate, 
Source and Maintenance licensing 
information. 

OAS VS 
60 ABERDEEN AVENUE 
CAMBRIDGE. MA 02138 

(617)491-4180 . 
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Just plug it in 
Our new readers are "system-friendly" -

specifically designed to eliminate the costs and bother 
of system integration. To your computer/controller it 
looks just like any industry standard peripheral. 
Interface is standard RS-232C or RS-449, with 
magnetic data translated to ASCII. 

• All but eliminates software development 
• User configurable 
·Self-test diagnostics 
• Resident buffer or real-time data transmission 

• Compact table top or "build-in" versions 
·Accepts 115 VAC or 5 VDC power 
• Patented Spatial Decoding for high reliability 
• Patented head mounting for extended life 

American Magnetics Corporation 
740 Watsoncenter Road, Carson, California 90745 
(213) 775-8651 TWX 910-345-6258 

CIRCLE 88 
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Systolic array speeds 
high resolution imaging 

The geometric arithmetic parallel proces
sor (GAPP) provides 72 parallel processors 
on each IC for dramatic increases in 
image processing speed. Each GAPP IC 
contains a 6 x 12 array of I-bit processor 
elements, each with 128 bits of local 
RAM . The GAPP !Cs can be cascaded 
and large arrays can provide one proces
sor per pixel for large images. The pro
cessors on each IC work in parallel. 
Instructions in the form of 13-bit control 
words are broadcast from the external 
control store to every processor element 
in the array. Each processor element exe
cutes 10 MIPS. Image data is input from 
one edge of the array and output on the 
opposite edge through a separate 1/0 bus 
that passes through the array. Thus, 1/0 
can occur simultaneously with computa
tion in the array. Samples are priced at 
$545 for an 84-pin ceramic pin-grid array 
package and $495 for an 84-lead plastic 
J-lead chip carrier version. NCR Micro
electronics, 2001 Danfield Ct, Fort Col
lins, CO 80525. Circle 266 

Bipolar macro arrays have 
internal gate delays of 800 ps 
Vl200, Vl700, and V3500 bipolar macro 
arrays simultaneously interface with 
external ECL and TTL. High perfor
mance oxide-isolated, two-level metal 
process technology provides equivalent 
internal gate delays of 800 ps at I 
mW/ gate. TheVl200has 1338equivalent 
gates (maximum), the Vl700 has 1712, 
and the V3500 has 3632. The arrays are 
composed of two basic cells: the logic cell 
and the 1/0 cell. Up to four adjacent cells 
can be utilized for physical macro place
ment without using routing channels. 
These arrays are available in a variety of 

packages including pin-grid arrays, lead
less ceramic chip carriers, and ceramic 
DIPs. The V3500 is available starting in 
the second quarter. The other chips are 
available now. Vatic Systems, Inc, 761 
University Ave, Mesa, AZ 85203. 
Circle 267 

Dynamic RAM stores 64 Kbits, sports 
150-ns maximum access time 
A yield-enhanced high speed version of 
the MCM6665A incorporates a 150-ns 
maximum access time with low maximum 
power dissipation of 302.5 mW (active) 
and 22 mW (standby). This 64-Kbit 
HMOS dynamic RAM-dubbed the 
MCM4164BP15-features laser redun
dancy and smaller die size . With a 
128-cycle, 2-ms refresh and fast page 
mode cycle time of 155 ns, the 
MCM4164BPl5 maintains upward pin 
compatibility with the MCM4116 and 
MCM4517, and is TTL compatible. The 
part is available for $5.18 each in lots of 
250 to 299. Motorola Inc, Memory Prod
ucts Div, 3501 Ed Bluestein Blvd, Austin, 
TX 78721. Circle 268 

Modem applications use SRAM 
with power-fail detection 
A 16-Kbit static RAM is specially de
signed for battery backup protected 
memory. Designated the MK48C02, this 
component eliminates the need for exter
nal power-fail detection and battery 
switching circuitry. The MK48C02 has 
write-protection circuitry. A power-fail 
detect output can be used to disable other 
devices sensitive to low Yee or to provide 
a power-fail output for system control. 
Intelligent terminal and modem applica
tions especially suit the device . In 
JOOO-piece quantities, MK48C02s are 
priced at $15.90 (150 ns), $12.60 (200 ns), 
and $12.25 (250 ns) each. Mostek Corp, 
1215 W Crosby Rd, Carrollton, TX 75006. 
Circle 269 

FIFO buffer sized at 128 x 8 bits 
can connect in series 
The Z8060 features bidirectional, asyn
chronous data transfer. This FIFO buffer 
and expander unit offers 128- x 8-bit 
buffer memory and three-state data out
puts. A two-wire interlock handshake 
protocol also distinguishes the device. 
Any number of FIFOs can connect in 
a series to form a buffer of any desired 

length. Operating traits include 4- and 
6-MHz clock frequencies, as well as - 0.3-
to 7-V maximum operating voltages. 
The Z8060 comes in 28-pin plastic or cer
amic DIP. Samples are ready now. De
vices cost $15 each in quantities of 1000 
or more. SGS Semiconductor Corp, JOOO 
E Bell Rd, Phoenix, AZ 85022. 
Circle 270 

Hybrid CMOS SRAMs with 100-ns 
typical access store 256 Kbits 
Thick-film hybrid memories feature a low 
operating current of 40 mA and a typical 
standby current of JO µA at 25 ° C. Typi
cal room temperature memory access time 
is 100 ns. Dubbed the CMOS 256-03 and 
CMOS 256-03M, these are static RAMs. 
The 256-03 combines four SMOS 
SRM2064 RAM chips and a 74SCl38 
decoder chip to produce an 8-bit word x 
32-Kbit CMOS RAM. Standard 256-Kbit 
pinout is used. Hermetically sealed in a 
ceramic and metal package, the 256-03M 
is a high reliability, rigorously specified 
part. The 256-03 costs $297 each in lots 
of JOO, while the 256-03M is $347. Inte
grated Circuits Inc, 10301 Willows Rd, 
Redmond, WA 98052. Circle 271 

Version of the 80186 adds 
instructions to present set 
The AMO 80186 is a highly integrated 
16-bit microprocessor that combines JO 
iAPX 86 components onto a single chip. 
Aimed at applications that include multi
tasking, industrial control, and graphics 
systems, the chip adds IO instructions to 
the existing set, and is upwardly compati
ble with 8086 and 8088 software. Versions 
running at 6 MHz and 8 MHz are also 
available. The JO-MHz AMO 80186, pack
aged in a 68-pin leadless chip carrier, is 
priced at $98 each in JOO-piece quantities. 
Advanced Micro Devices, Inc, 901 
Thompson Pl, Sunnyvale, CA 94086. 

Circle 272 
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RRSTIN 
TOUCH-TONE® 

RECEIVERS 

The SSI 201 DTMF receiver is the industry
stondord one-chip solution for many 
telecom applications. It detects a select
able group of 12or16 digits, with no 
front-end filtering required. And Its inno
vative design eliminates the need for all 
external components except a 3.58 MHz 
crystal and on inexpensive resistor. 

The SSI 202 incorporates the features 
of the SSI 201 in a low-cost 18-pin, 
plastic package. This lower cost unit also 
dissipates lower power and operates on 
5 volts, making it compatible for use 
with microprocessors and suitable for 
consumer electronics. An additional 
·early detecr feature is provided in the 
SSI 203, the newest unit in SSl's growing 
line of Touch-Tone circuits. 

To find out more about the industry's 
First Family of DTMF receivers, contact: 
Silicon Systems, 14351 Myford Rood, 
Tustin, CA 92680, (714) 731-7110 Ext. 575. 

Touch·Tone 1s o registered trademark of AT&T 

CIRCLE 89 
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LSl-11173-based design sports floor 
or rackmount configuration 
LSI-11173-based systems, designated the 
MDB-Micro/73s, contain a high speed 
Winchester disk subsystem with an 18-ms 
average access time. The systems provide 
a capacity of 67 Mbytes in RM03 emula
tion or 105 Mbytes in RM05 emulation 
mode. A streaming tape cartridge subsys
tem with 60 Mbytes of formatted capacity 
is also included. The 11/73 CPU has 8 
Kbytes of cache memory, floating point 
instruction set, memory management for 
up to 4 Mbytes of memory, and a pro
grammable line time clock. The standard 
MDB-Micro/73 is packed as a 5\-4-in. 
rackmount unit, with floor mount pedes
tal configuration available. Systems are 
priced from $21,295 to $23,050, with dis
counts available . MDB Systems, 1995 N 
Batavia St, Box 5508, Orange, CA 92267. 
Circle 273 

High end member joins 
PDP-11 minicomputer family 
Rackmounting and free-standing config
urations spell flexibility for the 
PDP- I I / 84 minicomputer. The central 
processor features the JS-MHz J-11 
microprocessor chip set supporting the 
full PDP-I I instruction set (including ex
tended and floating point instructions, 
memory management, dual-register set, 
22-bit addressing, separate instruction 
and data space, and three operating 
modes). Both versions store a minimum 
of I Mbyte of memory . The complete 
PDP-I I operating system range is sup
ported. Rackmount version costs 
$16,000. The free-standing (or subsystem
kernel) version is $20,000, with quantity 
discounts available. Digital Equipment 
Corp, IO Main St, Maynard, MA 01754. 
Circle 274 

Lap system weighs in at 6 lb, 6 oz 
and features built-in modem 
.Communications and word processing 
power accentuate the IS-I IC portable 
computer. A built-in modem is touted, as 
is a full-size (25 line x 80 char) LCD 
screen . The machine runs a 3.4-MHz 
CMOS Z80A and has a realtime clock. 
It weighs 6 lb, 6 oz. Internal NiCad bat
teries drive the unit, with an ac 
adapter/ charger also available. Optional 
software resides on ROM cartridges. 
Sord Computer of America, Inc, 645 5th 
Ave, New York, NY 10022. 
Circle 275 

Supermicro gains high 1/0 
performance running Unix on 68000 

The PE 7350A supermicro system 
achieves high 110 and processing perfor
mance levels whi le supporting up to five 
users. This system uses a Uniplus port of 
Unix III and has a Motorola 68000 as its 
main engine. Memory sizes fro m 512 
Kbytes to 3 Mbytes are supported, and 
users can choose a 15- or 28-Mbyte fixed 
disk, a floppy diskette, and monochrome 
or color graphics. This machine offers an 
optional IEEE 488 bus. The PE 7350A 
combines high speed dual memory bus 
architecture and 256-Kbit RAM chips for 
local memory. The 8-MHz processor 
operates without wait states. Program
ming languages supported include C, 
Fortran-77, Basic-Plus, and RM-Cobol. 
An Ethernet interface is anticipated. In 
100-unit quantities, the basic 7350A is 
$3937, with a complete system costing 
$5115. Perki n-Elmer, Da ta Systems 
Group, 2 Crescent Pl, Oceanport, NJ 
07757 . 
Circle 276 

Voice recognition among input 
options on compact model 
The Apricot Portable featu res voice 
recognition, an infrared keyboard and 
mouse/ trackball, plus a full size 25-line 
x 80-col LCD screen. The machine weighs 
13 lb. The 8086 resides at the heart of the 
unit, with 512-Kbyte RAM (expandable) 
and a 720-Kbyte, double-sided 3.5-in . disk 
drive. A color monitor can be attached, 
as well as a I 0-Mbyte Winchester. This 
is an MS-DOS based machine. ACT 
Computer (N orth America) Inc , 3375 
Scott Blvd, Santa Clara, CA 95054. 



Integrated PCB Kit form Chassis version 

Meet some of our 
problem solvers. 
Our high performance, innovative design Data 
Displays in 3'; 5'; 7'; 9'; 12'; 15" and 5" x 9" screen sizes 
are for system designers like you. They're all available 
in integrated (neck-mounted), chassis, or l<it versions. 

Using these basic displays, our engineers become your 
engineers! They custom design a display for your 
specific application, meeting your particular system 
design requirements. Scanning frequencies 
to 64 KHz, high resolution, and TIL or 
composite video are available. 
Give us your specifications 
and we'll solve your 
display problems. 

® 

AUDIOTRONICS 

We deliver products to your specifications and 
schedules. 

Some Audiotronics capabilities you can call upon: 
•Custom logic switching power supply integration 

with monitor. 
•Custom cabinet industrial design, tooling and 

manufacture. 
•Total system assembly/test. 

7428 Bellaire Avenue 
North Hollywood 
California 91605 
(818) 781-6700 

Cl~CLE 90 
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Single-slot communications unit 
melds PC to controllers 
The ICM-4 is a full size, single-slot com
munications board that plugs into the 
IBM PC. It handles serial communication 
between the PC and intelligent devices . 
The device provides four serial ports. 
Dual-ported, 8-Kbyte memory relieves the 

PC of character-interrupt chores . An on
board Z80 microprocessor manages pro
tocols, data conversion, and message 
sequencing. Transmission rates from 300 
bits to 19.2 kbits / s are supported. lntel
lution, Inc , 35 Perwal St, Westwood, 
MA 02090. 
Circle 278 

VME System Packaging: 
Electronic Solutions 

Makes it Easy. 

A broad line of 
VME components Is already 
In production, including: 
D Double size card cages with 

5. 7. 9. 12, 16 or 20 slots 
D Single size card cages with 

5. 7. 9. 12, 16 or 20 slots 
D Double size prototyping cards with hole 

pattern or 2-level wire wrap 
D Single size prototyping cards with hole 

pattern or 2-level wire wrap 
D Double size and single size extender cards 
D VME enclosures with card cage and 

backplanes with disk drive or 
Winchester option 

D Backplanes 
D Test sets 

Electronic Solutions Is also the major 
manufacturer of Multibus™ cages and en
closures-a dependable, domestic source 
for your VME system requirements. For all 
the details, give us a call today. 

Call Toll Free 
(800) 854-7086 

in Calif. (800) 772-7086 

Multibus ts a trademark of Intel Corp. 

VMEasy 
Ii! Electronic ti Solutions 
9255 Chesapeake Drive 
San Diego, CA 92123 
(619) 292-0242 
Telex II (TWX): 910-335-1169 

CIRCLE 91 
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Data acquisition and control software 
simplify system operation 
Monitoring and control, as well as data 
acquisition, are handled by the ProGen 
application software package. This soft
ware runs on the Fluke 2452 measurement 
and control system. With ProGen, users 
can program up to 500 1/ 0 channels. 
Menu-prompted, the software requires no 
programming skills. It automatically 
chains scan tasks together, performs limit 
checking, and runs the defined proce
dures. Cost is $2990. John Fluke Mfg Co, 
Inc , PO Box C9090, Everett, WA 98206. 
Circle 279 

Material tracking module 
handles control of lots 
Production, material use and perfor
mance, and inventory are tracked using 
the Material Tracking module of the 
MAS-Manufacturing system . Operating 
on HP 3000 and the I BM 4300 and 30XX 
systems, the MAS-Material Tracking 
module handles lot contro l, lot trace
ablility, lot performance analysis, and by
product material resource planning. The 
module tracks the movement of pur
chased material lots from receiving, 
through issuance, to production while also 
providing traceability through the pro
duction process to eventual customer 
shipments. Martin Marietta Data 
Systems, 6303 Ivy Lane, Greenbelt, 
MD 20770. 
Circle 280 

Memory expansion units offer 
industrial-strength solutions 
Three versions of the universal memory 
expansion board join the CMOS Indus
trial Microcomputer device family. The 
CIM-110 with no RAM installed, the 
CIM-114 with 32 Kbytes of RAM, and 
the CIM-118 with 64 Kbytes of RAM sup
port any static memory device that meets 
JEDEC's 24- or 28-pin forms. The boards 
also support bank switching. National 
Semiconductor Corp, 2900 Semicon
ductor Dr, Santa Clara, CA 95051. 
Circle 281 

Let's hear from you 
We welcome your comments 
about this issue. Just jot 
them on the Reader Inquiry 
Card. 



The OEM's IBM 
Mainframe connection 

Auscom High-Speed Interfaces to The IBM Channel 
Auscom offers a variety of solutions that permit direct connection of your devices to 
an IBM or FIPS-60 compatible channel. Why settle for slow serial connections when 
your product really needs high data transfer rates to maximize its capabilities? All of our 
channel interfaces appear as standard control units to the mainframe and require no 
changes to the host operating system. All are fully programmable. 

The 8900A Series is based on a Q-bus TM design and is offered as a fully functional 
control unit or as a card set to integrate with your product's DEC CPU. It responds to any 

or all of the 256 IBM subchannel addresses with data transfer rates of up to 1.2 megabytes per second. 
Multiple control unit emulations can be run simultaneously and multiple downline devices can be served. 

The 8300 Series is a single board not based on any external bus architecture. Transfer rates of up to 500K 
bytes per second can be achieved. It talks to a downline device via an 8- or 16-bit programmable parallel or 
serial interface . If necessary, the functionality of the 8300 can be put on your desired form factor or bus to 
facilitate incorporation directly into your device. 

The 8600 Series is the newest member of our channel interface family. Based on the popular Multibus™ 
architecture, it matches the 8900A in flexibility and power yet transfers data at up to 2 megabytes per 
second. 

Auscom is the recognized leader in IBM mainframe channel interfacing. If one of our existing products 
will not meet your needs, give us a call and we can discuss designing an interface suited specifically for you. 

See Us Al 

©Copyright 1985 Auscom, Inc. INTERFACE~85 
CIRCLE 92 

IBM is a trademark of International Business Machines. 
Multibus is a trademark of Intel Corporation . 
Q-bus is a trademark of Digital Equipment Corporation . 



Compact single-board units 
allow fast I / 0 transfers 

DS B 6000 series microcomputers deliver 
1/0 flexibility in an advanced, non
external bus design format. DSB 6000 
boards reduce circuitry and heat genera
tion, allowing fast 1/ 0 transfers. An on
board 50-pin expansion bus eases device 
interface. At the heart of the unit is a 
6-MHz Z80B. The basic DSB 6000 con
figuration includes 128 Kbytes of 150-ns 
dynamic RAM (expandable to 256 
Kbytes), 2 to 32 Kbytes of ROM or 
EPROM (expandable to 128 Kbytes), and 
two RS-232 serial ports. Additionally, a 
Centronics parallel port, on board floppy 
disk controller and hard disk SAS! port 
are provided. Compatible software in
cludes CP/ M 2.2 and 3.0, Oasis and 
Turbo-DOS, as well as Forth. The prod
uct costs $695, with quantity discounts 
available. Davidge Corp, 1951 Colony St, 
Mountain View, CA 94043. 
Circle 282 

Based on the 68010, VMEbus board 
has 4-Kbyte associative memory 
Image processing, communications and 
industrial control applications stand out 
among uses for the MVMEl20 board. 
This is a VMEbus-compatible micropro
cessor board , based on the 68010, that 
provides a 4-Kbyte associative memory 
(or cache) for improved program execu
tion . The basic board has 128 Kbytes of 
dual-ported dynamic RAM for reduced 
bus loading. An MC68451 memory man
agement unit is also onboard . This sys
tem is supported by realtime Versados 
Release 4.4. Motorola Semiconductor 
P roducts, Inc, PO Box 20912, Phoenix, 
AZ 85036. Circle 283 

AT-compatible board claims storage 
expansion to DOS 3.0 limits 
Maestro multifunction boards from Tec
mar add memory power to the I BM PC 
AT. Expansion on Maestro provides two 
memory blocks . The first upgrades the 
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AT to a maximum of 640 Kbytes of 
RAM, which Tecmar indicates is the max
imum memory that DOS 3.0 can use. The 
second block is upgradable to 2 Mbytes 
of memory . (This latter block can be up
graded using 64- or 256-Kbit chips.) 
Single-board design saves real estate and 
cuts heat dissipation . Parallel and serial 
ports can be used to connect printers, 
plotters, modems, and mice. Tecmar, Inc, 
6225 Cochran Rd, Solon, OH 44139. 
Circle 284 

Full 32-bit Multibus board 
features NCR/ 32 chip set 
The NCR/ 32-796A consists of three 
members of the NCR/ 32 chip set: the 
microprogrammable central processor 
chip, the address translation chip (for 
memory management) , and the extended 
arithmetic chip (which operates as a float
ing point math booster). External micro
programmability is supported with 16 
Kwords of RAM microcode instruction 
storage. There is also a 128-word scratch
pad memory. Dual-port main memory can 
be accessed via the Multibus or iLBX. The 
board is priced at $4995. NCR Corp , 1700 
S Patterson Blvd, Dayton OH 45479. 
Circle 285 

Multitasking MS-DOS and Xenix 
combine via interpreter system 
The Poppy OS software package allows 
MS-DOS-based software to run under the 
Xenix operating system. Single-user 
MS-DOS applications programs can thus 
migrate to a 12-user setting. Poppy OS 
is an MS-DOS interpreter, operating as 
a Xenix shell. The shell enables MS-DOS
based software to work on the Durango 
Poppy 286/ 186 Xenix 80286-based sys
tem, as though it were operating under 
MS-DOS. Durango Systems, Inc, 30003 
N First St, San Jose, CA 95134. 
Circle 286 

Potent Ada development 
package available for VAX/ Unix 
The Verdix Ada Development System 
(VADS) centers on a production-quality 
Ada compiler, which is fully compliant 
with ANSl/M I L-STD-1851 A. The system 
includes the compiler, debugger, program 
library uti lities, and runtime system. The 

compiler system operates on any DEC 
V AX-l l/7XX series computer running 
under Unix 4.2 BSD. The compiler oper
ates as a reentrant process that can be 
shared under Unix. It makes full use of 
Un ix facilities. The compiler, on a typi
cal VAX-I I 1780, is said to process an 
average of 1000 Ada source statements 
per minute. Verdix Corp , 7655 Old 
Springhouse Rd , McLean , VA 22102. 
Circle 287 

Cobol compiler highlighted by access 
and display management utilities 
Programmers can easily create a variety 
of screen displays using the display man
ager utility within the DR Level II Cobol 
compiler. This compiler meets ANSI 
specifications. An access manager utilit y 
also marks thi s product. Access manage
ment provides a versatile file access 
method for maintenance of data records. 
DR Level II Cobol supports the PC-DOS 
and MS-DOS operating systems and gen
erates native code for iAPX series 16-bit 
microprocessors . Price is $700. Digital 
Research, Box ORI, Monterey, CA 93942. 
Circle 288 

Proofreader software spotlighted 
by use of Al techniques 
RightWriter provides automatic docu
ment proofreading on the IBM PC and 
PC compatibles. This software package 
uses artificial intelligence to analyze docu
ments for errors in grammar, punctua
tion, and style. Software works with 
WordStar and other word processors, 
requiring only one additional command . 
RightWriter flags wordy phrases , weak 
sentences, and overused words. It calcu
lates the reading grade level of the docu
ment using the MIL-M-38784B standard. 
Price is $75. Decisionware, Inc, 4030 Gulf 
of Mexico Dr, Longboat Key, FL 33548 . 
Circle 289 

WordStar update adds the 
3270 PC to machines it covers 
WordStar Professional software for the 
IBM PC now enables the program to run 
during micro-mainframe sessions. Win
dows supported by the 3270 PC also 
can run simultaneously with WordStar. 
Printers in the NEC line, plus Tl 855, and 
others are supported by the software pro
gram. MicroPro Internatio nal Corp, 33 
San Pablo Ave, San Rafael, CA 94903. 
Circle 290 



COMPONENT MObULARITY GIVES YOU THE MOST COST-EFFECTIVE, EXPANDABLE 
PC INSTRUMENTATION SYSTEM AVAILABLE TODAY ••• AND TOMORROW! 

The PCl-20000 is an exciting new generation of 
instrumentation for IBM and bus-compatible 
Personal Computers. It lets you start small. 
Add plug-in channels and functions only as 
requirements grow. Never pay for more 1/0 
than you need. 
The key is component modularity: Carrier 
cards plug directly into the PC expansion slots 
and provide power, communications, mounting 
mechanisms and optional digital 1/0 capability. 
Versatile instrument modules plug into the car
rier and perform the data acquisition, test, 
measurement, and control functions your sys
tem requires. You can choose from five differ
ent modules now, with many more planned for 
the future. Each carrier accepts up to three 

modules. Any of three different termination 
panels simplify wiring and bring signals to and 
from the system. 

Hundreds of possible systems now, even more 
later: Combine components now to meet exact 
requirements for analog and digital 1/0, coun
ter, timer, and pulse functions. Change com
ponents later to add capacity and functions for 
future needs. Your system will always be at its 
optimum price/performance level. 

We invite you to find out more about this new 
generation of instrumentation. Call or write 
today for a descriptive brochure and system 
specifications. Telephone (602) 746-1111. Burr
Brown, PO Box 11400, Tucson, AZ 85734. 

BURR-BROWN® 

IE3E3I 

Putting Technology To Work For You 
CIRCLE 93 
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When your present ornew product design calls for a 1 V2" deep box fan, by providing an extra 
inch of depth you can specify a General Industries axial fan and save up to 40% in cost! 
General Industries offers a complete line of high quality axial fans which afford you the 
opportunity to reduce your unit cost without sacrificing quality, noise or life characteristics. 
Our axial fans are engineered such that they can easily be incorporated into your new or 
existing product design. A variety of optional features allows you to tailor to your specific 
application. Our2.813 and 4.125 square mountings offer interchangeability. A variety of CFM 
ratings are available to solve virtually any cooling problem, quietly and economically. If 
however, your application requires a unique design, ourengineers are available to solve any 
specific need. All of our fans and electrical components are backed by General Industries 
Total Value™• commitment. 

To see how much an inch can save you contact us at: The General Industries Company, 
P.O. Box 4002, Elyria, Ohio 44036, (216) 323-3136, TWX 810·424-2109. 

If you can 't find that extra inch, we also make a complete line of precision 1 'h" deep tube axial fans, 
competitively priced ! Call to receive our new brochure 

' Total Value= Cost + Performance+ Delivery 

Fans Axial Fans Tube Axial Fans Blowers 

The General Industries Company 
P.O. Box 4002 •Elyria, Ohio 44036 • (216) 323-3136 

CIRCLE 94 
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High resolution device delivers 
low cost image scanning 
With quantity price set under $1000, the 
MS-200 expands image scanning applica
tions. The MS-200 accepts documents 
sized at up to 8Y2 x 24 in. and digitizes 
the image at a 200-pixel/in. resolution. It 
then transfers the image to host computer 
memory . Switch-se lectable scanning 
modes include text, picture , and mixed 
modes . The MS-200 scanner performs 
Group 3 1-D CCITT data compression at 
a 10 to l ratio for text and comparable 
compression for graphics. This compact 
device uses state-of-the-art sensor array 
and image processing techniques. Microtek 
Lab Inc, 17221 S Western Ave, Gardena, 
CA 90247. 
Circle 291 

Liquid crystal shutter 
featured in intelligent printer 
Electrophotographic technology com
bines with a liquid crystal shutter (LCS) 
in a laser printer known as the GQ-3000. 
The unit prints 7 pages/ min with charac
ter den sity of 240 dots/i n. It has a photo 
receptor drum with a minimum life span 
of 60,000 prints. Any font or type of 
character can be downloaded into a 
128-Kbyte RAM. The machine is capable 
of portrait (vertical) or landscape (hori
zontal) printing, gray sca ling, underlin
ing , and justification . The LCS page 
printer interfaces via standard 8-bit paral
lel and RS-232-C links. The unit is 17-in . 
high and weigh under JOO lb. Prices 
range from $4000 to $4500. Epson OEM 
Products Div, 23600 Telo Ave, Torrance, 
CA 90505. Circle 292 

Scanner creates electronic 
files from diverse sources 
Automatic graphic digitizing and text 
input is provided by the Personal Scan
ner. The device converts drawings, photo
graphs, typewritten documents and other 
visual material into electronic files . This 
system provides both optical character 
recognition input and image processing 
capabilities in a single unit. Personal Scan
ner hardware consists of a desktop scan
ner , a cable, and a half-size interface card 
for the PC or XT microcomputers . Inter- . 
facing to Apple and Motorola 68000-
based machines is planned. Unit price is 
$2487. Electronic Information Tech
nology, Inc, 373 Route 46 W, Fairfield , 
NJ 07006. 
Circle 293 

Handheld unit tackles 
problems in the field 
The !XO TC2000 provides full upper and 
lower case ASCII capabilities from a tac
ti le typewriter-style keyboard. It links 
over the phone to a remote host or locally 
via RS-232-C and cable. The TC2000 can 

auto-dial, log on, receive, verify, and dis
play messages from any host computer. 
From 1200 to 8000 characters of data 
received can be saved in memory and 
reread after disconnection. The TC200 
costs $395. iXO, Inc, 5757 Uplander Way, 
Culver City, CA 90230. Circle 294 

SOCIETY 
FOR WORLDWIDE 

INTERBANK 
FINANCIAL 

TELECOMMUNICATION 
s.c. 

S.W.l.F.T. is an international 
organisation owned by major 
banks throughout the world. 

S.W.l.F.T. operates a computer 
based, worldwide 
telecommunication system for 
processing financial transactions 
between member banks. 

To assist its multinational team 
specialising in R&D, S.W l.F. T is 
searching for professional 
suppliers of hardware and 
software, having proven 
experience in the development of 
customised OEM equipment 
compatible with Burroughs large 
system equipment (B 5900, A9, 
etc.). 

Expertise should cover both 

D hardware knowledge for 
designing special controllers, and 
0 Burroughs system software 
knowledge for interfacing 
customised equipment to the 
MCP operating system and other 
system software such as DMSll, 
BNA etc. 

If you feel you can provide the 
required expertise, you are invited 
to contact Mr. Rene Bogard -
Research & Development at 

S.W. I. F. T. s.c. 
Avenue Ernest Solvay, 81 - 1310 La Hulpe, 

Belgium 

or call (322)656 31 11 extension 3330 
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Repair station software links with 
testers and central data base 
A software package for the 700 Net 
Workstation allows interaction of sub
assembly repair data to interact with the 
700's relational data base. The software 
provides improved repair station through
put, plus greater production control and 
manufacturing productivity. Known as 
Zehntel Iris, the software creates an elec
tronic link that unites the tester, repair 
station, and central data base. Data entry 
can be done via a bar-code reader. Iris can 
handle input from multiple in-circuit test 
systems (including the 310, 800, 810, and 
860) connected via Ethernet or RS-232-C 
links. This software package is standard 
with purchase of the 700 Net Worksta
tion. The dedicated repair station termi
ml, which includes a color CRT with light 
pen interface and bar-code reader with 
wand, sells for $7695. Zehntel Automation 
Systems, 2625 Shadelands Dr, Walnut 
Creek, CA 94598. Circle 297 

In-circuit VLSI tester option 
handles wide bus structures 
Synchronous logic tester modules provide 
intelligent control of each test pin in a 
Marconi in-circuit printed circuit board 
test system. The SL T option allows flexi
bility in comp~ex (16- to 64-bit wide) 
board testing. It incorporates a 1-Kbit x 
4-bit RAM chip behind each test pin with 
a separate 1-Kbit x 32-bit control RAM 
that allows conditional branching, sub
routine loops, and other functions . This 
allows the chip to maximize data handling 
and limit the program code necessary for 
complex testing. The SL T consists of an 
interface to the test system controller, a 
microprogrammed bit-slice microproces
sor, test point switching modules, and a 
power supply. Synchronization goes up 
to 16 MHz. Price is $23,000. Marconi 
Instruments, Automatic Test Equipment 
Div, PO Box 60279, Sunnyvale, CA 94088. 
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Data comm protocol unit handles 
development and test tasks 

Chameleon lls are data communica
tion protocol simulator/ analyzers that 
include a realtime clock board and diverse 
protocol support software. Realtime anal
ysis, automatic program loading, auto
matic remote functions, and simple menu 
presentation are featured. Software addi
tions include X.25 statistics, SDLC statis
tics, and Direct-to-Disk analysis. Priced 
at $19,500, the Chameleon 11 basic sys
tems include 92-key keyboard, dual 3.5-in. 
drives, 74-Kbyte RAM, 40-Kbyte PROM, 
and status LEDs. Tekelec Inc, 2932 
Wilshire Blvd, Santa Monica, CA 90403 . 
Circle 295 

Reliability software automates 
prediction of product operation 
Re!Calc 2 features an automated MIL
HDBK-217D part stress procedure. It 
allows easy integration of reliability con
siderations into the design process. RelCalc 
2 provides part-forms with menu win
dows for each entry field, global editing 
functions, reports that organize results for 
quick analysis, and fast error trapping. 
Re!Calc 2 runs on the I BM PC/ XT and 
costs $1500. A $50 demo package is also 
available. T-Cubed Systems, 31220 La 
Baya Dr, Westlake Village, CA 91362. 
Circle 298 

Workstations off er easy 
upgrade from 2-D to 3-D 
Progressive degrees of 2-D and 3-D per
formance are provided by the 4120 Series 
of color graphics workstations. The 4125, 
4 128, and 4129 Graphics Workstations 
feature 2-D, 3-D wi,reframe, and 3-D solid 
shading capabilities, respectively. These 
stations include 80286/80287 micropro
cessors for high performance graphics. 
Host communication is provided over an 
RS-232-C link at speeds up to 38.4 kbaud. 
The series is compatib le with 4100 and 
6000 workstations . The 4 120 series uses 
a 60-Hz noninterlaced display with a 
1280- x 1024-pixel reso lution. Models in
clude local pan and zoom, rotation, and 
convergence correction capabilities. The 
4129 aims at the mechanica l engineering 

market. It includes 16 predefined trans
lucency patterns so users can see through 
3-D surfaces. Dithering provides smooth 
transition of colors, and allows the user 
to perceive up to 1024 separate shades. 
Local lighting sources and shading effects 
are user controllable. The 4 125 has the 
same display, processors, keyboard, and 
2-D performance as the 4128 and 4 129. 
It is aimed at electrical engineering and 
mechanical engineering applications. The 
4125, 4128, and 4129 are priced at $19,950, 
$25,000., and $35,000. Tektronix, Box 
500, Beaverton, OR 97077. 
Circle 299 

Scope melds waveform 
capture and logic triggering 
The HP 54200A/ D is a fully program
mable, 200 megasample per second digitiz
ing oscilloscope. Especia lly apt in 
uncovering transient fau lt conditions, the 
machine captures transients as narrow as 
10 ns. A 50-MHz bandwidth com bi nes 
with various automatic measurement capa
bilities, as well as sophisticated triggering 
modes. Pretrigger viewing a llows the R&D 
engineer to see what happened before the 
trigger event. A designer can trigger on a 
fault, then look back in time to find its 
cause. Hewlett-Packard Co , 1820 Embar
cadero Rd, Palo Alto, CA 94303. 
Circle 300 

Computer aided drafting system 
runs on low cost micros 
The CAD Graphics System is a general 
purpose program that allows creation of 
a wide variety of drawings through a key
board or digitizing tablet. AutoCad, 
which provides onscreen menus, is inte
gral to this system. Fu ll bidirectional 
zoom allows the user to work on a draw
ing at any level of detail. Eight colors can 
be used with AutoCAD, which is fu ll y 
compatible with the Heath / Zenith Z-100 
series computer. Heath Co, PO Box 1288, 
Benton Harbor, M I 49022. 
Circle 301 

March Preview 
Watch for a Special 
Report on Custom/ 
Semicustom /Cs 



Introducing a family of plotters ... 
all fast, and all friendly. 

Hewlett-Packard's plotters bring 
you ease of use ... at a very afford
able price. The HP 75808, for 
A-D size plotting, is $13,900.* 
The HP 75858, for A-E size plot
ting, is $16,900. * And the new 
HP 75868, for roll-feed and 
single-sheet plotting, is $21,900.* 
*Domestic U.S. prices only 
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Hewlett-Packard drafting plotters ... 
so easy to use, 

they almost run themselves 
The plotters you don't 

have to babysit. 
Hewlett-Packards high perfor
mance drafting plotters are 
designed to make your profes
sionaI life a little easier. So you 
can concentrate on doing your 
job, not figuring out how to run 
your plotter. 

With the HP family of 
plotters, plotting has never 
been easier: 

• Operating simplicity. Just four 
buttons on the front panel run 
the entire plotter. And HPs joy
stick control moves the pen 
quickly and effortlessly. 

• Quick and easy paper loading. 
Our no-fuss, no tape, loading 
methods make single-sheet paper 
loading as easy as rolling paper 
into a typewriter. And HPs 
streamlined, non-sprocketed 
roll media lets you load rolls in 
less than 60 seconds. 

• Compact and portable. All HP 
drafting plotters can be moved 
easily from one area to another, 

1101402 

letting you share one plotter 
among several users. 

HP features let 
you forget the details. 

And our automatic features fur
ther simplify plotter operation: 
• Automatic paper size sensing 
sets the correct margins for your 
paper automatically, so you'll 
never have to worry about "plot
ting off the paper:' 

• Automatic pen capping pre
vents your pens from drying out 
and skipping, because HP plot
ters never forget to cap your pens. 

• Automatic pen settings 
always set the correct pen speed 
and force for the types of pens 
you're using-so you don't have 
to worry about these details. 

HP designed-in quality 
and reliability. 

And Hewlett-Packards designed
in quality and reliability means 
plotting performance you can 
rely on, job after job. So your 
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plotter will always be ready 
when you are. 

Hewlett-Packard. 
Your best choice. 

Hewlett-Packard drafting plot
ters bring you the plotting ease, 
performance and reliability that 
have made us leaders in the plot
ting industry. So when you make 
the decision to go with Hewlett
Packard, you know you've made 
the best choice. 

If youa like more informa
tion about our 
family of friendly 
draftmg plotters, 
write to: 
Hewlett-Packard, 
Marketing 
Commurucations, 
16399 W Bernardo Drive, 
San Diego, CA 92127. 
Or call Craig Schmidt at 
(619) 487-4100. 

r //OW. HEWLETT 
~al PACKARD 





EMULEX'S LEVERAGE GIVES 
COMPUTER MANUFACTURERS 

TOTAL SCSI CONTROL. 
INTRODUCING MEDALIST, 
CHAMPION AND TITLEIST 
With Emulex's wide range of 
SCSI controllers for both disk 
and tape, you now have the 
leverage you need to boost real 
1/0 power and flexibility into 
your system's design . 

Our compact Medalist, 
Champion and Titleist controllers 
give you this leverage through 
a long list of high-performance 
features. Features everyone has 
learned to expect - and get -
from Emulex. 

Our SCSI-based micro
controllers offer you a convenient 
vehicle to build , update, mix or 
interchange different types of 
peripheral storage devices to 
your mini/micro computer 
systems. With Emulex's unique 
commitment to full SCSI devel
opment and support, the Medal
ist, Champion, and Titleist take 
advantage of the widest range 
of advanced SCSI enhance
ments. Enhancements like 
arbitration , disconnect/reselect, 
and full SCSI Copy. 

All of these powerful control
lers include the following high
performance features that give 
you extra leverage. 
• Custom MOS VLSI chips that 

increase reliability, reduce 
power consumption and 
lower costs. 

•A 14 KB data buffer to ensure 
high performance in disk and 
tape operations. 

•Support of two ST506, or ESDI 
drives and one ~" tape drive. 

• Automatic self-test as part of 
each power up. 

• On-board operation configura-
tion switches. 

• Fault and activity LEDs. 
• An on-board front panel con
*Tit1eis1 MT02 requi res +12 VDC. 

nectorfordrive status indications. 
• Medalist and Champion con

trollers perform defect media 
management. 

•Only +5 VDC power required~ 
Now let's take a closer look at the 
specifics of each new Emulex 
controller. 

MEDALIST 
ST506/SCSI 
DISK 
CONTROLLER. 

The Medalist combines SCSI 
with the popular ST506 Win
chester disk drive interface. This 
gives you a wide selection of 
full or half-height 5 ~" disks to 
choose from , varying in capacity 
from 5 to 140 megabytes. The 
Medalist also supports 16 
Read/Write heads. 

CHAMPION 
ES DI/SCSI 
DISK 
CONTROLLER. 

With Champion , you can inter
face two serial-mode ESDI 5W 
Winchester drives to the SCSI 
bus. These large capacity drives 
support up to 10 MBits-per
second disk transfer rates, higher 
bit densities per track and range 
from 110 to 380 megabytes. 
The Champion also features hard 
and soft sectoring capability. 

CIRCLE 97 

nnEIST 
TAPE/SCSI 
CONTROLLER. 

Titleist is a high-performance, 
W streaming tape controller 
compatible with the OIC-24 stan
dard tape data format. The ver
satile Titleist controller has been 
quality engineered to interface 
to most of today's popular W' 
streaming tape drives of various 
capacities. 
OTHER EMULEX/SCSI PRODUCTS 
THAT ADD TO YOUR LEVERAGE. 
Emulex/SCSI host adapters are 
available for 0-Bus and Unibus 
systems, IEEE 796 Multibus 
systems, the IBM PC, PC/XT and 
PC/AT and "compatibles'.' User
developed SCSI host adapters 
developed by other vendors are 
also viable for use with Emulex/ 
SCSI controllers. 
GO YOUR MAXIMUM SCSI LEVERAGE 
FROM EMULEX. 
With Emulex's unparalleled com
mitment to full SCSI develop
ment and support, and with our 
wide range of products, you 
have the leverage you need for 
full SCSI control. 

For detailed information on 
Emulex/SCSI products, call 
toll-free (800) 854 -7112. In Cal
ifornia (714) 662-5600. Or 
write Emulex Corporation , 3545 

3E Harbor Blvd , 
P 0 . Box 6725 , 

® Costa Mesa, 
EMULEX CA 92626. 



THE GUARD &RESERVE: 

Color 
Graphics Display 
Controllers 
• High Resolution 

1024 x 1024, 512 x 512 pixels 
Non-interlaced and 

interlaced formats available 
• 16 Simultaneous colors 
• Blink at 1 Hz 
• High Performance 

Graphics generated at up to 
1,200,000 pixels-per-second 

Fill operations at up to 
19,200,000 pixels-per-second 

All planes drawn simultaneously 
Line by line vertical scroll 
Multiple cursors 

• GPS Subroutine Package 
Available for popular operating 

systems 
• Other bus architectures 

available 
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It's their~ to protect ~u. 
It's you Who protect their jobs. 

EMPWYERS SUPPORT 
THE GUARD & RESERVE 
Arlington. VA 22209 

A PuDltc Service ot This Magazine & The Adverl1s1ng Council 

• High Resolution Color Monitors 
Standard or long-persistence 

phosphors 
Available in 13 inch or 19 inch 
Analog or TTL inputs 
0.31 mm pitch 

Gs1Graphic 
Strategies, Inc. 

PRACTICAL COMPUTERGAAPHIC SOLUTIONS 

1445 Koll Circle, Suite 107 
San Jose, CA 95112 
(408) 294-1300 Telex : 856 587 
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This Publication 
is available in 
Microform. 

University Microfilms 
International 

Please send additional information 

for - --- ------
Name _________ _ 

lnstitutio,._ _______ _ 

Stree.,___ ________ _ 

City _________ _ 

State. _ _____ Zip __ 

300 North Zeeb Road 
Dept. P.R. 
Ann Arbor, Mi . 48106 



LITERATURE 

Interconnection buzzwords 
A glossary of Interconne<;:tion Buzzwords 
updates terms, phrases, symbols, acro
nyms, and definitions proliferating in the 
interconnection/backpanel industry. Elco 
Corp , Santa Ana, Calif. 
Circle 410 

Gate arrays 
NEC's gate array product line is outline 
in a I2-page, four-color brochure. Charts 
show interface options, technologies, and 
densities available. CMOS, TTL, and 
ECL technologies are utilized in the semi
custom IC line . NEC Electronics Inc, 
Mountain View, Calif. 
Circle 411 

Protocol analyzers 
Comstate II high level protocol analyzers 
are pictured in a four-page color flier. The 
devices sport diverse testing abilities and 
are highlighted by a wide test library. 
Atlantic Research Corp , Alexandria, Va. 
Circle 412 

Imaging applications 
Application and performance details on 
the Quantimet 920 advanced image 
analyzer compose a I 2-page booklet. 
Dual , flicker-free, high resolution color 
displays join image editing and digitizing 
tablet enhancements to complete this 
unique system. Cambridge Instruments, 
Inc, Monsey, NY. 
Circle 413 

Interfacing systems 

The Micro-Products Handbook provides 
information on a line of host adapters, 
disk and tape controllers, micro sub
systems, and the Persyst line of products 
for the IBM PC. Most products high
lighted implement the SCSI standard. 
Qualified technical users can request this 
material by writing on their company let
terhead to Emulex Corp, 3545 Harbor 
Blvd , PO Box 6725, Costa Mesa, CA 
92626. 

Power supplies 

Analog Devices' catalog features linear 
ac/ dc power supplies and modular de / de 
converters. Data on transients and a chart 
listing several protective devices com
monly employed by circuit designers 
mark this document. Analog Devices, 
Norwood, Mass. 
Circle 414 

Realtime CAD 
Free, color technical tract describes the 
design, features and capabilities of the 
MC-500 32-bit realtime system. Ten pages 
illustrate system details and applications 
(eg, CAD, CAM, and CAE). Masscomp, 
Westford, Mass. 
Circle 415 

Backp,lane packaging control 
In-house backplane building, testing, and 
servicing capabilities from Stanford Ap
plied Engineering are described in a bro
chure. Custom or standard PC board and 
metal backplane manufacturing, connec
tor and IC packaging system construction, 
multilevel testing, and backplane-chassis 
integration are shown. Stanford Applied 
Engineering, Santa Clara, Calif. 
Circle 416 

Semiconductor newsletter 
Harris Semiconductor now offers a news
letter devoted to reporting developments 
in its wide range of IC offerings. The first 
issue highlights the CMOS 80C80 and 
80C86, which have made a splash in the 
pottable marketplace. Harris Semicon
ductor, Melbourne, Fla. 
Circle 417 

Cobol generator 
A 12-page booklet details features, func
tions, and benefits of PROMACS/ 
CI CS-a structured CICS command level 
Cobol generator. Examples of the free
form, nonprocedural language and the 
structured code generated with inline 
documentation are included. MACS/ 
Management and Computer Servics, Inc, 
Valley Forge, Pa. 
Circle 418 

In-circuit emulators 
Literature describing a line of realtime in
circuit emulators centers on support for 
Intel's I6-bit microprocessors. Realtime 
clock speeds, menu-driven interfacing, 
and emulator configuration techniques 
are detailed. Microcosm, Inc , Beaver
ton, Ore. 
Circle 419 

IEEE 488 interface bus 
The emerging GPIB (IEEE 488) standard 
is pictured, as is a line of GPIB interface 
boards, in a free catalog. Bus extenders, 
controllers, and testers are also covered. 
National Instruments, Austin, Tex. 
Circle 420 

Personal computer vision 
A 16-page, full-color brochure explains 
the PC-Eye video capture board which, 
along with the IMiGIT icon-driven graph
ics system and PhotoBase software, 
merges pictures with data bases for 

1 

diverse applications on the PC. Chorus 
Data Systems, Merrimack, NH. 
Circle 421 

Data comm applications guide 
Network planners can enhance their 
understanding of Tl using the Tl Voice! 
Data Applications Guide from Coastcom. 
Off-premise extensions, drop-and-insert 
networks, PBX tie-lines, and CAD/ CAM 
applications are covered. Coastcom, Con
cord, Calif. 
Circle 422 

Industrial automation 
A line of programmable data acquisition 
and control systems, which aim at auto
mating test and other operations in the 
industrial environment, are depicted in a 
brochure. CompuDAS Corp, Ithaca, NY. 
Circle 423 

Image composer 
A complete text and image pagination 
system, the Royce Image Composer, is 
described in a 16-page pamphlet. Illustra
tions detail the system's interactive dis
play and user-definable programming 
routines. Royce Data Systems, Inc, Hop
kinton, Mass. 
Circle 424 

Personal PC board CAD system 
A hardware/ software combination for 
computer aided design is presented in a 
four-page format. Running on the PC 
and XT, the system features joystick con
trol, onscreen menus, and a built-in com
munications package. TIW Systems, Inc, 
Sunnyvale, Calif. 
Circle 425 
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THIS SPACE CONTRIBUTED AS A PUBLIC SERVICE 

A defense against cancer 
can be cooked up in your kitchen. 

There is evidence that diet 
and cancer are related. Some 
foods may promote cancer, while 
others may protect you from it._ 

Foods related to lower
ing the risk of cancer of the 
larynx and esophagus all have 
high amounts of carotene, 
a form of Vitamin A which 
is in cantaloupes, peaches, 
broccoli, spinach, all dark 
green leafy vegetables, sweet 
potatoes, carrots, pumpkin, 
winter squash and tomatoes, 
citrus fruits and brussels 
sprouts. 

Foods that may 
help reduce the risk 

of gastrointestinal 
and respiratory 
tract cancer are 

cabbage, broccoli, 
brussels sprouts, 

kohlrabi, cauliflower. 

Fruits, vegetables, and whole
grain cereals such as oatmeal, bran 
and wheat may help lower the risk 
of colorectal cancer. 

Foods high in fats, salt- or 
nitrite-cured foods like ham, and 

( - -
) 

\ 

fish and 
types of sausages smoked by tradi

tional methods should be 
eaten in moderation. 

Be moderate in 
consumption of alco
hol also. 

A good rule of 
thumb is cut down on 

fat and don't be fat. 
Weight reduction may 

lower cancer risk. Our 
12-year study of nearly a 

million Americans uncovered 
high cancer risks particularly 

among people 40% or more 
overweight. 

Now, more than ever, we 
know you can cook up your own 
defense against cancer. So eat 
healthy and be healthy. 

No one faces l 
cancer alone. AMERICAN 

W CANCER f soaETY® 



MARK IT f ORICASTS 

Flexible disk drives 

31 ,595 
30,000 

27,721 

24 ,000 23,313 

18,000 
18,119 

12,000 

6,000 

1984 1985 1986 1987 

D MICROFLOPPY 
DRIVES 

D 5%-in. DRIVES 

• 8-in. DRIVES 

SOURCE: DISK/TREND 

Worldwide flexible disk drive shipments 
exceeded I2.5 million units in 1983, with 
a 44 percent increase estimated for 1984, 
according to the 1984 Disk/ Trend Report 
on flexible drives. For 1987, the Disk/ 
Trend prognosticators anticipate world
wide unit shipments of over 31.5 million 
drives, valued at $4. 7 billion. The report 
also concludes that half-height models 
will compose 99.7 percent of the 5V.-in. 
floppy drive market in 1987, with PC 
AT-type, two-sided, 1.6-Mbyte, 5V.-in. 
floppies accounting for about three
quarters of the two-sided 5 V.-in. sector 
in 1987. Microfloppies currently represent 
the fastest growing segment, reaching 
annual sales of 9. 7-million units in 1987. 
The report also concludes that IBM will 
ramp-up internal production of drives this 
year. Subscriptions to the 1984 Disk/ 
Trend Report, including both the rigid 
and flexible disk drive sections, are avail
able for $1530. Separately, the flexible 
disk drive report costs $775. Disk/ 
Trend , Inc, 5150 El Camino Real, Los 
Altos, CA 94040. 
Circle 469 

Design automation 
Estimated revenues for the CAD/ CAM/ 
CAE industry segment in 1984 were $2.8 
billion according to Daratech, Inc. This 
implies a prodigious 52 percent annual 
growth rate. The firm put the annual 
growth rate for I983 at 40 percent. Cen
tral to the increase are surges in the 

CAE/ CAD speciality sector, where sales 
of electronic circuit design systems grew 
at a 180-percent clip and accounted for 
8 percent of the $2.8 billion total. Systems 
based on personal computers also exhibit 
major strength. Personal computer-based 
systems for mechanical and architectural 
drafting, solids modeling, and electronic 
circuit analysis and layout accounted for 
$40 million of 1984 revenue. This survey 
of CAD/ CAM/CAE reviews 114 vendors 
and 236 systems. A one-year subscription 
costs $368. Daratech , Inc, 16 Myrtle Ave, 
PO Box 410, Cambridge, MA 02238. 
Circle 470 

Artificial intelligence 
Total artificial intelligence industry rev
enues will exceed $375 million in 1985, 
according to DM Data, Inc, an Arizona 
consulting group that focuses on Al. The 
firm sets Al industry revenues (primarily 
measuring the software value of the open 
market companies, excluding computers) 
for 1984 at $200 million . This year will 
be a shake-out year, the firm notes, with 
some of the initial AI products flounder
ing partly due to incomplete programs 
and overstated capabilities. A one-year 
subscription to DM Data's Al Trends 
newsletter is $295. DM Data, Inc, 6900 
E Camelback Rd, Scottsdale, AZ 85251. 
Circle 471 

Custom/semicustom ICs 
By 1990, more than 50 percent of !Cs 
produced will emerge from the custom 
realm. This, according to Electronic 
Trend Publications in a report entitled 
Customizing VLSI Integrated Circuits, 
mandates careful consideration of 
design trade-offs for gate array, stan
dard cell, and full-custom techniques. 
The 320-page report also forecasts a 

STANDARD 
CELL 

Printers and graphics 
Ink-jet and thermal printer technologies 
will exhibit substantial gains through 
1987, according to Datek Information 
Services. However, the firm does not 
expect thermal transfer to grab a major 
market share in the monochrome or color 
graphics printer market. In Graphics and 
Color Hardcopy, Datek estimates that 
thermal transfer color printers will achieve 
a 15-percent share of color printer types 
shipped in 1987, with impact dot-matrix 
printers garnering a 43 percent share, and 
pen-plotter and ink-jet technologies each 
holding 20 percent of a I. 34-million unit 
total. The report's authors see market 
log-jams breaking as graphics standards 
emerge. Datek Information Services, Inc, 
PO Box 68, Newtonville, MA 02160. 
Circle 472 

Semiconductor industry 
The price of 256-Kbit DRAMs will decline 
to about $9.50 in mid-1985, according to 
the Icecap Report. Produced by Inte
grated Circuit Engineering Corp, the re
port tentatively endorses a 12 percent 
growth rate scenario for the IC industry 
in 1985, with a possible 5 to 7 percent IC 
dollar growth. Integrated Circui t Engi
neering Corp, 710 Lakeway, Sunnyvale, 
CA 94086. 
Circle 473 

68 percent combined share for gate 
array and standard cell custom circuits 
in I990. Criteria for IC design selec
tion are summarized, with availability 
of IC engineers, design cycles, and 
CAD/ CAE tools factored in. The 
report costs $795. Electronic Trend 
Publications, 10080 N Wolfe Rd, 
Cupertino, CA 95014. 
Circle 474 

GATE 
ARRAY 

24 PERCENT 

FULL CUSTOM 
63 PERCENT 

14 PERCENT 

FULL 
CUSTOM 

32 PERCENT 

1984-$0.8 BILLION 1990- $7 BILLION 

SOURCE: ELECTRONIC TREND PUBLICATIONS 
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CALENDAR 

CONFERENCES 
MAR 5-7-Southcon & Mini/Micro 
Southeast, Georgia World Congress 
Center, Atlanta, Ga. INFORMATION: 
Dale Litherland, Electronic Convent ions, 
81 10 Airport Blvd , Los Angeles, 
CA 90045. Tel: 213/772-2965 

MAR 7-8-lnt' I Cont on Industrial 
Automation, Hong Kong. 
INFORMATION: Cont Secretary, 
Autotech Hong Kong , Hong Kong 
Productivity Center, 12/F, World 
Commerce Center, 11 Canton Rd , 
Tsimshatsu i, Hong Kong. 
Tel : 3-723-5656 

MAR 11-14-National Design 
Engineering Show, McCormick Place, 
Chicago, Ill. INFORMATION: Cahners 
Expo Group, PO Box 3833, Stamford , 
CT 06905. Tel: 203/964-0000 

MAR 13-15-Picosecond Electronics 
and Optoelectronics, Hyatt Lake Tahoe, 
Incline Vil lage, Nev. INFORMATION: 
Opti cal Soc iety of Am erica, 1816 
Jefferson Pl , NW, Washington, 
DC 20036. Te l: 202/223-0920 

MAR 13-15-Simulation Symposium, 
Tampa, Fla. INFORMATION : Al exander 
Kran , IBM Corp, East Fishki ll Faci li ty, 
Hopewell Junct ion, NY 12533. 
Tel: 914/894-7142 

MAR 14·15-ACM Computer Science 
Cont. New Orleans Marri ott Hotel, New 
Orleans, La. INFORMATION: Della T. 
Bonnette, Computing and Information 
Serv ices, Un iv of Southwestern 
Louisiana, Lafayette, LA 70504. 
Tel: 318/231 -6306. 

MAR 20·22-Phoenix Cont on 
Computers & Communications, Hyatt 
Regency Hotel , Tampa, Fla. 
INFORMATION: Doug Powell , 
Motorola, Inc, PO Box 2953, Phoeni x, 
AZ 85062. Tel: 602/244-3965 

MAR 24-27-Eastern Simulation 
Conference, Williamsburg Hospitali ty 
House, Will iamsburg , Va. 
INFORMATION : Charles A. Pratt, Exec 
Dir, SCS, PO Box 2228, La Jolla, CA 
92038. Tel : 619/459-3888. 

MAR 25·28-IEEE lnfocom 85, 
Washington, DC. INFORMATION: Cel ia 
L. Desmond, Rm 1855, 160 Elgin St, 
Ottawa, Ontario, Canada K1G 3J4. 
Tel: 613/239-4510 

MAR 25-29-IEEE lnt' I Cont on 
Robotics and Automation, Marriott 's 
Pavilion Hotel , St Lou is, Mo. 
INFORMATION: Dr K. S. Fu, Dept of 
Electri cal Engineeri ng, Purdue Univ, 
West Lafayette, IN 47907. 
Tel: 317/494-3433 
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MAR 26·28-Applied Machine Vision 
Cont, Cobo Hall , Detroit , Mich . 
IN FORMATION: Robotics Industry 
Assoc, PO Box 1366, Dearborn , Ml 
48121. Tel : 313/271-7800 

MAR 31-APR 3-Softcon, Georgia 
World Congress Center, Atlanta, Ga. 
INFORMATION : Northeast Expo, 822 
Boy lston St, Chestnut Hill, MA 02167. 
Tel: 617/739-2000 

APR 1·2-IEEE VLSI Test Workshop, 
Bally Park Place Hotel , Atlantic City , 
NJ . INFORMATION: Bob Tigue, IBM 
Dept 69J/422, Neighborhood Rd , 
Kingston, NY 12401 . Tel : 914/385-7440. 

APR 2·4-IEEE Microprocessor Forum, 
Bally Park Place Hotel , Atlantic City , 
NJ. INFORMATION : Helen Yonan , IEEE 
Off ice, Moore School of Electrical 
Engineering, Univ of Pennsylvania, 
Ph iladelphia, PA 19104. 
Tel: 215/898-8106. 

APR 14·18-Computer Graphics Cont, 
Dallas Conv Center, Dallas, Tex. 
INFORMATION : National Computer 
Graphics Assoc, 8401 Arlington Blvd , 
Ste 601, Fairfax, VA 22031. 
Tel: 703/698-9600 

APR 16-18-Computer Integrated Mfg 
and Communications Cont, Disneyland 
Hotel, An aheim , Calif. INFORMATION: 
CASA/SME Public Relations, One SME 
Dr, PO Box 930, Dearborn, Ml 48121. 
Tel: 313/271-0777 

APR 17·24-Hannover Fair '85, 
Hannover, West Germany. 
INFORMATIO N: Hannover Fairs 
Information Center, PO Box 338, 
Wh itehouse, NJ 08888. 
Tel: 201/534-9044 

APR 23·25-Electro and Mini/Micro 
Northeast, Coliseum and Sheraton 
Cen ter, New York , NY. INFORMATION : 
Dale Li therland, Electronic 
Conventions, Inc, 8110 Airport Blvd , 
Los An geles, CA 90045. 
Tel : 213/772-2965 

APR 29-MAY 2-lntermag Conference, 
Rad isson St Paul Hotel , St Paul , Minn . 
INFORMATION: J. H. Nyenhuis, Dept 
of Electrical Engineering, Purdue Univ, 
West Lafayette, IN 47907. 
Tel : 317/494-3524. 

APR 30-MAY 2-Artificial Intelligence 
and Advanced Computer Technology 
Conf/Exh, Long Beach , Calif. 
INFORMATION : Tower Conference 
Management Co, 331 W Wesley St , 
Wheaton , IL 60187. Tel : 312/668-8100. 

MAY 13-17-lnt'I Conference on 
Distributed Computing. The Fairmont 
Hote l, Denver, Colo. INFORMATION: 
Dr Earl Swartzlander, TRW, Defense 
Systems, 1 Space Park, Redondo 
Beach, CA 90278. Tel : 213/535-4177. 

MAY 20-22-Custom Integrated 
Circuits Cont. The Portland Hilton 
Hotel , Portland , Ore. INFORMATION: 
Dr Wesley N. Grant , Sperry Computer 
Systems, Sperry Park, PO Box 43525 
MS Y11B1 , St Paul , MN 55164. 
Tel : 612/456-4130. 

MAY 20·22-Electronic Components 
Cont, Capital Hilton Hotel , 
Washington , DC. INFORMATION : 
Tom Pilcher, 3029 E Washington St , 
PO Box 372, Indianapo lis, IN 46206. 
Tel : 317/261 -1592. 

MAY 21-22-Trends and Applications 
Cont on Utilizing Computer Graphics, 
IEEE Computer Society and National 
Bureau of Standards, Sheraton NW 
Washington Hotel , Silver Springs, MD. 
INFORMATION : Mark Skall , NBS, 
Tec hnology Bldg, Room A265 , 
Gaithersburg , MD 29899. Tel : 
301/921 -2431. 

SHORT COURSES 
MAR 25-26-(WPI campus, Worcester, 
Mass), JUNE 17-18 (Hilton Hotel, 
Natick, Mass)-lntroduct ion to 
CAD/CAM. INFORMATION: Kathy 
Shaw, Office of Continuing Education, 
Higgins House, Worcester Polytechnic 
Institute, Worcester, MA 01609. 
Tel : 617/793-5517. 

MAR 25-27-Local Area Networks Univ 
of Wisconsin , Madison, Wis. 
INFORMATION : Dept of Engineering & 
Applied Science, Univ of Wisconsin , 
432 N Lake St, Madison WI 53706. 
Tel : 608/262-2061 . 

APR 24·25-(WPI campus, Worcester, 
Mass), JUNE 19·20 (Sheraton Tara 
Hotel , Nashua, NH)-lndustrial Local 
Area Networks. INFORMATION : Kathy 
Shaw, Office of Continuing Education, 
Higgins House, Worcester Polytechnic 
Institute, Worcester, MA 01609. 
Tel : 617/793-5517. 



ENCYCWPEDIA OF 
INTEGRATED CIRCUITS: A 
PRACTICAL HANDBOOK OF 
ESSENTIAL REFERENCE DATA 
By Walter H. Buchsbaum 

This remarkable reference cond~nses volumes of 
manufacturer's data into one, easy-to-use hand
book. It gives full details on even the most ad
vanced integrated circuits. Clear illustrations of 
simple logic and block diagrams plus a list of key 
parameters and applications help you to capitalize 
on the most recent developments in microproces
sors and various supporting chips. 
S24.95 Circle 445 

MICROELECTRONICS: A 
STANDARD MANUAL AND GUIDE 
By John Douglas-Young 

Here you'll find clear, concise explanations about 
what integrated circuits are, how they operate and 
why trouble-shooting ICs differs from locating 
defects in conventional circuits. You'll also find 
complete data, with practical applications, for flip
flops, counters, bubble memories, I/O devices, 
MOSFETs, converters, opto-isolators and more. 
$21.95 Circle 446 

DESIGNER'S BOOKCASE 

THE AI BUSINESS: 
COMMERCIAL USES OF 
ARTIFICIAL INTELLIGENCE 
Edited By Patrick H. Winston 
and Karen A. Prendergast 

This book explains what Artificial Intelligence 
is and how the technology has moved out of 
university research laboratories and into real
world applications. It describes systems in the ' 
computer industry that help configure, se ll and 
install computers and it discusses intelligent work
stations that increase the productivity of elec
tronic design engineers. 
SI5.95 Circle 447 

HOW TO ORDER: 
15-DA Y FREE EXAM/NAT/ON 

(U.S. AND CANADA ONLY) 

DESIGNING AND 
IMPLEMENTING WCAL 
AREA NETWORKS 
By Dimitris N. Chorafas 

Local area networks allow users to hook up their 
office automation systems to centralized informa
tion resources. This practical book shows how to 
design and use such a sys tem and how it can im
prove productivity and job performance. The 
book emphasizes both the hardware and software 
of local area networks, the databases that users 
can access online through distributed informa
tion systems, and the importance of bringing 
computer power to the end user's desk. 
$35.95 Circle 448 

ROBOT MOTION: PLANNING 
AND CONTROL 
Edited By Michael Brady, John Hollerbach, 
Timothy Johnson, Tomas l.nzano-Perez 
and Matthew Mason 

Nine papers of fundamental importance to 
the development of robotics-for researchers 
and engineers in industry and academia-are 
grouped in five sections: Dynamics; Feedback 
Control: Trajectory Planning; Compliance and 
Force Control; Task Planning. Each section begins 
with a substantial analytic survey. 
$39.50 Circle 449 

Simply circle the appropriate number(s) on the Reader Inquiry Card at the back of this magazine. Your book will be sent 
to you for your IS-day free trial. If you are satisified keep the book and an invoice will follow. Otherwise return the book 

by the end of the 15-day period, and owe nothing. 
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SYSTEM 
SHOWCASE 

CIRCLE 4 7 5 for rates and information 
CALL: SHIRLEY LESSARD 

800-225-0556; 1n MA 617-486-9501 
Need Low Cost 110? 

The 6450 General Purpose Parallel Interface will 
connect to your computer via the IEEE-488 Bus and 

give you: 8 Input Bits, 8 Output Bits, 
Clear and Trigger pulses, 
a Service Request Interrupt, 
and more. 

All IEEE-488 Functions are supported. The 6450 
also allows connecting Centronics type printers to 
the IEEE-488 Bus. Prices start at $269. 

NEW: The 6410 IEEE-488/RS.232 lnter1ace suppolts 
all GP-IB functions and provides two-way RS-232 
communication via the IEEE-488 Bus at data rates 
up to 19.2 Kbaud. 
Call or Write tor Details: 

lSEIT2J Seitz Technical Products, Inc. 
PO Box 76, New London, PA 19360 
(215)255-5111 

CIRCLE 476 

DUAL BAUD RATE GENERATORS 
TM 1135 SERIES 

FEATURES 
• Internal crystal osci llator fu lly tested . 
• Resistance we ld, hermetically sealed 18-Pin d ip package 
• Operation from from single + SV supply 
• CMOS, TTL compat1b11ity. 
• Choice of 2x 16 output frequencies 
• Sui table !or modem and data transmission UART/USRT 

compat1b1ll ty 
• TM 1135E-4 9 152 MHz to get zero error at 19200 baud 
• Pin compatible with most of the standard dual baud rate 

genera1ors available m the market 
• Can be used as a programmable osci lla tor w1th1n crystal 

frequency range of 3 2 MHz to 5 20 MHz 

ii1~111ue1e-1n:t:t:Ml:FJ 

li1~lllCM•&tmt:t:l~11:n 

CORPORATION 

620 N L 1·rJer.,1. 00<J Or ,p 

0dtr''' K,1n·.1· 6606? 
p'''H'f' (9111 8{'91777 
T1·f' · 'P 70<l ') 
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Simulator/Debugger for IBM·PC 
for 8048 • 8051 • 7000 µCs 

H l ' ; .. ,, 

HIS !:~:11 . o 
1t1• ••• pl. lh l< • 
M lt o• lfl, l •l l•tc• 

·:::!~~::: .. 
::~ :~ l :~:;~d 
HIJ j •ttt .. -1 .. 

Execute and debug code for popular single chip micro· 
computers on your IBM PC. Dynamic display with windows 
for source code. control flow. registers, flags , memory, 
commands. and more! Set breakpoints, traps. etc. Cross
assembler & EPROM programmers, too. 

8048 8051 7000 za Demo disk 
X-Assembler V V V V $195 and manual 
EPROM Prog V V V V $245 for simulator 
Simulator V V V 395 only $39.50 

~ ~!:C.~~~~~~.i~~?,"~!~!e~s '3 (41 5) 72b-:l!XIO • Ti!lt:>x 17 1-I JS Attn Cvbl!metics 
CIRCLE 477 

8087-3 Co-Processors $131.25 
DYNAMIC RAM 

256Kx1 150 ns 
12BKx1 150 ns 
64Kx1 150 ns 
64Kx1 200 ns 

EPROM 
32KxB 300 ns 
16KxB 250 ns 
BKxB 200 ns 
BKxB 250 ns 
4KxB 250 ns 
2Kx8 450 ns 

$12.79 
17.50 

2.44 
2.57 

$34.97 
10.97 
11 .87 
5.31 
5.99 
3.21 

STATIC RAM 
6264P-15 8Kx8 150 ns $18.75 
6116P-3 2Kx8 150ns 3.75 

MasterCardNISA or UPS CASH COO 
Factory New, Prime Parts .JJPoo 

MICROPROCESSORS UNLIMITED 
~~~s''!;'~h f,".;';~a A'° (918) 267-4961 

Prices shown above are for January 21 , 1985 

~~==~~:=~s:s:==-::eaE .. M._ .. ___ ... @•·"' CIRCLE 478 

10 MHz ZBOOO™ PERFORMANCE 1-----------------1 In addition to 1 0 MHz, the NEW MBx8000 
COAXIAL CONNECTORS AND SBC features a single width SBX co nnector 
CABLE ASSEMBLIES for adding standard expansion modules, 

AEP Subminiature connectors shield, reduce 
EMl /RFI. For digital and analog data trans
mission; and video signal processing. Types 
SMA, SMB, SMC meet MIL-C-39102 - in 
PC mounts, plugs, jacks, adapters . Flexible 
and semi-rigid cable assemblies produced to 
"spec" . Send for details . Applied Engineer
ing, P.O . Box A-D, Amity Station, New 
Haven, CT 06525, (203) 387 -5282 . 

CIRCLE 480 

such as the SBSxFDC Floppy Controller. 
MBx8000 maintains all the capabilities of 
its predecessor, the MB8000: Z8001 I 
Z8002 CPU 4 /6 /10 MHz; 32K/128K/512K 
DRAM ; up to 48K stat ic RAM or EEPROM; 
up to 128K EPROM ; 2 RS-232 ports; 40 
parallel 1/0 lines; six 1 6 -bit counter-timers ; 
etc. 28000™ Zilog. 
SINGLE BOARD SOLUTIONS , 766b 
Rainbow Drive, Cupertino, CA 95014 . 
(408) 253-0181. CIRCLE 481 



FREE for Intel MOS users: 
Guide to time saving opportunities for Intel 
microprocessor development systems. 
20-90% TIME SAVINGS. If you have or 
plan to get an lntellec Series II, Ill or Model 
800 you need this guide. Call: Winchester 
Systems , 400 West Cummings Park , 
Woburn, MA 01801 . Toll free : 
800-325-3700 . in Mass 617-933-8500. 
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MATRIXED DIRECT MAIL LIST 
The most Precise , most Versatile, Cross
Matrixed list of computer Based Systems 
Designers ever offered for bulk or custom 
selection. You can rent the entire list, or 
pinpoint the exact engineers you want to 
reach . NEW 48-HOUR EXPRESS PRO
CESSING . 
For details, contact Bob Dromgoole at 
COMPUTER DESIGN, 11 9 Russell St, Lit
tleton, MA 01460 . Tel : (800)225-0556. 
In MA: (617)486-950 1. 
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This publication 
is available 
in microform. _ ~ 

University Microfilms """~\ 
International ' :!:) 
Please send additional information 
Name _________ ~ 

Institution--------
Street-------------
City __________ _ 

State ZiP------ · 

300 North Zeeb Road 
D<pt. ~R 
'\nn Arbor. Mi. 48106 
v.: ~ 

30·32 Mortimer Street 
Dept PR 
londoo WI 7RA 
England 
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32bit Single Board Computer 
68008 Single Board Computer. 100 by 
160mm Eurocard. 3 RAM/EEPROM/EPROM 
sockets for 2K-64K byte devices 12K RAM 
included). 6 8 bit Bi -Dir 1/0 ports with hand
shake and individually vectored interrupts. 
4 16 bit timers . Dual async serial RS232 
ports . 256b nvRAM . Diagnostics LEDs. 
Multitasking kernal option. 295/unit. Quan
tity discounts available. HERITAGE SYS
TEMS CORPORATION . PO Box 10588 , 
Greensboro , NC 27404. Tel : 1919) 
274-4818. 
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HIGH SPEED POWER FET AC/DC 
SOLID STATE RELAY 
Teledyne ' s C46F/C4 7F series are pin com
patible replacements for DIP reed relays 
where low EMI swtiching , high reliability and 
long life are required . Switches AC or DC 
up to 400V. On-resistance as low as 7 
ohms. Control voltage range is 3 .8 to 
32VDC . Optical coupling provides 
1 500VDC isolation. Features no offset vol 
tage, low off-state leakage, and high switch
ing speed. $5 .90 ea for 5000 pcs . Teledyne 
Solid State Products, 12525 Daphne Ave., 
Hawthorne , CA 902501213) 777-0077 . 
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6 
Single Board Computer 

_. , ~· ·<tot 

CRYSTAL 
CLOCK OSCILLATORS 

QPL,d to MIL-0-553 10/16/09 
TIL ECL CMOS TOL 

TM1100A EM1100A CM1100A ± 01% 

TM1114A EM1114A CM1114A ± 05% 
TM1 115A EM1115A CM1115A ± 1% 
TM1116A EM1116A CM1116A ± 1 IJO<\t 
TM1144A EM1144A CM1144A ± 0025% 

TM1145A EMt145A CM1145A ± 005% 

1 OPL.d lo MIL-0-55310 
2 Screening per MIL -STD-8830 
3 Custom designing with gated and 

multiple outputs 
4 TTL ECL. CMOS. SINE 

Dual Baud Aale Generators 
TM1135C-5 0688 MHz 
TM 11350·5 0688 MHz 
TM1135E-4 9152 MHz 
TM 1135S·Custom Design 

10-5. 10-8 
1 OPL .d to M55310/09 
2-Screening per MIL-STD-8836 
3 Cuslom Designing 
4 TTL CMOS 

4-PIN·OIP 

.... ~>'',~~~:..~ 
N----1 

I 
14-PIN-OIP 

• 

EPROM PROGRAMMERS 
Model EP-2B-87 with RS-232, MS-DOS or 
CP/M software. Programs 2708, 2716, 
TMS2716 , 2732 , 2732A, 2532, 2764, 
2764A , 27C64 , 27128,27256, 27512 , 
2564, MCM68764 EPROMs; 2816A, 
2864A EEPROMs; 87 51 , 38E70 MPU , 
Intel, Motorola, and Tektronix formats . 
Stand alone copy, edit, 1 7 RS-232 com 
mands, $ 535 for 8K byte buffer, Personality 
modules $18 to $ 36, Optimal Technology, 
Earlysville, VA 804/973-5482 . 

CIRCLE 487 

16-BIT SINGLE BOARD STD 
COMPUTER 
The RSD-8088 features a 1 6-bit 8088 run
ning at 4 . 77 MHz, RS-232 serial 1/0 chan. 
w. prog . baud rate, 20 prog . parallel 1/0, 5 
28 pin bytewide memory sockets, additional 
256 bytes RAM , wait state gen .. on-board 
interrupts, prog . memory and 1/0 map de
coder, 1 megabyte memory and 64K 1/0 
ranges, full STD bus compatibility. ROBO
TROL CORP .• 16100 Caputo Drive, Morgan 
Hill , CA 95037 . (408) 778-0400. 

CIRCLE 490 
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Executive Office: 119 Russell St. , Littleton, MA 01460 (617) 486-9501 Telex: 883436 ELN: 62649490 

National Sales Manager, Frederick A. Stanley 
Business Development Manager, Leslie Ringe 
Advertising Coordinator, Debra L. Stone 
Classified/ Recruitment, Shirley Lessard 
List Rental, Robert Dromgoole 

New England/ Upstate New York 
Kevin Callahan 
119 Russell St. 
Littleton, MA 01460 
(617) 486-9501 

Mid-Atlantic/Southeast 
Richard V. Busch 
40 Stony Brook Lane 
Princeton, N.J. 08540 
(609) 921-7763 
Pamela S. Fedor 
700 River Road 
Fair Haven, NJ 07701 
(201) 741-5784 

Midwest 
Terrence J. Rogan 
9501 W. Devon, Suite 203 
Rosemont, IL 60018 
(312) 696-0420 

Southwest 
1200 S. Post Oak Blvd, Suite 224 
Houston, TX 77056 
(713) 621-9720 

Southern California & Colorado U.K. and Scandinavia 
Buckley/Boris Associates David Betham-Rogers, David M. Levitt 
Tom Boris, John Sabo, Greg Cruse Pen nWell House 
2082 SE Bristol , Suite 216 39 George Street 
Santa Ana, CA 92707 Richmond Upon Thames 
(714) 756-0681 Surrey TW9 !HY ENGLAND 

Tel: 01 948 7866 
Northern California Telex: 919775 PENWEL G 
Buckley/Boris Associates 
Tom Boris, John Sly, Greg Cruse 
920 Yorkshire Drive Norway 
Los Altos, CA 94022 Sverre Follaug, Jr. 
(415) 964-4232 Studio 14 

Viggo Ullmannsgt 14 
Northwest P.O. Box 250 
Buckley/ Boris Associates 3701 SKIEN 
Tom Boris NORWAY 
2082 SE Bristol , Suite 216 Tel : 035 22908 
Santa Ana, CA 92707 
(714) 756-0681 

France, Belgium and 
International S. Switzerland 
International Sales Manager Daniel R. Bernard 
Eric Jeter 247, Rue Saint Jacques 
1200 S. Post Oak Blvd. 75005 Paris 
Houston, TX 77056 Tel : (1) 354.55.35 
(713) 621-9720 Telex: 250 303 

Holland, Austria, W. Germany, 
Switzerland & Eastern Europe 
Heinz Gorgens 
Parkstrasse Ba 
D-4054 Nettetal 1- Hinsbeck (F.R.G.) 
Tel: (0 21 53) 8 99 88/89 
Telex: (17) 2153310 

Japan 
Sumio Oka & Shigeo Aoki 
International Media 
Representatives Ltd. 
2-29 Toranomon 1-chome 
Minato-ku , Tokyo IQ5 Japan 
Tel : 502-0656 Telex: J22633 

Southeast Asia 
Seavex, Ltd. 
Jim Stanton, Steve Marcopoto 
400 Orchard Road , #10-01 
Singapore 0923 
REPUBLIC OF SINGAPORE 
Tel: 734-9790 Telex: 35539 SEAVEX RS 
Paul Meyer 503 Wilson House 
19-27 Wyndham St., Central 
HONG KONG 
Tel: 5-260149 Telex: 60904 SEAVEX HX 

''We'll keep you 
in1nind?' 
"If onlyyou had a little more 

experience?' 
WHAT'S YOUR EXCUSE? 

There really is no excuse for not And help keep your community 
giving someone who wants to work working . 
a chance. There is one thing you have to give. 

If you manage a business, there's And it's not an excuse. It 's a job. To 
a program run by your local Private someone who 's itching to work, but 
Industry Council with the help of has never been given a chance. 
the National Alliance of Business. After all, American business has 

It can provide you with WORK prospered by giving 
a prescreened labor pool people opportunities ... 
of work-ready individuals. -== ===-= ~::. not excuses. ---- - --- ------- ------------ ------- --- ------------- -- - --- -- ~ - -

It makes good business sense_ 
For more information or our free booklet, call The National Alliance of Business toll-free 800-424-5404. 
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TEST EQUIPMENT 
SOFTWARE 

DEVELOPMENT 
ENGINEERS 

Hughes Missile Systems in Tucson, currently has 
exceptional career opportunities for you to 
become one of the people behind the 
sophisticated missile technologies of tomorrow. 

We currently have several positions available in 
our Test Equipment Design Engineering Depart
ment. Utilizing your technical expertise, you will 
design, develop and build production test equip
ment used on electrical assemblies of all levels 
of complexity - from hybrid microelectronic cir
cuit devices to fully assembled guided missiles. 
Your background should include thorough 
knowledge of analog and digital circuitry, 
microcomputer programming, software develop
ment, and data retrieval. Familiarity with RF 
microwave, laser, infra-red and electro-optical 
technologies is essential. All positions require a 
BS/MS degree in Electrical Engineering or 
Computer Science. 

Hughes offers a highly competitive salary and an 
outstanding benefits package that includes family 
medical, dental, and vision-care coverage, a tax
deferred savings plan, and much more. 

To reach our Professional Employment Staff call 
toll-free at (800) 528-4927 or send your resume 
to: Hughes Missile Systems, Professional 
Employment, Dept. DC-2, P.O. Box 11337, 
Tucson, AZ 85734. Proof of U.S. Citizenship 
Required. Equal Opportunity Employer. 

HUGHES 
I 

AIRCRAFT COMPANY 

MISSILE SYSTEMS 
TUCSON 
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ln1955, the 
artificial heart 
valve was just 

an idea. This year, 
it saved my life. 

For over 30 years, 
The American Heart 
Association has invested 
research money in ideas. 
Lifesaving ideas like the ar
tificial heart valve, car
diopulmonary rescusitation 
and drugs to control high 
blood pressure. Today, 
these ideas save lives. 

Despite this progress, 
one of every two American 
deaths is caused by dis
eases of the heart and 
blood vessels. 

If today's ideas are to 
grow into the lifesaving 
techniques of tomorrow, the 
American Heart Association 
needs your support now. 

American Heart 
Association, We're Fighting 
for Your Life. 

ftAmerican Heart 
y Association 
WE'RE FIGHTING FOR YOUR LIFE 



Suddenly, everyonEt 
headed for MARS. 

The MARS-432 32-bit, programmable, floating point array processor. 
And with good reason. Because the MARS-432 has opened up a new 
world of speed, power and ease-of-use that's hard for anyone to resist. 

The MARS-432 already interfaces with some of this world's leading 
computers - DEC. Apollo. Elxsi - to provide users with a new /eve/ 
of computational power. Interfaces for other leaders such as IBM, 
Perkin-Elmer, and Gould/SEL are scheduled to arrive soon. 

Simply put, we're setting the direction in state-of-the-art 
array processors with features such as: 
Programming Ease 
All of the computational power of an array processor 
doesn't mean much if accessing that power requires 
days of tedious programming, debugging and repro
gramming. That's why we engineered the 
MARS-432 with an architecture specifically 
designed to support a FORTRAN compiler and 
a screen-oriented debugging system that 
make accessing and utilizing its raw power a 
very civilized process. 

The MARS-432 also provides: 
0 A Microcode Development System for off-line program 

development. 
0 An AP Run Time Executive Support Package (AREX) for 

simplified processor initialization, 110 operations, and array 
function executions. 

O Applications Libraries for math, signal processing, 
and image processing. 

Speed 
0 Add and multiply times of 1 OOns. 
0 Computational power of 30 megaflops. 
0 Computes a 1024-point complex FFT in 1.7ms. 
0 OMA transfers at 1/0 bus rates of 20 megabytes/sec. 
0 Data memory write or two reads in 1 OOns. 

mor paging for uninterrupted processing during 110 transactions. 



Our DASH-t™ Is A Master At Schematic Design. 
Now Meet DASH-2;· OUr Ph.D! 

DASH-1 ... A Master AtThe Game 
DASH-1 has already proven its 

incredible value to design engineers 
by creating perfect schematics and 
related documentation on an I BM 
PC, XT or AT in a fraction of the time 
it would take using old-fashioned 
manual methods. 

Meet DASH-2 ... 0ur Enhanced Ph.D. 
Now DASH-2 makes you even more 

productive with a coordinated set of 
new enhancements using FutureNet's 
graphics controller and mouse. 

Here's what our "Graduate" gives 
you: Tag And Drag: Allows you to pick 
an alphanumeric field, symbol, or 
drawing area and drag it across the 
screen while maintaining all connec
tions. Real Time Rubber Banding: 

FutureNet, DASH and STRIDES are trademarks of FutureNet 
Corporation. IBM is a registered trademark of the IBM 
Corparat1on. CADAT is a trademark of HHB Softron, Inc. 
DASH CAO Translators (Partial List): APPLICON, CADAM, 
CADAT, CALAY, CALMA. CBDS, COMPUTERVISION, 
GERBER, RACAL·REDAC, SCICARDS, TEGAS. 

Simplifies cleanup since all connecting 
lines follow along at right angles as 
symbols or areas are moved. Snap 
To Closest Pin. When drawing wires, 
you merely have to position the cursor 
in the vicinity of a pin. Connections are 
automatically snapped into place . 

OASH-2 Also Provides: Area Defini
tion using the Mouse, Auto Pan , Multi
level Zoom, Insert Alphanumeri~:eld, 
Window Save , On-Line Help ~ an, 
On-Line Parts Selection and E:'}ecute 
DOS Commands. 

DASH Is Multil ingual . 
Our DASH translators interface 

with virtually all CAD sy~tems. And we 
also provide direct conriection to DEC, 
IBM and other computers. Other tools 
include the STAI DES ,h ierarchical 

I 

· option which handles up to 99 levels of 
nesting , perfect for VLSI designs ... and 
CADAT logic and fault simulation that 
can handle designs of up to 10,000 
gates right at your desk and up to 
100,000 gates using our CAD translator! 

Our Graduates Work Cheap 
The DASH-2 add-on package is just 

$5980 for the I BM PC and $6280 for the 
XT or AT Complete systems are avail
able'including the IBM computer and 
printer for less than $10,000! If you 
already own a DASH-1 you can up
grade it to a DASH-2 in the field for 
merely $250. 

If you're designing schematics you 
should graduate to DASH. Call for the 
whole story. 

Productivity of the Future ... today. 

FutureNet-'--® __ _ 
' 

FutureNet Corporation • 6709 Independence Avenue 
Canoga Park, CA 91303 • TWX: 910-494-2681 

(818) 700-0691 
Rent or Lease from: 

=:=:::=:~== ® 

Authorized ~~ffi Value-Added Dealer United States Instrument Rentals, Inc. 
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